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tila and A. Ruuskanen

RESEARCH ACTIVITIES OF THE ATMOSPHERIC MODELING GROUP AT THE

ATMOSPHERIC RESEARCH CENTRE OF EASTERN FINLAND

56

Kontkanen, J., P. Aalto, R. Baablaki, Z. Brasseur, J. Duplissy, T. Jokinen, L. Lampi-

lahti, M. Lampimäki, K. Leino, K. Luoma, M. Okuljar, B. Rörup, J. Sulo, D. Wimmer,

Y. Wu and K. Lehtipalo

SUMMARY ON THE ACTIVITIES OF THE ATMOSPHERIC AEROSOLS AND

IONS GROUP DURING YEAR 2018-2019

60
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Sipilä, M. and F. Bianchi

ARCTIC, POLAR AND HIGH ALTITUDE ATMOSPHERIC RESEARCH AT INAR

IN 2019

118
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SULFURIC ACID - DIMETHYLAMINE CLUSTERS FRAGMENTATION INSIDE

AN ATMOSPHERIC PRESSURE INTERFACE TIME OF FLIGHT MASS SPECT-

ROMETER

153

Aliaga, D., V. Sinclair, Z. Qiaozhi, M. Andrade, C. Mohr, and F. Bianchi

THE SOUTHERN HEMISPHERE HIGH ALTITUDE EXPERIMENT ON PAR-

TICLE NUCLEATION AND GROWTH (SALTENA) CAMPAIGN AT MOUNT

CHACALTAYA: TRANSPORT SIMULATIONS AND FOOTPRINT CLUSTERING

156

Piedehierro, A. A., A. Welti, A. Virtanen, A. Buchholtz, K. Korhonen, I. Pullinen, I.

Summanen, and A. Laaksonen

ICE NUCLEATION ACTIVITY OF SOA PARTICLES FROM BOREAL FOREST

158

Anttila, J. V., T. Hltt, M. Koskinen, A. Leppänen, M. Raivonen, A. Lohila, T. Vesala,

and M. Pihlatie

MODELLING METHANE FLOWS BETWEEN SOIL, TREES, AND ATMOSPHE-

RE

161



Aslan, T., K. Haahti, A.J. Kieloaho, A. Lehtonen, T. Grönholm, O. Peltola, I. Mam-

marella, and S. Launiaine

BIOPHYSICAL AND BIOGEOCHEMICAL RESPONSES OF BOREAL FOREST

TO THINNING: A MODEL-ASSISTED REVIEW

163

Asmi, E., J. Backman, H., Servomaa, A.-P. Hyvärinen, M. Gini, K. Eleftheriadis, T.

Muller, Y. Kondo, and P. Quincey

THE PALLAS SUMMER 2019 AEROSOL BLACK CARBON CAMPAIGN

165

Atherton, J., S. Xu, and A. Porcar-Castell

HEURISTIC METHODS TO CORRECT FOR WAVELENGTH OFFSET EFFECTS

IN DUAL FIELD OF VIEW SPECTROMETER SYSTEMS

169

Baalbaki, R., M. Pikridas, T. Jokinen, T. Laurila, L. Dada, A. Maisser, K. Neitola, A.

Christodoulou, F. Unga, K. Lehtipalo, J. Kangasluoma, G. Biskos, T. Petäjä, J. Sciare
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Kulmala

EXPERIMENTAL RESEARCH AND ANALYSIS OF ATMOSPHERIC AEROSOL

AND ITS PRECURSORS IN SIBERIAN BOREAL FOREST

208

Dominguez-Carrasco, M. R., L. Kulmala, P. Schieslt-Aalto, P. Kolari, E. Juuorla, T.
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RATE ENHANCEMENT IN COLLISIONS OF SULFURIC ACID MOLECULES

DUE TO LONG-RANGE INTERMOLECULAR FORCES

245

Hao, L. Q., E. Kari, J. Jokiniemi , D. R. Worsnop, and A. Virtanen

CONTRIBUTION OF GAS-PHASE ORGANIC ACIDS TO SECONDARY ORGA-

NIC AEROSOL FORMATION IN THE PRESENCE OF AMMONIA

249

Ruiz-Jimenez, J., N. Zanca, S. Barua, G. Demaria, M. Salkinoja-Salonen, H. M. M.

Siren, K. Hartonen and M.-L. Riekkola

SAMPLING AND ANALYSIS OF INDOOR AIR AND EMISSIONS FROM INSU-

LATION MATERIALS

252

Havu, M., L. Kulmala, A. Riikonen, T. Viskari, and J. Järvi

SIMULATING URBAN SOIL CARBON DECOMPOSITION USING LOCAL WEAT-

HER INPUT FROM A SURFACE MODEL

258

Heikkinen, L., K. Dällenbach, K. Luoma, J. Aalto, P. Rantala, D. R. Worsnop, M.

Äijälä, and M. Ehn

SEASONAL VARIATION IN ORGANIC AEROSOL COMPOSITION IN THE FIN-

NISH BOREAL FOREST

261

Heimsch, L., H. Vekuri, L. Kulmala, A. Lohila, M. Korkiakoski, O. Nevalainen, J.
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Isokääntä, S., B. Rosati, M. Bilde, and A. Virtanen

HYGROSCOPIC PROPERTIES OF DMS DERIVED AEROSOLS IN SMOG CHAM-

BER STUDY

301
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Laitinen, T., E. Häkkinen, J. Chen, E. Siivola, M. Ehn, and M. Sipilä
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AIRBORNE MEASUREMENTS OF AEROSOL PARTICLES DURING 2018 WIN-

TER AND SPRING

377
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SECONDARY ORGANIC AEROSOL FORMATION FROM α-PINENE VERSUS

REAL PLANT EMISSIONS

528

Kohl, L., M. Nurminen, J.J. Havisalmi, M. Koskinen, S. Gerin, V. Lindholm, K. Pel-

toniemi, A. Lohila, M. Pihlatie, and A. Putkinen

BIOTIC AND ABIOTIC DRIVERS OF SOIL CH4 PRODUCTION AND OXIDA-

TION PROCESSES IN A NORTHERN BOREAL CATCHMENT

532

Raivonen, M., A. Leppänen, T. Markkanen, T. Aalto, T. Kleinen, X. Li, J. Mäkel, M.
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MOLECULAR DYNAMICS SIMULATIONS OF HOMOGENEOUS CO2 NUCLEA-

TION

681



Tikkanen, O.-P., A. Buchholz, A. Ylisirniö, S. Schobesberger, A. Virtanen, and T.
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INTRODUCTION 

 
The Centre of Excellence in Atmospheric Science – from molecular and biological processes to the global 

climate (CoE ATM) has its last year ongoing. In this paper, we give an overview on the development of our 

research activities and summarize the main scientific achievements of year 2019.  
 

The main scientific objective of the CoE ATM is to quantify the COBACC feedbacks in changing climate. 

In short, COBACC feedback loop offers system understanding of the interactions between the atmosphere 
and various ecosystems. Increasing CO2 concentration in the atmosphere increases ecosystem production, 

but also air temperature via global warming. Healthy ecosystems remove CO2 from the atmosphere in 

photosynthesis and store it in plant and soil biomass. The positive climate effect of ecosystems via carbon 

sink is supplemented by the release of volatile organic compounds capable of forming aerosols and 
subsequently clouds. Aerosols reflect solar radiation back to space thus cooling the globe, but they also 

scatter sun light, which increases photosynthesis and further ecosystem production. Our ultimate aim is to 

produce a quantitative estimate of the climate-biosphere feedback first for boreal and arctic climate regions 
and finally for the global climate.  
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More specifically, our aims during the ongoing CoE funding period 2017-2019 are: 
 

1. To find out and quantify the main climatic feedbacks and forcing mechanisms related to aerosols, clouds, 
precipitation, air quality, biosphere-atmosphere and cryosphere-atmosphere interactions by: 

 Extension of the comprehensive, continuous and long-term observations of atmospheric composition 

(aerosols, ions, trace gases, clusters, greenhouse gases) to other arctic and boreal environments and 

to targeted field studies globally  

 Capacity building of atmospheric composition measurement and data interpretation in selected, 
currently underrepresented areas, such as Russia and China 

 Analyzing the potential impacts of climate change on ecosystem processes e.g. by experimenting in 

forested ecosystems using the highly instrumented world-class observatories 

 Unraveling the effects of disturbance mechanisms such as extreme weather events and wild fires on 

processes underlying GHG and BVOC fluxes between ecosystems and the atmosphere in boreal and 

arctic areas, including permafrost regions 
2. To develop, refine and utilize the newest measurement techniques and modeling tools scaling from 

quantum chemistry to global Earth System Observations and Models by: 

 Chemical sensors further developed for monitoring of amines 

 Increased attention to primary biological aerosol particles from different ecosystems 

 Versatile and flexible solid phase microextraction based air sampling systems, further developed for 

in-situ analysis of different chemical compounds 

 Expansion of the ground-based observations to the atmospheric column with ground-based and 
satellite borne remote sensing and aircraft observations and integrating data analysis including new 

optical products such as SIF and PRI 

 Expansion and utilization of the unique time series on metabolic processes controlling the 

biogeochemical cycles in ecosystems  

 Improved observation capacity for OH reactivity, trace gases, atmospheric ions and clusters, radicals, 
atmospheric aerosols, and clouds  

3.To create a deep and quantitative understanding on the role of atmospheric clusters and aerosol particles 

in local and global biogeochemical cycles of water, carbon, sulfur and nitrogen and their linkages to the 

atmospheric chemistry by: 

 Clarifying the amine reactions in the atmosphere and the effects on aerosol particle formation under 
atmospheric conditions by different chemical measurements 

 Clarifying and quantifying the contribution of ELVOCs to new particle formation and formation of 

secondary organic aerosols  

 Defining the most important physical and chemical factors controlling the cloud droplet activation 

of atmospheric aerosols and developing a simplified thermodynamic presentation to describe the 
activation  

4. To integrate the results in the context of regional and global scale Earth system understanding by 

participating in international research initiatives: 

 CoE ATM has joined the European consortium of EC-Earth. The EC-Earth model is developed by 
over 20 institutes around Europe, and ATM CoE will pursue a significant role in the core 

development team. EC-Earth will provide a state-of-the-art global numerical laboratory for studying 

the main scientific questions of ATM CoE. ATM CoE will develop necessary processes in EC-Earth, 

including BVOC emissions, SOA formation and aerosol-cloud interactions. Furthermore, EC-Earth 
will be applied to quantify the COBACC feedback loops.  

 CoE ATM is participating Coupled Model Intercomparison Project phase 6 (CMIP6) with EC-Earth, 

both in terms of developing the CMIP6-version and providing CMIP6 simulations for the 

consortium. EC-Earth development at CoE ATM will ensure that the core processes and interactions 
of COBACC are adequately incorporated. The close integration to the CMIP6 process provides a 

link to following IPCC reports. 

 
With these aims, CoE ATM addresses two of the most urgent global Grand Challenges: climate change and 

deteriorating air quality. As combustion inevitably emits both climate-warming greenhouse gases (GHG) 
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and mainly climate-cooling but health-deteriorating aerosols, these two Grand Challenges form an 

interlinked pair of wicked problems that must be solved in the coming decades. The remaining allowable 

net GHG emissions (i.e. “the carbon budget”) associated with the 1.5 ˚C and 2 ˚C temperature targets of the 
Paris Agreement are highly uncertain: estimates of the remaining carbon budget for the 1.5˚C goal vary 

between -182 and 802 GtCO2. Two major factors contributing to this uncertainty are the poorly constrained 

magnitudes of the cooling impact from anthropogenic aerosols partly counteracting the GHG warming, and 
the various feedbacks in the natural carbon cycle. A further uncertainty in allowable GHG emissions is 

associated with the possibility to partially counteract them with negative emissions, e.g. by managing carbon 

sequestration to terrestrial ecosystems. Air quality management falls largely outside international climate 

treaties, and may thus lead to unwanted climate impacts, as e.g. reductions in aerosol emissions cause 
additional warming. Our impact goal is to provide science-based facts to support policy and industrial design 

for clean and carbon-free green growth nationally, in Europe and overseas.  

 
 

METHODS 

 
The CoE ATM scientific approach is to combine i) continuous and comprehensive in situ observations in 

different types of environments or ecosystems and platforms, ii) ground- and satellite-based remote sensing, 

iii) targeted laboratory experiments and iv) multi-scale modeling efforts, in order to provide improved 

conceptual understanding over the relevant spatial and temporal scales. With this approach we are able to 
improve fundamental process understanding and to clarify the implications of the processes over the relevant 

spatial and temporal scales.  
 

We have divided the work into four work packages that cover the relevant temporal and spatial scales. The 

work packages form a continuum from nano and micro scales to a regional scale, and further to a global 

scale. The comprehensive observations and hierarchical modeling tools, together with open data archives 

used in an integrative manner in combination with global GHG, aerosol and ecosystem networks, make it 
possible for us to study the different cycles and feedbacks. 

 

 
INFRASTRUCTURE AND DATA MANAGEMENT 

 

CoE ATM research infrastructure (INAR RI) belongs to the Finnish RI roadmap 2014-2020. With its 
research infrastructure and networks, CoE ATM acts as the backbone of the research in atmospheric sciences 

and atmosphere-biosphere interactions in Finland. CoE ATM is the national focal point of Finnish activities 

in three European research infrastructures: ICOS (Integrated Carbon Observation System), ACTRIS 

(Aerosols, Clouds, and Trace gases Research Infrastructure), and eLTER (European Long-term Ecosystem 
Research). At European level, ICOS head office and ACTRIS PPP office are run in Finland, the latter by 

the CoE ATM community, and the Advanced Community Project eLTER PLUS is also coordinated in 

Finland by the CoE ATM team in the University of Helsinki. Our national integration and co-location of 
environmental infrastructures also include AnaEE (ANAlysis and Experimentation on Ecosystems). 

 

CoE ATM operates five field stations in Finland: the four SMEAR (Station for Measuring Ecosystem-

Atmosphere Relations) stations and GAW (Global Atmosphere Watch) station in Pallas-Sodankylä. The 
SMEAR II is the world leading station on ecosystem-atmosphere data due to its comprehensive research 

program and its unique time series of aerosol formation and biogeochemical fluxes. CoE ATM is also 

intensively involved in developing the GlobalSMEAR network. GlobalSMEAR serves as a facilitator for 
distributing and connecting the European Environmental research infrastructures (ICOS, ACTRIS, eLTER, 

AnaEE) as an integrated measurement concept beyond Europe. The aim of GlobalSMEAR is to establish a 

global in-situ station network based on the SMEAR concept. The global network would be based on a 
hierarchy of research stations, where the flagship stations would operate in a seamless collaboration with 

the flux stations and standard stations to achieve global and regional coverage. At the moment, there is five 

SMEAR stations (4 in Finland and 1 in Estonia), one SMEAR accredited station in Nanjing (China) called 

SORPES (Station for Observing Regional Process of Earth System), and one SMEAR concept station called 
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Beijing Haze -station. In addition, in the frame of the European EMME-CARE project we are in progress 

of setting up a new SMEAR concept station at Peya site in Cyprus. In 2019, we have received the first 

applications applying GlobalSMEAR membership that offers collaborative research that aims towards joint 
publications, annual data workshops and meetings, the development of services and exploring of the 

business opportunities based on the SMEAR data. In 2019, we have also introduced specific observation 

concept and roadmap (i.e. SMEAR concept) for marine environments.  
 

Research laboratories include Aerosol Laboratories in the Universities of Helsinki and Eastern Finland and 

in Finnish Meteorological Institute, Ecophysiological laboratory and Laboratory for Analytical Chemistry 

in the University of Helsinki. Research is also done in the CERN Cloud Chamber, Leibniz-Institute for 
Tropospheric Research Laminar Flow Tube, Plant and reaction chamber facility at Forschungszentrum 

Jülich and European Synchrotron Radiation facility. In addition to ongoing field monitoring, field 

campaigns and laboratory data, we use large-scale remote sensing data of climate, and modelling at different 
spatial and temporal scales.  

 

The climate modelling workflow is managed entirely under the CSC infrastructure. The climate modelling 
groups utilize the Sisu and Taito HPC infrastructure for model simulations, and CSC data infrastructure 

AVAA, IDA and Etsin. The international Earth System Grid Federation (ESGF) infrastructure is used to 

publish and acquire climate model simulation data (CMIP6) through national ESGF node at CSC 

implemented in Pouta virtual environment. The Earth System model data is centrally stored in dedicated 
CSC storage to ensure common access to all INAR groups.  

 

CoE ATM’s data policy follows the general guidelines of “Science Europe Principles on Open Access to 
Research Publications”. The online-processed data from the SMEAR stations is inserted automatically into 

open SMEAR database (hosted by CSC). Manual processing and checking out of data are made by the 

responsible researchers. The final end-user data are periodically arranged into yearly datasets that are 

archived in long-term archive IDA and documented with persistent identifiers (URN) in metadata catalogue 
Etsin to improve the discoverability of the data. The primary data repository for end-users is SMEAR 

database, in which about 1800 environmental variables measured more or less continuously at the SMEAR 

stations are currently available. The data are accessible via the AVAA SmartSMEAR browser user interface 
(https://avaa.tdata.fi/web/smart/smear) and Application Programming Interface (API, documentation at 

https://avaa.tdata.fi/web/smart/api).   

 
 

RESEARCH COLLABORATION AND STAKEHOLDERS BEYOND ACADEMIA 

 

We have direct working connections with >2500 researchers (joint papers) in 800 universities and research 
institutes in more than 50 countries. We also have impact collaboration with 84 enterprises in terms of 

instrument, method and product testing and development (related to e.g. atmospheric aerosols, meteorology, 

air quality, emissions, Earth observation), expertise in environmental services and process understanding, 
emission measurements, and carbon accounting development. The CoE ATM predominantly acts as a 

coordinating body in the research activities taking the lead in directing the science, e.g. within European 

research infrastructures ICOS, ACTRIS, eLTER and AnaEE, and research initiatives like PEEX (Pan-
Eurasian EXperiment). 

 

The PEEX research network is currently covering ca 4000 researchers from Europe, Russia and China and 

over 30 official collaboration agreements with universities and research organizations located mostly in 
Russia and in China. The CoE ATM in the University of Helsinki has been active in China since 2012 with 

Nanjing University, Beijing University of Chemical Technology, Fudan University and Guangzhou 

Academy of Sciences. Also, collaboration with Government of Singapore, Nagoya University (Japan) and 
South-Korea’s Capital city Soul has started. To promote the PEEX approach in China and in the frame Belt 

and Silk Road initiatives, PEEX has published a separate PEEX Belt and Silk Road agenda, which 

introduces the large research questions and research infrastructure relevant to Belt and Silk Road region.  
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CoE ATM is also a key partner in the CLOUD consortium at CERN. CoE ATM has participated to all the 

CLOUD campaigns, elucidating several new particle formation mechanisms. CoE ATM is also involved in 
the cloud and ice formation CLOUD experimental part. Also, our researchers from the Finnish 

Meteorological Institute and University of Helsinki have been collaborating in Antarctica research already 

for two decades. In addition to the Finnish owned Aboa, the groups are working in three other research 
stations: German station Neumayer, Argentine station Marambio, and Italian-French station Concordia. This 

year, we are also on board in a MOSAiC expedition on Polarstern ship. The ship is expected to freeze into 

the arctic sea ice and follow its drift while hundreds of scientists from 19 countries over 6 exchange phases 

will be performing measurements of Artic environment: atmosphere, sea ice, ocean, biogeochemistry and 
ecosystem. The main aim of the MOSAiC is to significantly advance our understanding in Arctic climate 

system, comprehensively support climate models with observations and provide basis for policy making in 

climate change mitigation and adaptation.  
 

The link from the ATM scientific breakthroughs towards innovations is established via a close co-operation 

with SMEs, especially with Airmodus Ltd., Karsa Ltd. and SMEAR Ltd. that are university spin off 
companies. Furthermore, Finnish Meteorological Institute and University of Helsinki have a strategic 

partnership with e.g. Vaisala Ltd. University of Helsinki and Finnish Meteorological Institute are partners 

in Cluster for Energy and Environment research consortium, CLEEN Ltd and contribute to the CLEEN 

research programs. We have several research projects in collaboration with enterprises and other 
communities. An example of these is a project boosting solutions for the agricultural sector in collaboration 

with the Baltic Sea Action Group (BSAG), Soilfood and Valio, in which we develop tools for expanding 

and monitoring carbon storage in arable soils. Another example is the MegaSense project that develops 
simple air quality sensors for citizens to be combined with the comprehensive SMEAR station network. 

 

CoE ATM collaborates closely with CSC - IT Center for Sciences. This collaboration includes a computing 

platform, data infrastructure and data practises development: dedicated support persons located on-site in 
UH and FMI 2-3 days a week, support provided for software performance and installing, developing and 

running atmospheric science models and related post-processing of results, acquired hardware to Taito 

cluster and Pouta cloud platform to support atmospheric science, development and provision of Smart 
SMEAR web portal for easy and open data access, and planning and education on open data and data citation 

policies and practises. 

 
The general public is reached through social media (Twitter accounts for INAR, PEEX, GlobalSMEAR, 

ICOS, ACTRIS, study programs and individual researchers etc.), science-art collaboration, public events, 

open data tools targeted for the general public (Carbon Tree), open MOOC courses, teaching material 

available online, and through weather forecasts. Government agencies and decision makers include 
individual decision makers, government panels, Finnish parliament, and EU parliament. The most important 

NGOs are Baltic Sea Action Group, Compensate Foundation, Evangelical Lutheran Church of Finland, and 

cities and communities like Helsinki, Juupajoki, Salla, and Savukoski. Few concrete examples from this 
year are the start of Compensate that is a Finnish non-profit foundation that aims to reduce the amount of 

carbon dioxide in the atmosphere by collecting compensation payments for purchasing emissions reduction 

units. We collaborate with Compensate to find the most reliable and cost efficient ways to take in carbon 
from the atmosphere. Another example is the Energy and Climate Strategy Group of the Evangelical 

Lutheran Church of Finland that is chaired by Dr. Laura Riuttanen. The group prepared a programme for 

the Church in Finland to be carbon neutral in 2030. 

 
 

RESEARCH HIGHLIGHTS 

 
Ten of our researchers were selected as Thomson Reuters Highly Cited Researchers that are among the 1 % 

of the most cited researchers in their field in 2018: Markku Kulmala, Tuukka Petäjä, Veli-Matti Kerminen, 

Douglas Worsnop, Ari Laaksonen, Mikael Ehn, Mikko Sipilä, Heikki Junninen, Jonathan Duplissy, Mikael 

5



Ehn and Siegfried Schobesberger. This is 25% of all the scientists (of any field) on that that list in Finland. 

In 2019, a new ERC starting grant was received in the CoE ATM by Federico Bianchi.  

 
Research highlights of the CoE ATM for year 2019 covers various temporal and spatial scales. The 

highlights are divided into the aims of the funding period: 
  

1. Climatic feedbacks and forcing mechanisms  

 Our recent aerosol studies combining long term aerosol and satellite observations reveal a clear 
dependence on biogenic organic aerosol loadings with increasing temperature but the contribution 

of increased aerosol loadings to cloud properties is minor (Yli-Juuti et al., 2019, Mielonen et al., 

2019)  

 Panda (Polar and high altitude atmospheric research) group started long-term measurements at Ny-
Ålesund, Svalbard, and at Värriö SMEAR I station in Finnish Lapland with mass spectrometers and 

cluster detectors. Panda performed a field campaign also at Neumayer III station, Antarctica, 

focusing on new particle formation from derivatives of marine phytoplankton emitted dimethyl 

sulphide, penguin colony emitted ammonia and galactic cosmic radiation. Results from 2019 work 
will be published in 2020-2021. In 2019, Panda coordinated and conducted altogether eight field 

campaigns around the world. 

 In pristine environments, such as the Arctic, the amount of aerosol particles affects the cloud phase 

more than the aerosol type does (Filioglou et al., 2019) 

 In the Arctic, the direct radiative forcing of black carbon (BC) emission reductions induces cooling 
and scales fairly well with the total global amount of BC emission strength reduction, but the aerosol 

indirective effects counter-act this cooling. Furthermore, natural variability in arctic cloud and snow 

cover introduce large uncertainties to these results (Kühn et al., in review) 

 Sesquiterpene emissions from a northern boreal fen, Lompolojänkkä, in the Pallas-Yllästunturi 

National Park were very significant especially during the early growing season. They were 
exceeding monoterpene emissions during the whole summer. 

 Alkylamines were measured from boreal forest floor from spring to fall in 2018. For most of the 

compounds maximum emissions were detected in July, for example DMA maximum emission rate 

in July were exceeding 1 μg m-2 h-1. 

 Seasonal tree-stem N2O flux measurements at SMEAR II station in Hyytiälä revealed that boreal 
spruce, birch and pine trees are sources of N2O on an annual scale, and that the seasonality in tree-

stem N2O emissions are strongly connected to the physiological activity of the trees and the 

ecosystem as indicated in stem respiration and gross primary productivity (Machacova et al. 2019).  

 We conducted the first long‐term, ecosystem‐level carbonyl sulphide (COS) flux measurements 
with eddy covariance technique in a boreal pine forest covering 32 months, over 5 years. We 

observed the annual (April-August) average net uptake of COS totaling 62.3 (gS/ha) with 48 % 

variability (submitted). 

 We performed a chamber experiment using laboratory facilities provided by TOMCAT synchroton 

beamline at Paul Scherrer Institute in Switzerland. Humid air (RH ~97 %) was led through the 
chamber including a needle with water stress. The preliminary results show that the water uptake of 

the needle was ~8 % (MS in preparation).  

 Stomatal control can be understood by maximization of photosynthesis rate by balancing between 

stomatal and non-stomatal relations to photosynthesis (Salmon et al. in review, Lintunen et al. in 
review, Dewar et al. in preparation).  

 According to the 2-year study following the clear-cut of a peatland forest, the CO2 emissions from 

the clear-cut area are huge and overwhelm the N2O emissions, which are also considerable if 

compared to the situation before the clear cut, in terms of global warming potential (Korkiakoski et 
al. 2019). 

 Novel results of VOC and NOx emissions from birch shoots at increased and ambient atmospheric 

humidity are shown. The effect of tree water status and osmotic potential on VOC emissions is 

discussed (see the abstract by Mänd et al. in this Proceedings).  
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 We characterized the factors that control the variation in leaf fluorescence spectra across time 

(Zhang et al. 2019) and species (Magney et al. 2019).  

 The water use of pine tree in drained peatland is reduced at both high and low soil water table depths 

(Wang et al. in preparation). 

 The local-scale CO2 surface exchange in Helsinki was examined using urban land surface model 

SUEWS which for this purpose was developed to include the biogenic and anthropogenic CO2 
fluxes. In central Helsinki the most important sources are traffic but interestingly human respiration 

has also significant contribution and should be accounted for when modelling CO2 emissions in 

cities and interpreting urban eddy covariance measurements (Järvi et al. 2019). 

 The anthropogenic particle number emissions in Beijing are dictated by traffic emissions in 
nucleation mode size range, i.e. with diameters below 30 nm (Kontkanen et al., in preparation). The 

atmospheric growth of particles from nucleation mode traffic emissions and from atmospheric 

regional new particle formation events is the main source of accumulation mode particles (with 

diameters over 100 nm), which are largely responsible for the haze (Hakala et al., in preparation). 
During haze episodes in Beijing, a roughness sublayer can form below the turbulent mixing layer 

and remain isolated from the mixing layer for days, which suppresses the dilution and ventilation 

of air pollutants (Du et al., in preparation). 
2. Development of new measurement techniques and modeling tools 

 Miniaturized solid phase microextraction Arrow and in-tube extraction (ITEX) systems, including 

new selective and non-selective sorbent materials, were successfully applied for on-site sampling 

of outdoor and indoor air samples. These sampling tools enabled collection of air samples by 
exploiting also aerial drone as carrier, and ITEX, packed with polyacrylonitrile fibers, made fully 

automated continuous sampling with on-line quantitative gas chromatography – mass spectrometry  

analysis possible (Lan et al. 2019, Ruiz-Jimenez et al. 2019).  

 Contributions to sub-10 nm particle size distribution measurements via characterization of the half-

mini type mobility analyzer at reduced flow rates (Cai et al. 2018a), building of a optimized sub-10 
nm differential mobility particle sizer (Kangasluoma et al. 2018) and related theoretical instrument 

analysis (Cai et al. 2019), introduction of new inversion methods for the particle size magnifier (Cai 

et al. 2018b), introduction of the methodology for determination of particle counter response times 
(Enroth et al. 2018), and review of the past developments in sub-3 nm particle counters and their 

calibrations (Kangasluoma and Attoui 2019).  

 We have developed a statistical model for atmospheric cluster fragmentation in the mass 

spectrometric instrument that is able to reproduce experimental extent of fragmentation without any 
semi-empirical fitting parameters (Passananti, et al. 2019; Zapadinsky, et al. 2019). 

 We have demonstrated that it is possible to tune spread-skill relationship of ensemble predictions 

systems using algorithmic approaches (Ekblom et al, in review). 

 Contributing to vertical profiling studies of aerosols by developing post-processing algorithms for 

Halo Doppler lidars (Vakkari et al. 2019), and by testing the feasibility to use Unmanned Aerial 

Vehicles (UAV’s) for atmospheric sciences (Barbieri et al., submitted)  

 The newly developed sulphuric acid proxy, which takes into account the production by stabilized 
Criegee intermediates and losses due to dimer formation, follows well the diurnal cycle of measured 

sulphuric acid concentrations. 

 Development of new (Riva et al., 2019a) and a first comparison of several existing (Riva et al., 

2019b) instruments to measure VOC oxidation products were completed successfully. 

 Precise measurements of plant-emitted methane (CH4) require quantifying uncertainties and errors 
related to the gas analysis and measurement systems. We found that plant-emitted VOCs strongly 

interfere CH4 concentration measurements by Fourier-transformed infrared spectroscopy (FTIR) 

but not the analysis by laser absorption spectroscopy (Kohl et al. 2019). 

 We have developed greenhouse gas (GHG) measurement techniques, protocols and data 
harmonization within ICOS and other international projects, including advances in the eddy 

covariance (EC) method for methane and nitrous oxide (Nemitz et al., 2018), advances in EC data 
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processing (Sabbatini et al, 2018; Montagnani et al, 2018) and standardization of flux tower setup 

(Rebmann et al, 2018). 

 To develop methodology to deliver new understanding for the interpretation of solar-induced 

chlrophyll fluorescence data, we presented innovative methodology to measure the fluorescence 
spectra of plant canopies (Atherton et al. 2019) and to quantify the physical and physiological 

factors that control it (Liu et al. 2019). 

 Dendrometer measurements can be used to monitor tissue elasticity and permeability in winter 

conditions (Lindfors et al. 2019). 
3. The role of atmospheric clusters and aerosol particles in local and global biogeochemical cycles of water, 

carbon, sulfur and nitrogen and their linkages to the atmospheric chemistry 

 New aerosol formation mechanisms were found in the experiments performed in the CLOUD 

chamber (Lehtipalo et al., 2018) and in the field measurements in Antarctica (Jokinen et al., 2018). 

An increasing trend was found in the scattering efficiency of aerosol particles at SMEAR II during 
the last decade (Luoma et al., 2019). The concentrations of ice nucleating particles were measured 

at SMEAR II for the first time.  

 In Tomsk, Siberia, the particle growth rates were smaller and the coagulation losses higher than in 

Hyytiälä, which causes lower survival probabilities for the newly formed particles and could partly 
explain the lower NPF frequencies observed in Siberia. 

 The results from modelling monoterpene emissions from new Scots pine foliage suggest that the 

emission of monoterpenes from Finland is underestimated by ~20 Gg monoterpenes / year, and that 

the underestimation is especially severe during spring months when new particle formation is most 
frequent. 

 Our laboratory studying realistic and complex VOC mixtures show that a) the complexity affects 

both the yields of single precursors and aerosol properties (Kari et al., 2019, Ylisirniö et al., 

submitted) and b) that the secondary organic aerosol evaporation is mainly limited by the vapor 

pressure of the compounds (Buchholz, et al. 2019, Buchholz et al., submitted Tikkanen et al., 
submitted), while particle-phase accretion chemistry may substantially lower that vapor pressure 

(D’Ambro et al., 2019), and the particle phase diffusion limitations can play a role in the partitioning 

of semivolatile vapors and at lowered temperatures (Li et al., submitted).  

 The experimental and modelling investigations in a boreal forest environment show that the current 
mechanistic understanding of VOC oxidation and of the distribution of the oxidation products in 

the atmosphere can explain the observed nanoparticle growth (Mohr et al., 2019, Roldin et al., 2019) 

 VOC emissions potentials from Scots pine depend on effects of soil moisture and cambial growth  

(Rissanen et al., in preparation). In addition to tree, forest floor has a substantial effect on stand-
level VOC fluxes in spring and autumn, whereas in summer the effect is negligible (Mäki et al. 

2019).  

 Correlation was found between volatile organic compounds (VOCs) in gas phase and their presence 

in the primary biological aerosol particles by utilizing several statistical tools including machine 

learning (Okuljar et al., submitted). 

 Investigating in South Asia, how brown carbon, a light absorbing aerosol, loses its light absorbing 
capacity by 84% due to photochemical oxidation during 6000 km transport from the Indo-Gangetic 

Plain to Indian Ocean (Dasari et al. 2019). 

4. Earth system understanding 

 Initial global quantification of COBACC feedback loop with the NorESM (Sporre et al., 2019) 

 Assessment of mid-Holocene aerosol-chemistry using chemical transport model with focus on 
Green Sahara 

 Participation in Coupled Model Intercomparison Project Phase 6 (CMIP6) 

 The temperatures that are nowadays observed in Finland are systematically warmer than they would 

have been under similar atmospheric circulation four decades ago (Räisänen, 2019) 

 Utilizing black carbon-  and other aerosol measurements in Pallastunturi, Tiksi and Cape Baranova 

to validate global aerosol model outputs (Schacht et al. 2019). 
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 Related to weather system understanding, atmospheric observations and idealised simulations 

suggest that evaporation of stratiform precipitation and resulting subsidence may offer a new 

mechanism for deep convection's sensitivity to lower free-tropospheric moisture (Virman et al, 

2018, Virman et al. in review) 

 Precipitation associated with extra-tropical cyclones increases in a warmer climate and moves 
farther away from the cyclone centre indicating structural changes to mid-latitude weather systems 

(Sinclair et al, 2019). 

 
EDUCATION, OTHER OUTCOMES AND SOCIETAL IMPACT 

 

The special features of CoE ATM intensive courses include focus on real research questions, work in small 

groups with access to comprehensive long-term datasets, and use of the horizontal learning principle 
enabling everyone – students, supervisors, and lecturers – to adopt both the role of learner and teacher (Lauri 

et al., 2019). We found out that the motivation of both students and teachers increases upon use of real data 

and authentic scientific questions (Ruuskanen et al., 2018). Our education research and development team 
in the University of Helsinki does versatile and unique education development (see the CoE 2019 abstracts 

by Santala, Martikainen, Ruuskanen et al, Äijälä and Riuttanen) and new research projects are under 

planning. 
 

In managing the revolutionary social systemic transitions necessary to answer the global climate change and 

unsustainability problems in the required brief timeframe, comprehensive education of citizens in climate 

and sustainability issues is of highly importance. The Climate University program, a collaboration of 11 
Finnish universities, was recently established to re-imagine and reform Finnish climate education. Also few 

other new type of courses have been launched in year 2019. The CoE UH team was hosting the Climate 

Journey for the very first time. EIT Climate-KIC Journey summer school started its’ Northern Path from 
Hyytiälä and explored the impact of climate change on various ecosystems and cities. Climates of Change 

course that focuses on gaining insight on art - atmospheric science collaboration was held in spring 2019.  

 
Members of the CoE ATM received many awards during the past year: e.g. Academy of Finland award for 

the societal impact to associate prof. Mari Pihlatie, The Finnish Society of Forest Science Silver Cajander 

medal to prof. Timo Vesala, International Meteorological Organization prize to prof. Sergej Zilitinkevich. 

 
Researchers from the Finnish Meteorological Institute and University of Helsinki are producing climate 

simulations for the world largest climate simulation programme for the first time. These climate simulations 

will be used in the 6th IPCC report that will be published in 2021-2022. 

PEEX has participated the Arctic Circle initiated by the former President of Iceland, Ó.R. Grímsson, and 

International Arctic Forum hosted by Russian President V. Putin. The participation at these high level 

international dialogue forums provides important up-to-date information on the political discussions, 
especially on the Arctic and processes on environmental matters and concerns. Furthermore, PEEX has co-

organized the Sofia Earth Forums (Helsinki, Finland), which are gathering experts of various disciplines 

and backgrounds to discuss practical solutions to Grand Challenges of the PEEX Science Plan. The forum 
organized in December 2019 is dedicated to the carbon neutrality, regulations and incentives, and is 

organized for the Finnish decision makers and experts. In September 2019, PEEX organized a special 

Finnish–Russian Workshop on Black Carbon and Arctic Dust in Moscow. In 2020, PEEX will organize an 

event called ”Arena for the gap analysis of the existing Arctic Science Co-Operations” with the support 
from the Prince Albert Foundation in Monaco and a special session at EGU-2020 (European Geosciences 

Union) General Assembly. 

To understand the processes behind the pollution phenomenon in megacities it is crucial to make long-term, 
continuous and comprehensive observations on aerosol particles, trace gases and atmospheric oxidants. By 

quantifying the processes, interactions and feedbacks within different air pollutants and ambient conditions, 

SMEAR concept can determine the most efficient steps towards reducing secondary air pollution, and thus 

clean the megacity air. INAR has been active in China since 2012 with Nanjing University, Beijing 
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University of Chemical Technology, Tsinghua University, Fudan University and Guangzhou Academy of 

Sciences. Also, collaboration with Government of Singapore, Nagoya University (Japan) and South-Korea’s 

Capital city Soul has started.  
 

Our activities that aimed to popularize science and increase the knowledge of general public and decision 

makers on climate-related topic include: e.g. launching a new kysyilmastosta.fi (‘ask about the climate’) 
service, where anyone can ask anything about the climate and Finnish researchers representing various fields 

of science will provide answers in accessible language (project coordinator Risto Makkonen); participation 

in the Finnish delegation to finalize the report on climate change, desertification, land degradation, 

sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems by the 
Intergovernmental Panel on Climate Change (IPCC); organizing a policy discussion related to soil and 

sustainability as part of Science days; organizing a public event in Think corner on Carbon Sink and Carbon 

sink+. 
 

Climate Whirl arts program was launched and art and science research and activities at the University of 

Helsinki, Hyytiälä Forestry Field Station began under its umbrella in 2013. The initiative was funded by 
Kone Foundation until the year 2018 and in 2019, Institute for Atmospheric and Earth System Research (the 

CoE team in UH) decided to continue and integrate the program to the activities of the research unit. Art-

science activities in year 2019 include the artist residence of artist Josefina Nelimarkka in Hyytiälä, who is 

interested in Climate Change and aims to make the unseen visible at SMEAR II station; co-designing a 
mural on climate change together with urban artists to the streets of Helsinki (coordinator Stephany Mazon); 

as part of Climate Whirl arts program Finnish artist group IC-98 publishes a poetic counter-story called IÄI 

(located at an old forest at Hyytiälä and at Viikki Campus in Helsinki) in the end of 2019. 
 

The further increase and develop our impact on society, the Faculty of Science invited Dr. Anneli Pauli to 

the position of Professor of Practice in Global Grand Challenges. 

 
President of the republic of Finland Sauli Niinistö visited SMEAR II station in Hyytiälä this summer. He 

was interested to see our measurement station and hear about the ecosystem-atmosphere interaction 

research.  
 

FUNDING 

 
The Academy of Finland Centre of Excellence (grant no. 307331). 
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INTRODUCTION AND OBJECTIVES 

During the last year the main focus of the group was directed towards the formation and atmospheric 
impact of highly oxygenated organic molecules (HOM). In cooperation with Assist. Prof Pontus Roldin 
from Lund University we developed the novel near explicit chemical peroxy radical autoxidation 
mechanism PRAM, which enabled us to predict the HOM concentrations and their role in the formation of 
secondary organic aerosols (SOA) at the SMEAR II station in Hyytiälä, Finland. Further we applied 
PRAM together with the Master Chemical Mechanism (MCM) to predict the aerosol yields for various 
crucial biogenic volatile organic compounds (BVOC) and compared them, where available, with measured 
data from smog chamber and oxidative flow reactor experiments. Parallel we investigated the capability of 
our model system SOSAA to calculate the OH-reactivity and compared them with measurements.  

METHODS 

During the last year we applied different model systems (MALTE-BOX, SOSAA and ADCHEM) to 
tackle various scientific topics related to atmospheric chemistry and secondary organic aerosol formation. 
Detailed descriptions of these model systems including references and applications are available at the 
group website (https://wiki.helsinki.fi/display/AMG/) and only a very short introduction to the different 
models is provided next. 

MALTE-BOX is the 0D version of the 1D model MALTE (Model to predict new Aerosol formation in 
Lower TropospherE - Boy et al., 2006). It consists of modules to calculate the gas-phase chemistry and 
aerosol dynamics. The peroxy radical autoxidation mechanism (Roldin et al., 2019) was incorporated 
alongside MCMv3.3.1. PRAM describes the evolution of peroxy radicals (RO2) from the ozonolysis of 
monoterpenes driven by subsequent H-shifts and O2 additions. The current version of PRAM considers 
HOM autoxidation for a fraction of the peroxy radicals formed during the ozonolysis of α-pinene and 
limonene and OH oxidation of α-pinene, β-pinene and limonene. The aerosol dynamics are simulated 
using the University of Helsinki Multicomponent Aerosol model (UHMA). The processes included in the 
model are nucleation, condensation, evaporation, coagulation and deposition. UHMA now supports an 
unlimited number of condensing vapours and the condensation algorithm considers both, the Kelvin effect 
and Raoult’s law. New particle formation through neutral and ion-induced clustering of dimethyl amine / 
ammonia and H2SO4 molecules is simulated using the Atmospheric Cluster Dynamics Code (ACDC – 
Olenius et al, 2013), which is dynamically coupled to the aerosol dynamics model. A group contribution 
method based on Nannoolal et al. (2008) using the UManSysProp online system (Topping, 2016) is used 
to estimate the pure liquid saturation vapor pressures (p0) of the organic compounds in MCMv3.3.1. For 
the PRAM species, p0 is estimated using the functional group method SIMPOL (Pankow and Asher, 
2008; Roldin et al., 2019). 
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SOSAA (model to Simulate the concentrations of Organic vapours, Sulphuric Acid and Aerosols) is a 1D 
chemical transport model comprised of boundary layer meteorology, biogenic emission of VOCs, gas-
phase chemistry, aerosol dynamics and gas dry deposition (e.g. Boy et al., 2011; Zhou et al., 2014). The 
boundary layer meteorology is derived from SCAlar DIStribution (SCADIS; Sogachev et al., 2002), as 
described in Boy et al. (2011). The biogenic emission module is based on MEGAN (Model of Emissions 
of Gases and Aerosols from Nature, Guenther et al. 2012). A new module for dry deposition was recently  
implemented in SOSAA by Zhou et al. (2017a) and extended in Zhou et al. (2017b). The latter describe 
the explicit simulation of the loss of every compound in the model by dry deposition inside the canopy for 
all height levels. The gas-phase chemistry and aerosol dynamics are similar as in MALTE-BOX and also 
include PRAM and ACDC. 

ADCHEM is a 2D-Lagrangian model for aerosol dynamics, gas phase chemistry and radiative transfer, 
which uses 1-order turbulence closure schemes to describe the air mass mixing in the vertical and 
horizontal direction perpendicular to the air mass trajectories (Roldin et al., 2011a). The model includes a 
novel aerosol dynamics and particle chemistry module that takes into account condensation and 
dissolution of over 1000 organic compounds. Further, ADCHEM provides a cloud microphysical module 
for aerosol-cloud droplet activation and dynamics; in-cloud aerosol processing and in- and below cloud 
scavenging of particles and gases; a 1D in-canopy model version of MEGAN and a detailed gas-phase 
chemistry scheme consisting of the Master Chemical Mechanism (MCMv3.3.1) and PRAM (Roldin et al., 
2019). 

 

RESULTS 

In a study by Praplan et al. (2019) the total hydroxyl radical (OH) reactivity were measurement at the 
Station for Measuring Ecosystem-Atmosphere Relations (SMEAR II), a boreal forest site located in 
Hyytiälä, Finland, from April to July 2016. Total OH reactivity is not a simple function of a few variables 
but includes many complex processes involving sources and sinks that can change dramatically depending 
on the environmental conditions and the time of the year.  

The averaged experimental total OH reactivity increased from April to June before decreasing in July 
because of more humid nights and lower radiation during the measurement period. The total OH reactivity 
diurnal pattern from May to July follows the one of biogenic compounds with high values during the night 
due to the low mixing height, even though emissions are lower at night. A suite of online and offline 
(O)VOCs measurements was used to calculate the known fraction of OH reactivity to compare it to the 
total OH reactivity measured. The missing fraction of the OH reactivity was also higher during the night, 
possibly due to a larger fraction of non-measured oxidation products, compared to day time, when the 
emissions are higher resulting in a larger fraction of known precursors. Oxidation products resulting from 
O3 oxidation at night are not lost chemically (due to the very low levels of OH), which might explain the 
higher missing fraction of OH reactivity observed at night. 

Nevertheless, as the data availability of (O)VOCs varies, the comparison between experimental and 
calculated OH reactivity is difficult but three different explanations can lead to high missing (unexplained) 
OH reactivity: 1) simply the lack of measurements, 2) not measuring oxidation products (only their 
precursors), and 3) not measuring the right class of compounds. Using the one-dimensional transport 
model SOSAA to estimate oxidation products concentrations from measured precursor concentrations for 
three periods of two to three days in various months (with most (O)VOC data availability) demonstrated 
that only a small fraction (up to ca. 9 %) of the missing reactivity can be explained by these oxidation 
products. On one hand, this is due to the absence in the model of degradation scheme for detected 
compounds in the ambient air (e.g. D3-carene, b-farnesene), but on the other hand it is also possible that 
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non-hydrocarbon compounds contribute to the OH reactivity as well. However, it might not be completely 
excluded that re-emissions of oxidation products of terpenes from surfaces are causing increases in OH 
reactivity. The model does not take into account this effect, as it only estimates concentrations of 
oxidation products based on the concentrations of their precursors. 

More measurements of oxidised compounds and identification of non-terpene reactive compounds from 
emissions also from other sources than vegetation (e.g. soil) are required to better understand the reactivity 
and local atmospheric chemistry in the forest air in general, in particular during winter, spring, and 
autumn, when the forest air chemistry is not dominated by emissions from the vegetation. 

In a study by Xavier and co-workers (2019) we modeled secondary organic aerosols (SOA) mass 
loadings from the oxidation (by O3, OH and NO3) of five representative biogenic volatile organic 
compounds: isoprene, α-pinene, limonene β-pinene and β-caryophyllene. The simulations were designed 
to replicate idealized smog chamber and oxidative flow reactors (OFR). The master chemical mechanism 
(MCM) together with PRAM, were used to simulate the gas-phase chemistry. The aim of this study was to 
compare the potency of MCM and MCM+PRAM in predicting secondary organic aerosol (SOA) 
formation. SOA yields were in good agreement with experimental values for chamber simulations when 
MCM+PRAM was applied, while a standalone MCM under-predicted the SOA yields. Compared to 
experimental yields, the OFR simulations using MCM+PRAM over-predicted SOA mass yields for 
BVOCs oxidized by O3 and OH, probably owing to increased seed particle surface area used in the OFR 
simulations. Modelled SOA yields increased with decreasing temperatures and NO concentrations and 
vice-versa in agreement with the measurements. 

The role of highly oxygenated organic molecules (HOM) in the Boreal aerosol-cloud-climate system 
was investigated by Roldin et al. (2019). Large amounts of volatile organic compounds (VOC) are 
transferred to the atmosphere from various natural (Guenther et al. 2012) and anthropogenic sources 
(Müller 1992), e.g.: trees and algae or vehicle emission, solvents and industrial sources. Peroxy radical 
autoxidation, involving intramolecular hydrogen shifts and oxygen molecule additions in several steps, 
can quickly (seconds to minutes) lead to the formation of highly oxygenated organic compounds after an 
initial reaction between a VOC and an oxidant (Ehn et al. 2014). Experiments showed that monoterpenes 
with endocyclic double bounds (e.g.: α-pinene or limonene) undergoing ozonolysis lead to high yields of 
HOM production. To a lower extent, monoterpenes oxidized by the hydroxyl radical (OH) form HOM too, 
while nitrogen monoxide (NO) may suppress the formation of HOM because it reacts with the peroxy 
radicals and terminate the autoxidation (Ehn et al. 2014; Jokinen et al. 2015; Berndt et al. 2016). The 
recently developed Peroxy Radical Autoxidation Mechanism PRAM describes the formation of HOM 
from the monoterpenes α-pinene, β-pinene, D3-carene and limonene. With PRAM and ACDC 
implemented in ADCHEM we could for the first time reproduce the HOM gas-phase composition (Fig. 
1b) and measured and modelled median particle number size distributions at SMEAR II (Fig. 1a) (Roldin 
et al., 2019). 

In this study we further showed that the combination of NPF and particle growth by biogenic HOM SOA 
has a profound but complex impact on the aerosol-cloud-climate system over the Boreal forest. In spring 
the HOM SOA increases the number of CCN with ~10% at cloud updraft velocities (w) in the range 0.3–5 
m s−1, which corresponds to water vapour supersaturations between ~0.28% and ~0.84%. Furthermore, we 
estimated that the HOM SOA contributes to an average direct aerosol radiative forcing of −0.10 W m−2. 
Thus, biogenic HOM SOA formation most likely contributes to climate cooling over the Boreal forest, 
both with and without the presence of clouds (Figure 1c and 1d). During typical spring-time conditions 
HOM SOA contributes to 18% of the modelled submicron particle mass at the SMEAR II station in 
Finland. 

16



 
Figure 1: Model and measurement results for May 15-24, 2013 and April 15 to May 5, 2014 at SMEAR II 
(Roldin et al., 2019). a) median particle number size distributions, b) average diurnal trends of closed 
shell HOM monomers, HOM dimers and HOM-NO3 concentrations, c) modelled top of the atmosphere 
direct aerosol radiative forcing probability distributions caused by NPF and HOM SOA formation, during 
clear sky conditions, d) relative fraction of the modelled CCN number concentrations caused by NPF and 
HOM SOA formation respectively. The model results were derived based on data from a control run 
(CTRL), a no NPF simulation (NoNPF) and a no HOM formation simulation (NoHOM). The shaded areas 
in a and d: 25th to 75th percentiles. 

The net climate impact (i.e. cooling or warming) caused by NPF over the Boreal forest is more complex, 
and varies depending on the amount and type of clouds. Our model simulations revealed that the observed 
NPF can to a large extent, be explained by sulfuric acid clustering with ammonia. In spring the NPF 
upwind of SMEAR II contributes to ≥50% of the number of CCN at cloud updraft velocities ≥3 m s−1, but 
even reduces the number of CCN at updraft velocities <0.2 m s−1. The NPF also causes a positive direct 
aerosol radiative forcing of on average +0.15 W m−2 at clear sky conditions. Thus, without clouds or 
during conditions with stratiform clouds with updraft velocities <0.2 m s−1, NPF most likely results in 
climate warming, while in the presence of cumulus clouds (which typically have w > 1 m s−1) it will lead 
to optically thicker clouds and climate cooling. The combined effect of HOM formation and NPF over the 
Boreal forest is a substantial increase in the number concentration of CCN at cloud updraft velocities >0.2 
m s−1. However, at clear sky conditions the negative radiative forcing from HOM SOA formation is offset 
by the positive radiative forcing caused by the NPF.  
We also demonstrated that the comprehensive PRAM mechanism may be substantially reduced. The 
reduced PRAM version can likely be used for realistic representations of HOM SOA formation in regional 
and global scale CTMs. However, before PRAM is used for large-scale CTM applications we recommend 
that the mechanism is evaluated also for other regions, e.g., over tropical forests and urban areas.
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The Ecosystem processes –team in the ATM Center of Excellence concentrates on the ecosystems’ 

role in climate change. Our main results are highlighted in the FCoE Abstract Book. Most of the 

activities link to other themes as well, and only a brief summary is presented here.  

The main aim has been to utilize the long-term measurements for building up a comprehensive 

understanding of the feedbacks and linkages between different compartments in the boreal 

ecosystems and the environment. In addition, short-term targeted campaigns, either in field or 

laboratory conditions, with variations of the driving forces, are used to pinpoint the key processes 

that need to be taken into account for model analysis and forecasting of the system changes.   

Here some of the recent results are summarized under six sub-themes: Exchange of VOCs between 

ecosystems and atmosphere, Whole tree physiology, Methane and nitrous oxide exchange of forests, 

Optics of photosynthesis, Biogeochemical cycles, soil processes and element budgets, and Forest 

modeling. 

 

1.  EXCHANGE OF VOCs BETWEEN ECOSYSTEMS AND ATMOSPHERE (Bäck et al) 

The PTR-MS is used to measure the emissions and concentrations of VOCs in forest stand both in 

small scale using enclosures, and in ecosystem scale with micrometerological methods. Part of the 

work has been dealing with developing and optimizing the operations of field instrumentation, 

including various types of measurement chambers which enclose a confined part of ecosystem under 

observation, and enables the detailed analysis of dynamic features of gas exchange, including both 

inert GHGs and the reactive gases such as VOCs.  
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Transpiration regulates the emissions of water-soluble short-chained OVOCs in Scots pine 

(Rissanen et al) 

In addition to the strong role of temperature in driving the VOC emissions from tree shoots and stem, 

tree water relations can be expected to influence the emissions from Scots pine. For example, on the 

one hand, Scots pine resin contains large amounts of monoterpenes, and the dynamics of resin 

storages depend at a long term on the tree water status (Rissanen et al. 2016, Rissanen et al. 2019). 

On the other hand, oxygenated VOCS methanol, acetaldehyde and acetone are water soluble, thus 

their transport within and release from the tree structures depend on the water-phase dynamics 

(Rissanen et al 2019). 

 

Studying the interrelations between water availability, tree water relations and the VOC emissions 

from Scots pine shoots and stem has shown that even relatively small changes in soil moisture can 

change the stem emission potentials of monoterpenes, methanol and acetaldehyde. The soil moisture 

effect on monoterpenes is probably partly mediated through resin pressure that decreases with 

decreasing availability of water and can thus decrease the release of monoterpenes from the resin 

storage. The soil moisture effect on methanol and acetaldehyde is more likely a result of enhanced 

plant material degradation and anoxic conditions in soil that increase the production of acetaldehyde 

and methanol which can potentially be taken up in soil water. In addition, high water content in tree 

stem can decrease diffusion of oxygen, creating anoxic conditions and increasing acetaldehyde 

production locally. The emissions of methanol, acetaldehyde and acetone from the shoots also seem 

to be dependent on the water-phase dynamics, with strong correlations with transpiration. This 

suggests that the water-soluble compounds emitted from the shoots may be partly transported from 

branches, stem or all the way from soil, and released in transpiration (Rissanen et al 2019).  

  

Seasonal and annual dynamics of VOC emissions from boreal forest soil (Mäki et al) 

A number of studies have measured forest floor VOC fluxes using short measurement periods, while 

spatial and temporal variation of soil VOC exchange is unknown in various ecosystems (Mäki, 2019). 

In this thesis, we determined temporal variation and variability of VOC exchange between northern 

forest soils and the atmosphere using experimental set-ups and continuous measurements from eight 

years (Mäki, 2019). We found that forest floor VOC exchange was constant between years. The 

boreal forest floor was a substantial VOC source, as it accounted significantly to the total boreal forest 

monoterpene fluxes in spring and autumn and methanol fluxes in spring and early summer. Tree 

species influence forest floor VOC fluxes, as the Pinus sylvestris forest floor was a greater 

monoterpene source compared to the Picea abies forest floor, as decomposing Pinus sylvestris litter 

released large amount of monoterpenes from needle storage pools in boreal and hemiboreal climates. 

The boreal forest floor was also a substantial source of sesquiterpenes and this may influence 

atmospheric chemistry due to great formation potential of secondary organic aerosols. Finally, we 

show that VOC fluxes from the forest floor were mainly driven by temperature, soil moisture and 

relative humidity. 

 

Long-term observations on pine forest VOC exchange (Ahi et al.) 

The long-term observations using PTR-MS on stand level VOC exchange were analysed by Ahi et 

al (this issue, ms in preparation). The results clearly show a seasonal pattern in exchange, related to 

both environmental factors (temperature, light and moisture) and tree physiological features 
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(growth, onset of photosynthetic activity). The results will be used in detailed analysis on the 

temporary impacts of forest management activities that are executed at the SMEAR II stand in 

2019-2020. 

 

Stand, season and needle age as determinants for tree monoterpene emissions (Taipale et al)  

Monoterpene emission models describe the variations in emission potentials only partially as a 

function of plant growth processes. We took the detailed measurements of monoterpene emissions 

from Scots pine during different seasons and covering several needle age classes, and set up to study 

how big contribution each of these would have on a larger scale (whole Finland). In addition, we 

evaluated how much these revised emission potentials could affect the new aerosol formation and 

growth. We utilised several years (2009-2011) of continuously measured emission rates of 

monoterpenes and chamber temperatures described and published in Aalto et al. (2014).  We used 

two different Scots pine tree growth models to calculate the seasonal and yearly development of Scots 

pine needles, respectively. We conclude that if new Scots pine foliage is not considered in models, 

the whole growing season cumulative emissions of monoterpenes from southern Finland are 

underestimated by 57%, and in northern Finland by ~35%.  For springtime the difference is even 

larger. The formation and growth rates of small particles would have the potential to increase by 98-

258% and 60-255%, respectively, if the emissions from new Scots pine needles would be included 

into emission models.  

 

 

Relationship between tree hydraulics, BVOC and NOx emissions from silver birch (Mänd et al) 

One of the open questions in climate research is the effect of increased humidity on the production of 

biogenic volatile signaling compounds (BVOCs) in northern forests, as future climate scenarios 

predict more humidity for northern latitudes. This is especially important since air humidity is one of 

the major factors determining nucleation events initiated by BVOCs, influencing cloud condensation 

and atmospheric haziness, while BVOCs also alter atmospheric reactivity. Preliminary experiments 

have shown that increased air humidity significantly reduces photosynthesis, total foliage area, 

foliage nutrient supply, tree height, stem volume, and transpiration, and humidified leaves are smaller 

respectively with lower mass per area, all affecting GPP. It is not known though, how this complex 

of changed factors affects the link between GPP and BVOCs. 

 

We set up to measure the tree ecophysiology and emissions of BVOCs in a unique field experiment 

where air humidity is manipulated. Preliminary results suggest that tree hydraulic properties and 

environmental humidity do affect significantly leaf osmotic potential, which may lead also to changes 

in production of secondary carbon compounds, such as BVOCs.  More NOx emissions were detected 

during earlier phases of growing season. 

 

 

2. WHOLE TREE PHYSIOLOGY (HÖLTTÄ ET AL.) 

 

We have shown in both theoretical modelling studies as well as in field and laboratory studies that 

stomatal control can be understood by maximization of photosynthesis rate by balancing between 

stomatal and non-stomatal relations to photosynthesis. Increasing stomatal conductance increases 
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CO2 concentration inside the leaf increasing the photosynthesis rate. However, at the same time 

increasing stomatal conductance decreases leaf water potential and leaf sugar content which 

decreases the photosynthesis rate for a given leaf internal CO2 concentration (Salmon et al. in 

review, Lintunen et al. in review, Dewar et al. in preparation). 

 

Stomatal control and photosynthesis, sink sugar usage as well as xylem and phloem transport have 

been incorporated into a realistic 3d structure of tree structure (Hölttä et al. in preparation) 

 

We have modelled the water use of pine trees in drained peatland using the optimal stomatal control 

model. The cost of water in the optimal stomatal approach is seen to be the lowest at intermediate 

water table depths, and the water use of pine tree in drained peatland is reduced at both high (likely 

due to oxygen deficiency) and low soil water table depths (Wang et al. in preparation). 

 

Dendrometer measurements have been interpreted in winter conditions when the stem is frozen. 

Diameter change of the stem has then been modelled to follow the temperature of ice with a time 

lag. The extent and time response due to temperature change of ice are interpreted to signify tissue 

elasticity and permeability, which are important parameters describing the state of winter 

acclimation (Lindfors et al. 2019). 

 

 

3.   METHANE AND NITROUS OXIDE EXCHANGE OF FORESTS (Pihlatie et al.) 

Trees all around the world significantly contribute to the greenhouse gas methane (CH4) and nitrous 

oxide (N2O) emissions from forests (Barba et al., 2018; Machacova et al., 2016; Machacova et al., 

2019). We showed that the tree stems of Scots pine, Norway spruce and Silver birch are net sources 

of N2O on an annual scale and that the N2O emissions strongly follow the physiological activity of 

the trees (Machacova et al., 2019). Our findings highlight that both CH4 and N2O exchange of trees 

should be accounted in the greenhouse gas budgets of forests. Most of research during the past decade 

has focused on quantifying the emissions of CH4 and N2O from tree stems, while the role of forest 

canopies remain unknown, mostly due to challenges accessing the canopies. Our earlier findings 

(Machacova et al., 2016) indicate that tree canopies may dominate the whole-tree emissions of both 

CH4 and N2O in a boreal forest, while at that time the processes remained unknown. To understand 

the canopy CH4 and N2O exchange processes, we constructed an automatized controlled climate 

chamber system for high frequency leaf-level CH4 exchange measurements. The measurement system 

allows to assess plant gas exchange under controlled light, temperature, humidity and CO2 

environment with a minimal disturbance to the measured plant (Kohl et al., A).  Based on our previous 

measurements we expect that the leaf-level CH4 and N2O emissions are small and requires high-

precision gas analyzers. As part of the setup development, we found that plant-emitted volatile 

organic compounds (VOCs) interfere the gas analysis of CH4 by FTIR analyzes, whereas no 

significant disturbances were found with laser spectrometers (Kohl et al., 2019). To finalize the setup, 

we are currently testing different materials (plastics, glues) used in constructing plant chambers in 

order to evaluate their possible emissions or uptake of CH4 (Freistetter et al.).  

 

Our initial experiments with tree saplings demonstrated that the shoots of different tree species emit 

CH4 from distinct sources (N2O not measured). Shoots of Scots pine and some birch species emitted 
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CH4 that was mostly produced within the shoot, likely through aerobic CH4 production. This leaf-

level CH4 emission showed a strong diurnal cycle that follows PAR irradiation and photosynthesis 

rate (Kohl et al., A). Shoot from Betula nana birch species, in contrast, showed emissions of soil-

borne CH4 that remained constant throughout day and night. The capacity of Betula nana saplings to 

transport CH4 from the soil and X-ray imaging of the structure and volume of the conducting tree 

tissue are currently utilized in the development of gas transport model (Anttila et al.,). We expect that 

future experiments utilizing different 13C-labelling experiments (Tenhovirta et al.,) allows us to 

further disentangle shoot CH4 emission processes, and to characterize their responses to 

environmental conditions (Patama et al.).  

 

The core of the group is to understand the CH4 and N2O cycling dynamics in the whole soil-tree-

atmosphere continuum and to upscale from single-tree processes to a catchment-scale. During 2019 

extensive experiments were conducted in a gradient from a forest hilltop to a pristine peatland at 

Pallaslompolo catchment, Finland, to understand the biotic and abiotic drivers of soil CH4 

production and oxidation processes and their seasonality, and to link the soil CH4 dynamics to tree 

CH4 exchange (Kohl et al., B). We also measure reductive-oxidative (redox) conditions in the soil 

profile in order to disentangle the changes in the CH4 dynamics. We will use the soil redox status in 

soil process modelling, which will further feed to the soil-tree-atmosphere model development 

(Koskinen et al.,). Additionally, we have pioneered with analyzing the role of phyllospheric 

microbes living on the leaves and needles of boreal trees and further quantified their role in N2O 

fluxes. This new opening may reveal new aspects of the plant-microbe interactions, the role of trees 

in N2O dynamics and nitrogen cycling in boreal forests (Martikainen et al.). 

 

As a group we are constantly seeking ways to make our scientific results visible and understandable 

to the society and decision makers. Our mission is to bring the science to the society, and to make it 

accessible and understandable (Korhonen et al.).  

 

 

4.  OPTICS OF PHOTOSYNTHESIS (Porcar-Castell et al) 

We seek to develop new methodologies and generate new understanding in views of establishing a 

quantitative connection between optical, biochemical, functional and structural traits of vegetation. 

We combine multiscale field experimentation with detailed laboratory experiments to elucidate the 

mechanistic connections both across space and time. Our most recent advances and ongoing work are 

summarized below. 

a. Comparison of methods for estimation of leaf-level spectral fluorescence (Rajewicz et al.) The 

fluorescence spectra of leaves can be measured with the help of optical filters to excludes radiation 

above 650 nm so that the fluorescence spectra in the 650-800nm range can be measured. Importantly, 

factors like the geometry of the measurement or the morphology of the leaves can also interfere with 

the resulting spectra. In Rajewicz et al. (2019) we compared different methodologies to measure the 

fluorescence spectra of broadleaf and needle-like species. We found that the shape of the fluorescence 

spectra remains largely unaffected by the geometry of the measurement. In turn, the challenging 

morphology of the needles enhanced the reabsorption of red fluorescence. 

b. R-Package for processing of long-term Monitoring PAM data (Zhang et al., this issue). 

Monitoring PAM fluorometers are ideal to follow diurnal and seasonal changes in photosynthetic 
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energy partitioning of leaves in situ. Although these measurements demand relatively low levels of 

supervision, the resulting data requires careful filtering to separate variations in fluorescence that are 

due to leaf-level physiological processes from those due to meteorological (dew, rain, snow), or 

physical factors (changes in sample area due to wind). In Zhang et al (Abstract) we present a 

processing flow for filtering the data as well as practical instructions for field implementation.  

c. Nocturnal LED Induced fluorescence of whole plant canopies (Atherton et al.). In contrast to 

leaf-level measurements, the fluorescence emission of a plant canopy has been so far only measurable 

within narrow spectral windows (Solar Fraunhofer lines or telluric atmospheric absorption bands) 

where incoming solar irradiance is completely or strongly attenuated. Accordingly, the fluorescence 

spectra of whole plant canopies has remained elusive We recently presented a ground breaking 

method (Atherton et al. 2019) to directly measure the fluorescence spectra of whole plant canopies. 

The novelty of the method lies in that measurements are conducted during nighttime using a  

commercial stage LED instead of the sun, allowing for retrieval of the whole fluorescence spectra. 

The method should find multiple applications for the interpretation of tower and satellite SIF data. 

d. Canopy-level modelling and measurements of SIF with a low-weight dual field of view 

spectrometer (Atherton et al., Liu et al., Xu et al.) 

Upscaling observations of solar-induced fluorescence (SIF) from the leaf to the canopy and beyond 

is not straightforward because new controls appear at each scale. In addition to leaf level physiology, 

factors like canopy structure, ground vegetation dynamics or atmospheric absorption processes can 

interfere with the signals recorded at the canopy level. However, lack of technology and quantitative 

methodologies have strongly limited the characterization of the potential impact of these factors. In 

this context, we have recently used a drone platform for multiscale measurements of SIF over various 

forests stands (Atherton et al. 2018) as well as in crops (Xu et al. this issue). This platform can be 

used to assess the impact of forest and crop structure on the top-of-canopy SIF signal, or to retrieve 

canopy parameters like the leaf angle distribution (Atherton et al. this issue). We also developed a 

quantitative framework for investigating the impact of forest structure on the SIF signal (Liu et al. 

2019). Liu et al. used terrestrial laser scanner data to reconstruct a 3D model of a birch stand and 

coupled it to a canopy (DART) and leaf (Fluspect) radiative transfer models to conduct a sensitivity 

analysis of top-of-canopy SIF to physiological, biochemical and structural factors. 

e. Spatiotemporal drivers of the leaf-level fluorescence signal 

We characterize the processes that drive the intensity and spectral properties of the chlorophyll 

fluorescence signal at the leaf level. Temporally, we recently demonstrated that non-photochemical 

quenching controls the seasonal relationship between fluorescence and photosynthesis in top-canopy 

Scots pine needles (Zhang et al. 2019). Spatially, when considering leaves from different species, we 

found that both NPQ and foliar chlorophyll contents explain most of the variation in fluorescence 

properties (Magney et al. 2019). Spatiotemporally, Rajewicz et al. (this issue) investigates the factors 

that control the seasonal variation in fluorescence properties in a boreal ecosystem. In more detail, 

van Wittenberghe et al (this issue) reports on the mechanisms that drive the changes in fluorescence 

at time scales of seconds to minutes and their connection to changes in leaf reflectance.   

We have also assessed the potential of SIF for precission agriculture using potato as a model species. 

We measured how diurnal variations in foliar physiology are coupled to canopy-level measurements 

of chlorophyll fluorescence in response to water stress (Xu et al. this issue. We found that diurnal 

changes in canopy structure (leaf angle distribution) were the main factor controlling the top-of-

canopy SIF signal in response to water stress. Similarly, we investigated to what extent the effect of 
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foliar micro and macronutrients as well as heavy metals affect the leaf-level and top-of-canopy SIF 

(Oivukkamäki et al. this issue).  

 

 

5. BIOGEOCHEMICAL CYCLES, SOIL PROCESSES AND ELEMENT BUDGETS 

Biogeochemistry concerns cycling of elements in terrestrial as well as aquatic ecosystems by 

integrating physics, chemistry, geology and biology. Besides natural ecosystems, it also deals with 

systems altered by human activity such as forests under different management regimes, drained 

peatlands and lakes loaded by excess nutrients. The most important elements under study are carbon, 

nitrogen and phosphorus, which are vital for ecosystem functioning and processes such as 

photosynthesis, i.e. uptake of inorganic carbon by plants. Biogeochemistry focuses on interphases of 

scientific disciplines and by doing so, it also combines different research methods. We treat the 

ecosystems as open entities which are closely connected to atmosphere and where water is among the 

key transport mechanisms. 

 

Disturbances and biogeochemistry (Köster, Pumpanen & Berninger et al) 

The goal for Disturbances and Biogeochemistry team is to link the effects of different disturbances 

(fire, reindeer grazing) with the biogeochemical cycles in boreal and sub-arctic forests. We also work 

with effects of added charcoal (industrially produced biochar)on the C and N dynamics in boreal 

forests, and on growth of containerized planting stock. 

Our study from northern boreal fire chronosequences (Yukon, Canada and Tura, Russia) showed that 

soils were warmer and drier, and soil C content was lower on recently burned areas. The depth of the 

active layer on top of permafrost was increasing rapidly after the fire. The thawing of near-surface 

permafrost directly affected the GHG fluxes (Köster et al., 2017a, Köster et al., 2018). We have also 

seen that forest fires may facilitate the decomposition of permafrost SOM by increasing the active 

layer depth, but on the same time increase the temperature sensitivity of decomposition - the SOM in 

the permafrost surface was less temperature sensitive than the SOM in the soil surface (Aaltonen et 

al., 2019a). We have also found that SOM in upland mineral soils at the permafrost surface could be 

mainly recalcitrant and its decomposition not particularly sensitive to changes resulting from fire 

(Aaltonen et al., 2019b).  

Our study dealing with reindeer grazing in northern boreal forests (Värriö Strict Nature Reserve, 

Finnish Lapland) showed that grazing by reindeer significantly affected lichen and moss biomasses 

in these forests. Our results indicated that grazing by reindeer in the northern boreal forests affects 

the GHG emissions from the forest floor and these emissions largely depend on changes in vegetation 

composition (Köster et al., 2017b). Our study dealing with the addition of biochar to forest soil 

(Hyytiälä, Finland) showed that added biochar (with different treatments) had no significant effect on 

soil microbial biomass, the rates of N mineralization, nitrification and biological N fixation 

(Palviainen et al., 2018). The results suggest that wood biochar additions of 5–10 t ha-1 to boreal 

forest soil does not cause strong effects and threat to the native soil C stocks because increase in soil 

CO2 effluxes were rather small and vanished during the second year after biochar amendment 

(Palviainen et al., 2018). We have also found that biochar addition had no clear effect on soil total N, 

nor on the temperature sensitivity of soil respiration - the turnover time of soil C was unaffected by 

biochar addition (Zhao et al., 2019). These results indicate that from a C sequestration point of view, 
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biochar addition did not accelerate the mineralization of soil organic C, and could lead to higher stable 

C stocks in the surface soil layer. 

 

Soil processes (Heinonsalo et al) 

The research team of doc. Jussi Heinonsalo has the aim to investigate how soil C stocks are 

accumulated, affected by plant-microbial interactions and how stabile soil organic matter (SOM) is 

formed. The research is intimately linked to investigation related to atmospheric feedbacks. Due to 

border-crossing approaches, the group works with close interaction with different departments at 

University of Helsinki as well as Finnish Meteorological Institute. 

 

Earlier, the group has shown e.g. that plants cause drastic, direct changes in SOM decomposition 

(Kieloaho et al. 2016), understory dwarf shrubs species (Calluna vulgaris, Vaccinium myrtillus and 

V.vitis-idaea) alter SOM chemistry differently than Scots pine, mainly due to decrease in pH and 

increase in condensed tannin content in soil (Adamczyk et al. 2016) and from microbial perspective, 

soil fungal community structure at SMEARII station is species-rich and diverse also in deeper mineral 

soil horizons. Seasonally the community was shown to remain rather stable during growing season 

but drastic changes seem to occur between summer and winter seasons (Santalahti et al. 2016). The 

group also showed that fungal biomass is a large reservoir of amines, the community shift may cause 

release of fungal cell content (like amines) that are linked to atmospheric emissions (Kieloaho et al. 

2016). The research combined microbiology and chemistry to be linked with atmospheric impacts of 

soil (e.g. GHG, amine, BVOC exchange). 

 

During the last year, several important publications were published in e.g. New Phytologist and 

Nature Communications. In this research, fungal necromass, that is very abundant source of nitrogen 

(N)-rich organic matter in forest soils, was shown to form complexes with root-derived condensed 

tannins resulting in its decreased decomposability. This finding pinpoints a novel mechanism that 

would partly explain surprisingly slow decomposition rate of microbial litter (Adamczyk et al. 

2019a). In a field experiment, using a three-year field experiment, the SOM decomposition and 

stabilization was compared in the presence of roots, with exclusion of roots but presence of fungal 

hyphae and with exclusion of both roots and fungal hyphae. Roots accelerate SOM decomposition 

compared to the root exclusion treatments, but also promote a different soil N economy with higher 

concentrations of organic soil N compared to inorganic soil N accompanied with the build-up of 

stable SOM-N. In contrast, root exclusion leads to an inorganic soil N economy (i.e., high level of 

inorganic N) with reduced stable SOM-N buildup. Based on these findings, a new framework was 

provided on how plant roots affect SOM decomposition and stabilization. (Adamczyk et al. 2019,b). 

Tree-root exclusion experiment also gave novel information on soil CO2 sources and separation of 

autotrophic and heterotrophic soil respiration (Ryhti et al. manuscript under review). These result 

suggest that rather than a passive role as producer of litter, plants have a dynamic impact in SOM 

decomposition and formation, which is necessary to take into account in soil and ecosystem carbon 

modelling. 

 

During the last year, Heinonsalo group has been active in establishing new experiments that focus on 

C sequestration in agricultural soils. The team continues with the same multidisciplinary way as 

described above and combine plant-microbial-soil interactions and soil C measurement with other 
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climatic feedbacks (mainly GHG gases) and modelling. Several new project are funded and new 

results are being produced to be presented later. 

 

 

6.    FOREST MODELLING (Mäkelä et al) 

 

Methods for regional-scale monitoring and predicting forest carbon fluxes and stocks (Mäkelä 

et al) 

The objective of this work is to develop methods that allow us to make large-scale predictions of the 

development of forest stocks and fluxes as influenced by climate and forest management. We have 

developed a model system, PREBAS, consisting of a climate-driven model (PRELES) of gross 

primary production (GPP) and linked this with a forest growth model  (CROBAS) that can be run 

using either ground-based or satellite observations to initialise the model. The models are also being 

linked with the soil carbon model Yasso for the regional estimation of NEE.  The model system has 

been linked to EO data provided by VTT, which includes novel EO data analysis results of forest 

variables needed for initialising the models (Mäkelä et al. in prep). Our estimates of the current 

growth of the growing stock in Finland are well in line with forest statistics (Holmberg et al. 2019), 

and our GPP and NEE results agree with flux tower measurements.  The model system has also been 

linked to the multisource inventory data available with Luke (Härkönen et al. 2019, Mäkelä J. et al. 

2019), and scenario results with climate scenarios have been input the Climate Guide web site 

maintained by FMI.  The models are being applied in several projects, including the SRC project 

IBC-CARBON (Holmberg et al. 2019), Finnish Climate Panel (Kalliokoski et al. 2019b), forest 

management optimisation (Xue et al. 2019) and EU project Forest Flux.  

 

Model development to incorporate old-growth and uneven-aged stands (Mäkelä et al)  

This work aims at improving our growth models to be readily applicable to continuous cover 

management and old-growth stands which both have been suggested to contribute to climate change 

mitigation by means of increasing the total carbon sequestration of forests (Kalliokoski et al. 2016, 

Mäkelä et al. 2016). Empirical studies to support both obectives are have been completed (Kumpu et 

al. 2018, Kuusinen et al. 2019, Liu et al. submitted, Hu et al. submitted, Kumpu et al. submitted)  or 

are underway (Liu et al. in prep., Akujärvi et al. in prep.). A more detailed analysis of the interactions 

of crown structure and physiological processes could also help understand the decline of productivity 

with tree ageing (Mäkelä et al. in press). 

 

Bayesian calibration of models (Minunno et al.) 

A key part of the modelling work has been model calibration using inverse data-model fusion 

methods. We use Bayesian methods that allow us to combine both empirical and theoretical 

information in a flexible manner. We have calibrated PRELES for boreal sites (Minunno et al. 2016) 

and temperate and sub-tropical sites (Tian et al. submitted), and we have also used Bayesian model 

calibration of PRELES as a tool to analyse different ecosystem processes (Tian et al. in prep, Vernay 

et al. submitted). We have calibrated  CROBAS for boreal sites (Minunno et al. 2019) and calibration 

to temperate forests is underway in EU project Forest Flux. We have analysed prediction uncertainties 

of the calibrated models in relation to climate model, climate scenarios, forest management scenarios, 
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uncertainty about impact processes and model parameter uncertainty (Kalliokoski et al. 2018, Mäkelä 

J. et al. 2019). 

 

Climate change impacts and mitigation (Kalliokoski et al.) 

Almost 70% of nations have indicated in their National Determined Contributions (NDCs) of Paris 

Agreement they will use the land based carbon dioxide removal (CDR) to reach their mitigation 

targets and overall of the 25% of the countries’ current mitigation pledges as implied by NDCs are 

based on land use sector. Consistent land-use sector policy measures call for comprehensive 

accounting of uncertainties (Kalliokoski et al. 2019a) in the scenario projections and realization of 

improved forest management in specific region calls for reliable tools for projecting the impact of 

applied changes in forest management. Thus, the projections of forest development under different 

scenarios and with different modeling tools are important to evaluate (Kalliokoski et al. 2019b). In 

this study, we investigate the projections of six forest carbon models and compare the effect of their 

assumptions and parameterization e.g. on growth response after thinning, mortality, or accumulation 

of soil carbon (Kalliokoski et al. in prep). However, net climate impact of forest based mitigation 

includes also biophysical factors, e.g. albedo and secondary organic aerosols (SOA), and indirect 

carbon effects like avoided emissions through increased use of harvested wood products displacing 

fossil based energy and materials. In this work, we analyse the impact of different harvesting 

scenarios of Finnish forests on the radiative forcing (RF) accounting for all these different effects 

(Kalliokoski et al. in prep). This kind of comprehensive analysis is needed for generating 

understanding of the relative importance of different factors in the mitigation but also illuminating 

the key uncertainties of climate impacts of land use sector. 

 

Within-season growth and phenology (Schiestl-Aalto et al.) 

The objective of this work is to increase our understanding of the within-season timing of carbon 

acquisition and allocation to growth of the different plant components, in order to be able to analyse 

and predict the impacts of climate change on growth. A whole-tree model CASSIA has been 

developed earlier (Schiestl-Aalto et al. 2015) where temperature is the key environmental control 

(Schiestl-Aalto and Mäkelä 2017). Recently, information from within-season measurements of non-

structural carbon compounds in different tree organs was incorporated in the model, which allowed 

us to make inferences about the annual carbon flux to root exudates (Schiestl-Aalto et al. 2019).  
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INTRODUCTION

The “Atmospheric Physical Chemistry” group, also often called “COALA” group after the ERC grant
with the same name, studies all aspects of the conversion of volatile organic compounds (VOC) into
secondary organic aerosol (SOA). The oxidation of VOC form oxidation products (oxygenated VOC,
OVOC) with various properties, e.g. volatility, depending on the VOC structure, the oxidant, and the
atmospheric conditions. A particular focus in our group is the formation of low-volatile highly
oxygenated organic molecules, HOM (Ehn et al., 2014). This abstract summarizes some of the main
findings over the last year within our group.

RESULTS

On the topic of VOC oxidation, two major results were achieved concerning the formation of HOM
under different conditions. Firstly, the autoxidation process (Crounse et al., 2013) was shown to be
very sensitive to temperature in the case of alpha-pinene ozonolysis (Quéléver et al., 2019). Lowering
temperature from 20 to 0 degrees Celsius caused a decrease in HOM yields of nearly two orders of
magnitude under our experimental conditions. Secondly, HOM formation from aromatic compounds
was shown to increase with higher exposure to hydroxyl radicals (OH) (Garmash et al., 2019, ACPD,
in review). Earlier studies have only reported HOM yields from first generation oxidation products
of VOC, and this study suggests that the potential of less oxygenated OVOC to form HOM can be
significant. In addition to these, we also published a review in Chemical Reviews about HOM
(Bianchi et al., 2019).

On the topic of instrument development and characterization, we performed the first parallel
characterization of five different commonly used chemical ionization mass spectrometers (CIMS) for
VOC and OVOC detection (Riva et al., 2019c). Our work was able to show that current
instrumentation can map the majority of OVOC, but there are also certain ranges in the volatility
distribution which are not properly covered. In addition, we developed a new type of CIMS by
employing a chemical ionization inlet to an ultra high-resolution Orbitrap mass spectrometer (Riva
et al., 2019a). This work will likely spur the community to consider shifting from the most commonly
used time-of-flight mass spectrometers to Orbitraps, at least for certain applications.

On the topic of SOA formation and evolution, we have showed that the role of acidity in oligomer
formation in organic aerosol is important also for monoterpene-derived aerosol (Riva et al., 2019b).
The importance of acidity has earlier been mainly discussed in relation to isoprene. Monoterpene
SOA formation can also be hampered by the presence of smaller molecules, such as isoprene
(McFiggans et al., 2019). The effect arises both from the scavenging of OH by the smaller molecules
as well as from the perturbation of gas-phase dimerization reactions. Finally, the aerosol at our
Hyytiälä field station was characterized utilizing a combination of factorization and clustering
algorithms applied to aerosol mass spectrometry data, yielding new insights into the sources of both
organic and inorganic aerosol at the site (Äijälä et al., 2019).
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INTRODUCTION 

During the latest decades the improvements in means of analysing and sharing big data sets have made it 
possible to easily analyse complex data from across the globe. This requires inter-comparable data. The 
production of such data sets calls for wide networks producing harmonized data sets over large geographical 
area, and storing and delivering the data in a common way. This requires a lot of coordination. 

International Research Infrastructures (RIs) are the European answer to these needs. They enable 
implementation of scientific instruments and networks that are too big for any nation to build alone. They 
also enable a more continuous funding scheme for large scale international operations. 

AEROSOL, CLOUDS AND TRACE GASES RESEARCH INFRASTRUCTURE 
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The Aerosol, Clouds and Trace 
Gases Research Infrastructure 
(ACTRIS) is a pan-European 
research infrastructure 
producing high-quality data and 
information on short-lived 
atmospheric constituents and 
on the processes leading to the 
variability of these constituents 
in natural and controlled 
atmospheres. The general idea 
in ACTRIS is to pool together 
the efforts all around Europe in 
order to achieve better results 
than any nation alone could 
achieve. ACTRIS will not do 
research, but will provide data 
and other services that will 
enable researchers to produce 
better scientific results. The 
main objectives of ACTRIS are 
shown in the Figure 1.   

Figure 1. Infographic on ACTRIS main objectives.  

ACTRIS is planned to consist of National and Central Facilities. The National Facilities are the numerous 
existing and to-be-implemented measuring sites, mobile research platforms, simulation chambers and 
laboratories producing atmospheric data. The Central Facilities are Head Office, Data Centre and six Topical 
Centres for calibration of measurement instruments and operation support for different measurement 
instruments. 
These six Topical Centres are: 

- Centre for Aerosol In Situ Measurements 
- Centre for Aerosol Remote Sensing 
- Centre for Cloud In Situ Measurements 
- Centre for Cloud Remote Sensing 
- Centre for Reactive Trace Gases In Situ Measurements 
- Centre for Reactive Trace Gases Remote Sensing 

 
In the ACTRIS vision the nature of atmospheric research will be different than what it is today. The 
continuous atmospheric measurements will be performed and maintained by scientific engineers focusing 
on that task, and researchers around the world will use ACTRIS data for their research. This arrangement 
will free the researchers form operating and seeking funding for the long-term measurements, and grant 
them more time for utilising the data. Measurement campaigns and novel measurements will still be 
performed by the research scientists with the help of the station personnel at ACTRIS stations.  

ACTRIS SERVICES 

ACTRIS is currently in preparation and the plan is to set up ACTRIS by 2025. By that time ACTRIS will 
be fully established and providing its services in full capacity. During coming years, during the ACTRIS 
Implementation Phase, a comprehensive ACTRIS service catalogue will be developed. The services will 
be provided to all user communities, including both public and private sector. 
 
The first and most obvious ACTRIS service is the data, which will be available for free via the ACTRIS 
Data Centre. The data will be inter-comparable due to common measurement and data processing protocols 
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and quality controlled via regular calibration of the instruments. Besides data delivery, the Data Centre 
provides virtual tools for processing the data online. The availability of the data will also allow new services 
to be built on the data. Another ACTRIS service is to provide supported access to the Topical Centres and 
to selected National Facilities via a competitive selection process. This way the most promising research 
projects will always have access to the best facilities and expertise available. Besides publicly funded 
research, access to ACTRIS facilities will also be available for commercial actors, which will enhance the 
public-private collaboration and lead to new science-based innovations. ACTRIS also provides training and 
education related to instruments and processing of atmospheric data. Furthermore, ACTRIS gives a stronger 
voice in the policy making for the related scientific communities. 

HOW IS ACTRIS BEING IMPLEMENTED 

The ACTRIS community has a long history of collaboration through various international projects, dating 
back to 1990’s and early 2000’s. From this background it is natural that ACTRIS is proceeding to become 
a more permanent and coordinated research infrastructure. ACTRIS was adopted on the European roadmap 
of new research infrastructures in 2016, with a deadline to start its operations within 10 years. The schedule 
of ACTRIS is, however, much faster, and aims at the establishment of ACTRIS as a legal entity and 
provision of first services in 2020-2021, and to ramp up the operations to full capacity by 2025. The schedule 
of ACTRIS is presented in figure 2.  

 

Figure 2. The schedule of ACTRIS and EC-projects supporting the implementation. 
 

The legal model of ACTRIS is decided to be ERIC (European Research Infrastructure Consortium). This 
means that the members of ACTRIS will be the countries hosting ACTRIS facilities, not the research 
organizations. The countries will be represented through ACTRIS General Assembly and currently through 
its predecessor Interim ACTRIS Council, comprising of ministry and funding agency representatives from 
the participating countries, and being the highest decision making body in ACTRIS. Currently 17 countries 
are preparing ACTRIS at ministry level, and 5 more are involved in the process without ministry-level 
participation. The countries participating in ACTRIS are presented in Figure 3. 
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Figure 3. Countries involved in ACTRIS. 
Petrol blue: members of ACTRIS Interim 

Council; beige: observers, dark grey: 
countries have been committed to 

ACTRIS at the research organization-
level or are in middle of negotiations. 

 

 

 

 

 

 
Currently, the international coordination activities of ACTRIS are funded via three EC-funded projects: 
ACTRIS-2, EUROCHAMP 2020 and ACTRIS PPP (Figure 2). ACTRIS -2 and ACTRIS PPP project are 
ending this year and a new EC-funded project will start in the beginning of 2020: ACTRIS IMP. ACTRIS-
2 has focused on scientific integration of the research communities around atmospheric aerosols, clouds and 
trace gases, and provides funding for trans-national access to 18 research facilities around Europe. 
EUROCHAMP 2020 does the same for research with atmospheric simulation chambers around Europe. 
ACTRIS PPP is a project to prepare the governance, legal, financial and operational frameworks needed for 
the fully fledged research infrastructure organisation. ACTRIS IMP will take ACTRIS into a new level of 
maturity and will set the needed structures for the implementation actions, both at the national and European 
level. The project builds on three main pillars: securing the long-term sustainability, implementing of 
ACTRIS functionalities, and positioning ACTRIS in the national, European and international science and 
innovation landscape. ACTRIS IMP will enable ACTRIS to respond to the users’ needs and requirements. 
 
Finnish partners are involved with a significant role in all these projects in the planned ACTRIS Central 
Facilities. The participating public research institutions are Finnish Meteorological Institute (FMI), 
University of Helsinki (UHEL), University of Eastern Finland (UEF) and Tampere University (TUNI). 
From private sector, instrument manufacturer Airmodus is involved. 

- ACTRIS-2: FMI and UHEL partners, TUNI and Airmodus associated partners 
- EUROCHAMP 2020: UEF and UHEL partners, Airmodus associated partner 
- ACTRIS PPP: FMI coordinator, UHEL co-coordinator, UEF and TUNI associated partners 
- ACTRIS IMP: FMI coordinator, UHEL co-coordinator, UEF and TUNI associated partners 
- ACTRIS Head Office: Finland will lead ACTRIS 
- ACTRIS Data Centre: FMI will participate with Cloudnet data unit 
- Centre for Aerosol In Situ Measurements: UHEL will participate with sub-10nm particle 

measurements unit 
- Centre for Cloud Remote Sensing: FMI will participate with a small Doppler Lidar data processing 

unit 
- Centre for Reactive Trace Gases In Situ Measurements: UHEL will participate with instrument 

development and cluster measurements unit  
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Besides the participation in Central Facilities, Finland plans to include also a number of National Facilities 
in ACTRIS, including (but not limited to) all SMEAR stations, Pallas Atmosphere-Ecosystem Supersite, 
Utö Atmospheric and Marine Research Station, Mobile lidars and cloud radar, Kuopio Atmospheric 
Simulation Chambers, and TUNI Mobile Aerosol Laboratory. 
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VOC, OH AND OZONE REACTIVITY MEASUREMENTS 
 

In 2018 we measured volatile organic compounds (VOC) and OH reactivity at Pallas in Northern Finland 

on a sub-Arctic wetland. Seasonal changes and diurnal variations of total OH reactivity and mixing ratios 

of individual reactive compounds were studied as well as their emissions from the wetland. Data has been 

processed in 2019 and for the first time we found high sesquiterpene (SQT) emissions from wetland. 

Monoterpene (MT) emissions were generally less than 10% lower than isoprene emissions, but SQT 

emissions were surprisingly high exceeding MT emissions all the time (Fig.1). During early growing season 

SQT emission rates were about ten times higher than MT emission rates but this difference became smaller 

towards the end of a summer. However, also then SQT emission rates were still about twice as high as MT. 

Although the lifetimes of SQT is short, varying from minutes to hours, we could still detect them in ambient 

air also. The measured VOCs in the emission explained about half of the OH reactivity. The remaining 

reactivity is suspected to be caused by non-measured, direct emissions. Two manuscripts from fen VOC 

emissions and related OH reactivity measurements will be submitted by the end of 2019 (Schallhart et al. 

and Hellén et al.).  

 

The OH reactivity was also measured from spruce and birch emissions for in situ conditions in Hyytiälä in 

summer 2019. The reactivity of the emissions was larger in June compared to July/August. The reactivity 

follows VOC and temperature diurnal pattern with a maximum during the day. The manuscript is under 

preparation by Praplan et al. 
 

In order to get more information from the compounds we are missing, we also developed an O3 reactivity 

instrument. It is now working with some limitations: high detection limits (ca. 19ppbv α-pinene 
equivalent) and challenges with mixtures of several compounds with different reactivity towards ozone 

(e.g. isoprene and sesquiterpenes) still need to be overcome. We continue to work with ozone reactivity 

instrument. 

 

 
Figure 1: Measured emission rates of SQTs, MTs and isoprene from Lompolojänkkä fen in Northern Finland 

in 2018 during early (left) and midsummer (right). 

41



 

A METHOD TO MEASURE DITERPENES 

 

Diterpenes are a class of chemical compounds composed of two monoterpene units with the molecular 

formula C20H32. Matsunaga et al. (2011) have measured the emissions of a diterpene, kaur-16-ene, from 

typical Japanese conifers, showing that these emissions are of the same magnitude as those of monoterpenes. 

Our measurement at Lompolojänkkä fen and also many other studies show that we have not detected all the 

compounds causing OH reactivity. Diterpenes could be one group of compounds missing from reactivity 

calculations. Therefore we wanted to develop a method for diterpene analysis using a gas-chromatograph-

mass-spectrometer. The method development and performance related experiments included, for example, 

desorption efficiency, sampling recovery and ozone reactivity tests. The method was also tested for real 

samples and multiple diterpenes could be detected in the emissions from pine needles and spruce twigs in 

laboratory conditions at 30 °C.  The manuscript by Helin et al. will be submitted in 2019. 

 

 

AMINE AND GUANIDINE SOIL EMISSION MEASUREMENTS 

 

In our earlier study we measured amine concentrations in ambient air (Hemmilä et al. 2018). In that study 

we observed that different amines are likely to have different sources and that their seasonality is not the 

same for all the compounds. In order to get more information about amine sources, we conducted amine 

emission measurements from boreal forest floor in April, May, July and September in 2018. 

Monomethylamine (MMA), dimethylamine (DMA), trimethylamine (TMA), and diethylamine (DEA) had 

their maximum emissions in July, but guanidine had highest emissions already in the spring. In our earlier 

ambient air study (Hemmilä et al., 2018) we noticed that DMA and TMA had also their maximum ambient 

air concentrations in July. Diurnal variabilty of DMA emission rates are shown as an example in Fig. 2. 

 

 

  
Figure 2. Diurnal variations of DMA emission rates from the boreal forest floor in April (a), May (b), July 

(c) and September (d). 
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NON-METHANE HYDROCARBON (NMHC) MEASUREMENTS ON UTÖ ISLAND 

 

NMHCs were measured on Utö Island in Baltic Sea in Finland during 1994-2007 by collecting air samples 

in stainless steel canisters twice a week for further analysis in the laboratory. The results of these 

measurements are published in Laurila and Hakola, 1996 and Hakola et al., 2007. Later on from March 2018 

to March 2019 VOCs were measured again, but this time using in situ gas-chromatograph with 2-hour time 

resolution.  

Utö is an Atmospheric and Marine Research Station of Finnish Meteorological Institute (59º 46'50N, 21º 

22'23E) at the outermost edge of the Archipelago Sea, facing the Baltic proper. The station is currently 

producing real-time, high-frequency measurements of the physical, chemical and biological features of the 

water column in the outermost archipelago and of atmospheric concentrations of trace gases and aerosols 

(http://en-ilmatieteenlaitos.fi/uto). The description of the NMHC measurements conducted during 1994-

2007 is in Hakola et al., 2007. During 2018-2019 an in-situ thermal desorption unit (Unity 2 + Air Server 

2, Markes International ltd.) with a gas chromatograph (Agilent7890) and a mass spectrometer (Agilent 

5975C) and a flame ionization detector was used.  

The trend analysis conducted for the years 1994-2007 (Hakola et al., 2007) showed decreasing trends for 

the most reactive compounds, but no, or slightly increasing trends for ethane and propane. We now added 

the data from 2018 to this old dataset and the new trend analysis showed that decreasing trend for most of 

the compounds has strengthened, but there are few exceptions to this. The isoprene trend has increased 

during summer and i-butane and i-pentane concentrations have decreased less than n-isomers. These 

isomeric pairs have similar sources, they are all emitted as a result fuel evaporation and butanes also as a 

result of natural gas leakage. I-isomers react a bit slower with hydroxyl radicals in comparison with n-

isomers and therefore the i/n-ratios are expected to be a little higher in remote areas. The increasing i/n-

ratios have been observed also at Pallas in Northern Finland (Hellén et al., 2016) and one reason can be 

increased wood burning or natural gas usage, since these source categories have higher i/n ratios than traffic 

related emissions.   

Ethane concentrations were higher at Pallas, Northern Finland, but all other NMHCs were most of the time 

higher on Utö.   

 

TRENDS AND SOURCE APPORTIONMENT OF TRACE ELEMENTS IN PM AT PALLAS DURING 

THE LAST 22 YEARS 
 

Atmospheric trace elements (Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, Zn) in particulate matter have 

been measured at a sub-arctic site Pallas, Finland, since 1996. The results indicate a very low level of 

pollution as the measured concentrations are among the lowest measured in Europe. The annual average 

concentration during the whole time series 1996-2018 was from the lowest values to the highest 

Co<Cd<Cr<As<V<Ni<Cu<Mn<Pb<Zn<Al<Fe ranging from 0.02 to 20 ng m-3. For the priority pollutants 

As, Cd, Ni and Pb, the annual average concentration was 0.10, 0.02, 0.21 and 0.65 ng m-3, respectively, in 

2018. The concentrations were compared with measurements at southern stations Hyytiälä, Virolahti and 

Ähtäri, and a clear south-to north decreasing gradient was clear for most elements; however the annual 

average concentration of Ni was in half of the studied years higher than concentrations measured in 

Hyytiälä and Ähtäri but lower than in Virolahti site. With source apportionment method, Ni as well as Cu, 

As and Co were found to be mostly associated to emissions from Kola Peninsula. Cd, Pb, V and Zn were 

attributed to long-range transported pollutants while Al, Fe and Mn were related to the soil origin. 

Gaseous Hg was included in the source analysis and was found almost purely in the background factor. 

Considering the full time series, trend analysis showed statistically significant decreasing trends for As, 

Cd, Co, Cu, Ni, Pb and V up to 64 % in the whole period  Since 2010, six elements (Cd, Co, Ni, Pb, V, 

Zn) continue the positive development of declining trends (P<0.05) with changes between 25 and 53 % in 

the period. No statistically significant increasing trends were observed. The manuscript by Kyllönen et al. 

will be submitted to Atmospheric Environment in December 2019. 
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TRENDS OF ATMOSPHERIC MERCURY  

 

Atmospheric mercury measurements have now been conducted for over ten years at three background 

sites enabling for the first time to run a proper trend analysis of the time series. The results show that the 

concentrations are showing tendency for reduction, however, none of the trends are statistically 

significant. As mercury is a global pollutant with about 6 months lifetime in the atmosphere, the 

atmospheric concentrations are not only affected by the reduced emissions in Europe (and North America) 

but also the increased emissions in Asia. The trend analysis was calculated with the Generalized Least-

Squares (GLS) regression with classical decomposition and AutoRegressive Moving Average (ARMA) 

errors applied for monthly mean values (Anttila and Tuovinen, 2010). 

 

The atmospheric concentrations at the sub-arctic Pallas station are slightly higher than in the south, 

whereas the deposition of mercury follows the decreasing spatial trend from south to north, as typical for 

most pollutants (Fig. 3).  
 

 

 
 

Figure 3: Daily total gaseous mercury (TGM) concentration (left) and annual Hg in deposition (right) in 

Finland during the last 10 years. 
 

 

PAH MEASUREMENTS 

Polycyclic aromatic hydrocarbons (PAHs) are particularly harmful compounds due to their carcinogenic 

effect on humans. PAHs are formed during the incomplete combustion of organic material, and are 

emitted into the atmosphere from several natural and anthropogenic emission sources. These compounds 

can exist in both gas and particulate phases in the atmosphere. Lighter, volatile PAHs consisting of two or 

three aromatic rings exist in the gas phase, whereas heavier compounds are incorporated into particles in 

the atmosphere. PAHs are usually collected on filters for 24 hours and therefore their atmospheric peak 

concentrations are not known. Therefore we developed a method to measure PAHs in the air using in situ 

TD-GC-MS with 1-hour time resolution. The developed method was found to be suitable for the volatile 

and semivolatile PAHs (Ryynälä J., 2019). 

 

URBAN TERPENOID MEASUREMENTS 

There are plenty of studies dealing with urban VOC concentrations, but not so many of the importance of 

biogenic VOCs in urban areas. We conducted a campaign at HSY street canyon station at Mäkelänkatu, 

Helsinki, measuring BVOCs and some newly identified aromatic hydrocarbons (C10H14, e.g. 

tetramethylbenzene) in addition to traditional anthoropogenic hydrocarbons using an in situ 

thermodesorption gaschromatography- mass-spectrometry (TD-GC-MS). The data analysis is still 

ongoing, but we found relatively high concentrations of BVOCs.  
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MEASUREMENT CAMPAIGNS OUTSIDE FINLAND 

 

While there is lots of data about BVOC concentrations from boreal areas, there is only very limited 

amount of data from the whole African continent. Together with the Department of Geosciences and 

Geography (UHEL) we conducted a measurement campaign to screen VOC concentrations from many 

different ecosystems in the area of the Taita station, Kenya. The major measured VOCs were isoprene, 

MBO and monoterpenoids, however the variability of the concentrations in the ecosystems was substantial 

and much more work is needed for getting a picture of the importance of BVOCs there.  

 

We had also a campaign at Amazon together with the Max Planck Institute for Chemistry (Mainz, 

Germany) to measure ambient concentration of diterpenes during spring 2019. However, only 

monoterpenes, sesquiterpenes and some oxidation products were detected. The measurements at Amazon 

will continue in spring 2020.  
 

AIR QUALITY MEASUREMENTS IN VIETNAM 

 

A new air quality project has been started in Hanoi, Vietnam, in summer 2019. In the one-year project, 

daily filter samples are collected for the analysis of heavy metals, ions, EC/OC and levoglukosan in 

PM2.5 at two urban stations. Data will be used for source apportionment study to define the sources and 

their relative importance. So far, data on the chemical composition of PM is very scarce in Vietnam even 

though Hanoi and other cities in Vietnam are considered among the most polluted places in the world. The 

new project will give highly needed information to target air quality improvement policies for relevant 

sources. 
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WHAT IS FUTURE EARTH FINLAND? 

Future Earth Finland (FES) is the Finnish National Committee of Global Change Research. FES is 

representing Finland in international projects and organizations. The chair of the Committee is Markku 

Kulmala. The international Future Earth is a global network of scientists, researchers, and innovators 

collaborating for a more sustainable planet. The National Committee has been set by The Council of Finnish 

Academies 

In Future Earth different sides of science are integrated to study global change in comprehensive 

perspectives. FES aims to enhance interdisciplinary global change research that will have an impact on 

society. The Committee co-designs its activities with end-users of research (f.ex. government, business, and 

civil society, Fig. 1). 

 

 

Figure 1. Co-design and co-production throughout the lifetime of a research project. Stakeholders here 

refer to people/organisations that influence or are influenced by the research. Adopted from Mauser et al., 

2013. 
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FES 2019 

The members of National Committee changed in June 2019. It has now members from Universities of 

Helsinki, Oulu and Turku, SYKE, HUS, Sitra, BSGA, Ministry of the Environment and LUT University.  

Future Earth Finland has organized Global Change Symposium since 2015. The topics has been for example 

Renewable energy (2016) and Global Change and Food (2017). In year 2019, we have concentrated on 

climate change and health issues. FES will organize in 4th of November Global Change Symposium with 

One Health Finland (OHF) about Global Change and Health. It will be a panel seminar in Finnish to the 

public, and we are expecting ~100 participants. The panelists are experts in atmospheric sciences, 

biodiversity, virology and economy. 
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INTRODUCTION 

The Atmospheric Aerosols Research Group at the Finnish Meteorological Institute (FMI) studies the 
occurrence and properties of aerosols both in background- urban environments. Our objective is to enhance 

the understanding how aerosols affect climate, clouds and air quality. For this, the group utilizes state-of-

the art instrumentation, and conducts measurements in the laboratory, in Finland, and in key locations 

around the globe. The group also contributes to the European Research Infrastructure for the observation of 
Aerosol, Clouds and Trace Gases, ACTRIS. For this, the group develops methods at its observing stations, 

exploratory platforms, and novel aerosol instrumentation. 

METHODS 

1. Primary and secondary emissions 

In order to understand the chain from aerosol emissions to effects of aerosols on air quality and climate, the 
group has contributed to several studies on vehicle emissions from passenger cars (Pirjola et al. 2019, 

Simonen et al. 2019), busses (Järvinen et al. 2019), ships (Lehtoranta et al. 2019) and locomotive engines 

(Carbone et al. 2019). The results have highlighted the potential to mitigate both primary and secondary 
vehicle emissions with the use of cleaner fuels and after-treatment methods (Karjalainen et al. 2019). The 

group has also participated intercomparison studies between gravimetric impactors and electrical devices 

for emission studies (Salo et al. 2019). 

A particular focus of the group’s efforts have been understanding the role and linkages of black carbon in 

emissions, atmospheric composition, air quality and climate change. To this end, the group is developing 

metrics to illustrate a “Black Carbon Footprint”, analogous to Carbon Footprint (Timonen et al. 2019). 

2. Urban aerosols and air quality 

One of the group’s focus areas is urban air quality, and in particular the characterization of aerosol physical- 
and chemical composition. As major results, the group has characterized the variation of urban aerosol 

concentrations and chemical composition in Helsinki (Teinilä et al. 2019); and around the world (Saarikoski 

et al. 2019a, Pereira et al. 2019, de Jesus et al. 2019). Traffic- generated nanoparticles and their dispersion 

has also been studied, showing that traffic related nanoparticles can originate from combustion process 
formed by different pathways, but also from sources such as brake wear (Rönkkö et al. 2019). The 

concentrations of these nanoparticles decrease rapidly at road-side locations, mostly due to condensation 

and deposition processes (Kangasniemi et al. 2019). 

3. Aerosols and climate 
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The group’s continuous effort is to conduct long term observations of aerosols and clouds in key locations 

in Finland and internationally. In Finland, FMI’s Pallastunturi Global Atmospheric Watch (GAW) station 

is under development to serve as a sub-Arctic supersite in ACTRIS. With an especial focus on black carbon 
(BC) measurements, the Pallastunturi station served as a platform for intercomparison measurements in the 

EMPIR Black Carbon project (http://www.empirblackcarbon.com/) at low BC concentrations. Pallastunturi 

site is also an integral part of the International Arctic Systems for Observing the Atmosphere (IASOA: 
www.iasoa.org, Uttal et al., 2015). For IASOA, the FMI is maintaining BC and other aerosol measurements 

also in Tiksi and Cape Baranova, in Arctic Russia. These data have recently been used to validate global 

aerosol model outputs (Schacht et al. 2019). 

The group’s other international activities are focused on key regions from the point of view of climate 

change or air quality, such as the Antarctic, southern Africa and South Asia. In a source- receptor site study 

in South Asia, it was found that brown carbon, a light absorbing aerosol, loses its light absorbing capacity 
by 84% due to photochemical oxidation during 6000 km transport from the Indo-Gangetic Plain to Indian 

Ocean (Dasari et al. 2019). Other key studies evidenced new particle formation followed by frequent 

apparent shrinking in Saudi Arabia (Hakala et al. 2019), and the first assessment of polar organic aerosols 

in southern Africa (Booyens et al. 2019). 

The group continues to study also aerosol-cryosphere interactions, especially related to BC and high 

latitude dust. Currently measurements are being conducted in Sodankylä, and at two glaciers in 

Kyrgyzstan and Tajikistan. Importantly, we have developed a multiple scattering correction factor of 
quartz filters to improve the analyses of light-absorption in snow samples (Svensson et al. 2019). This will 

decrease the uncertainty of BC mass absorption coefficient (MAC) in snow. 

To understand the fundamental aspects of aerosol formation, the group also studies ice nucleation and 

related parameters, such as amount of adsorbed water and contact angle in the laboratory. The mechanism 

how ice nucleates from surface adsorbed water is explored by correlating the amount of adsorbed water 

and the water-surface contact angle to the probability of ice nucleation. 

4. Instrument- and method development 

In order to keep abreast with state-of-the art science and methods, the group conducts both experimental 

and modeling development activities. 

Vertical distribution of aerosol remains a major uncertainty in atmospheric sciences. The group has 

contributed to vertical profiling studies by developing post-processing algorithms for Halo Doppler lidars 
(Vakkari et al. 2019), and by developing of Unmanned Aerial Vehicles (UAV’s) for atmospheric sciences 

(Barbieri et al. 2019). 

Inexpensive miniature- and portable sized aerosol sensors have potential usage in aforementioned UAV’s 
in addition to enabling measurement networks with a high spatial resolution. The group has studied the 

accuracy and applicability of these sensors. The results highlight that proper calibration and understanding 

individual sensor characteristics is required for reliable measurements (Kuula et al. 2019a, 2019b). 

The utilization and application of Aerosol Chemical Speciation Monitors (ACSM’s) is increasing in 

atmospheric sciences from being a campaign instrument to long term measurements. The group has 

contributed both to calibration studies of ACSM’s (Freney et al. 2019), as well as testing a novel aerosol 
concentrator for detection of low concentration species using aerosol mass spectrometers (Saarikoski et al. 

2019b). 

CONCLUSIONS 

The activities and results of the Atmospheric Aerosols Research Group at the Finnish Meteorological 

Institute (FMI), which are in line with the Finnish Center of Excellence in Atmospheric Science – From 

Molecular and Biological processes to The Global Climate –program, were presented.  
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INTRODUCTION 

Early 2019 a new group focusing on aerosol instrumentation and laboratory experimentation was established 
to INAR Helsinki lead by Juha Kangasluoma. The specific scientific topics of the group are currently aerosol 

charging, cluster mobility-mass measurements, heterogeneous nucleation, inversion procedures and general 

instrumental theory and measurement accuracy. This abstract collects the work by the group members from 

the past year. 

PUBLISHED RESULTS ON 2018-2019 AND FUTURE WORK 

Second half of the results from a prototype CPC workshop organized in Helsinki on 2017 were published 
by Enroth et al. (2018), who outlined the methods for comparable and reproducible CPC response time 

measurements and measured the response of the common commercial CPCs. Fast switching valve is the 

recommended method for the response time determination, and sheathed CPCs in general have the best 
response times. Another CPC workshop was organized in 2019 in Helsinki. The purpose of this workshop 

was focus on sub-10 nm particle size distribution measurements with several different techniques, e.g. PSM, 

sub-10 nm DMPS, CPC battery and temperature scanning water CPC. The workshop included laboratory 

measurements for one week, and another month of atmospheric measurements.  

The PSM data inversion has been a challenge as long as the PSM has existed. Cai et al. (2018b) began 

tackling the problem with laboratory measurements and use of four different inversion methods. The size 

distributions inverted by the PSM were compared to a DMA-electrometer combination, and were in general 
in good agreement. Such laboratory data is missing the random noise and variation in the raw data, and this 

work is currently continued with analysis of atmospheric data using the four inversion methods. 

Use of DMPS to the measurements of sub-10 nm particles has increased recently, and the accuracy of the 

measurements is still an open problem. Our group reports five advances in this front. Cai et al. (2018a) 

characterized the half-mini type DMA at low flow rates, i.e. in typical conditions at which it is operated as 

part of a DMPS system. Kangasluoma et al. (2018) constructed a DMPS optimized for sub-10 nm size 
distribution measurements, calibrated it and operated it in Hyytiälä. Cai et al. (2019) outlined the general 

parameters for characterizing and affecting any DMPS aimed at sub-10 nm size distribution measurements. 

Fu et al. (2019) outlined the general principles for designing a core sampling system that minimizes the 
sampling losses of the smallest particles. Last, Kangasluoma and Attoui (2019) reviewed the recent 

developments in sub-3 nm CPCs and their calibration methods. Future contributions from our group related 

to instrument development are building of a diluter that minimizes the particle losses during the dilution. 

With the current design, the losses are equivalent to a short capillary that can be theoretically predicted. We 
are characterizing a new high flow ultrafine CPC that increases the counting statistics in a DMPS system, 

and decreases counting uncertainties especially in the sub-10 nm size range. We are collecting a review type 
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paper for the sub-10 nm size distribution measurements that sets the stage for the future developments in 

this topic. Aerosol charging was identified as one of the major sources of uncertainty in the DMPS 

measurements, and our group has initiated experimental and theoretical efforts to understand and manipulate 
the particle charged fractions in aerosol chargers. Our group was involved in creating a standardized protocol 

for the measurement of particle formation and growth in chamber measurements. In addition, we are 

involved in a project aiming for creation of new type of particle filters from nanocellulose, which we 
demonstrated to be a suitable filtration material. Last, we are building a miniaturized CPC and its optics 

with the focus of extended unattended operation. Such CPC is aimed first at dense urban networks, and later 

on vertical atmospheric profiling with drones. 

On heterogeneous nucleation research, we have three efforts ongoing. We are experimentally and 

theoretically examining what are the mechanisms affecting the observed preference to a certain charge state 

of the seed in a system of ionic liquids and diethylene glycol. This study also reveals if the PSM is suitable 
reactor for fundamental nucleation studies. Secondly, we are studying the applicability of the computational 

methods to reproduce experimental results from a nucleating NaCl-butanol-water system. Last, we are 

experimentally and theoretically quantifying binary water-diethylene nucleation inside the PSM. 

To extend our capabilities in cluster characterizations, we are building and improving a DMA-MS system 

for the measurement of mass and mobility distributions. Earlier version of the current system was already 

utilized by Passananti et al. (2019), who demonstrated its suitability for cluster fragmentation analysis. 

Currently we study the suitability of the instrument for the analysis of oxidation products of VOCs and the 
potential of inferring structural information from them, and potential use for the characterization of 

nanoplastics. Our group also took the first steps in probing the potential particle phase reactions that the 

oxidized organics may undergo with the analysis of gas-phase products evaporated from particles made of 

oxidized organics.  

Our group is heavily involved in the measurements established in BUCT in the beginning of 2018, 

contributing to the instrumentation and analysis of sub-10 nm particle dynamics (Zhou et al. 2019).  
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INTRODUCTION 

The Atmospheric Modelling group at the Atmospheric Research Centre of Eastern Finland does research on 
atmospheric composition, particularly atmospheric aerosol particles, and their effects on climate, health, and 

air quality. The main modelling tool in the group has been the sectional aerosol-cloud module SALSA which 

has been implemented in process scale (Pichelstorfer et al., 2018), cloud scale (Ruuskanen et al., 2019; 

Tonttila et al., 2019) local/regional scale (Kurppa et al., 2019), and global scale (Saponaro et al., 2019).  

METHODS 

In cloud scale, we use the Large Eddy Simulations (LES) model UCLALES-SALSA which consists of the 
LES model UCLALES that simulates the dynamics of the boundary layer and the aerosol-cloud model 

SALSA which simulates the aerosol and cloud microphysics. In the UCLALES-SALSA model the aerosol 

properties are tracked through cloud processing from cloud droplet activation to precipitation formation and 
ice nucleation to melting and evaporation. It is a sectional model that includes separate size sections for 

interstitial aerosol, cloud droplets, precipitation droplets, and ice crystals. The model has been used to 

improve our understanding on aerosol-cloud interactions, especially aerosol effect on ice formation in 

clouds and the effect of aerosol on precipitation formation. 

In global scale we have been using the ECHAM-HAMMOZ framework where SALSA has been 

implemented as an optional aerosol module (Kokkola et al., 2018) alongside the modal scheme M7 (Tegen 

et al., 2019). It solves the emissions, formation, transport, evolution, and removal of aerosol in the 
atmosphere and has been coupled to the radiation, and cloud formation in liquid, mixed, and ice phase clouds 

allowing for studying the aerosol direct and indirect effects. As our research within the Center of Excellence 

revolves around the effects of biogenic aerosol on climate, we have developed a detailed scheme for 

secondary organic aerosol formation, using the Volatility Basis Set scheme. 

RESEARCH TOPICS 

Icing is an atmospheric process where ice accumulates on surfaces. While several different icing processes 

exist, the most interesting related to atmospheric aerosol studies is in-cloud icing. This process can be caused 

either by liquid rain drops or cloud droplets freezing on impact with a surface.  

Icing can cause damage to structures or financial losses. For example, wind energy power plants might have 

unplanned shutdown when large amounts of ice is accumulated on wind turbines. Flights might also get 

delayed/cancelled when weather conditions are such that favour icing on airplane surfaces. With well-

structured forecasting models such unplanned events could be avoided. 
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The size distribution of the cloud and rain droplets have a significant effect on the icing efficiency of clouds. 

In addition, atmospheric aerosol have an influence on the size distribution of these hydrometeors as they 

influence the formation process of cloud droplets. We have investigated how much can aerosol 
concentrations affect the icing efficiency of clouds. Current forecasting models typically have simplified 

representation of droplets due to the lack of reliable measurement data for verifying the models. However, 

with the large eddy simulations model UCLALES-SALSA we can investigate in the aerosol effect on icing 

properties of clouds, in detail (Ruuskanen et al., 2019). 

Weather modification, particularly rain enhancement via cloud seeding by aerosol, is an increasingly active 

field of research due to the need to improve water security in many regions across the globe. Water shortage 
is a major challenge in arid regions and the problem in general is expected to get worse, given the present 

consumption rate and the effects of climate warming. UCLALES-SALSA is very well suited to study the 

effects of cloud seeding, because its design emphasizes the tracking of the features of the aerosol size 
distribution in both the activated and non-activated particle regimes. We have used our model to investigate 

the effects of hygroscopic seeding on warm marine stratocumulus clouds and convective mixed-phase 

clouds. Our model experiments suggest, that the effect of hygroscopic seeding via the warm precipitation 

process can be seen in our model experiments, but it is very weak. On the other hand, in suitable conditions, 
hygroscopic seeding above the melting layer may significantly increase the rime fraction of the total ice 

mass which in turn has the potential to produce at least an increase in the surface precipitation (Tonttila et 

al., 2019). 

In addition to weather modification by emitting aerosol to clouds, it has been suggested that aerosols can be 

used for counteracting climate warming by greenhouse gases. Such methods are, cirrus and low-level mixed-

phase cloud seeding which focus especially over the Arctic region. These methods aim at altering the micro- 
and macro-physical properties of Arctic clouds so that they become more transparent to long-wave radiation 

emitted by the Earth’s surface thus cooling the surface. Cooling over the Arctic would be beneficial as the 

rate of climate warming has been observed and forecasted to be fastest near the poles and hence immediate 
attention is warranted. In an ongoing project, we have used UCLALES-SALSA to investigate the efficacy 

of seeding both the cirrus and low-level mixed-phase clouds in the Arctic in an effort to reduce their 

lifetimes, spatial extent and optical thicknesses. We will make the first physically based estimates on the 

radiative forcing that can be achieved from seeding Arctic clouds (Kudzotsa et al., 201). 

Black Carbon (BC) affects the atmospheric radiation budget in several ways. While suspended in the air, 

BC absorbs incident solar radiation and thereby warms the surrounding air locally. The warming efficacy 

of BC is increased above strongly reflecting surfaces like snow and ice, while scattering aerosols are most 
effective above dark surfaces. After its deposition on ice or snow, BC continues to absorb radiation, thereby 

accelerating snowmelt. We have use the aerosol-climate model ECHAM-HAMMOZ (ECHAM6.3-

HAM2.3-MOZ1.0) with the aerosol microphysics module SALSA to simulate the near-future impact of BC 
mitigation strategies on Arctic climate. Using specially generated aerosol emission scenarios, which are 

based on the ECLIPSE emission inventories. Our simulations indicate that the direct radiative forcing 

induces cooling and scales fairly well with the total global amount of BC emission strength reduction, but 
the aerosol indirective effects counter-act this cooling (Kühn et al., 2019). One aspect affecting the transport 

of BC to the Arctic is the wet removal process which effectively affects the vertical profiles and the 

concentration of BC over the Arctic. To improve the estimates of BC climate forging, especially over the 

Arctic, we have developed a new wet deposition scheme for sectional aerosol models which was tested in 

the framework of ECHAM-HAMMOZ (Holopainen et al., 2019) 

In addition to anthropogenic aerosol, natural aerosol play a significant part in the global radiative balance 

and climate change as they set the base level of aerosol concentrations which can be perturbed by 
anthropogenic emissions. We have investigated the effect of increasing temperatures on the aerosol-cloud 

interaction, and estimated the significance of the plausible negative feedback in a warming climate. More 

specifically, we studied the causes of the positive correlation between aerosol properties, temperature and 
cloud properties over southern Finland where biogenic emissions are a significant source of atmospheric 

particles. This was achieved by comparing the temperature dependence of organic aerosol (OA) to satellite-
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based observations to investigate the influence of changes in OA to cloud properties. Our results indicate 

that over southern Finland, biogenic emissions and the following biogenic aerosol optical depth increase as 

temperature increases. Over southern Finland, cloud effective radii decrease as temperature increases but 

the decrease is mainly caused by changes in synoptic meteorology and decrease in cloud top height. 
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INTRODUCTION 
 
Atmospheric aerosols and ions group (AIGG) is a research group at the Institute for Atmospheric and Earth 
System Research (INAR) of the University of Helsinki focusing on measurements of atmospheric aerosol 
particles. AIGG performs measurements of physical properties of aerosol particles in different 
environments, including both long-term monitoring and shorter-term intensive campaigns. In addition, 
AIGG performs laboratory experiments to investigate different aerosol processes in a well-controlled 
environment and to perform instrumental development. The main aim of the group is to improve our 
understanding of atmospheric aerosol processes, including new particle formation (NPF), cloud droplet 
formation, ice nucleation and aerosol-radiation interactions. This knowledge can help to reduce the 
uncertainties related to the climate effects of atmospheric aerosol particles. The following abstract 
introduces the latest progress of AIGG in atmospheric and laboratory experiments. 
 

ATMOSPHERIC MEASUREMENTS 
 
During 2018-2019 AIGG contributed to long-term field measurements at stations belonging to SMEAR 
(Station for Measuring Ecosystem-Atmosphere Relations) network and participated in intensive campaigns 
in several locations around the world.  
 
One of the main focuses of AIGG was studying the first steps of atmospheric NPF in different environments. 
Sulo et al. (abstract in the collection) analyzed almost 4 years of data on size distribution of sub-3 nm 
nanoparticles measured with a Particle Size Magnifier (PSM) at the SMEAR II station in Hyytiälä, 
continuing the earlier work of Kontkanen et al. (2017). They compared nanoparticle concentrations to 
measurements of precursor gas concentrations with a Chemical Ionization Atmospheric Pressure interface 
Time of Flight Mass Spectrometer (CI-APi-TOF) and found that the concentration highly oxidized organic 
molecule (HOM) dimers correlated strongest with the nanoparticle concentrations. Furthermore, Jokinen et 
al. (abstract in the collection) deployed for the first time a PSM, a CI-APi-TOF, and a Neutral cluster and 
Air Ion Spectrometer (NAIS) at the SMEAR I station in Värriö, Eastern Lapland for studying the 
concentrations of nanoparticles and precursor gases in clean Arctic air masses. On the other hand, Okuljar 
et al. (abstract in the collection) analyzed PSM, NAIS and CI-API-TOF measurements from an urban 
environment at the SMEAR III station in Helsinki. They compared the long-term measurements at SMEAR 
III to measurements performed at a nearby street canyon during an intensive campaign in spring 2018, and 
found that traffic produces a significant number of sub-3 nm particles at the both sites. Long-term 
measurements of aerosols and trace gases were also started at Qvidja farm in southwestern Finland and 
Tomsk in Siberia. 
 
In addition to long-term measurements, NPF was studied during intensive measurements campaigns in 
different environments around the world. Jokinen et al. (2018) performed measurements with a PSM, a 
NAIS, and a CI-APi-TOF in Aboa, Antarctica, and found that nucleation is explained by ion-induced 
nucleation of sulfuric acid and ammonia. Baalbaki et al. (abstract in the collection) studied NPF using the 
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same instruments in a very different environment, at Cyprus. They found that NPF is frequent at the site 
(~60% of the days) but further data analysis is still needed to resolve the NPF mechanism. Wimmer et al. 
(2018) published the first observations of NPF at the Amazon region: they observed eight NPF events at the 
pasture site during the wet season. Furthermore, to get more insights into vertical and horizontal extent of 
NPF, Lampilahti et al. (abstract in the collection) and Leino et al. (2019) performed particle size distribution 
measurements at different altitudes in the vicinity of the SMEAR II station using a Cessna aircraft. They 
presented the first vertical profile of sub-3nm particles. They observed NPF occurring inside the boundary 
layer, but they also found freshly formed particles in a layer between the residual layer and the free 
troposphere. Further aircraft measurements were performed in Lapland in summer 2019. 
 
Other main research focuses of AIGG were aerosol-radiation interactions and ice nucleation. Luoma et al. 
(2019) analyzed 10-years of data on aerosol optical properties at SMEAR II and found statistically 
significant trends for the PM10 scattering and absorption coefficients, single-scattering albedo, and 
backscatter fraction. The trends indicate that the scattering efficiency of aerosol particles has increased 
during the last decade at SMEAR II. Brasseur et al. (abstract in the collection) studied ice nucleation at 
SMEAR II by collecting filter samples at different heights (at the ground level, at 35 m high tower and in 
the free troposphere using flight measurements) during spring 2018 and analyzed them with an INSEKT 
(Ice Nucleation Spectrometer of the Karlsruhe Institute of Technology). They did not observe a difference 
between ice nucleating particle (INP) concentrations measured at the ground level and at 35 m. However, 
in the free troposphere, INP concentrations were clearly lower than in the boundary layer. Wu et al (abstract 
in the collection) also investigated the concentration of INP at SMEAR II during spring 2018 but they used 
a second-generation Portable Ice Nucleation Chamber (PINCii) to count INPs. They found that INP 
concentration correlates with aerosol particle surface area concentration and that high INP concentrations 
are connected with regional-scale transport. 
 

LABORATORY EXPERIMENTS 
 
The laboratory work of AIGG included instrumental development and testing as well as participating in 
measurements performed at the CLOUD (Cosmics Leaving OUtdoor Droplets) facility at CERN. 
Measurements in the CLOUD chamber allow for studying NPF mechanisms in highly-controlled conditions. 
Lehtipalo et al. (2019) studied multicomponent nucleation involving HOMs, sulfuric acid and ammonia and 
were able to reproduce particle formation observed in daytime in boreal forests from the combination of 
these vapors. Stolzenburg et al. (2018) on the other hand studied particle growth in the CLOUD chamber in 
the presence of organic compounds. They found that that slower autoxidation rate of organic compounds at 
lower temperature is compensated by their reduced volatility. In addition to studying NPF mechanisms, 
measurements in the CLOUD chamber can also be used for instrumental verification purposes. Rörup et al. 
(abstract in the collection) studied the composition dependency of the cut-off size of the PSM in the CLOUD 
chamber, continuing the previous work by Kangasluoma et al. (2016). They found that while the cut-off size 
of the PSM agrees well with the NAIS in pure inorganic systems, in organic systems the cut-off size of the 
PSM is shifted to larger sizes. Lampimäki et al. (abstract in the collection) studied the filtration efficiency 
of cellulose based nanofibers (CNF) using Condensation Particle Counters (CPCs). They observed that CNF 
filters perform well for particles between 10 and 500 nm. 
 

CONCLUSIONS 
 

During the last year AIGG has participated in laboratory experiments and long- and short-term field 
measurements in different environments. The main focus of the research has been studying atmospheric 
NPF using instruments capable of measuring freshly-formed nanoparticles and their precursor gases. In 
addition, AIGG has investigated aerosol-cloud-radiation interactions using field measurements at SMEAR 
II. During 2018-2019 our group was very active also in ice nucleation studies, which is a totally new research 
area for the group. AIGG has also contributed to instrumental development and testing. Current and future 
efforts of AIGG include participating in large measurement campaigns, such as MOSAiC expedition and 
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CLOUD14 campaign, while at the same time continuing to take care of and improve our long-term field 
measurements. 
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INTRODUCTION 

 
The rapid, large-scale urbanization and industrialization of Asia, and especially China, are unique in 
history. For example, China’s air pollution situation has worsened dramatically during the last 2−3 
decades as emissions from industry, energy production and traffic have increased. Highly non-linear 
processes, such as atmospheric chemistry and aerosol dynamics, can transform the urban pollution 
cocktail, Chemical Cocktail (Kulmala 2015), and generate secondary pollution, such as ultrafine particles 
and ozone. The fact that new particle formation can occur in polluted megacities, such as Beijing, suggests 
that there are several major physical and chemical mechanisms in a megacity atmosphere that have not 
been recognized before.  
 
To understand the processes behind the pollution phenomenon in megacities it is crucial to make long-
term, continuous and comprehensive observations on aerosol particles, trace gases and atmospheric 
oxidants (Kulmala et al., 2015). Recent advances in theoretical understanding has made it possible to 
explain how enhanced pollution decreases atmospheric turbulence and mixing, reducing the boundary 
layer height and causing further enhancement of pollution levels (Petäjä et al., 2016). These recent 
advancements, together with local government support, provide platform to clarify the Chemical Cocktail 
of Asian megacities. 
 

AIMS 
 
By quantifying the processes, interactions and feedbacks within different air pollutants and ambient 
conditions, SMEAR concept can determine the most efficient steps towards reducing secondary air 
pollution, and thus clean the megacity air. The main focus should be on secondary pollution like new 
particle formation (NPF) and gas-to-particle conversion, since NPF can produce 60-80% of aerosol 
number load in very polluted megacities (see Kulmala et al., 2016b). 
 
Main scientific question that SMEAR concept can answer is: 
 
• What are the key processes related to gas-to-particle conversion and atmospheric boundary 

layer (BL) dynamics in megacity environments?  
 
Answers will provide crucial knowledge to: 

a) why atmospheric new particle formation (NPF) occur in polluted conditions where the ratio 
between the condensation sink and particle growth rate is approximately 10 times too high in 
order to be explained with present knowledge.  
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b) how are Boundary Layer (BL) dynamics and formation of the chemical cocktail in the BL 
interacting with each other?  

c) are there new and effective oxidation pathways?  
d) what are the relative role of different compounds, such as inorganics, organosulphates, 

organonitrates and other organic compounds, in participating atmospheric gas-to-particle 
conversion (GTP) and NPF?  

e) how is black carbon and other particulate matter affecting the stability of BL?   
 
 

FUTURE PROSPECTS 
 
SMEAR concept relies on continuous, comprehensive observations of atmospheric composition and fluxes 
combined with detailed description of meteorology. This research ideology has been proven in SMEAR II 
(Station for Measuring Earth system-Atmosphere Relations, Hyytiälä, Finland). The SMEAR network was 
extended to the city of Helsinki, Finland, in 2005, when SMEAR III (Järvi et al. 2009) was established to 
examine the urban environment. Knowledge from both SMEAR II and III are the backbone in SMEAR 
concept projects in Asia.  
 
INAR has been active in China since 2012 when Nanjing University collaboration started with 
JirLATEST project station. After successful research activities in Nanjing, Beijing University of Chemical 
Technology (BUCT) requested our help to understand haze phenomenon in Beijing. BUCT project HAZE 
Beijing started at 2017 and station was ready at January 2018. First report to Mayor of Beijing has been 
submitted and the Mayor Chen Jining also visited INAR in Helsinki at early October 2019. INAR has also 
been active in Shanghai since 2015 with Fudan University, and late 2018 Guangzhou Academy of 
Sciences contacted INAR to upgrade their existing measurement station network up-to SMEAR concept 
level. During the summer of 2019 INAR trained first patch of scientist from Guangzhou in SMEAR II 
station in Hyytiälä. Upgrading of the stations will start at early 2020 from Guangzhou-city and then 
continue to Nanling forest station, Shenzhen-city, Macao-city and Hong Kong-city stations. Also, 
Government of Singapore has been interested to understand new second generation air pollutants, caused 
by VOCs, in visibly clean urban environment. Many new chemical compounds in air are invisible, but do 
have human health effects. Negotiations are in final stage and project will start at early 2020 together with 
National University of Singapore. In Japan, Nagoya University contacted INAR at early 2019 and 
requested help to upgrade their existing Hokkaido-station to SMAR status. First visits have been done and 
project will start at 2020. Also, INAR has been in contact with newly appointed Environmental Minister 
of Japan for deeper collaboration that the Government of Finland is supporting. As a final note, 
Ambassador of South-Korea in Finland have visited INAR at early 2019 and requested INAR’s help to 
understand environmental conditions of Capital city Soul. This possibility is still in its early stages and 
nothing concrete has not been decided yet.  
 
The measurements in Asia and in Finland provide a unique basis to diversify the existing aerosol, trace-
gas and GHG measurements into different environments which, besides enhancing our scientific 
understanding, will provide crucial information for regional air quality models, basis for education 
activities and decision making process in national and local levels. SMEAR concept can also find out 
long-term changes and trends in Asia. With combined efforts, SMEAR concept is able to connect 
atmospheric data with surface data and to find out combinations and trends that have not been discovered 
during earlier research campaigns in Asia.  
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INTRODUCTION 

The targets of the Paris climate agreement cannot be reached by cutting greenhouse gas emission (GHG) 

alone but also effective ways to remove carbon dioxide (CO2) from the atmosphere are critically needed 

(Millar et al. 2017, Minasny et al. 2017). Today, agricultural soils are in general sources of carbon, 

intensively managed and cover notable areas. Nevertheless, changes in management practices can turn these 

soils into sinks of atmospheric CO2 (Paustian et al. 2016). These so-called climate-smart or climate-friendly 

agricultural practices have high potential for storing the carbon into soil (Paustian et al. 2016). This potential 

has also been widely recognized among decision makers.  

The most important methods to increase soil carbon sequestration in agricultural lands include 1) soil 

amendments (such as manure, biochar and compost), 2) careful selection of crops (such as deep rooted 

plants, perennial species, cover crops), 3) high biodiversity of flora, fauna and other forms of life, 4) nutrient 

management and liming in unproductive agricultural lands, 5) rotational and no-tilling farming, 6) 

agroforestry, and 7) improved grazing. Even if the benefits of these practices are widely known, they are 

not commonly applied yet in Nordic countries due to lack of incentives and research in local climate.  

In addition to climate change mitigation, a growing soil carbon content provides other benefits:  It improves 

soil resilience, yield and other ecosystem services since it enhances the soil structure (Bronick and Lal 2004), 

increases the water retention (Rawls et al. 2003), and decreases the need for fertilization (Pan et al. 2009). 

Nevertheless, the agricultural practices sequestering carbon into soil may have also other climatic impacts. 

They change soil moisture, temperature and the quality and quantity of organic matter, which affect 

microbial activity possibly enhancing the production of nitrous oxide (N2O) and methane (CH4). To ensure 

that the overall effect is still favourable, it is important to estimate the net climatic effect.  

The effects of different practices are varying because agricultural lands are dissimilar in terms of age, 

cultivation history, soil properties and climate. While it is not possible to use the laborious and instrument-

intensive GHG exchange and soil measurements on all fields, it is necessary to develop a general and 

inexpensive yet reliable method to estimate the climatic impacts of the practices for policies, carbon markets 

and product footprints. Insufficient verification methodologies are currently a major barrier to investing in 

climate-smart farming practices (Vermeulen et al. 2019). Thus, our aim is to develop a verification 

methodology of cultivation taking into account the specific features of the Nordic agriculture.  

 METHODS 

FMI current measures the greenhouse gas fluxes at four agricultural sites in Finland (Fig 1). Eddy 

covariance measures net ecosystem CO2 exchange at Qvidja farm in Parainen, Southern Finland, and at 

Ruukki in Siikajoki, Central Finland. In addition, manual chamber measurements are carried out at all 
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sites. Varying climate-friendly management practices are tested at the sites 

including increased biodiversity, agroforestry, soil amendments, fertilization 

type and intensity, and in the case of grasslands, also increased cutting height.  

The core of the verifying methodology will be a calculator that describes the 

stocks (vegetation, soil) and fluxes (photosynthesis, plant and microbial 

respiration, plant growth, litter production, harvest, leaching) of carbon in 

agricultural fields according to the Guidelines and Good Practice Guidance of 

the Intergovernmental Panel on Climate Change (IPCC). Other relevant climate 

impacts resulting from methane, nitrous oxide and albedo are also accounted for. 

We build the calculator by combining suitable models for vegetation and the 

decomposition of soil organic matter, such as Yasso (Tuomi et al. 2011).  

The calculator will estimate sequestered carbon units, their longevity and the 

other climate impacts using input data from ordinary farms (soil and vegetation characteristics, farming 

practices) as well as weather and remote sensing data. To ensure the reliability of these estimates, we 

develop a data assimilation method to adjust the calculator to various available soil, vegetation and 

greenhouse gas flux data from study sites and databases. As a platform for the calculator, we will utilize the 

Predictive Ecosystem Analyzer (PEcAn) running several ecosystem models.  

The methodology will be calibrated using available data from FMI, co-operators and advanced Carbon 

Action farms (n=40) with varying farming practises including a tailored carbon farming experiment. The 

calculator is further verified at Carbon Action farms (n=108) spread across Finland.  

EXPECTED RESUTS 

The calculator will be used for scientific purposes such as earth system models but the calculated units of 

sequestered carbon will be also needed in policies, carbon markets and product footprints. 
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1. INTRODUCTION 
 

The Grand Challenges (GC), like climate change, urban air pollution, clean water and food security, are 

interlinked, but current observations are fragmented (Kulmala 2015, Kulmala et al. 2015, Kulmala 2018). For 
the future aspiration we need an integrated approach together with the comprehensive, continuous and 

coordinated observation system “a Global Earth Observatory to better understand the land - atmosphere 

interaction and feedbacks lined to GC, to reduce uncertainties, to improve urban air quality and to mitigate and 

adapt effectively (Kulmala 2018). The “Station for Measuring Earth Surface – Atmosphere Relations”, the 
GlobalSMEAR, is a bottom-up initiative by the Institute for Atmospheric and Earth System Research (INAR), 

University of Helsinki (Hari and Kulmala 2005, Hari et al. 2017, Kulmala 2018, 

www.atm.helsinki.fi/globalsmear). The aim of the GlobalSMEAR is to establish a global in-situ station 
network based on the SMEAR concept. The global network would consist of the SMEAR flagship stations 

together the different standard, flux and advanced stations (Hari at al. 2017, Kulmala 2018).  The 

GlobalSMEAR technical model is built on a state-of-the-art in-situ observation methods, instrument 
technology, data system, comprehensive data analysis methods, a development and design carried out at the 

Stations Measuring Ecosystem Atmospheric relations (SMEAR II) station in Hyytiälä, Finland starting from 

1995. The SMEAR II serves as a prototype for the GlobalSMEAR flagship station and represents the most 

advanced and comprehensive in-situ station worldwide. Currently the SMEAR II is carrying out standardized 
observations over 1200 parameters (including concentrations and fluxes) 24/7 on different ecosystems: boreal 

forest, wetland and lakes and is contributing to several European ESFRIs (ICOS, ACTRIS, AnaEE, eLTER) 

and Earth Observation systems and networks such as WMO GAW and GEO-GEOSS. Recently we have been 
focused on the further development of  different elements (station network concept, customer journey line, 

building up new stations, networking and identification of new services and end users) needed for the 

GlobalSMEAR implementation (Kulmala 2018). 
 

2. CURRENT APPROACH 

 

Architecture of the hierarchic station network and data systems structure 
 

We have formulated an architecture for the hierarchic, integrated in situ station network. As a whole, the global 

observation network would be based on a hierarchy of research stations, where the flagship stations would 
operate in a seamless collaboration with the flux stations and standard stations to achieve global and regional 

coverage (Hari et al. 2017). A station network of 1000 or more well-equipped ground-based stations around 

the world would be able to track the changes in the environmental conditions in various ecosystems and to 

continuously provide observational evidence to understand the factors affecting the grand challenges. The 
proposed approach would complete coverage from ground stations to observations of Earth’s conditions and 

complete the satellite based information by resolving processes or fluxes, or trace the hundreds more 
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compounds of interest (Kulmala 2018). In addition, we have just introduced specific observation concept and 

roadmap, how to improve the marine atmospheric in situ data availability to better understand the most 
important atm. processes, how to improve the in situ station network to better understand the linkages between 

the marine Arctic and Eurasian continent and how to improve the observational coverage needed for improved 

atmospheric and ocean re-analyses (Vihma et al. 2019).  
 

In an operational phase the GlobalSMEAR station network would deliver big data. At the moment the data 

coming from the  University of Helsinki hosted SMEAR stations is collected and filed at the CSC – IT Center 

For Science Ltd. systems  (www.csc.fi/csc) and the open data access is provided by a web interface 
(avaa.tdata.fi/web/smart). The components contributing to European research infrastructures and to WMO 

GAW rely on their respective data services. In the future we need to find technical and juridical (IPR, data 

ownership) solutions on the data collection, filing and on the open data access for the new GlobalSMEAR 
data. This is work in progress and is part of the ongoing INAR Beijing Haze project. 

 

Service Concept for upgrading of an existing in situ stations and establishing a new station 
 

In 2018 we carried out a Climate-KIC “GlobalSMEAR” project aimed at the GlobalSMEAR upscaling and 

for the service concept design.  In this project we discussed the GlobalSMEAR service concept, markets and 

marketing, competition advantages and barriers in the international RI landscape and how the well-structured 
processes would enable us to give a support to the  customer / end-user during the process starting from 

planning and construction until the operation phases of a new station. We introduced a modular service concept 

for the upgrading of instruments and measurements of an existing station or building a new station. The 
modules and services are flexible and can be tailored for local requirements, environments (forest, peatland, 

lake, agriculture land, tundra, maritime coastal line, urban) and for different purposes (climate change 

monitoring, air quality monitoring, different early warning systems such as fence-line observations for of 

hazardous volatile pollutants or dispersion of epidemic compounds). The training of the technical experts and 
education on the data analysis methods were included as fundamental part of the SMEAR service concept.  

 

As a continuation of the Climate-KIC - GlobalSMEAR upscaling project, INAR has submitted a proposal 
called “Detailed Monitoring to Verify the Future Healthy - Clean Cities  and Carbon Neutrality in Urban 

Environment” with University of Tartu, Estonian University of Life Sciences and  Cyprus Institute to 

ClimateKIC Call on the innovation and demonstration projects focused on healthy, clean cities in Europe. The 
aim of our proposal is to co-design a SMEAR-European model (C40 cities, carbon neutrality frameworks) and 

to improve the customer process towards a new operational SMEAR station by using lessons-learnt from the 

current operational SMEAR (benchmarked) stations in Finland, Estonia, Cyprus and in China.  
 
New SMEAR stations and the GlobalSMEAR member network 

 

At the moment we have five SMEAR stations out of which SMEAR I-IV stations operate in Finland and 
SMEAR-Estonia in Järvselja, Estonia. We also have a SMEAR accredited SORPES (Station for Observing 

Regional Process of Earth System) station in Nanjing, China. It has been operational since 2010.  However, 

the number of the new and accredited SMEAR stations is increasing. In May 2017 an investment of a value of 
10 MEUR was granted to INAR to establish a new station at the Beijing University of Chemical Technology 

(BUCT; Beijing, China). In collaboration with BUCT we constructed the SMEAR concept station 

instrumentation and a data system in Beijing. This new “Beijing Haze” station has been operational since 

January 2018. In Europe, INAR is a partner in an EU Horizon2020 EMME-CARE Teaming project together 
with the Cyprus Institute (CyI), Max Planck Institute for Chemistry (MPIC) and Commissariat à l’Energie 

Atomique (CEA). In the frame of the EMME-CARE project we are in progress setting up a new observation 

site at Peya site in Cyprus following the SMEAR concept. These new and other SMEAR accredited stations 
are addressing a need for a coordinated GlobalSMEAR member network. In 2019 we have received the first 

applications applying the GlobalSMEAR membership. The membership offers collaborative research that aims 

towards joint publications, annual data workshops and meetings, the development of services and exploring of 

the business opportunities based on the SMEAR data. 
 

Promoting the SMEAR concept and further networking 
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Starting from 2012, we have promoted GlobalSMEAR in different international conferences (EGU, ISAR, 
IASC etc.)  and forums (Arctic Circle) and established an extensive contact network, especially, in China and 

Russia (see also Kujansuu et al. of this proceedings). Our current China contact network covers ca 30 

universities and city administrations. The main interest in China market is on urban air quality monitoring 
including indoor air quality. The Chinese Ecosystem Research Network (CERN) station network for the 

ecosystem monitoring is part of global eLTER network. CERN / eLTER provides a standardized station 

network that could up upgraded to the towards SMEAR network by including an atmospheric component to 

the measurement setups. Our contacts and network in China are also actively involved with the Silk Road 
Economic Belt Initiative. Silk Road Economic Belt has interest for establishing new environmental 

observation systems along the Silk Road transport corridors and cities and opens opportunities for the new 

GlobalSMEAR stations (Lappalainen et al. 2018). The Russia contact network, covering over 30 universities 
and research organizations, is being built upon the Pan-Eurasian Experiment (PEEX) Programme coordinated 

by INAR (see also Lappalainen et al. of this proceedings). For example, recently established collaboration with 

Roshydromet provides potential for upgrading their meteorological station network.  
 

3. FUTURE PRPOSPECTS 

 

The GlobalSMEAR is mainly based on academic franchising and have different upscaling plans, end-users  
and end-user interests in Europe, in Eurasia, in Asia, in the Eastern Mediterranean and the Middle East 

(EMME) region, in Africa and in the Arctic regions. In Europe the main interest is to use advanced monitoring 

systems and RI on verifying the carbon neutrality and urban air quality, in Asia on the urban air and 
environmental pollution and in the Artic context on climate change and teleconnections. In addition the 

upscaling the GlobalSMEAR in these frameworks, the new openings for the SMEAR station concept are 

foreseen on mobile phone apps and the use of machine learning techniques. The MegaSense programme by 

the Univ.Helsinki, started in 2017, is aimed at these directions and gathers and fuses spatially variable gas and 
particulate measurements from the atmospheric instruments, commercial air quality transmitters, dense low-

cost sensor arrays, and consumer wearables utilizing 4G and 5G technologies. The machine learning 

techniques are used for the calibration of a high number of low-quality and low-cost sensors with a small 
number of highly accurate SMEAR stations. The credibility of MegaSense concept and potential is huge and 

is currently emerged through City of Helsinki Air Quality projects Urban Sense, and EU Healthy Outdoor 

Premises for Everyone UIA HOPE, and through International pilots. The European potential and end users 
and EU-wide clean and smart cities strategies, are at the moment, indicated by the SMart URBan Solutions for 

air quality, disasters and city growth (SMURBS, 2018-2021, UHEL as a partner).  
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1. INTRODUCTION 

 
Pan-Eurasian Experiment (PEEX) Programme (www.atm.helsinki.fi/peex), initiated by the University of 

Helsinki INAR together with five main partners from Russia and China, is an international, 

multidisciplinary, multiscale bottom up initiative, established in autumn 2012. PEEX is an asset for INAR 
and its co-partners to have high international visibility, to attract further research collaboration and to 

upscale the scientific impact in various arenas. PEEX is built on four main pillars: Research Agenda (RA), 

Research Infrastructure (RI) development, capacity building activities and societal impact making. The 
PEEX geographical focus is on the northern high latitudes (Arctic, boreal) and on China and the new Silk 

Road Economic Belt regions. The PEEX research network is currently covering ca 4000 researchers coming 

from Europe, Russia and China and over 30 official collaboration agreements with universities and research 

organizations located mostly in Russia and in China (www.atm.helsinki.fi/peex/index.php/mou). PEEX 
framework is motivated by  the all scales research approach, high quality RI and big data, education and 

training of the next generation of scientists and experts, participating processes aimed at the fast tract policy 

making and increasing awareness of the highly connected environmental challenges. All these aspects are 
needed for solving grand challenges, like climate change and air quality, and ensuring the ecosystem 

services now and for the future (Kulmala et al. 2015, Kulmala 2015). 

 

2. ACTVITIES AND RESULTS IN 2019 

 

2.1 Research Agenda 

 
The PEEX scientific focus is on understanding of large-scale feedbacks and interactions between the land -

atmosphere - ocean continuum under the changing climate of the Northern high latitudes (Kulmala et al. 

2015, Lappalainen et al. 2014; 2015; 2016; 2018) and on the transport and transformation of air pollution in 
China. The backbone of the research work has been the Finnish Center of Excellence in “Atmospheric 

Science - From Molecular and Biological processes to the Global Climate”. In addition, PEEX research 

results have been published the PEEX Special Issue in J. Atmospheric Chemistry and Physics (www.atmos-

chem-phys.net/special_issue395.html), in the Journal “Geography, Environment, Sustainability” 
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(ges.rgo.ru/jour) and in the J. Big Data (journalofbigdata.springeropen.com). In order to coordinate and 

facilitate the research approach, PEEX has organized science conferences in Helsinki, St. Petersburg, 

Moscow and Beijing in years 2012-2018 (for conference proceedings see the Finnish Aerosol Research 
Report Series www.atm.helsinki.fi/FAAR/index.php?page=series).  

 

In 2019 PEEX started comprehensive analysis on the first results over last five years based on the published 
peer review papers and results attained from the PEEX geographical domain.  The aim of the analysis is to 

study the state-of-the-art research outcome versus the PEEX large-scale research questions addressed by the 

Science Plan (Lappalainen et al. 2015). To facilitate the direct input from the research community, we have 

asked researchers to answer to a form where they could list their main scientific results and activities 
considered relevant to PEEX region and also include ancillary information such as type of activity or 

geographical extend. The preliminary metadata database covers information from over 400 scientific papers 

and the analysis is in progress. The key gaps of current understanding and future research needs will be 
discussed from the system point of view, from the land ecosystems, atmosphere, ocean & river systems and 

society perspectives.  

 
In addition PEEX coordinates research activities such as bi lateral research collaboration, subprograms and 

projects together with the partners from Russia and China and from the Europe and Nordic countries. 

 

In Russia, the most important research activities are the Baikal Selenga Network (BaSeNet) 
(www.atm.helsinki.fi/peex/index.php/baikal-selenga-network-basenet) - PEEX subprogram and several bi-

lateral research projects (www.atm.helsinki.fi/peex/index.php/projects). New openings, having high 

regional and global relevance, are related to permafrost dynamics in Siberia and the environmental health 
issues in the Russian Arctic under changing climate (Melnikov et al. 2018, Kasimov et al. 2018).  The 

analysis of the borehole temperature datasets in Nadym and modelling of the permafrost evolution has been 

carried out in collaboration with the University of Tyumen. Observations confirm high sensitivity of 

permafrost dynamics in the discontinuous permafrost area near Nadym to snow thickness and warming, 
resulting in accelerated thaw during recent years with extreme summer temperatures and winter precipitation 

(Kukkonen et al. submitted).  Dynamics of permafrost in Russia are also analyzed in the frame of the 

“Permafrost dynamics & Mechanisms, pathways and patchiness of the Arctic ecosystem responses and 
adaptation to changing climate” (CLIMECO) project funded by the Academy of Finland. The medical-

geographical analysis of spatio-temporal distribution and changes in pattern of naturally-dependent and 

socially important diseases under the changing climate and economic development of the Russian Arctic 
with focus on Yamalo-Nenets Autonomous Okrug is performed in collaboration with Moscow State 

University. The studies of climatic factors leading to the recent anthrax outbreak emphasize the importance 

of precipitation dynamics in the region (Ezhova et al. paper in preparation).  There are also ongoing joint 

research in hydrological observations (Vihma et al, 2019) and modelling of the water ecosystems of the 
Fennoscandia and NW Russia, Baltic and White Seas (collaboration with Northern Water Problems 

Institute, Karelia); on diagnosis and numerical simulation of the atmospheric boundary layer dynamics and 

the Arctic terrestrial ecosystems state under anthropogenic stress; physical models of extreme marine 
weather events caused by climate change in the Arctic zone in the first half of the 21st century (with Institute 

of Numerical Mathematics, Moscow); evaluation of accumulated ecological damage for forest ecosystems 

in Russia and Finland based on forest inventories, SMEAR stations fluxes, remote sensing data processing, 
monetary evaluation (with Scientific Research Center for Ecological Safety, St.Petersburg); measurements 

and modelling of spatio-temporal variability of atmospheric mercury in the Russian Arctic (with Kola 

Science Centre, Apatity); online integrated multi-scale modelling (for NW Russia, Kola, Scandinavia, and 

Arctic) of direct, indirect, combined effects of aerosols on meteorology and atmospheric composition (with 
Russian State Hydrometeorological University/ St.Petersburg State University, St. Petersburg). 

 

In China, the joint PEEX research is coordinated as an integral part of the GlobalSMEAR approach (see 
the Lappalainen et al. GlobalSMEAR abstract of this proceedings) and is connected to the analysis of the 

new SMEAR standardized measurements done in China. The most active partners are the Nanjing 

University (NJU), the Beijing University of Chemical Technology (BUCT,) and the Institute of Remote 
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Sensing and Digital Earth, Chinese Academy of Sciences (RADI-CAS). The research together with NJU is 

carried under the “Joint international research laboratory of Atmospheric and Earth System Sciences” 

JirLATEST (jirlatest.nju.edu.cn/main.htm). JirLATEST also includes organization of joint workshops and 
student training. In addition, INAR has also published several papers together with Nanjing University based 

on the data from the SMEAR benchmarked station called “Station for Observing Regional Processes of the 

Earth System” (SORPES-NJU). The new Beijing Haze station hosted by BUCT is the first urban mega city 
station based on the SMEAR concept and has been constructed in 2018-2019.  The first datasets are currently 

analyzed and first report for Mayor of Beijing has been submitted. The RADI-INAR / PEEX collaboration 

is implemented in a frame of the Digital Belt and Road Program (DBAR), INAR named as International 

Center of Excellence (ICoE) in Helsinki of DBAR, abbreviate the “DBAR-ICoE- Helsinki”. To promote 
the PEEX approach in China and in the frame Belt and Silk Road initiatives, PEEX has published a separate 

PEEX Belt and Silk Road agenda, which introduces the large research questions and research infrastructure 

relevant to Belt and Silk Road region (Lappalainen et al. 2018). 
 

In the European and Nordic scale the most recent PEEX activity coordinated by INAR has been FutArcSoc 

(Future Arctic: Feedbacks and System Understanding of, Scenarios and Innovation Insights for, 
Development of Arctic Societies) proposal and a new cross disciplinary research concept outlined for the 

EU Horizon 2020 Cryospheric Call in 2018 and, a modified version, for the NordForsk “Multidisiplinary 

Research Projects Call”(submitted in Nov 2019). The FutArcSoc introduces a research concept for 

analyzing the feedbacks & system understanding of Arctic environment, scenarios & innovation insights for 
the future development of Arctic societies. The concept takes into account growing pressure and gaps in 

knowledge of local and global communities due to rapidly changing Arctic environment and the 

international geopolitical and geo-economic landscapes. FutArcSoc concept is addressing on the most 
relevant topical issues and the main opportunities for development, as well as how research infrastructure 

could be used more effectively across national borders and programs. The added value of the concept is the 

inter- and transdisciplinary research approach combined with the holistic system analysis and with the 

currently missing aspects such as societal security to the analysis (Heininen et al. in preparation).  
  

2.2 Research Infrastructure development in the PEEX region 

 
2.2.1 In situ observations 

 

The basic principles of the PEEX in situ observation network based on the SMEAR (Stations Measuring the 
Earth Surface – Atmosphere Relations) concept has been introduced by Hari et al. (2016),  Kulmala et al. 

(2016) and, for the marine environments by Vihma et al. (2019). The PEEX RI mission is to fill in the 

observational gap especially in the Northern Eurasian region, to expand the PEEX / GlobalSMEAR 

observation networks in Russia and China, and to promote the Arctic Ocean in situ observation concept in 
the Arctic RI forums such as Arctic Council SAON WG and Group on Earth Observations (GEO) Cold 

Regions Initiative (GEO CRI) framework, and PEEX was already involved in the co-lead board for this 

global effort for the new implementation for the next three years from 2020 to 2022. The PEEX RI mission 
finds synergy with and is contributing the international Arctic RI projects like EU Horizon-2020 iCUPE 

(Integrative and Comprehensive Understanding on Polar Environments; www.atm.helsinki.fi/icupe) 

coordinated by INAR (Petäjä et al., 2019 paper in preparation) and INTAROS (Integrated Arctic 
Observation System; www.nersc.no/project/intaros) coordinated by the Nansen Environmental and Remote 

Sensing Center (Norway). 

In Russia, the PEEX RI collaboration is currently built on the existing in situ stations networks. PEEX has 

introduced, in collaboration with INTAROS, the Russian in situ station e-Catalogue 
(www.atm.helsinki.fi/peex/index.php/peex-russia-in-situ-stations-e-catalogue, a living document).  The 

catalog is aimed at enhancing the research collaboration and data exchange between researchers. It also 

provide guidelines (co-locations etc. aspects) when stations selected for a station upgrading or new stations 
are initiated. PEEX continues expanding the contact network and news stations are invited to join the station 

network. At the moment, new data from Russia is mostly attained from the bi-lateral field campaigns, the 

most recent ones being “Land – atmosphere feedback loops over Northern Eurasia /New Particle Formation 
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in Siberia “ (in collaboration with V.E. Zuev Institute of Atmospheric Optics) and the long-term 

measurements on the green-house gases fluxes at the Mukhrino Field Station West Siberia (in collaboration 

with the Yugra State University). Since 2019 the novel multicomponent study of air and water pollution in 
Moscow metropolis is implemented under PEEX umbrella. PEEX also provides topical framework for 

environmental, climate and meteorological education activities between the Moscow State University 

(MSU) PEEX Office and RosHydroMet. The example of such approach is Baikal Selenga Network 
(BaSeNet) which is a separate subprogram in PEEX aiming at investigating and quantifying the waterborne 

transport of matter under changing hydro-climatic conditions on large drainage basin scales (Karthe et al., 

2019). 

In China, the PEEX RI is an integral part of the GlobalSMEAR / Global Observatory approach (Kulmala 
2015, 2018) and has the primary focus on the air quality in Chinese megacities and large metropolitan areas. 

Starting in 2012, we have made preliminary market analysis and established an extensive contact network 

in China. Our current China contact network covers ca. 30 universities and city administrations. The main 
interest in Chinese market is on urban air quality monitoring including indoor air quality. However, the 

Chinese Ecosystem Research Network (CERN) for ecosystem monitoring, as a part of global eLTER 

network, provides a standardized station network that could up upgraded to the SMEAR network. In case 
of CERN the ecosystem measurement could be complemented by the SMEAR atmospheric component. Our 

contacts in China are also actively involved with the Belt and Road Initiative, which has potential for 

establishing new SMEAR flagship stations along the Silk Road transport corridors and cities (SMEAR 

Upscaling Plan – ClimateKIC internal strategy document). 

2.2.2 PEEX Modelling Platform 

PEEX-MP (www.atm.helsinki.fi/peex/index.php/modelling-platform) introduces an ensemble of the models 

from micro- to global scales. The future aim is to establish a seamless modelling framework from nano-
scale modelling to Earth system models and to introduce community-based services for data mining and for 

demonstrating air pollution events at multi-scales in selected regions of Arctic-boreal-domain. Currently, 

PEEX-MP includes more than 30 different models with more than 100 members of the network.  The models 

have varied coverage of different Earth system components, such as atmosphere-hydrosphere-pedosphere-
biosphere and processes such as physical-chemical-biological. The  models used for realization of the PEEX 

research agenda include: Earth System Models (EC-Earth, MPI-ESM, CESM, HadGEM2-ES); online 

integrated meteorology and atmospheric composition models (Enviro-HIRLAM, WRF-Chem); multi-scale 
atmospheric chemical transport models (SILAM, CAM-Chem, TOMCAT-GLOMAP, GEOS-Chem, 

EurCTM, ATMES, MMAD&IT, FLEXPART); ocean-sea-ice models (HYCOM-CICE, HBM, SWAN); 

models for atmosphere-vegetation-ecosystems processes and interactions (AVIM2, SOSAA, Agro-C, 
CH4MOD, CNMM-DNDC, SIM-BIM, EmpBVOC), large eddy simulation models (PALM, LESNIC, 

UCLALES-SALSA); inverse modelling tools (FLEXPART, CTDAS, IMDAF) and others. At INAR, in 

particular, the multi-scale and -processes modelling approach is realized through demonstration and 

application of the EC-Earth, Enviro-HIRLAM and MALTE-Box models, which are actively used in research 
tasks and science education (courses, trainings, schools) considering PEEX research agenda and knowledge 

transfer.  

2.2.3 Satellite observations 

Satellites provide information complementary to in situ observation and modelling. Where in situ 

observation can provide much detail from continuous observation representative for a specific location, 

satellites provide less detail but with large spatial coverage with up to daily repeat cycle, and several 
observations each day. In general, the satellite data are column-integrated quantities and sometimes this can 

be obtained also for several individual layers, whereas detail on the vertical structure is available from 

satellite-based lidars. Satellite data are often used to constrain models, to test models or, vice versa, models 

are used for better understanding of satellite observations or improve the retrieval results by providing a 
priori information. It is noted that satellite-based instrument provides limited information and the retrieval 

is under-constrained and often assumptions are needed to find a solution. The retrieval results are validated 

with reference data from ground-based instruments and observation networks are established for this 
purpose, such as the global sunphotometer network AERONET established by NASA (Holben et al., 1998), 
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with sites all over the PEEX study area, complemented with networks in China such as CARSNET, CARE-

China and SONET. Satellites are used in China with RADI as primary partner and in Russia with 

(AEROCOSMOS) as primary partner. Strong cooperations on the use of satellite data and ground-based 
reference data exist in particular between Finnish Meteorological Institute (FMI) and several research 

institutes and universities in China, The current activities in Europe are a cooperation between FMI and the 

Royal Netherlands Meteorological Institute (KNMI) with a focus on atmospheric observations. Different 
types of satellites are used, providing information on aerosols, clouds, surface properties, trace gases and 

greenhouse gases. Such data has recently been used to study the spatial and temporal distribution of aerosols 

in China (de Leeuw et al., 2018), spanning a period of two decades showing the effect of national programs 

to reduce air pollution with a clear decrease since 2011 (Sogacheva et al., 2018a; 2018b). A satellite-based 
model has been developed to monitor PM2.5 concentrations (Zhang et al., 2019) and several studies are 

made together with Chinese colleagues on the occurrence of haze, contributions of natural and 

anthropogenic contributions to air pollution in China, chemical transformation of aerosols, aerosol-cloud 
interaction, etc. Furthermore satellites are used to study aerosols, trace gases and greenhouse gases over 

Eurasia, their relation to the occurrence of forest fires and transport of absorbing aerosol to the Arctic where 

they affect snow and ice properties, and vegetation/atmosphere interaction (de Leeuw et al, in preparation).   

2.3 Capacity Building Activities, Outreach and Knowledge Transfer 

The PEEX education is a cross-section activity, which covers the training of  young scientists, organization 

of specific winter and summer schools, and the expert training targeted towards more technical aspects of 

measurement, modelling, and assessment techniques and running operations including data management 

aspects of field stations, running models, performing assessments. Most of these activities have been 
implemented as an integral part of UHEL-INAR’s Masters and Doctoral programs. In addition, we have 

several short- and long-term visiting scientists, including young researchers, at INAR from the PEEX 

collaborating institutes, from Belarus, Russia, Ukraine, etc. The MODEST (Doctoral Program 
Modernization of Doctoral Education in Science and Improvement Teaching Methodologies; 

www.atm.helsinki.fi/peex/index.php/projects/174-modest-project) project for the 2018-2021 (Erasmus+ 

Capacity Building in the Field of Higher Education Program) is aimed at modernization of doctoral 

education in Science in European countries and Armenia, Belarus, and Russia and provides new contact 
network of students from Eastern Europe interested in atmospheric sciences for INAR and PEEX. The 

Finnish-Russian FIRST+ PEEX-AC (Pan-Eurasian EXperiment – Academic Challenge; 

www.atm.helsinki.fi/peex/index.php/projects/183-pan-eurasian-experiment-academic-challenge-peex-ac-
network) networking project is aimed at strengthen international added value and prestige of the Finnish 

Universities educational system, to share knowledge, experience and promote state-of-the-art research and 

educational tools; and boost the PEEX international collaboration. Under the PEEX, annually the spring and 
autumn schools are organized at the Hyytiälä forestry station 

(www.atm.helsinki.fi/peex/index.php/education). In June 2019, the research training course 

(www.atm.helsinki.fi/peex/images/Summary_ClimEco-ResTraining_Jun2019_vfinal.pdf) on seamless 

integrated modelling took place in Tyumen (Russia) and workshop on the PhD programmes and University 
education in Helsinki (Finland) as part of ClimEco and MODEST projects, respectively. In addition, the 

research training intensive course (www.rshu.ru/3170) and young scientist summer school 

(worldslargerivers.boku.ac.at/wlr/index.php/ysss.html) on multi-scales and –processes modelling, 
observations, and assessments are planned in Russia for April and August 2020 in St.Petersburg and 

Moscow, respectively (as part of AoF ClimEco and FIRST+ PEEX-AC projects). Mini-crash-courses on 

aspects of the PhD education/programmes and building Nordic/Finnish Centers of Excellences and their 

linkage to PEEX will be organized in March 2020 (Moscow, Russia) and training educational workshop in 

May 2020 (Hyytiälä, Finland). 

Starting 2016 PEEX has been active member of the Universities of Arctic (U-Arctic) community. PEEX 

has been named as one of the U-Arctic thematic networks called as “Arctic-Boreal Hub” 

(www.uarctic.org/organization/thematic-networks/arctic-boreal-hub). U-Arctic facilitates active Arctic 
network of researchers and students. A new education and outreach project “Climate change Effects on 

Nature and Society in the Arctic (CENSArctic) started under the thematic network in 2019. The goals of the 
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project are to provide unique educational opportunities for students at the circumpolar North, to enhance 

human capacity, and to expand a crucial interdisciplinary knowledge in the North by providing new e-

learning tools and by running a summer school on climate change effects on nature and society in the Arctic. 
U-Arctic collaboration has also motivated PEEX to provide good information flows between communities. 

PEEX is currently releasing (3-4 times per year) the PEEX-Arctic-Boreal-e-Newsletter 

(www.atm.helsinki.fi/peex/index.php/newsletters), PEEX Blog (peexhq.home.blog), PEEX Twitter 
(twitter.com/PEEX_News) and continuous news line “News & Events” (www.atm.helsinki.fi/peex). These 

tools  serve as a multi-functional platform for everyone to share their news on their latest research results, 

upcoming events, reports of the site visits etc. in the community. 

2.4 Societal Impact Making 

PEEX has been participated the Arctic Circle initiated by the former President of Iceland, Ó.R. Grímsson, 
and International Arctic Forum hosted by Russian President V. Putin. The participation at these high level 

international dialogue forums provides important up-to-date information on the political discussions, 

especially on the Arctic and processes on environmental matters and concerns. Participation to these forums 
supports PEEX keep up the momentum in the societal impact making. Furthermore, PEEX has co-organized 

the Sofia Earth Forums (Helsinki, Finland), which are gathering experts of various disciplines and 

backgrounds to discuss practical solutions to Grand Challenges of the PEEX Science Plan. The December 

2019 forum is dedicated to the carbon neutrality, regulations and incentives and is organized for the Finnish 

decision makers and experts at a high level.  

The black carbon has been the topic of high relevance and impact and has been addressed several times by 

the Finnish President S. Niinistö in the Arctic collaboration discussion.   In September 2019 PEEX organized 

a special Finnish–Russian Workshop on “Back Carbon and Arctic Dust” (Moscow, RU) part of the “Black 
carbon in the Arctic and significance compared to dust sources” (IBA-FIN-BCDUST) project coordinated 

by the Finnish Meteorological Institute (FMI). In 2020, as a continuation of the impact processes INAR / 

PEEX will organize an event called ”Arena for the gap analysis of the existing Arctic Science Co-Operations 
(AASCO)”  with the support from the Prince Albert Foundation in Monaco. Moreover, the PEEX special 

session “Pan-Eurasian EXperiment (PEEX) – Observation, Modelling and Assessment in the Arctic-Boreal 

Domain” (meetingorganizer.copernicus.org/EGU2020/session/35931) is scheduled at the EGU-2020 

(European Geosciences Union; www.egu2020.eu; 3-8 May 2020) General Assembly with a series of splinter 
meetings on the PEEX - Observations, Modelling, Impact on Society, Education/Knowledge Transfer - 

Platforms. 

FUTURE PROSPECTS 

Climate change together with the growing economic activities and traffic connected to the China Belt and 

Road Initiative are increasing pressures on the Arctic, Northern Eurasian environments and the Silk Road 
Economic Belt and Road region. There is an urgent need to improve the analysis of the atmospheric and 

environmental pollution in these regions, their sources and to quantify the role of local and transported 

pollution emissions at the region (Lappalainen et al. 2018, Petäjä et al. 2019 submitted). PEEX, together 

with GlobalSMEAR, provide all-round tools and research framework to find solutions the environmental 
problems at the regional and global scales.     
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INTRODUCTION

INAR education research and development team was formally established in October 2019. The team is
developing the multi- and interdisciplinary education in atmospheric sciences based on pedagogical
approaches and theories created and/or adopted in INAR.

LEARNING ON RESEARCH-ORIENTED INTENSIVE COURSES

INAR has a 20-year old tradition in organizing research-oriented intensive courses. Recently we have
reported both the pedagogical concept and learning outcomes of such courses (Lauri et al., 2019; Ruuskanen
et al., 2018). The courses are usually 10-12 days long and often held on research stations such as SMEAR
II (Kulmala and Hari, 2005). The special features of these courses include focus on real research questions,
work in small groups with access to comprehensive long-term datasets, and use of the horizontal learning
principle enabling everyone – students, supervisors, and lecturers – to adopt both the role of learner and
teacher (Lauri et al., 2019). We found out that the motivation of both students and teachers increases upon
use of real data and authentic scientific questions (Ruuskanen et al., 2018).

CLIMATE UNIVERSITY AND ONLINE EDUCATION

Climate change is an example of a wicked problem where education collaboration across borders is needed
(Lehtonen et al, 2018). We at INAR also recognise that the fundamental societal, technical and economic
transformations needed to answer the challenges surrounding climate change requires not only educating
atmospheric researchers at INAR, but also educating the society at large. To broaden the teaching of climate
topics to the entire Finnish higher education field, a new collaborative, national program, Climate
University (blogs.helsinki.fi/climateuniversity) was established in 2018. The nationwide program is
coordinated by INAR and includes in total 11 Finnish universities. Based on a needs assessment survey,
Climate University will focus on the themes of multidisciplinarity, holistic thinking, data and statistics
based decision-making, science communication, private sector collaboration and consumer perspective, as
well as the viewpoint of ethics and values driving human behaviour and choices (Äijälä and Riuttanen,
2019).

The new Climate University open online courses will follow the same principles as the 2016 produced
Climate.now (www.climatenow.fi), an online climate course currently running in seven universities in
Finland (Martikainen, 2019). The six new Climate University courses of 2020 are: (1) Systems thinking,
“Systemschange.now”; (2) Basics of sustainability, “Sustainable.now”; (3) Industry collaboration projects
“Solutions.now”; (4) Climate education for high schools “Climate.now for schools”; (5) Climate data and
statistics, and (6) Science communication. The new courses will be offered at several Finnish universities
already on the fall semester of 2020.
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Besides Climate University, INAR has been active in development of new online learning modules both
locally and internationally. Together with partners in eight Nordic and Baltic countries we are creating new
online courses and modules in topics related to interdisciplinary Arctic studies, air quality, and statistical
tools for climate and atmospheric sciences. With local University of Helsinki digital leap funding we are
building five online courses covering the topics in basic studies in meteorology and hydrospheric
geophysics.

In the newly founded master’s programme EnCHiL (Nordic Master in Environmental Changes at Higher
Latitudes), INAR together with Swedish and Icelandic partners is combining online education with
classroom and field studies in a joint-degree programme level (EnCHiL, 2019).

KYSYILMASTOSTA.FI

INAR Edu-Team together with INAR ESM group have developed and implemented a new social media
based approach for science outreach. Public web service Kysyilmastosta.fi was launched in January 2019,
and it enables direct communication between citizens and researchers on climate related questions (Santala,
2019). Citizens can ask question, and researcher answer to them. The questions will be used for future
research purposes: they will be analyzed for the development of climate education (Santala and Makkonen,
2019), and new research projects will be made based on them.

TEACHERS’ CLIMATE CHANGE FORUM

Teachers’ Climate Change Forum was held in Hyytiälä in August 2019 (https://www.helsinki.fi/en/science-
education/teachers-climate-change-forum-2019). The forum was organized in collaboration with INAR and
University of Helsinki Science Education Centre. 31 international teachers arrived from all around the
world to study and discuss climate change teaching in schools.

CLIMATE-KIC JOURNEY

University of Helsinki INAR was hosting EIT Climate-KIC Journey for the first time in August 2019.
Climate Journey is the world’s largest climate summer school (https://journey.climate-kic.org/). In August
2019, 40 students from all around Europe gathered to Hyytiälä for one week to study the basics of climate
change and climate science. We shared the host position together with Aalto University, and from Hyytiälä
the students continued to Aalto Otaniemi campus.

ART-SCIENCE COLLABORATION

Atmospheric sciences have a long history of art-science collaboration, Climate Whirl concept (Juurola et
al., 2014) is based on www.carbotree.fi -portal that was launched ten years ago in 2009. Recent new
openings are on the frontier of education (Ruuskanen et al., 2019). INAR has started organizing joint course
with the University of the Arts Theater Academy where students with different backgrounds from
meteorology, aerosol physics, environmental ecology, geophysics to dance, sound design, dance pedagogy
etc study climate change from different perspectives. This mutually fruitful collaboration has been
motivating for both science and art participants, climate change is an example of when a set of answers that
are focused on principles and physical processes behind the problem is not enough for the information to
be received by non-scientists.

CONCLUSIONS

INAR education research and development team does versatile and unique education development and new
research projects are under planning.
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INTRODUCTION

The Earth System modeling groups focuses on development and application of Earth System and climate
models as well as tools around model workflows. The main tools of the group are EC-Earth, MPI-ESM,
NorESM, Enviro-HIRLAM and their submodels. Model applications range from paleoclimate experiments
to  future  climate  assessments.  The  group  has  strong  co-operation  with  Dynamic  Meteorology  and
Atmospheric Modeling groups of ATM FcoE.

RECENT RESEARCH ACTIVITIES

The Earth System Modelling (ESM) group is participating in the Coupled Model Intercomparison Project
Phase 6 (CMIP6). The group focuses on experiments with interactive aerosols and chemistry (Keskinen et
al., FCOE2019), but also provides simulations for AMIP-style experiments (prescribed aerosols, fixed sea
surface temperatures). The results from CMIP6 simulations will be published in Finnish Earth System
Grid Federation node,  which is  built  on the Center for Science Computing (CSC) infrastructure.  The
CMIP6 is expected to support the sixth assessment report of IPCC (AR6).

The group is also focusing on mid-Holocene aerosols and aerosol-climate interactions, in particular, the
“Green Sahara” regime. Putian et al. (FCOE2019) simulated mid-Holocene aerosols and chemistry with
offline chemical transport model TM5. The simulations focus is on significant changes in dust-vegetation-
domain during Green Sahara. During Green Sahara scenario, dust emissions from Sahara were reduced
even by 50-80% due to increased vegetation in Northern Africa. At the same time, vegetation itself emitted
aerosols  and  precursors,  which  partly  counteracted  the  dust-decrease.  While  dust  reduction  has  been
suggested as one of the drivers of Green Sahara, the vegetation emissions have so far been omitted in
scientific literature.

Following the aerosol-climate studies in mid-Holocene, Bian et al. (FCOE2019) apply the coupled climate
model  EC-Earth to investigate role of aerosols on West-African Monsoon (WAM). The aerosol-fields
simulated  in  Putian  et  al.  (FCOE2019)  have  been  incorporated  into  EC-Earth,  and  several  coupled
simulations have been performed to isolate the effects of aerosols and vegetation on Green Sahara and
related feedbacks.  Preliminary analysis shows that aerosols do play a major role in WAM extent  and
intensity during mid-Holocene. While the studies focus on mid-Holocene, several key features could play
a role in future development of Sahel/Sahara region.

Global aerosol-climate model ECHAM-HAM has been used to quantify the short-term (weeks to months)
effects  of  supervolcanic  eruptions  on  tropical  superstorms.  Preliminary  results  show  that  there  is

84



intensification of such storms at higher latitudes and weakening at lower latitudes. Some higher latitude
coastal regions may experience particularly strong storms. In the future, the impact of eruption location
(low- vs. mid-latitudes, Northern vs. Southern hemispheres) and timing (season) will be assessed.

To efficiently handle, reduce and analyse extensive amounts of ESM generated data (even in the order of
terabytes  during  a  relatively  short  simulation)  a  research  tool  was  elaborated  (Makkonen  et  al.,
FCOE2019).  Whily  typical  postprocessing  includes  monthly  averaging  and  selected  time-series  at
observation sites, a significant amount of valuable information is lost in the process. We have generated a
Python-based  clustering  software,  which  provides  data  reduction  methods  as  well  as  analysis  for
geospatial networks and interactions. The algorithms identify spatially homogeneous clusters in geospatial
gridded datasets,  e.g.  climate  model  output.  In  addition to  clustering,  the  software can detect  mutual
information  between  any  clusters  in  two  distinct  datasets,  allowing  e.g.  network  identification  and
interactions. The algorithms can be applied to identify aerosol-cloud-climate interactions in climate model
data as well as satellite products.

In collaboration with Nordic TRAKT-project (TRAKT, 2019), ESM group has provided analysis of IPCC
AR5 future climate scenarios in Kola Peninsula and surrounding domain, as well as applied Earth System
model EC-Earth results in assessing meteorological conditions relevant for air pollution episodes. The
analysis focused on identifying meteorological conditions (wind, daily precipitation) which enable poor
local/regional air quality conditions. For winter pollution episode, the Enviro-HIRLAM model was run in
a downscaling chain from regional-subregional- to urban scales at resolutions of 15-5-2.5 km to simulate
meteorology and atmospheric composition for the Northern Fennoscandia and Kola Peninsula domains.
The analysis focused on identifying small-scale features characteristic for meteorology and pollution in
selected regions at dominating low winds conditions, when direct and indirect aerosols are also activated
in model simulations.

The  group  participated  in  the  EU  FP7  BACCHUS  project  on  extensive  multi-model  global  Cloud
Condensation Nuclei (CCN) simulation experiment (Fanourgakis et al., 2019). The combined analysis of
16 global  models indicated that  models typically underestimate aerosol  and CCN concentrations.  The
model diversity was high especially for total particle concentration, but also CCN concentrations were
highly diverse over tropics, polar regions and oceans.

In collaboration with Norwegian teams, ESM group participated in quantifying BVOC-aerosol-climate
feedbacks in an ESM framework (Sporre et al., 2019). Quantifying the COBACC feedback loop revealed
that, at least in NorESM, the climate impacts can be significant. In the model experiments, global annual
BVOC emissions increased over 60%, when considering doubling of CO2 and corresponding climate
change. This lead to stronger cloud forcing (-0.43 W m-2) and more negative aerosol direct forcing (-0.06
W m-2).  While the BVOC-SOA-CCN pathway seems important in NorESM, the model  showed only
minor feedback via the SOA-GPP loop. Results can be highly model specific, and e.g. Rap et al. (2018)
reported strong feedbacks via the SOA-GPP components. The ESM group provided further quantification
of global Earth System feedback loops in Boy et al. (2019).

ESM group has also participated in quantifying air  pollution and related mortality impacts of Nordic
emissions (Im et al., 2019), as well as global anthropogenic aerosol forcing via multi-model experiments
with simplified aerosols (Fiedler et al., 2019).

A series of studies on multi-scale modelling and analysis of aerosols feedbacks and interactions in Arctic-
boreal domain, aerosols influence on regional scale with zooming to selected metropolitan areas, cases of
transboundary pollution from continuous sources of emissions over Kola vs. Fennoscandia, occurrence of
elevated black carbon episodes vs.  forest  fires,  and mesoscale resolution radar data assimilation were
realised and ongoing (see more Mahura et al., FCOE2019). In these the Enviro-HIRLAM (Environment –
HIgh Resolution Limited Area Model) and HARMONIE (HIRLAM-ALADIN Research for Meso-scale
Operational  NWP  In  Europe)  modelling  system  are  employed.  These  studies  are  done  in  close
collaboration with partners involved into Enviro-PEEX on ECMWF project.
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OUTREACH AND KNOWLEDGE TRANSFER

The ESM group has inialised new mechanisms for climate research communication. Kysyilmastosta.fi,
coordinated at ESM group, provides a public service for climate related questions. The online platform
provides  a  direct  communication  channel  between  climate  scientists  and  society.  Visitors  can  post
questions about climate, asking for example more details on recent climate news, climate research, or
misconceptions about climate change. The questions in the service will  be thoroughly analyzed in the
future (Santala et al., FCOE2019) and there will be new research made based on selected questions. The
platform was launched in January 2019, and there are already more than 100 questions asked. 

The models (including MALTE-Box, Boy et al., FCOE2019) are also demonstrated and promoted to the
Universities/Institutions science education, and especially to younger generation of researchers, through
organization of research training intensive courses and young scientist schools. In particular, the research
training weeks for students on multi-scale and -processes integrated modelling took place at the UHEL-
INAR  (Apr  2019;  peexhq.home.blog/2019/06/19/student-training-visit-at-inar)  and  the  University  of
Tyumen  (UTMN,  Tyumen,  Russia,  Jun  2019;  www.atm.helsinki.fi/peex/images/Summary_ClimEco-
ResTraining_Jun2019_vfinal.pdf). Next trainings are scheduled for Apr and Aug 2020 at the Russian State
Hydrometeorologiucal  University  (RSHU,  St.Petersburg;  ums.rshu.ru)  and  Moscow  State  University
(MSC, Moscow; worldslargerivers.boku.ac.at/wlr/index.php/ysss.html), respectively. During these events,
the models will employed for small-scale research projects to be realised by groups of students.

MIGRATION MODELS TO NEW HPC PLATFORM

The ESM group, as a very active user/customer of the CSC computing facilities and resources, in summer
2019 started preparations  for  migration of  their  models  and corresponding input  data  and simulation
results into new computing and data management environment. Instead of Sisu & Taito High Performance
Computing (HPC) systems based on CRAY-XC40, new ones to be in use. In particular, since Sep 2019
Puhti HPC (Atos BullSequana X400) became available (note, Mahti with Atos BullSequana XH2000 is
planned for beginning 2020). Since Oct 2019, CSC central data repository called Allas became accessible
as well. It has 12 PB of storage capacity, and it can be used to transfer, store, share, and analyse data. In
addition to trainings on new systems organized by CSC (and provided useful basic information, guides
and materials; docs.csc.fi), the ESM group is also arranging internal practical workshops (“mini-crash-
courses”) to learn and practice on how more effectively to work and use new environment.
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INTRODUCTION 

Värriö research station (67.7383o, 29.6109o, 370 m a.s.l.) is located in eastern Lapland, 6 km from the 
Russian border in the Värriö strict nature reserve. The station was founded in 1967 as a biological station 

and SMEAR I station was founded there on 1992 to investigate pollution originating in the Kola Peninsula 

smelteries (Kyrö et al., 2014). Due to the original purpose of large predator research done at the biological 
station, information about the station was very limited to the local population, where one of the main 

livelihoods was reindeer herding. Local technicians have managed the station over the years, without any 

scientists working at the site, except for short visits. This has limited the overall scientific development of 

the instrumentation, co-operation with foreign research groups and overall number of publications 
originating from the station. To increase the general knowledge of the research done at the station and make 

use of the high-level data for the local communities and livelihood, a VÄRI-project started in autumn 2018, 

in collaboration with INAR and the union of municipalities of Eastern Lapland (Itä-Lapin kuntayhtymä). 
EU funds the project in collaboration with the Coalition of Lapland (Lapin Liitto). The main aim of the 2-

year project is to increase general knowledge of the research done at the station for the local population, as 

well as equip some of the results for the local companies to use. The funding has enabled hiring a scientist 
working at the station to further develop the measurements, co-operation and publications, as well as provide 

scientific products for the local businesses. 

 

METHODS 

The VÄRI-project aims to improve the general knowledge of the station and the research by participating 
in local events with own booth and presentations, as well as presenting obtained data on screens in, for 

example municipality buildings and other local hot spots. The data includes various historical weather data 

(max. and min. temperatures and snow depths, etc.) and climate change data (CO2 conc., mean temperature 

increase, decrease of snow cover-days), as well as near-real-time data (meteorological parameters, aerosol 

particle characteristics, etc.). 

The project includes workshops for the local businesses to brainstorm how to apply some of the results from 

the research to the use of the businesses. One of easiest solutions is to promote the ultra-clean atmosphere 
for the tourism businesses in a marketing form: Figure 1 shows an increase in life expectancy for tourists 

arriving from various places in Europe, for spending one week in the clean atmosphere of the Eastern 

Lapland. The data is calculated using University of Chicago’s Energy Policy Institute’s Air Quality Life 
Index (AQLI) data for life expectancy and decrease of it, due to atmospheric aerosols. A carbon-footprint-
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compensation program is being developed for the Eastern Lapland, where the arriving tourists can 

compensate their traveling footprint. The idea is to plant the forests in the opening in Eastern Lapland, left 

by old fields and other openings without plans to be forested. Recommendations to grow trees and forests 
that can be used, for example, in construction or furniture material will be given in the compensation 

program, to increase the duration of the carbon cycle.  

 

Figure 1. Gain in life expectancy per week spent in Eastern Lapland due to the cleaner atmosphere for 

tourists arriving from various places in Europe. 

Other methods of increasing the knowledge is to invite groups and people related to the projects to the 

station during a visiting day on spring 2020. Co-operation with other research station in Lapland will be 

done to learn from their outreach experiences. 

Co-operation with a local high school has already started, with a visit to the station by the students and 

teacher. The co-operation will continue further with a planned climate change-course, organized by the high 

school and Värriö research station staff. 

Hiring a scientist to the station has already increased the ability to have instruments at the station, that 

demand more educated manpower. CI-Api-ToF (Jokinen et al., 2012) was placed at the station in autumn 
2018 and it has been measuring since. A Single Particle Soot Photometer (SP2) was measuring at the station 

throughout the summer season. The instrument was placed at the station by the Finnish Meteorological 

Institute (FMI) to investigate effect of aging of soot particles between Värriö station and FMI Pallas station 

in western Lapland originating from the forest fires in Russia. Plans have been made to increase the 
instrumentation towards cloud properties and place those on top of the Värriö fell, to increase understanding 
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of aerosol-cloud activation processes. The station will be advertised in the scientific community to co-

operate with foreign researcher and research groups to further increase the scientific results and publication 

numbers. 

 

 

 

CONCLUSIONS 

The VÄRI-project has potential to increase the general knowledge of local communities of the research 

conducted at the Värriö research station and create scientific products for the use of local livelihood and 

businesses. The funding also enables further development of the research conducted at the station and 

increase it’s visibility in the scientific community. We will make Värriö great again! 
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INTRODUCTION

The research done in the Global atmosphere–Earth surface feedbacks (GAEA) group is aiming to identify 
and  analyse  the  regionally  and  globally  important  interactions  and  feedback  mechanisms  in  the  
atmosphere – Earth surface continuum. Kulmala et al. (2014) have previously investigated the COBACC 
(Continental Biosphere-Aerosol-Cloud-Climate) feedback loop, in which the biosphere carbon sink and 
aerosol source are linked with each other via photosynthesis, primary productivity, production of volatile  
organic compounds (VOC) and the subsequent formation of secondary organic aerosols (SOA). The recent 
work done within GAEA group is involved with the emissions of precursor vapours and the initial steps of  
SOA  formation,  characterizing  the  atmospheric  composition  over  West  Africa  based  on  airborne 
observations of trace gas and particle concentrations and composition,  quantifying the airmass source 
areas and spatial representativeness of ground-based measurement sites, as well as analyzing the impact of 
environmental change on disease outbreaks observed in Siberia.

CURRENT RESEARCH ACTIVITIES

Trees emit a variety of VOCs, but the emission strengths and the chemical composition of the emitted  
VOCs  depend on  physical,  environmental  and  biological  conditions.  Taipale  et  al.  (abstract  in  these  
proceedings) have investigated the importance of taking into account the monoterpene emissions from 
new Scots pine foliage as a function of the season, stand age and tree provenance. They found that the  
emission of monoterpenes from Finland is underestimated by circa 20 Gg of monoterpenes per year, and  
that the underestimation is largest during spring months when also atmospheric new particle formation  
(NPF)  occurs  most  frequently.  Taking  into  account  in  models  the  monoterpene  emissions  from  the 
expanding conifers foliage can lead to increases in the formation and growth rates of small particles by 98-
258% and 60-255%, respectively.

Besides organic vapours, sulphuric acid has been identified as an important species for atmospheric NPF 
(Kulmala et al., 2013). Proxy variables for estimating sulphuric acid concentrations have been developed 
(Petäjä et al., 2009; Mikkonen et al., 2011). Ylivinkka et al. (abstract in these proceedings) have developed 
a revised sulphuric acid proxy which takes into account production of sulphuric acid from SO2 oxidation 
by stabilized Criegee intermediates (Mauldin et al., 2012) as well as the formation of sulphuric acid dimer  
molecules. Based on comparison to long-term measurements of sulphuric acid during 2016–2019 at the  
SMEAR II  station,  the  newly developed proxy agrees with measured concentrations better  especially 
during nighttime.
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Two  recent  reviews  (Kerminen  et  al.,  2018;  Nieminen  et  al.,  2018)  of  the  current  knowlegde  on 
atmospheric new particle formation (NPF) show that NPF occurs on regional scales across all continental  
environments in the lower troposphere, even though with a highly varying frequency. One area where 
NPF  has  been  observed,  but  detailed  long-term  studies  are  lacking,  is  the  boreal  forest  in  Siberia.  
Demakova  et  al.  (abstract  in  these  proceedings)  analyzed  the  particle  number-size  distribution 
measurement data during 2015–2018 from Fonovaya station near Tomsk. They observed the number of  
NPF events to be highest in March, especially in clear sky conditions, but the total number of events to be  
lower than at another boreal forest site in Hyytiälä SMEAR II in Finland. Uusitalo et al. (abstract in these  
proceedings) analyzed and compared NPF observations in Tomsk and Hyytiälä using cluster dynamics  
simulations with ACDC (McGrath et al., 2012). They found high summertime temperatures typical for 
Siberia could be one reason for the infrequent NPF in this area. Also, the ratio of the particle growth rates 
to their coagulation losses is lower in Tomsk compared to Hyytiälä. This lowers the survival probability of 
particles growing to larger sizes.

Assessing the spatial representativeness of atmospheric measurements performed on a fixed-location site 
is important for interpreting the measurement data. Nieminen et al. (abstract in these proceedings) have  
devised   a  framework  for  describing  the  variability  and  representativeness  of  a  given  measurement 
location in terms of land-cover type and level of anthropogenic influence.

Lheureux et al. (abstract in these proceedings) have applied machine learning methods to analyze the large  
measurement datasets obtained within the DACCIWA project (Knippertz et al., 2015). The data includes 
observations of basic meteorology, trace gas and particle concentrations, particle chemical composition, as  
well as mass spectra of sub-2 nm clusters. Several clusters with distinct characteristics of aerosol and trace 
gas  properties have been identified during invidual  flight  tracks  by utililizing the k-means algorithm. 
Comparing  the  geographical  locations  and  altitudes  where  these  clusters  were  observed  provides  
information on the local emission sources and the effect of long-range transport of air pollutants.

The Arctic is currently one of the most rapidly changing environments due to global climate change.  
Ezhova et al. (abstract in these proceedings) analyzed the connections between permafrost thawing and 
observations  of  anthrax  outbreaks  in  North  Western  Siberia.  These  disease  outbreak  events  were 
connected both with the conditions (temperature and precipitation amount) during the winter preceding the 
outbreak as well as the lack of precipation in the summer when the outbreaks occurred.
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INTRODUCTION 

Air quality research group at INAR/Physics started in the beginning of 2019. Most of the group members 
belonged earlier to the Aerosol-Cloud-Climate-Interactions (ACCI) group. The group has two main research 
themes: Air quality – weather – climate interactions, and Air quality and exposure. The former investigates 
air quality in terms of its drivers, impacts and interactions from local/regional scale to regional/global scale, 
whereas the latter investigates the exposure and impacts of local scale air quality and focuses the air quality 
to a citizen scale.  

AIR QUALITY – WEATHER – CLIMATE INTERACTIONS 

Our research on air quality interactions has concentrated on the air quality situation in and around Beijing, 
China. In regional scale, Wang et al. (abstract in this collection) investigated the ozone (Liu et al., 2019) 
and PM2.5 (Wang et al., 2019) concentrations and their connections to synoptic and local meteorological 
factors at 58 North-Chinese cities, based on the data collected by the Ministry of Environmental Protection 
(MEP) of China during years 2013-2017. Liu et al. (2019) showed that the summer time (April-October) 
ozone concentrations in North Chinese cities increased from 2013 to 2017, and that the variation in synoptic 
circulation patterns could explain only 40 % of the observed increase. Local meteorological conditions, such 
as temperature, RH and wind direction, was defined to cause 40-60 % of the day-to-day variation in ozone 
concentrations in almost all studied cities. On the contrary, the PM2.5 concentrations and the duration of 
sever PM2.5 pollution episodes were observed to decrease considerably from 2013 to 2017 (Wang et al., 
2019). Especially, the annual number of large scale pollution days covering most of the studied North-China 
area decreased notably. The contribution of synoptic circulation to the reduced PM2.5 concentrations was 
estimated to be 64 % in summer and 45 % in winter. 

Hakala et al. (abstract in this collection) studied the aerosol particle number size distributions as a function 
of time the air mass has spent over the densely populated areas in North-China. The analysis showed that in 
clean air masses particles in nucleation mode (diameters < 30 nm) dominate the size distributions and the 
diameter of the particles observed at the measurement station at the Beijing University of Chemical 
Technology (BUCT) increases with increasing time the air mass has spent over densely populated area. The 
results showed clear analogy with the evolution of particle size distributions in rural Boreal environment 
depicted as a function of time spent over forested areas (Tunved et al., 2006). The evolution of particle 
populations affected by new particle formation (NPF) within air masses circulating to and over high 
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emission areas is analysed further with the methodology applied by Hakala et al. (2019, and manuscript in 
preparation) for observations in Hada Al Sham, Saudi-Arabia. In Saudi-Arabia, the detailed analysis of air 
mass trajectories showed that the observed decrease in mode mean diameter after NPF and initial growth, 
previously suggested to result from shrinkage of the particles, is likely caused by variations of the particle 
growth rates due to air masses travelling over areas with different levels of aerosol precursor emissions. 

We studied anthropogenic aerosol emissions from data recorded at BUCT with two separate approaches. 
Cai et al. (abstract in this collection) studied the contributions of different anthropogenic aerosol sources 
with positive matrix factorisation method (PMF) applied for organic aerosol mass and particle number size 
distributions. The analysis segregated the traffic emissions from light and heavy duty vehicles, cooking 
emissions and regional and secondary aerosols. The method can be applied to quantify the contributions of 
these sources on aerosol pollution. With another method, developed by Kontkanen et al. (abstract in this 
collection), we resolved the locally representative number size distribution of the emitted aerosol particles. 
This analysis clearly demonstrated the dominance of nucleation mode particles from traffic emissions on 
anthropogenic primary sources. This method makes it possible to distinguish the traffic emissions from 
particles formed in regional NPF events and quantify their significance for aerosol production. Du et al. 
(manuscript in preparation) investigated the composition and concentrations of aerosols at the ground level 
and in mast at 260 m of altitude. They showed that, during haze episodes, a roughness sublayer with height 
below 300 m can remain unmixed with the turbulent mixing layer for several days, weakening the dilution 
of the ground level pollution. 

NPF events are observed frequently in conditions with high condensation/coagulation sink for aerosol 
precursor vapours and freshly formed clusters, which should in theory prevent the occurrence of NPF events 
(Kulmala et al., 2017). We conducted both experimental and theoretical analyses to find out the reasons for 
the observed NPF. Du et al. (abstract in this collection) investigated the chemical composition of particles 
acting as the condensation sink (CS) at the BUCT site. They reported that the mass fraction of organic 
compounds is higher on NPF days than on other days. Tuovinen et al. (abstract in this collection) studied 
how the contact angle in heterogenous nucleation can impact the uptake of vapours by pre-existing particles. 
They showed that certain types of chemical properties of the seed particle and the vapour can lead to 
relatively high contact angles, which can, in theory, significantly reduce the effectiveness of the CS. 

Foreback et al. (abstract in this collection) analysed the atmospheric composition and meteorological 
conditions at BUCT site during the Chinese New Year festivities in 2018 and 2019. They showed that in 
2018 the peak in concentrations of several pollutants (e.g. PM, BC, SO2, CO) was much more pronounced 
than in 2019, but the explanation for the difference is under investigation. By comparing the BUCT data 
with the MEP data from other Beijing sites during the previous years, they analysed the typical patterns of 
air quality conditions during the festival seasons. 

AIR QUALITY AND EXPOSURE 

Our urban air quality research was conducted in co-operation with Finnish Meteorological Institute (FMI), 
Helsinki Region Environmental Authority (HSY), city of Helsinki and instrument manufacturers (Vaisala, 
Pegasor), as well as the Computer Science department of the University of Helsinki and the Nanjing 
University in China. In Helsinki Air Quality Testbed project (HAQT) we developed a hierarchal observation 
system for air pollutants, containing of SMEAR-type research stations, authority network and 
complementary sensor network, all integrated with fusion model FMI-ENFUSER to present and predict the 
air quality conditions with 12 m spatial and 1 h temporal resolution (Johansson 2019; Paasonen et al., 2019; 
Petäjä et al., 2019). Similar approach was applied in Nanjing mega-city in China, within a Vaisala-lead 
project Nanjing Air Quality Testbed (NAQT) with FMI, Nanjing University and other Chinese partners. 
This work is expanded further with a dense network of portable and stationary low-cost sensors within the 
Healthy Outdoor Premises for Everybody project (HOPE). In these projects, we derived proxies for new  air 
quality parameters, such as black carbon (BC), particle number concentration (N), lung deposited surface 
area (LDSA) and atmospheric oxidative capacity in terms of sulphuric and nitric acid concentrations. These 
parameters were measured at the research station and/or authority network stations, and the proxies were 
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derived with parameters that are detected with complementary and/or low-cost sensor network. This makes 
it possible to estimate the new air quality parameters also with the high resolution data from FMI-
ENFUSER. The derivation of the proxies during the HAQT project was described by Paasonen et al. (2019) 
and proxy derivation within the HOPE project by Fung et al. (abstract in this collection), who also used 
multiple conditional mean imputation with simple BC proxy to fill in the missing air quality data.  

The urban air quality work described above is conceptualized and presented to different stakeholders in 
projects like MegaSense (https://www.helsinki.fi/en/researchgroups/sensing-and-analytics-of-air-quality) 
and SMURBS (Smart Urban Solutions for air quality, disasters and city growth; smurbs.eu). 
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INTRODUCTION 
 
 
The research activities of the biogeochemistry (BGC) group of the University of Eastern Finland have 
focused in 2019 on the processes underlying carbon dioxide (CO2), nitrous oxide (N2O), nitric acid (HONO), 
biogenic volatile organic compounds (BVOCs) as well as methane (CH4) fluxes between the soil and the 
atmosphere. All of these gases are closely associated with the atmospheric chemistry. CO2, N2O and CH4 
affect climate by directly contributing to the radiation balance of the atmosphere while the reactive gases 
contribute to the formation of secondary organic aerosols (SOA), which act as cloud condensation nuclei 
(CCN) thus increasing the formation of clouds.  
 
The formation and consumption of these gases are related to changes in vegetation and soil which the BGC 
group is investigating in several ongoing projects funded by the Academy of Finland including for example; 
“Ammonia oxidizing microbes and factors regulating their occurrence and activity in acidic boreal and 
Arctic peat soils (AMOBORA), PI Henri Siljanen”, “The origin of nitrous acid (HONO) emissions from 
northern soils and linkages to nitrogen cycle processes, PI Marja Maljanen”, and “Methane and algae trough 
zooplankton to valuable food, PI Hannu Nykänen” and “Long term effects of fire on carbon and nitrogen 
pools and fluxes in the arctic permafrost and subarctic forests (ARCTICFIRE), PI Jukka Pumpanen and 
“Constraining uncertainties in the permafrost-climate feedback / Consortium: COUP, PI Christina Biasi”. 
Here, we present the most important findings of the projects carried out in the BGC group from the last year 
2018-2019. 
 
HONO-project 
 
Tropospheric removal of pollutants initiated by the hydroxyl radical (OH) is a key process in atmospheric 
chemistry. In the lower atmosphere, OH production is linked to photolysis of nitrous acid (HONO), and it 
has been suggested that soil contributes strongly to the production of atmospheric HONO. However, factors 
controlling HONO production in soils are poorly known. Bhattaraj et al. (2019) reported for the first time 
that HONO production in agricultural soil could be related to the germination and early development of 
wheat, one of the most important agricultural crops in the world. They observed that the release of Nitrite 
(NO2−) released from the germinating seeds increased the HONO production. Given the significant area of 
agricultural lands globally, the emission of HONO from initial growth phase of wheat should be considered 
as a mechanism contributing to the OH production in the atmosphere. 
 
Source: Bhattarai H.R. et al. 2019. Germinating wheat promotes the emission of atmospherically significant 
nitrous acid (HONO) gas from soils. Soil Biology and Biochemistry 136: 107518 
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AMOBORA-project 
 
Bare peat surfaces created by frost action and wind erosion in permafrost peatlands have been shown to emit 
high amounts of nitrous oxide (N2O), the third most significant greenhouse gas (GHG) warming the 
atmosphere. With global warming, emissions of N2O are expected to increase in Arctic permafrost 
peatlands. Siljanen et al. (2019) investigated nitrification, ammonia (NH4) oxidizer populations and N2O 
production in vegetated and bare peat soils from four distant Arctic geographic locations. They showed 
through a combination of molecular analyses and group-specific inhibitor assays that NH4 oxidation, 
the first step in nitrification, is mainly per- formed by ammonia-oxidizing archaea (AOA). The results 
indicated that high N2O emissions from these ecosystems are mostly resulting from nitrification mediated 
by very few archaeal species. The arctic peat soils in this study were the first natural environments where 
high N2O emissions have been linked to AOA. Any changes in archaeal nitrification induced by global 
warming will therefore impact on N2O emissions from the permafrost peatlands. 
 
Source: Siljanen H. et al. 2019. Archaeal nitrification is a key driver of high nitrous oxide emissions 
from arctic peatlands. Soil Biology and Biogeochemistry. 137:107539 
 
METHANE-project 
 
The sediments of small boreal humic lakes are important carbon stores and GHG sources. However, the 
composition and structuring mechanisms of their microbial communities are not well known. Rissanen et 
al. 2019 analyzed the vertical profiles of microbial biomass and the bacterial and archaeal community 
composition in sediments of a small boreal lake. The results showed that even though microbial biomass 
decreased with sediment depth, viable microbes were present throughout the sediment profiles. The vertical 
stratification patterns of the bacterial and archaeal communities resembled those in marine sediments with 
well-characterized groups (e.g. Methanomicrobia, Proteobacteria, Cyanobacteria, Bacteroidetes) 
dominating in the surface sediment and being replaced by poorly-known groups (e.g. Bathyarchaeota, 
Aminicenantes and Caldiserica) in the deeper layers. The results also suggested that, similar to marine 
systems, the deep bacterial and archaeal communities were consisting of species that are able to tolerate low 
energy conditions. Methanotrophs were rare indicating that these sediments rich in methane are important 
methane emitters.  
 
Source: Rissanen et al. 2019. Vertical stratification of bacteria and archaea in sediments of a small boreal 
humic lake. FEMS Microbiology Letters 366(5): 1-11. 
 
ARCTICFIRE-project 
  
About 24%, 23 million km2, of the land area in the Northern Hemisphere, including most of the boreal 
forests, is underlain by permafrost. About 1% of boreal forests are exposed to fire annually, which affects 
the soil and permafrost under them. Thawing of permafrost increases the depth of the active layer containing 
large amounts of organic matter which decomposition could release GHGs and other atmospherically 
important gases including Biogenic Volatile Organic Compounds (BVOCs). Zhang-Turpeinen et al. 2019, 
studied in the recent paper long-term effects of wildfire on forest floor BVOC emission rates along a wildfire 
chronosequence in a Larix gmelinii forest in central Siberia. The forest floor was a source of BVOCs in all 
forest age classes but the BVOC emissions were lower in the recently burnt forests and the emissions 
increased along with forest succession. Fire-induced permafrost thawing and subsequent increase in soil 
organic matter exposed to decomposition did not increase BVOC emissions. The results indicated that the 
potential increase in the frequency of forest fires as a result of climate warming may affect the BVOC 
emissions from boreal forest floor.  
 
In the same project, the effect of forest fires on permafrost soils were characterized using soil organic matter 
(SOM) chemical fractionation and incubation experiments to reveal the effects on SOM quality and 
decomposition (Aaltonen et al. 2019a,b). The chemical fractionation showed that the effect of fire on SOM 
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quality in upland forest soils with underlying permafrost was restricted to the first 5-10 cm of the soil surface 
while no changes in SOM quality were observed in deeper soil. However, fire decreased the SOM quality 
and increased the temperature sensitivity of decomposition. Further, when the effects of fire on microbial 
community were studied from the same soils (Zhou et al. 2019), we observed that fires changed the 
microbial population structure and increased the relative abundances of genes associated C degradation and 
anammox metabolic processes, resulting in those fire-affected bacteria acted as C and N decomposers. 
Overall, wildfires affected the GHG and BVOC fluxes between the forest floor and the atmosphere, and the 
changes in GHG fluxes and soil were transient and recovered to the pre-fire levels during the time >100 
years time frame of our study. 
 
Sources: Aaltonen H. et al. 2019. Forest fires in Canadian permafrost region: the combined effects of fire 
and permafrost dynamics on soil organic matter quality. Biogeochemistry. https://doi.org/10.1007/s10533-
019-00560-x. 
 
Aaltonen H. et al.. 2019. Temperature sensitivity of soil organic matter decomposition after forest fire in 
Canadian permafrost region. Journal of Environmental Management. 
https://doi.org/10.1016/j.jenvman.2019.02.130. 
 
Zhang-Turpeinen H., et al. 2019 Wildfire effects on BVOC emissions from boreal forest floor on 
permafrost soil in Siberia. Science of the Total Environment. Accepted. 
 
Zhou X. et al.. 2019. The impact of wildfire on microbial C:N:P stoichiometry and the fungal-to-bacterial 
ratio in permafrost soil. Biogeochemistry. https://doi.org/10.1007/s10533-018-0510-6. 
 
COUP and DEFROST-project  
 
Permafrost peatlands are biogeochemical hot spots in the Arctic due to their large carbon stocks. The 
thawing of permafrost could expose part of these old carbon stocks to decomposition releasing GHGs but it 
is highly uncertain how much and at which time span GHGs will be released. Voigt et al. 2019 used a novel 
experimental approach  using intact mesocosms to simulate permafrost thaw and measured the GHG 
production and consumption in the peat columns with chamber measurements and soil GHG concentration 
profile measurements as well as radiocarbon (14C) dating. The measurements showed sustained 
decomposition and GHG production from permafrost but the oxidation of CH4 in the peat column prevented 
the CH4 release to the atmosphere. Under dry conditions, peatlands strengthen the permafrost-carbon 
feedback by adding CO2 fluxes but at the same time they showed a strong CH4 sink capacity which 
potentially compensates part of the permafrost CO2 losses over long time scales. 
 
Source: Voigt et al. 2019. Ecosystem carbon response of an Arctic peatland to simulated permafrost thaw. 
Global Change Biology 25: 1746-1764. 
 
INDO-NORDEN Project 
 
As a part of this project, two review papers on biofuel production from biomass and agricultural residues 
are published in high impact journals. Brief conclusions from one of these review are given below. 
  
The bioethanol production technologies are close to full maturity for the thermochemical biofuels and in 
early commercial prototype phase for bioethanol production. Nevertheless, further research and 
development is needed for the thermochemical biofuels on the material selection for different parts in 
production and instrumentation to make them more resistant to harsh process conditions. Also, extensive 
research has been carried out to make different bioethanol process steps more efficient – development of 
various pre-treatment methods, enzyme development for enhanced hydrolysis, re-search for more tolerant 
yeasts capable of fermenting different sugars. Value addition and perspective, cost saving measures can be 
achieved with the application of different combined processing technologies such as SSF, SSCF and CBP 
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and by using residues from bioethanol process to produce additional products like bio-chemicals, fertilizer, 
heat and energy by applying integrated biorefinery approach. 

Source: M.Raud, T.Kikas, O.Sippula, and N.J.Shurpali. Potentials and challenges in lignocellulosic 
biofuel production technology. Renewable and Sustainable Energy Reviews Volume 111, September 
2019, Pages 44-56 

CAPTURE Project 

As a part of this project, Narasinha Shurpali was invited to be a part of the FLUXNET CH4 synthesis activity. 
The coordination activity and some basic synthesis results were published in a paper. Here is a brief 
overview of the synthesis activity. 

This paper describes the formation of, and initial results for, a new FLUXNET coordination network for 
ecosystem-scale methane (CH4) measurements at 60 sites globally, organized by the Global Carbon Project 
in partnership with other initiatives and regional flux tower networks. The objectives of the effort are 
presented along with an overview of the coverage of eddy covariance (EC) CH4 flux measurements globally, 
initial results comparing CH4 fluxes across the sites, and future research directions and needs. Annual 
estimates of net CH4 fluxes across sites ranged from -0.2 ± 0.02 g C m-2 y-1 for an upland forest site to 114.9 
± 13.4 g C m-2 y-1 for an estuarine freshwater marsh, with fluxes exceeding 40 g C m-2 y-1 at multiple sites. 
Average annual soil and air temperatures were found to be the strongest predictor of annual CH4 flux across 
wetland sites globally. Water table position was positively correlated with annual CH4 emissions, although 
only for wetland sites that were not consistently inundated throughout the year. The ratio of annual CH4 
fluxes to ecosystem respiration increased significantly with mean site temperature. Uncertainties in annual 
CH4 estimates due to gap filling and random errors were on average ± 1.6 g C m-2 y-1 at 95% confidence, 
with the relative error decreasing exponentially with increasing flux magnitude across sites. Through the 
analysis and synthesis of a growing EC CH4 flux database, the controls on ecosystem CH4 fluxes can be 
better understood, used to inform and validate Earth system models, and reconcile differences between land-
surface model- and atmospheric-based estimates of CH4 emissions. 

Source: Knox et al., FLUXNET-CH4 Synthesis Activity: Objectives, Observations, and Future Directions. 
2019. Bulletin of the American Meteorological Society. Online journal. https://doi.org/10.1175/BAMS-D-
18-0268.1 
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INTRODUCTION 

Research infrastructures (RIs) are supported in European Union under the ESFRI (European Strategy Forum 

for Research Infrastructures) concept. The ESFRI produces a RI roadmap which has been updated last time 

in 2018. In the 2018 update, one of the new Roadmap infrastructures was eLTER (European Long-Term 
Ecosystem, Critical Zone and Socio-ecological Research Infrastructure), which was supported by 18 

(CHECK) ministries (Expression of Support) and 162 research institutions (Memorandum of 

Understanding). The pan-European eLTER RI will this enter a new phase where its future services and 

structure will be defined over the next 10 years. 

As a next step, the EU Commission approved significant funding for the eLTER for the period of 2020-

2024. The two projects, eLTER PPP and eLTER PLUS, got altogether 14 million euros from the EU for 

developing and building eLTER RI. The overall purpose of the eLTER RI is to provide a pan-European 
integrated research infrastructure of long-term research sites for use in the fields of ecosystem, critical zone 

and socio-ecological research. With this, eLTER aims to secure and strengthen scientific excellence through 

the highest quality interoperable services in close interaction with related European and global research 

infrastructures. 

SCIENTIFIC BACKGROUD 

The world faces many Grand Challenges, identified in the EU's 7th Environment Action Programme (e.g., 

Steffen et al., 2015), including those posed by climate change, biodiversity loss, and water and soil pollution. 

These multiple stressors act simultaneously over a range of temporal and spatial scales, resulting in  

significant loss of ecosystem services that eventually affect societal well-being and humanity. While 
immediate impacts sometimes receive considerable attention, little is known about their long-term and 

systemic effects and cross-scale interactions. Closing these knowledge gaps requires an improved, 

transdisciplinary understanding of the multifaceted environmental system, in order to develop appropriate 

mitigation measures. This is the fundamental justification for the eLTER RI. 

The design of eLTER RI addresses the scientific challenges with a unique Whole System Approach, which 

combines two conceptual frameworks, applicable from plot to landscape scale (Figure 1). These frameworks 
are the Press Pulse Dynamic Model as horizontal component (Collins et al., 2011) and the spatially-nested 

hierarchical feedback paradigm of Macrosystems Ecology as a vertical component (Heffernan et al., 2014). 
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Figure 1. The conceptual framework of eLTER´s 

Whole System Approach combining Macrosystems 

Ecology and the Press-Pulse Dynamic model (PPD) to 

facilitate a holistic approach to ecosystems and socio-

ecological research. The macrosystems ecology frame 

emphasises the importance of nested hierarchical 

research and dependence of ecological phenomenon at a 

given scale on dynamics occurring at larger or smaller 

spatial scales (Pulliam and Johnson, 2002). The PPD 
model provides a framework for understanding 

interactions and feedbacks between socio-economic 

systems and biophysical systems over time. 

 

The eLTER Whole System Approach encompasses the Earth system and related disciplines from geosphere 

to the hydrosphere, and from biosphere and socio-econosphere to atmosphere. This will allow strong links 

to other European environmental RIs. 

DESIGN OF eLTER RI 

eLTER RI will be a distributed infrastructure and comprise of National Research Infrastructures, i.e., sites 
of different categories, and European level Central Services. The sites and eLTSER Platforms form the in 

situ backbone of eLTER RI through which eLTER will implement the Whole System research. At each 

eLTER in-situ facility, all major system components are covered by eLTER Standard Observations. The 
planned categories range from fully instrumented eLTER Master Sites to Regular Sites covering major 

ecosystem processes and finally to Satellite Sites for specific purposes (these might be less equipped or 

extensive, but serve special purposes such as increasing coverage, enabling upscaling or monitoring larger 

scale processes). In addition, eLTSER Platforms have largest spatial extend and focus on investigating 
human society - environment interactions in the long term. Thus, they act as regional anchoring points for 

integrated, policy-relevant natural scientific and socio-ecological system research. eLTER Sites and 

eLTSER Platforms are built on existing LTER Europe network of over 400 sites. The aim is gradually 

increase the number of sites and platforms up to 250 sites.  

Central Services of eLTER RI are expected be Head Office, Service Portal and thematic Topic Centres. 

They will providing coordination, strategic development and outreach of the whole RI (Head Office) as well 
as access to sites and data (Service Portal). The Topic Centres are designed to ensure the support of the 

science case, integrate the different elements and function of the RI and provide focus for the outreach and 

interoperability with related RIs and research communities. According the current plan, they will focus on 

technological development, capacity building and data processing.  

THE NEW eLTER PROJECTS 

The design will be complemented and implementation started with the two new projects, eLTER PPP and 
eLTER PLUS, funded by European Commission. Both projects will start in February 2020 and last for five 

years.  

The main aim of the Preparatory Phase project, eLTER PPP, is to prepare for implementation and operation 

of eLTER RI. Thus, the project will further the operational, technical and strategic development at the 

existing sites in Europe to meet the current challenges of global change with holistic, systemic observations 

and analysis of environmental trends. Harmonized methods and research approaches will be designed, 
access to data will be facilitated and a wide range of user groups, from research to policy, will receive 

comprehensive support. eLTER PPP is coordinated by the Helmholtz-Centre for Environmental Research 

(UFZ) in Germany. There is 27 institutions from 24 countries participating eLTER PPP (Table 1). 
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The University of Helsinki in Finland will coordinate the Advanced Community project, eLTER PLUS. The 

main aim of eLTER PLUS is to further open and expand the network, engage current and new users from 

both academia and industry, offer an excellent training site for students to enhance their international 
contacts, and further integrate the operations of advanced cross-disciplinary and transdisciplinary research 

as reflected by the eLTER Sites and eLTSER Platforms experimental design and Standard Observation 

framework. This Advanced Community Project will conduct a performance test of the emerging eLTER RI, 
challenging, assessing and strengthening its operations. Selected sites and platforms in terrestrial, freshwater 

and coastal ecosystems will be used to study ecosystem integrity, impacts of climate change, and endangered 

ecosystem services at a pan-European scale. In eLTER PLUS, there are 32 participants from 23 countries 

(Table 1).  

 

Country Participant eLTER PPP eLTER PLUS 

FI University of Helsinki x x 
FI Finnish Environmental Institute - x 

FI CSC IT Center for Science Ltd. - x 

AU Environmental Agency Austria x x 

AU University of Natural Resources and life sciences - x 
BE Research Institute Nature and Forest x x 

BG Pensoft Publishers x x 

BG The Institute of Biodiversity and Ecosystem 
Research 

x x 

CH Swiss Federal Research Institute WSL x x 

CZ Global Change Research Institute x x 
DK University of Copenhagen x x 

ES Spanish National Research Council x x 

FR National Centre for Scientific Research x x 

GE Helmholtz Centre for Environmental Research 
GmbH – UFZ 

x x 

GE Forschungszentrum Jülich GmbH - x 

GE Senckenberg Gesellschaft für Naturforschung x x 

GR Technical University of Crete x x 

HU Centre for Ecological Research of the Hungarian 

Academy of Sciences 

x x 

IL Ben-Gurion University of Negev x x 

IL Israel Institute of Technology x x 

IT National Research Council of Italy x x 

IT University of Milan - x 

LV University of Latvia x x 

NL Sovon Dutch Centre for Field Ornitology x - 

PO European Regional Centre for Ecohydrology of the 
Polish Academy of Sciences 

x x 

PT Research Centre in Biodiversity and Genetic 

Resources 

- x 

PT FCiências.ID – Associação para a Investigação e 
Desenvolvimento de Ciências 

x x 

RO University of Bukarest x x 

RS BioSense Institute x x 

SE Swedish University of Agricultural Sciences x x 

SI Research Centre of the Slovenian Acedemy of 

Sciences and Arts 

x x 
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SK Institute of Landscape Ecology of the Slovak 

Academy of Sciences 

x x 

UK UK Centre for Ecology and Hydrology x x 

 
Table 1. Partners participating eLTER PPP and eLTER PLUS. 

MISSION OF eLTER 

eLTER RI will fill the critical gap for top-class in answering grand challenges related to biodiversity loss 

and land use change, climate change and greenhouse gases and to eutrophication and pollution, especially 
reactive nitrogen in the environment at continental scale. It will offer access to integrated research sites and 

their local expert teams. Easy access to long-term data as well as data products, models and analysis tools 

are also important outcomes of eLTER RI. In addition it can provide support for ground-truthing and remote 

sensing service development and for development of new observation technologies and approaches. eLTER 
RI will also contribute to the scientific community through education and training programs and by 

supporting research project design. Overall, eLTER RI will provide information on the state of European 

ecosystems and impacts of pressures to support policy makers at continental and local level. 
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INTRODUCTION

Microextraction techniques, solid phase microextraction (SPME) Arrow and in-tube extraction (ITEX),
have been utilized for outdoor and indoor air sampling. They are very suitable for on-site sampling of air
samples (for example as sampling tools of aerial drone) due to their small size, simplicity and compatibility
with the chromatographic analysis techniques [Ruiz-Jimenez et al. 2019, Lan, Zhang et al. 2019]. An
appropriate material used as sorbents in sampling devices can ensure favorable interactions between the
material and analytes resulting in the highest possible sensitivity. However, depending on the application
purposes, from selective extraction of target compounds from a complex matrix to universal screening of
organic compounds in atmospheric air, specific or non-specific materials can be employed. Due to the
limited number of commercial sorbent material options, new selective and non-selective materials are
needed to ensure e.g. the best sorption capacity, physical and chemical stability [Lan et al. 2019]. Passive
sampling of gaseous air can be done with SPME Arrow and active (dynamic) sampling with exhaustive
ITEX technique, from which the latter is more suitable for quantitative work [Lan, Holopainen et al. 2019].
Different small accessories can be attached to the sampling system before ITEX to remove unwanted
components (water, ozone, particles, etc.). These miniaturized sampling tools are also applicable for indoor
air quality studies to reveal, for example, chemistry behind the health problems faced in ‘sick’ houses. For
very low volatile and polar compounds, a cryogenic sampling is then preferred.

Primary biological aerosol particles (PBAPs), defined as solid particles derived from biological organisms,
have most probably an important impact on aerosol-climate interactions, but their role in the earth system
includes still high uncertainties. The chemical composition of PBAPs in aerosol particles can be studied by
collecting them onto filters followed by liquid chromatography – mass spectrometry (HPLC-MS). Together
with their DNA concentration and microorganism-DNA data, further information can be obtained about
their abundances in different particle size fractions at the boreal forest region, helping to understand better
their biosphere-atmosphere interactions [Okuljar et al. 2019).

METHODS

SPME Arrow and ITEX were used and developed for miniaturized air sampling. Ordered mesoporous silica
(OMS) materials with various pore sizes and pore-channel structures were prepared via hydrolytic sol-gel
process and surface grafting approach. SPME Arrows were coated with these materials by dipping method.
For ITEX, organic and inorganic nanofibers, prepared by electrospinning and electroblowing, were applied
as the packing materials.

A remote controlled drone (Geodrone X4L, Videodrone, Finland) was equipped with a sampling box, which
allowed simultaneous sampling of outdoor air with multiple ITEX and SPME Arrow systems that could be
remotely operated. The weight of sampling box with the pump was about 1.4 kg, which allowed a total flight
time of 35 min. The applicability of aerial drone as platform for miniaturized air sampling systems was
evaluated in three different campaigns. The first two campaigns took place at the SMEAR II station in
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Hyytiälä, the first from the 22nd to 26th of October 2018, and the second from the 1st to 12th of July 2019.
The third measurements were carried out at Qvidja site (60°17'42.6"N 22°23'32.3"E) at Parainen from the
24th of July 2019 to the 10th of September 2019.

Indoor air of ‘sick’ houses from Nummela and Vantaa were studied together with the insulation materials
used in these buildings. Samples of condensed/frost water of the air were collected with e-collector
(cryogenic sampler). SPME Arrow and ITEX were also applied to collect gas phase compounds in indoor
air and from insulation materials. Commercial PDMS-DVB and Carbon WR were used here as sorbents for
the SPME Arrow. ITEX was packed with laboratory-made polyacrylonitrile (PAN) fibers.

For bioaerosol study, samples were collected at SMEAR II station in autumn 2017 using a Dekati PM10
impactor for the sampling of four particle size fractions (< 1.0, 1–2.5 μm, 2.5–10 μm and > 10 μm). After
ultrasound-assisted extraction, HPLC - electrospray ionization (ESI) - triple quadrupole mass spectrometer
(QqQ-MS) was employed for the determination of free saccharides and amino acids. Total nucleic acids
were extracted from the filters with a commercial DNA extraction kit. The bacterial and fungal DNA
amounts in the filter samples were quantified with qPCR.

CONCLUSIONS

Outdoor air samples: For SPME Arrow, acid treated OMS materials decreased the pore size and reduced
the sample capacity, while the selectivity was increased. OMS with small pore size and 2D channels
restricted the water molecules more effectively. [Lan, Zhang et al., 2019] Polyacrylonitrile (PAN)-ITEX
exhibited the highest extraction affinity to alcohols, aldehydes, and ketones because of rich amine and imide
groups on the surface of the PAN nanofibers. ITEXs packed with inorganic nanofibers were selective with
small sample capacity due to their physical and chemical surface structures, e.g. inaccessible pore size and
weak functional groups. [Lan, Holopainen et al., 2019]

By using ITEX packed with PAN fibers, fully automated continuous sampling was established and the
system was on-line connected to gas chromatography – mass spectrometry (GC/MS) for automated
desorption and quantitative analysis [Lan, Holopainen et al. 2019]. Packed ITEX was durable and could
withstand over 1500 sampling and desorption cycles. The performance of the automated dynamic ITEX-
GC/MS system was proved by two successful long time campaign for unattended outdoor air analysis in
Kumpula Campus, Helsinki. Typical air sample chromatogram obtained with this system is shown in Figure
1.

Figure 1. GC-MS chromatograms with the automated dynamic PAN-ITEX-GC/MS system. Blue line
means the chromatogram of 2 hours air sampling (200 mL min–1 flow rate, sampling volume 24 L) and the

black line is the background chromatogram of ITEX system.
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The microextraction sampling tools (SPME Arrow and ITEX) proved to be excellent for aerial drone. [Ruiz-
Jimenez, Zanca, Lan et al., 2019] Their remote operation was smooth and reliable. Different accessories to
remove particles, water and ozone before ITEX were functioning well. Drone sampling could easily be made
in places with difficult access and at different altitudes to get vertical concentration profiles in addition to
horizontal ones. A proper quality assurance/quality control (QA/QC), was developed to ensure reliable and
quantitative results. By using the internal standard addition, the reproducibility of Arrow-to-Arrow and
ITEX-to-ITEX was clearly improved.

Indoor air samples: Many more chemical compounds were found from indoor air of ‘sick’ houses in
Nummela and in Vantaa compared to healthy reference house in Tampere. Amounts were highest in Vantaa
house. Highly polar (not much retention in reversed phase column) and high molecular mass compounds
were found to be present in Vantaa house when samples were analyzed with HPLC-QqQ-MS. Samples
collected from Vantaa house included also more compounds with molecular mass higher than 800. [Ruiz-
Jimenez, Zanca, Barua et al., 2019]

Water (moisture) had a great effect on the number of compounds and on their amounts emitted from the
insulation materials. Higher number of compounds were emitted from the cellulose wool compared to glass
wool. These compounds were mostly of low volatility (most likely more polar and more water soluble).
Increase of the amount of water further enhanced this effect. Many of the compounds increased their
intensity with water amount and a few compounds behaved completely in an opposite way. This proved that
at the high moisture conditions, insulation materials produce more chemicals to indoor air, and/or
compounds are more easily mobilized/transported in air. [Ruiz-Jimenez, Zanca, Barua et al., 2019]

Primary biological aerosol particles: Correlation was found between the VOCs in gas phase and their
presence in the PBAPs. Individual multiple linear regression models were established for the different
particle sizes based on variations in the microorganism species in the samples. In all cases, explained
variance of the models was over 92.0%. It was, however, impossible to find a single correlation between
microbiological composition and the aerosol particle size. Up to three different trends were obtained for
pseudomonas, fungi–bacteria and total amount of DNA in the samples. Discriminant analysis provided
correct classification of 85.0 % of the samples. The use of neural network for the classification of the
samples allowed the correct classification of 78.5 % of the samples. Finally, a clear relationship was seen
between the environmental and meteorological variables and the microbiological and chemical composition
of the aerosols. [Okuljar et al. 2019]
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INTRODUCTION 

Physical sciences are working towards solutions on questions that require collaboration over field of science 
as well as other boarders. Communication on climate change is an example of when a set of answers that 

are focused on principles and physical processes behind the problem is not enough for the information to be 

received by non-scientists.  Facing climate change causes can cause defense mechanisms such as denialism 
and shutting down, and Hulme (2015) concludes that we cannot find solutions only based on fact but it is 

also crucial to cultivate adequate spaces of public encounter and listening. Head and Harada (2017) found 

out that climate change scientists often emphasize dispassion, suppress painful emotions, use humour and 

switch off from work to protect themselves. Davenport (2017) recommend facing feelings such as worry, 
anger and regret and fostering and practicing resilience e.g. in the form of transformational leadership that 

supports hope and action. Art can provide an alternative path for climate change, it activates viewers more 

than engagement or participatory activities (Sommer et al., 2019).  

 
Figure 1. Climate of Change –course students built a ‘Maja’ in the Hyytiälä old dining hall (in middle of picture 

above) where they could together safely face climate change storms. Artistic illustration by Timo Tikka. 
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EDUCATION ACTIONS 

University of Helsinki and Arts University organize joint intensive courses emphasizing dialogue, 

communication and language. How is information about climate change and its impacts communicated and 

understood? How can this be utilized in society to promote solutions? What kind of feelings do we 
experience when facing climate change and can we turn them into an assed? Joint transdisciplinary courses 

enable master and doctoral students to explore and share methods from art and science in order to identify 

and work with synergies, and support transdisciplinary communication as well as enable adopting new ways 

of working from other communities that have different traditions and practices. The collaboration was 
piloted in spring 2018 with Think Like a Forest residential course in Vallisaari 

(https://blogs.helsinki.fi/vallisaari/). Climates of Change course in spring 2019 continued the 

collaboration and focuses on gaining insight on art - atmospheric science collaboration.  

AIMS OF COLLABORATION 

The courses aim at: 1) Exchange of skills and knowledge; Participation, discussions and group work reveal 
practical means to address climate change and foster ideas of how artistic and scientific work contribute to 

working towards solutions of climate change. 2) Creation of new practices: Emphasizing integration, this 

transdisciplinary workshop will support emerging new practices in short and long term. 3) Empowering; 

Students rightly view climate change as a phenomenon of complex factors. They express anxiety and 
powerlessness in relation to it. We support students in becoming the agents of change. Students gain skills, 

information and experiences for different forms of working cultures.  

CONCLUSIONS 

In our experiences bringing students from different backgrounds together, building an atmosphere of trust 

and collaboration among the diverse group the students has been very productive. The course participants 
faced climate changes eco-anxiety and –hope on personal as well as societal level. Working together has 

been inspiring and activating as the teachers and students have shared different approaches and gained 

new insights from one another. 
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INTRODUCTION

Dynamic meteorology is the branch of fluid dynamics concerned with the meteorologically signif-
icant motions of the atmosphere. It forms the primary scientific basis for weather and climate
prediction, and thus plays a primary role in atmospheric sciences. The research performed by the
dynamic meteorology group covers a range of topics and current key aims are:

1. Develop in-depth physical understanding of meteorological phenomena, such as deep convec-
tion and high impact extra-tropical storms, and apply this knowledge to improve numerical
weather prediction models and hence weather forecasts.

2. Develop ensemble prediction and algorithmic parameter estimation techniques together with
open source software packages to permit further improvement of numerical weather forecast
models.

3. Quantify how weather events such as extra-tropical cyclones and heat waves will change as
the climate warms.

4. Assess the accuracy of the current generation of coupled climate models, understand inter-
model variations and factors that affect regional temperature changes.

Our research is performed in collaboration with multiple national and international groups. We have
active collaborations with the Finnish Meteorological Institute (FMI), the University of Lappeen-
ranta, the European Centre for Medium Range Weather Forecasting (ECMWF), the University
of Reading (UK) and the University of Bergen. We collaborate with other FCoE research teams,
for example the Multiscale Modeling - from processes to the Earth System group as well as dif-
ferent aerosol measurement groups to whom we bring meteorological expertise. Members of the
dynamic meteorology research group have recently contributed to a highly successful education ex-
port project, co-arranged with FMI and funded by the World Bank. Below we provide summaries
of recent research studies and activities performed within the group. We start by giving a general
overview to the main tools used in our group.

RESEARCH TOOLS

OpenIFS is a global model and is a portable version of the world leading Integrated Forecast
System (IFS) developed and used for operational forecasting at ECMWF. OpenIFS has the same
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dynamical core, physical parameterizations, land-surface scheme and wave model as the full IFS.
OpenIFS can be used as a standard weather forecast model, in climate mode, and in idealised
configurations such as a single column model or as an aqua-planet. OpenIFS was launced in 2013
and our group was one of the first worldwide to implement OpenIFS into our research and teaching.
We are very active in the OpenIFS user community and OpenIFS is one of our most important
tools.

The Weather Research and Forecasting (WRF) model is a complementary tool to OpenIFS.
WRF is a non-hydrostatic, fully open access, mesoscale model developed by NCAR’s Mesoscale and
Microscale Meteorology Laboratory, USA. WRF has a range of physical parameterizations schemes
implemented for different processes, has the option for nested domains and idealised situations can
be set up in Cartesian geometry. We use WRF for idealised simulation and for high resolution
simulations (e.g. 1 km grid spacing) over complex terrain.

Coupled Model Intercomparison Project is an internationally agreed standard experimental
framework for studying the output of coupled atmosphere-ocean general circulation models. CMIP5
(phase 5) is the most current and extensive of the CMIPs, the data from which is openly available
and includes output from over 40 different climate models. This data has been used in our group
to assess how realistic the models are in simulating the recent past, particularly in Finland, and to
investigate future projections.

Reanalysis are a blend of observations and model state and as such give a gridded, long-term global
data set which can be considered our best estimate of the atmospheric state at any given time.
We have previously used ERA-Interim in many studies. In summer 2019, our group downloaded
over 20 Tbytes of ECMWF’s newest reanalysis, ERA5, which is now available for all researchers in
INAR to access and use.

Observations, for example, SYNOP station data, radiosonde soundings and satellite based esti-
mated of precipitation are also used.

Infrastructure: Many of our activities are reliant on large data sets, powerful computing resources
and thus the support of CSC – IT Center for Science. Our group has developed an excellent and
highly beneficial working relationship with the division’s application specialist from CSC - Juha
Lento.

PHYSICS OF DEEP CONVECTION

Atmospheric deep convection is the mechanism behind showers of rain and many severe weather
phenomena, such as thunderstorms, hurricanes, tornadoes and flash floods. It is also the main
source of water vapour in the free-troposphere. The processes controlling the physics of deep
convection need to be understood and parameterized in order to produce accurate weather forecasts
and climate predictions. In our group, we study the fundamental, yet not properly understood,
relationship between deep convection and lower tropospheric humidity. The mechanism behind this
relationship has been studied extensively, yet models still struggle to represent it accurately.

In the first part of this project, an analysis of sounding and precipitation data was conducted
(Virman et al., 2018). Results from the analysis suggest a new mechanism to explain the relationship
between deep convection and lower tropospheric humidity was found. More specifically, after
precipitation in dry areas robust lower tropospheric warm anomalies were observed, whereas in
moist areas these warm anomalies were absent. Our results suggest that the warm anomalies may
be the result of subsidence below a layer of strong evaporation of precipitation. In the second
part (Virman et al., 2019), idealised WRF simulations were conducted to study the temperature
structures associated with evaporation of stratiform precipitation, which often occurs associated
with deep convection. The simulations showed that evaporation of stratiform precipitation and
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resulting subsidence warming causes lower tropospheric warm anomalies, which are qualitatively
similar to the observed ones in the first part of this project.

As lower tropospheric warm anomalies are known to inhibit deep convection, we believe that evap-
oration of precipitation is a key mechanism in controlling the formation of future deep convection
and should be accounted for in both models and theories of convective phenomena (see Virman et.
al. in this issue for more information).

DYNAMICS OF MID-LATITUDE WEATHER SYSTEMS

OpenIFS has been used to investigate (1) the dynamics of Hurricane Ophelia which underwent
extra-tropical transition, (2) the synoptic-dynamic evolution of windstorm Mauri which caused 2
deaths in northern Finland in 1982 and (3) how the structure, vertical motion and precipitation
associated with extra-tropical cyclones in the future will change as the climate warms. As well
as cyclonic, low pressure systems we have also analysed the heatwave of 2018 in Finland using
reanalysis and observations.

Hurricane Ophelia: Tropical cyclones are generally driven by the latent heat release in the deep,
moist convection, while extratropical cyclones, in turn, develop primarily from the meridional
temperature and moisture gradients at mid-latitudes (i.e. baroclinic instability). For this reason,
understanding the relative importance of different forcing mechanisms on tropical cyclones which
transform into extratropical storms is of great importance. In this study, the contributions of
different forcing terms affecting Hurricane Ophelia’s (2017) extratropical transition are analysed,
with the focus primarily on the transition and extratropical phases of the storm. The main result
was that diabatic heating, dominated by the latent heat release in the frontal clouds, was the leading
forcing for the intensification of Ophelia as a post-tropical cyclone. More details are available in
(Rantanen et al., 2019).

Windstorm Mauri: Reanalysis data and OpenIFS simulations were used to study windstorm
Mauri which caused considerable damage in northern Finland on 22 September 1982. Forecasters
speculated that this windstorm was related to Hurricane Debby, a category four hurricane. Hurri-
cane Debby underwent extra-tropical transition which resulted in ridge building and an acceleration
of the jet stream but ex-Debby did not re-intensify immediately. Instead ex-Debby travelled rapidly
across the Atlantic as a diabatic Rossby wave. When ex-Debby approached the UK, it moved ahead
of an upper-level trough and rapid re-intensification began. Ex-Debby then underwent 24 hours
of rapid deepening before affecting northern Finland as storm Mauri. Turbulent mixing behind
the cold front and convectively driven downdrafts in the warm sector were found to enhance the
wind gusts over Northern Finland. We conclude that Hurricane Debby likely contributed to some
extent to the development of storm Mauri but many other factors, such as the interaction with the
upper level trough near the UK, were of equal importance. All of the OpenIFS forecasts diverged
from reanalysis after only two days indicating that the event was characterised by intrinsic low
predictability and strong sensitivities. More details are available in (Laurila et al.(2019)).

Extra-tropical cyclone structure in the future: Two idealised experiments are performed
with OpenIFS configured as an aqua-planet: a control simulation and one in which sea surface
temperatures are uniformly warmed by 4 K. All extra-tropical cyclones are tracked and cyclone
centred composites are created. The results show that warming does not increase the median inten-
sity of extra-tropical cyclones but that the strongest cyclones intensify. The amount of precipitation
associated with the cyclones increases by almost 50% and the location of the precipitation moves
further downstream away from the cyclone centre. These results indicate that the spatial structure
of extra-tropical cyclones may change in the future as the climate. More details are available in
(Sinclair et al.(2019a)).
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The 2018 heat wave in Finland: We used surface SYNOP observations, radio soundings and
ERA-Interim reanalysis data to quantify the heat wave of summer 2018, identify the synoptic-scale
weather patterns associated with it, and determine how high in the atmosphere the anomalous
warmth extended. May and July 2018 were exceptionally warm whereas June was not abnormally
warm. The 2-m temperature anomalies in May at all considered stations exceeded 4.3◦C. In July,
the temperature anomalies were most extreme in northern Finland with Sodankylä having a 5.5◦C
positive anomaly. In both May and July, the anomalous warmth was associated with high pressure
and extended throughout the depth of the troposphere - up to 10 km. The surface sensible and
latent heat fluxes were above the climatological average, but the Bowen ratio did not differ notably
from the climatological mean suggesting that surface processes such as soil moisture did not play
a decisive role in the anomalous warmth. More details are available in (Sinclair et al.(2019b)).

ENSEMBLE PREDICTION AND PARAMETER ESTIMATION

Ensemble predictions (ENS) in meteorology are operationally applied to assess the day-to-day un-
certainties of weather predictions, or ”predict the predictability”. These uncertainties are due to
unavoidable small errors in the initial state and the model formulation. Over the past five or so
years, our group has pioneered the use of ENS to assess uncertainties in model closure parameters.
All geophysical prediction models contain such parameters and a handful of them are critically
important for the forecast quality (Berner et al., 2017). To this end, we have developed algorith-
mic parameter estimation techniques, foremost the ensemble prediction and parameter estimation
system (EPPES), which has proven to shift the effort of model tuning from the domain of human
learning to the domain of expert assisted machine learning. In academia, running ensemble pre-
dictions is tedious due to the huge number of simulations needed to gauge the small but highly
non-linear model parameter space. A recent innovation from our group is a software package called
OpenEPS, which facilitates administration of the model runs, output file post-processing, and
parameter estimation, and opens new opportunities to apply ENS outside operational centres.

OpenEPS has been applied to study the convergence of closure parameters in OpenIFS. To inves-
tigate convergence of closure parameters requires a large number of optimization experiments to
be run, each with a slightly different set-up. Here OpenEPS shows its value: a large number of
slightly different ensemble prediction experiments can be run with a minimal amount of manual
work. From the wealth of convergence tests we have performed, we can draw conclusions on what
would be the most efficient way to tune the chosen closure parameters, which in our recent work
have been parameters related to convection. A medium-sized ensemble of ∼20 members lead to
computationally cheap but stable enough convergence, and short forecasts of 24 hours seem to
maximize the resolution of the cost function. (Tuppi et al., 2019)

Building on the previous work of estimating closure parameters, we have developed an algorithmic
method for optimizing stochastic parameters in an ensemble forecasting system. An ensemble
forecasting system is optimal when the relationship between the spread of the ensemble members
and the skill of the ensemble mean are on average equal. Here, the target is to optimize parameters
regulating the amplitude of stochastic physics parameters and uncertainties of initial values such
that the spread-skill relationship of the ensemble system is optimal. We use a cost function based
on filter likelihood and an optimizer based on differential evolution. We have demonstrated our
method with the idealized model Lorenz’95. (Ekblom et al., 2019)
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UNDERSTANDING SOURCES OF PREDICTABILITY AT THE SUB-SEASONAL
TIMESCALE

Sudden stratospheric warmings (SSWs) are the most prominent phenomena taking place in the
wintertime polar stratosphere. During a major SSW event the zonal mean zonal winds at 10 hPa
and 60◦N reverse from westerlies to easterlies (i.e. negative) and the stratospheric temperature
rises by several tens of Kelvins over the course of a few days. SSWs have been shown to be related
to an enhancement of tropospheric forced planetary wave packets that propagate upward into the
stratosphere and interact with the mean flow. They deposit westward angular momentum (Eliassen-
Palm convergence) which leads to the deceleration and breaking down of the polar night jet. This
in turn has the possibility of influencing global modes. In particular, it leads to the development
of the negative phase of the Northern Annular Mode (NAM), shifting tropospheric storm tracks
southward and making northern and central Europe affected by cold Arctic air masses. This is
why SSWs are considered a potential source of predictability at the extended-range timescale since
the stratosphere tends to be more predictable than the troposphere. It is therefore important to
understand the factors that control variability of the polar vortex.

In this study we investigate the role of the tropospheric forcing in the occurrence of the SSW
that took place in February 2018, its predictability and teleconnection with the Madden-Julian
Oscillation (MJO) by analysing the ECMWF ensemble forecast initialised on 1 February. The
purpose of the study is to analyse the atmospheric circulation in stratosphere and troposphere
before and during the SSW of 2018 and clarify the driving mechanisms focusing on the amplification
of upward wave activity injection into the stratosphere before the SSW onset.

EFFECT OF ATMOSPHERIC CIRCULATION ON RECENTLY OBSERVED
TEMPERATURE CHANGES

The climate changes that we observe in the real world result from a combination of two factors. On
one hand, climate is affected by changes in external forcing such as the atmospheric composition.
On the other hand, the non-linear dynamics of the climate system generate substantial internal
variability. A separation between forced change and internal variability would be valuable, for
example, when testing climate models for their ability to simulate climate response to increasing
greenhouse gas concentrations.

In extratropical latitudes, most of the internal climate variability results from variations in the
atmospheric circulation. On the other hand, global climate models suggest that forced changes
in atmospheric circulation should be relatively small. If this also holds for the real world, most
of the apparent circulation changes that have been observed during the last few decades have
probably resulted from internal variability. Thus, we probably get a better idea of the underlying
forced climate change by subtracting the effect of the circulation changes from the observed climate
changes.

We have tested this idea for monthly mean temperature trends in Finland in the years 1979-2018,
using a trajectory-based approach to quantify the effect of atmospheric circulation on the observed
temperatures (Räisänen, 2019). The results indicate that atmospheric circulation has only had
a very modest effect on annual mean warming in Finland, but it has substantially modified the
changes in some individual months. In particular, changes in circulation explain the lack of ob-
served warming in June and about a half of the very large warming in December. The residual
trends obtained by subtracting the circulation-related change from observations are robustly pos-
itive in all months of the year. Thus, the temperatures that are nowadays observed in Finland
are systematically warmer than they would have been under similar atmospheric circulation four
decades ago, with an annual mean difference of about 2◦C.
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SUPERVOLCANOES AND STORMS

The global aerosol-climate model ECHAM-HAM has been used to quantify the short-term (weeks
to months) effects of supervolcanic eruptions on tropical superstorms. Preliminary results show
that there is an intensification of such storms at higher latitudes and weakening at lower latitudes.
Some higher latitude coastal regions may experience particularly strong storms. In the future, the
impact of the eruption location (low- vs. mid-latitudes, Northern vs. Southern hemisphere) and
timing (season) will be assessed.
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INTRODUCTION 

A significant fraction (>50%) of cloud condensation nuclei (CCN) in the atmosphere arises from new-
particle formation (Dunne et al., 2016) where 35% are directly formed in the free troposphere (Merikanto 
et al., 2009). While particle nucleation has been observed almost everywhere in the atmosphere, the 
mechanisms governing this process are still poorly understood, especially at high altitude in the free 
troposphere and during the pre-industrial time. 

Laboratory experiments and quantum chemical calculations have identified potential candidates that 
may play this role, including ions (Kirkby et al., 2011), sulfuric acid (H2SO4) and ammonia (NH3) (Kirkby 
et al., 2011; Jokinen et al., 2018), amines (Almeida et al., 2013; Bianchi et al., 2014), and a possibly wide 
range of oxygenated organic molecules (Bianchi et al., 2019; Ehn et al., 2014; Riccobono et al., 2014). In 
addition to that, recent studies have shown that nucleation of pure highly oxygenated organic molecules 
(HOM) without sulphuric acid is possible (Bianchi et al., 2016; Kirkby et al., 2016; Tröstl et al., 2016). 
 Despite the recent instrument developments, only a few studies have observed new-particle 
formation in remote locations and even fewer have managed to measure down to 1 nm in size using 
instruments such as the Neutral cluster Air Ion Spectrometer (NAIS). Still more limited number of previous 
studies have measured the chemical composition of the growing clusters (Sipilä et al., 2016; Jokinen et al., 
2018). Therefore, while multi-decadal research has confirmed that new-particle formation is important, 
results are yet insufficient to allow for a reasonable evaluation of the mechanisms in order to improve the 
accuracy of new-particle formation representation in models. A detailed framework that unifies the particles’ 
physical properties and the chemical composition of key vapours is required to understand from first 
principles the fundamental pathways by which new-particle formation occurs in the atmosphere. The new 
instrumental advances present a unique opportunity to determine the chemical ingredients responsible for 
nucleation and cluster growth in the atmosphere and PANDA utilizes this opportunity by carrying out short-
term (few months) campaigns and long-term permanent measurements with mass spectrometers and cluster 
and particle detection instrumentation.  

 

WORK PERFORMED 

In the year 2019 several intensive campaigns have been carried out in the Arctic and polar regions. Sites 
include Ny-Ålesund, Svalbard; Neumayer III, Queen Maud Land, Antarctica; Marambio Base, Antarctic 
Peninsula and recently started MOSAIC expedition on board Polarstern research vessel. Furthermore, 
SMEAR I and II stations were upgraded and a field campaign was carried out in Qvidja agricultural site. 
Also laboratory experiments in CERN CLOUD chamber have been performed. Below a short summary of 
each campaign. 

Ny-Ålesund 

In Ny-Ålesund, Svalbard “Polar and High altitude atmospheric research group” (PANDA) performed first 
comprehensive field campaign between February – August 2017. The key research question was to 
understand the role of phytoplankton dimethyl sulphide (DMS) emissions, ammonia as well as the possible 
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role of organic vapours and iodine species in new particle formation and growth in the polar Arctic 
atmosphere.  

In that campaign, we utilized a suite of instrumentation for detection of particle precursor vapours – such as 
sulfuric acid and methane sulphonic acid (oxidation products of DMS), iodic acid and highly oxidized 
organic molecules (HOM) – chemical composition of cluster ions, and concentrations and size distributions 
of neutral and charged small clusters. Panda works closely with CNR – Italy, Alfred Wegener Institute 
(AWI) Germany and Stockholm University, who provide supporting data on aerosol size distributions, cloud 
activation, meteorology and marine phytoplankton productivity.  

Since 2017 campaign we started continuous long-term monitoring of ion cluster and neutral particle size 
distribution with NAIS in April 2018 and long term monitoring of particle precursor vapour concentrations 
and ion cluster composition with a switching ion/NO3

—CI-APi-TOF in April 2019. Measurements provide 
information on mechanisms and intensity of secondary cluster and particle formation. They serve also as a 
valuable comparison to data collected on board Polarstern during MOSAIc expedition (See later). 

First results on details of secondary aerosol formation around Svalbard Archipelago will be published early 
2020. Further information can be found from 2018 proceedings (Beck et al., 2018). 

Neumayer III 

An intensive 3 month campaign in German Antarctic research station Neumayer III was conducted between 
mid November 2018 and end of February 2019. To prepare for the campaign we shipped a measurement 
container for our equipment in preceding season (2017-2018). Two members of Panda group (M. Sipilä, L. 
Beck) participated to the campaign. Setup was almost identical to one deployed in Ny-Ålesund during 2017 
campaign. Research aimed in deeper understanding of relevance of ion-induced sulfuric acid – ammonia 
nucleation we observed earlier (2014-2015) in Finnish Aboa research station (Jokinen et al., 2018). Since 
Neumayer, unlike Aboa, is located on the coast with nearby sea ice and a large emperor penguin colony, we 
hoped to see effects of enhanced iodine emissions from sea ice and ammonia emissions from penguin 
colony. Besides new particle formation from DMS and iodine derivatives as well as ammonia, we 
investigated formation of small particles and clusters together with their chemical composition during 
snowstorms. Results from the Neumayer expedition will be reported during 2020. Further information can 
be found from Beck et al. (these proceedings, 2019). 

Marambio 

Argentian base Marambio, located in Antarctic peninsula is an ideal place for aerosol formation studies 
since it receives airmasses both from permanently ice-covered Weddell sea and from permanently open ice-
free Southern Ocean. After the first intensive campaign in early 2018 we have continued with long-term ion 
and neutral cluster / particle measurements with NAIS. Work is carried out in collaboration with Finnish 
Meteorological Institute and Servicio Meteorológico Nacional Argentina. First reports from the work 
performed are foreseen in late 2020. 

MOSAIC 

Mosaic is a multinational and multidisciplinary experiment where the German research icebreaker 
Polarstern drifts with the Arctic sea ice over a full year. Polarstern sailed in September 2019 and connected 
to sea ice in early October 2019. Campaign runs until September/October 2020. INAR/PANDA contributes 
to expedition by providing manpower and equipment, including CI-APi-TOF, NAIS, PSM etc. First results 
are expected late 2020 and publications 2021. 

Värriö – SMEAR I 
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During 2019, SMEAR I station at Värriö strict nature reserve in Finnish Lapland was upgraded by a CI-
APi-TOF. Analysis of the data from the first summer season is ongoing and results will be reported early 
2020. Further information can be found from Jokinen et al. (these proceedings, 2019) 

Hyytiälä - SMEAR II 

Hyytiälä SMEAR II station was upgraded by a Karsa MION-APi-TOF mass spectrometer. MION is a 
multiple ionization system that allows the use of several reagent ions with the one single instrument. We 
operate the system with nitrate (NO3

-) and bromide (Br-) ionization as well as without ionization (natural 
ion clusters). Preliminary results can be found from Sarnela et al. (these proceedings, 2019). 

Qvidja 

Intensive measurement campaign was performed at Qvidja agricultural site in Parainen, southern Finland, 
utilizing ion/CI-APi-TOF, PSM, NAIS etc. Aim was to focus on impacts of agriculture on new particle 
formation. Measurements started in March 2019 and are still ongoing. The campaign has been performed in 
collaboration with Tampere University of Applied Sciences. 

CLOUD – CERN 

As in every fall, PANDA contributes to CLOUD experiment in CERN. This year the focus is in ice 
nucleation rather than in new particle formation. CLOUD-14 experiments started in late September 2019. 
Analysis of results from CLOUD-12 and CLOUD-13 has been finalized and publications regarding details 
of e.g. iodic acid nucleation are expected by the end of the year. 
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FRAGMENTATION OF ATMOSPHERIC CLUSTERS IN MASS SPECTROMETERS 

Mass spectrometers such as Atmospheric Pressure interface Time of Flight (APi-ToF) and the Chemical 
Ionization APi-ToF (CI-APi-ToF) are currently the only tools that can be used to detect molecules and small 
clusters involved in the first stages of new particle formation at the low concentration they are present in the 
atmosphere. Understanding cluster fragmentation in these instruments is necessary for retrieving the actual 
ambient cluster distributions from measurements. We have developed a statistical model for the cluster 
fragmentation inside mass spectrometric instruments. In this model, the charged clusters move through the 
Atmospheric Pressure interface (APi) under applied constant and uniform electrical field (defined by the 
settings of the instrument). The fate of cluster is simulated as a random process involving collisions with 
carrier gas, energy transfer and fragmentation. To validate the model, we conducted experiments by 
producing negatively charged sulphuric acid clusters using electrospray Ionization and selected negatively 
charged three acid clusters using a Differential Mobility Analyser to inject into the APi-ToF. We studied 
fragmentation in the three vacuum chambers of the APi where an electric field is applied to guide the ions 
through the interface. We evaluated the effects of the voltages applied to the electrodes to the fragmentation 
rate. Both experiments and simulations indicate clusters are mainly fragmented at the interface between the 
first and second chamber, and the model captures the observed extent of fragmentation well (Zapadinsky et 
al. 2019, Passananti et al. 2019). We have also contributed to a ion mobility-mass spectrometry study of 
iodine pentoxide−iodic acid hybrid cluster anions observed during nucleation events in coastal regions. 
These clusters were shown to be relatively stable against dissociation inside mass spectrometers, and they 
can become sufficiently hydrated for iodine pentoxide to convert to iodic acid. Water sorption beyond this 
level is not significant, indicating that the clusters do not form nanometer-scale droplets in the atmosphere 
(Ahonen et al. 20119). 

CONFIGURATIONAL SAMPLING FOR MOLEUCLAR CLUSTERS 

Configurational sampling has been a main bottleneck in quantum chemical studies of noncovalently bonded 
molecular clusters relevant to the atmosphere, restricting the size and chemical variety of clusters studied. 
We have developed a systematic sequence of preoptimizations, re-optimizations, filtering, 
sampling/selection processes to search for minimum energy configurations using as an example clusters 
containing guanidine and sulfuric acid, which have a large number of different bonding patterns. We present 
a cost-effective strategy for representing hydrogen bonding and proton transfer, that play a key role in 
atmospheric clustering, using rigid molecules and ions in different protonation states (Kubečka et al. 2019)  
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REALISTIC COLLISION KINETICS  

Collisions of molecules and clusters drive atmospheric new particle formation and growth. The collisions 
have usually been described using kinetic gas theory which assumes spherical non-interacting particles, and 
may significantly underestimate the collision rate for most atmospherically relevant molecules due to 
neglect of attractive long-range dipole-dipole interactions which enhance collision probability. We studied 
the statistics of collisions of sulfuric acid molecules in a vacuum using atomistic molecular dynamics (MD) 
simulations. We found that the effective collision cross section of the H2SO4 molecule, as described by an 
optimised potentials for liquid simulation (OPLS) is enhanced by a factor of 2.2 at 300 K compared with 
kinetic gas theory. This value is very close to the enhancement factor deduced from comparison between 
experimental formation rates of clusters containing sulfuric acid and calculated formation rates using hard-
sphere kinetics. We also find that the Langevin model of capture, based on the attractive part of the atomistic 
intermolecular potential of mean force, yields reasonable approximations for the enhancement factor 
(Halonen et al. 2019). 

ATMOSPHERIC PARTICLE FORMATION STUDIES INVOLVING ORGANIC COMPOUNDS 

We have revealed that at ptt level piperazine, an alternative to the widely used monoethanolamine in post-
combustion CO2 capture, can significantly enhance sulphuric acid -based particle formation in the 
atmosphere. The enhancing potential of piperazine is higher than that of dimethylamine and 
monoethanolamine, and but lower than that of putrescine. Participation in the particle formation pathway 
can significantly alter the environmental impact of piperazine compared to only considering oxidation 
pathways, which yield carcinogenic nitrosamines (Ma et al. 2019). We have also contributed to a detailed 
chemistry and aerosol modelling study to investigate the impact of newly formed particles on the aerosol-
cloud-climate system over the Boreal forest in Finland. This study shows for the first time that particle 
formation over the Boreal forest, a phenomenon observed and intensively studied for more than two 
decades, results in a climate warming in case of low to moderated updraft velocities. Until now it has been 
widely assumed that particle formation will cool the planet and thus counteract the effect of greenhouse 
gases (Roldin et al. 2019). 
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INTRODUCTION 

Climate change is one the most challenging global problems, and deeper understanding of its driving forces 

requires full quantification of the greenhouse gas (GHG) emissions and sinks, and the controlling 

mechanisms. This yields for high-precision long-term observations of GHGs. ICOS (Integrated Carbon 

Observation System) is a European scale distributed infrastructure for on-line, in-situ monitoring of GHGs. 

The mission of ICOS is to enable research to understand the GHG perturbations. Through ICOS, we can 

detect changes in regional GHG fluxes, early warning of negative developments and the response of natural 

fluxes to extreme climate events, and reduce uncertainties in Earth System models. ICOS aims to establish 

a template for the future development of similar integrated and operative GHG observation networks beyond 

Europe. 

The ICOS network uses established routines and protocols for observations, and produces long-term, 

continuous and high-quality data for needs of research on climate change and biogeochemical cycles. All 

data produced within ICOS is quality controlled and will be freely, openly and easily available. 

ICOS will reach its full operationality by 2020, when all the current more than 130 stations are labelled, i.e. 

obtaining ICOS certificate, according to commonly agreed standards. ICOS Research Infrastructure (RI) 

consists presently of national networks in 12 countries, including ICOS-Finland. 

ICOS-FINLAND NATIONAL NETWORK 

ICOS-Finland studies the sinks and sources of GHGs in typical boreal ecosystems focusing on coniferous 

forests and peatlands, but including also unique sites of a lake and an urban environment. ICOS-Finland has 

in total 13 measurement sites presently in operation, of which four are Atmospheric stations (ATM), four 

Ecosystem stations (ECO), and five Associated ECO stations (Fig. 1). So far seven stations have received 
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the ICOS label for standardised measurements: Pallas-Sammaltunturi (ATM), Utö (ATM), Hyytiälä 

SMEAR II (ATM), Hyytiälä SMEAR II (ECO), Siikaneva (ECO), Värriö (Associated ECO), Lettosuo 

(Associated ECO). The ECO stations measure turbulent GHG and latent (evapotranspiration) and sensible 

heat fluxes by flux towers, by eddy covariance method (EC) (Aubinet et al., 2012), together with auxiliary 

meteorological, ecophysiological and soil parameters (Franz et al., 2018). The ATM stations measure 

precise concentrations of GHGs above the atmospheric surface layer by tall towers or on the sea shore 

(Rödenbeck et al., 2009). 

 

Fig. 1. ICOS-Finland station network in 2019. 

ICOS-Finland has been established by three national partners – University of Helsinki (UH), Finnish 

Meteorological Institute (FMI), and University of Eastern Finland (UEF). ICOS-Finland has obtained 

funding from the Academy of Finland since 2010. 

ICOS-Finland is part of INAR RI. INAR RI acts as an umbrella RI, taking care of the implementation and 

national coordination of the following ESFRIs (the European Strategy Forum on Research Infrastructures): 

ICOS (Integrated Carbon Observation System), ACTRIS (Aerosol, Clouds, and Trace Gases Research 

Infrastructure), eLTER (European Long-term Ecosystem Research) and AnaEE (Infrastructure for Analysis 

and Experimentation on Ecosystems). INAR RI is on the national roadmap.  

ICOS- Finland within INAR RI brings together top-level scientists studying GHGs and biogeochemical 

cycles, and also provides a platform for facilitating education and training. ICOS- Finland (and the whole 

INAR RI) stresses the importance of the close collaboration between atmospheric physicists and forest and 

environmental scientists, involved in the joint Centre of Excellence and numerous research projects, joint 

teaching and education, and the joint use of RI. ICOS-Finland has connections to major companies in the 

field, e.g. Aerodyne (carbonyl sulphide measurements, USA), NEON Inc. (measurement strategies, USA) 

and LI-COR (GHG measurements; USA). In Finland, several prototypes of gas analyzers have been tested 

under demanding northern field conditions and ICOS expertise has been utilized by St1 energy company in 

its plans to verify afforestation impacts on net carbon uptake. 
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RECENT RESULTS 

The success of Finnish atmospheric and ecosystem research is largely based on the long-term, 

comprehensive and continuous data. The longest methane (CH4) EC flux record of 13 years is measured at 

Siikaneva (ECO), and the longest carbon dioxide (CO2) EC flux record on a lake is 7 years data from Lake 

Kuivajärvi (Associated ECO). ICOS Finland is a pioneer in Finland in harmonisation and standardisation 

of GHG flux and concentration measurements, and in combining measurements of greenhouse gas 

concentrations and surface fluxes. The expertise of ICOS-Finland (UH and FMI) has been utilized in 

establishing two flux towers in Siberia: one on a West-Siberian peatland site being the only flux tower in 

the core of the West-Siberian plateau (Alekseychik et al. 2017), and the other one on coastal tundra zone in 

north-eastern Siberia, at the seashore of Laptev Sea (Tuovinen et al. 2019). 

Researchers and technicians of ICOS-Finland have played a significant role in standardization of in-situ 

observations. A standard for EC measurements has been submitted to the World Meteorological 

Organisation (WMO), and ECO station protocols were published in the format of scientific articles in the 

open-access journal International Agrophysics (http://www.international-agrophysics.org/Issue-4-

2018,7048) in 2018. 

New research publication within ICOS-Finland concluded that clear-cutting at Lettosuo (Associated ECO 

site) drained peatland forest results in large CO2 emissions (Fig 2.; Korkiakoski et al. 2019). Before the 

harvest, the annual NEE at the site was close to zero. The soil turned into a small source of CH4 and a 

substantial source of N2O – this change produced a 100-year GWP of about 10% of that due to the increased 

NEE at the site. 

 

Fig. 2. a) Net ecosystem exchange (NEE; daily means from eddy covariance) at the clear-cut area, and forest floor 

fluxes of (b) CH4 and (c) N2O (hourly means from soil chambers) at the clear-cut (black) and control (green) areas at 

Lettosuo (Associated ECO) drained peatland forest. The time of the clear-cutting is shown by the red vertical line.  
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At ICOS-Finland urban site Kumpula (Associated ECO site), together with planned new ICOS-Finland site 

in the Helsinki city centre, biogenic and anthropogenic CO2 emissions in Helsinki were studied by a surface-

flux model (Surface Urban Energy and Water Balance Scheme) and EC (Järvi et al. 2019). Distinct spatial 

variation in the CO2 was demonstrated (Fig. 3). In Kumpula, traffic is the dominant CO2 source but 

summertime vegetation partly offsets traffic‐related emissions. In the city centre, emissions from traffic and 

human metabolism dominate and the vegetation effect is minor due to the low proportion of vegetation 

surface cover (22%). 

 

Fig. 3. Annual cumulative (a) net CO2 flux (Fc), (b) photosynthesis (Fpho), (c) respiration (Fres), and (d) biogenic net 

CO2 (Fc,bio) flux for 2012. All have units g C m−2 year−1, but scale differs between maps. (Järvi et al. 2019) 

FUTURE PERSPECTIVES 

The rest of the measurement stations of ICOS-Finland are estimated to obtain the official ICOS label by 

spring 2020. New possible sites planned for the next 5-years (2020–2024) are: agricultural site SMEAR-

Agri (ECO Class 2), Helsinki city centre Torni (urban), Tvärminne sea shore, Siikaneva 2 (bog), Hyytiälä 

forest clear-cut site, restored peatland site (these 5 would be Associated ECO sites), as well as M/S Silja 

Serenade (ocean). Also there is a tentative plan to upgrade Siikaneva (fen) from Class 2 to 1. 
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INTRODUCTION 

 
The coupling of the Earth's surface and the overlying atmosphere through mass and energy fluxes has an 
important role in atmospheric chemistry and physics in addition to boundary layer meteorology and 
ecosystem research. Micrometeorology, Greenhouse gases and Biogeochemical cycles group of University 
of Helsinki aims at increasing the fundamental understanding of biosphere-atmosphere interactions in 
different ecosystems and to apply the gained information for practical applications and purposes. The 
group has a comprehensive experience on ecosystem scale flux measurements carried out by means of 
micrometeorological techniques. Long term and continuous measurements are performed over forest, 
peatland and freshwater ecosystems and in urban environment. The work is done in close co-operation 
with other FCoE research teams from University of Helsinki (Ecosystem processes, Soil Dynamics), from 
Finnish Meteorological Institute (Greenhouse gases), as well as with other national and international 
collaborators. In 2017 a new University of Helsinki project ATMATH started, which is strengthening 
collaboration between profs. Antti Kupiainen and Matti Lassas (both in Department of Mathematics and 
Statistics) and prof. Hanna Vehkamäki. We report below summaries of recent research studies and 
activities performed within the group. 
 
 

METHODOLOGICAL ASPECTS AND DEVELOPMENTS 
 
Advances in Eddy Covariance method 
During last year the research group has been actively involved in several activities related to greenhouse 
gas (GHG) measurement techniques, protocols and data harmonization within ICOS and other 
international projects. The work includes advances in the eddy covariance (EC) method for methane and 
nitrous oxide (Nemitz et al., 2018), advances in eddy covariance (EC) data processing (Sabbatini et al, 
2018; Montagnani et al, 2018) and standardization of flux tower setup (Rebmann et al, 2018).  
 
The EddyUH software, developed in our group, is the state of art tool for EC flux data processing, and at 
moment counts more than 400 external users. In a recent study (Mammarella et al., 2016), we have carried 
out an inter-comparison between EddyUH and EddyPro (the software developed by LI-COR Biosciences), 
aiming to estimate the flux uncertainty due to the use of different software packages and to evaluate the 
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most critical processing steps, determining the largest deviations in the calculated fluxes. In recent study 
(Rannik et al., 2016), we have reviewed different methods used to estimate random uncertainties of flux 
measurements by the eddy covariance technique using measured turbulent and simulated artificial records.  
 
Finally, an international field instrument intercomparison was implemented at Lake Vanajavesi (Finland) 
in January-May 2016 (Potes et al., 2017) and at Alqueva Reservoir (Portugal) in June-September 2017. 
The aim is to evaluate the performance of a new eddy covariance (EC) instrument called IRGASON 
(Campbell Scientific), with a separated and standard EC system for reference (Metek + LI-7200). The 
IRGASON integrates an open-path gas analyzer and a sonic anemometer into the same sensing volume, 
thus eliminating sensor separation in comparison to the traditional open-path EC setup. However, the first 
studies made using the IRGASON yielded some unrealistic results (e.g. night-time CO2 uptake over lakes 
and vegetation), which seems to be related to a “missing” gas analyser spectroscopic correction (Bogoev 
et al., 2014). 
 
 

ECOSYSTEM PROCESSES AND FLUX STUDIES 
 
Boreal forest and carbonyl sulphide flux 
The long-term dynamics of the biospheric exchange of (carbonyl sulphide) COS is partly unknown. We 
conducted the first long-‐‑term, ecosystem-‐‑level COS  flux measurements with eddy covariance technique 
in a boreal pine forest covering 32 months, over 5 years. Fluxes from hourly to yearly scales are reported 
and the aim is to reveal controlling factors and the level of inter-annual variability. The spring recovery of 
the flux is mostly governed by the air temperature and the onset of the uptake varied 2 weeks. The 
significant reduction of the summer COS flux under large water vapour pressure deficit occurred, which is 
reported here the first time at the ecosystem scale. The maximum COS uptake varied 13 % and its timing 
varied by 7 weeks. The fraction of the nocturnal uptake remained 21% at maximum. We observed the 
annual (April-August) average net uptake of COS totaling 62.3 (gS/ha) with 48 % variability. 
 
Greenhouse gas exchange over lake 
Freshwaters bring a notable contribution to the global carbon budget by emitting both carbon dioxide 
(CO2) and methane (CH4 ) to the atmosphere. Since 2010 our research activities is carried out at the 
comprehensive and unique measurement platform Lake-SMEAR, located in the small boreal Lake 
Kuivajärvi, close to Hyytiälä Forestry Field Station in Southern Finland. Lake-SMEAR includes direct 
and indirect flux measurements of CO2 and CH4 and other auxiliary measurements over the lake and in the 
water (Mammarella et al., 2015). We aim to assess the current global CO2 evasion estimates from lakes to 
the atmosphere by comparing parameterizations for gas transfer velocity k and the significance of wind 
and heat flux to the gas transfer especially in small lakes (Heiskanen et al, 2014). Global estimates of 
freshwater emissions traditionally use a wind speed based gas transfer velocity k (e.g. Cole and Caraco, 
1998), for calculating diffusive flux with the boundary layer method (BLM). Such simple 
parameterizations are also often used in lake models including carbon cycle related processes (e.g. 
Stepanenko et al., 2016). For slightly soluble gases, like CO2 and CH4, k is mainly controlled by water-
side turbulence. We investigate the relationship between water-side turbulence and the air-water gas 
transfer velocity k using in-situ measurements performed at Lake Kuivajärvi in Southern Finland. Direct 
measurements of water-side turbulent velocity fluctuations were obtained with an Acoustic Doppler 
Velocimeter (ADV), from which water surface dissipation of turbulent kinetic energy (e) was calculated. 
Simultaneous observations of k were obtained using measurements of CO2 and CH4 fluxes performed with 
eddy covariance and floating chamber methods, together with dissolved gas concentrations (pCO2 and 
pCH4) measured at the water surface. Field measurements of k are compared to the small-eddy model and 
other theoretical approaches, which relate the efficiency of a gas to escape from the water-air interface 
(e.g. the gas transfer velocity) to near-surface water turbulence expressed, for an homogenous surface 
layer, by e (Mammarella et al., 2019). Other recent studies include two important aspects: 1) the effect of 
water clarity on thermal stratification of a lake, which in turn affects lake-atmosphere heat exchange and 
further gas transfer (Heiskanen et al., 2015); 2) comparison of fluxes of CH4 and CO2 measured during a 

130



two week campaign at Lake-SMEAR using different techniques, including eddy covariance, floating 
chambers, and direct measurements of water turbulence and k (Erkkilä et al., 2018). The agreement 
between different methods were fairly good, and recent parameterizations for k, including both wind and 
heat fluxes (Heiskanen et al., 2014; Tedford et al., 2014), were superior in comparison with more simple 
ones (e.g. Cole and Caraco, 1998).  
 
Campaign at River Kitinen 
Whereas the database of (long-term) direct greenhouse gas (GHG) flux measured by the eddy-covariance 
technique is consistently growing for lakes, the list of published datasets for rivers is limited to 30 days on 
a boreal river. However, direct measurements and accompanying process studies are inevitable to fill the 
gaps in knowledge. We conducted a river case study based on a joint measurement campaign (KITEX) in 
June-September 2018 at River Kitinen, Sodankylä, Finland, aiming to improve our understanding of river-
atmosphere GHG exchange. The campaign followed a multi-method approach addressing turbulent GHG 
fluxes, water turbulence and chemistry, gas concentrations in the water, limnological parameters and 
catchment sampling. The campaign formed also a proof of concept for the respective methodology. We 
also evaluated the bulk transfer approaches for H and LE fluxes using EC flux measurements. The aim is 
to contribute to the understanding of the driving processes and magnitudes of H and LE exchange over 
rivers and to further constrain how different heat flux components contribute to the energy balance of a 
river. Results shall contribute to a better representation of the physical processes and dynamics of river 
turbulent heat fluxes within regional and global modelling. 
 
West Siberia peatland flux measurements 
In order to fill one of the major observational gaps, we have established recently a new eddy covariance 
flux tower at the raised bog wetland site at the Mukhrino field station in Khanty–Mansi Autonomous 
Okrug (Russia). The flux tower for energy, carbon dioxide fluxes is the first one in West Siberian 
peatlands (with the nearest one being ZOTTO 1000 km to the east). The fluxes obtained in summer-2015, 
combined with the available meteorological, soil and vegetation data are used to study the diurnal and 
seasonal variations of fluxes, as well as to determine ecosystem annual budgets of energy and carbon at 
this typical Siberian middle taiga bog site (Alekseychik et al., 2017). The measurements continued in 
2016. In 2018, a CH4 open-path analyser was added to the EC system, and currently flux measurements 
until 2019 are analysed (Mammarella et al, this issue). 
 
Greenhouse gas fluxes from peatland forestry 
In Finland, drained peatlands are an important part of the operational forestry with their areal share of total 
forestry land of 25%. We have studied the impacts of traditional forestry regeneration, i.e. clear-cutting, 
on the GHG and energy fluxes in Lettosuo site in Tammela, southern Finland, using the eddy covariance 
and chamber methods (Korkiakoski et al., 2019). According to the 2-year study following the clear-cut, 
the CO2 emissions from the clear-cut area are huge and overwhelm the N2O emissions, which are also 
considerable if compared to the situation before the clear cut, in terms of global warming potential.  
 
We have also established a new measurement site on a nutrient rich peatland forest, Ränskälänkorpi in 
Asikkala in cooperation with the Natural Resource Institute Finland. The eddy covariance fluxes of CO2 
are measured on top of a 29 m telescopic mast. In addition, six automatic chambers are monitoring the 
fluxes of CO2, CH4 and N2O from the soil. Both Lettosuo and Tammela sites will be, together with 
Hyytiälä site, part of the new Academy of Finland project BiBiFe, lead by prof. Jaana Bäck, which will 
study the biophysical and biogeochemical impacts of forest harvesting or thinning.  
 
 

LABORATORY STUDIES 
 

Modelling of water vapour exchange by plants 
Vesala et al. (2017) theoretically showed that high water tension inside trees can cause transpiration to 
turn into the condensation of the water vapour from atmosphere inside to the stomata even below 100 % 
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relative humidity. To confirm the hypothesis, we performed a chamber experiment using laboratory 
facilities provided by TOMCAT synchroton beamline at Paul Scherrer Institute (PSI) in Switzerland. This 
beamline is developed for a micro-structural imaging of biological matters and reconstructed CT scans 
provide a detailed information of the internal structure of the sample. A pine needle was placed inside a 
small flow-through chamber (volume ~0.5 dl). The CT scan was first performed at room humidity (~40 
%). Then, the humid air (RH ~97 %) was led through the chamber for one hour and scanning was 
repeated. By comparing the results, we were able to calculate the increase of water volume inside the 
puffed needle. The preliminary results show that the water uptake of the needle was ~8 %. The value is 
surprisingly similar to the results of Limm et al. (2009) who reported that submerging a leaf in water for 
180 minutes can increase the leaf water content by 2-11 % depending on the species. 
 

 
MODELLING STUDIES 

 
Modelling of the urban atmosphere 
Urban areas cause a challenge for atmospheric modelling due to the highly variable surface form and 
function. These include the 3-dimensional roughness elements, such as buildings and trees, and 
anthropogenic activities creating highly spatially variable emission sources. In recent study we examined 
the spatial and temporal variations of local-scale CO2 emissions in central Helsinki (Järvi et al. 2019) 
using land surface model SUEWS (Surface Urban Energy and Water balance, Järvi et al. 2011). The 
results show traffic being the largest CO2 source with highly spatially variable emission pattern. The 
second largest contributor to CO2 emissions is human metabolism because of the large amount of 
commuters in central Helsinki on workdays. The same model was also used to examine long term changes 
in urban water balance in Vancouver, Canada (Kokkonen et al. 2018), and the effect of haze on urban 
hydrological cycle in Beijing (Kokkonen et al. 2019). The latter study found an increase in low 
precipitation events but not on appearance of flash floods.  
 
The most promising tool to model urban atmosphere is large eddy simulation (LES) which can account for 
the complex structure of urban surfaces. We use and participate to the development of LES model PALM 
(Maronga et al. 2015) with the focus particularly on the high spatial and temporal variability of air quality 
within urban landscapes (Kurppa et al. 2018). We have added sectional aerosol module to PALM and 
good correspondence is found with size distribution observations in Cambridge, UK (Kurppa et al. 2019). 
 
Wetland methane model 
We developed a model of peatland methane emissions, HIMMELI (HelsInki Model of MEthane buiLd-up 
and emIssion) that simulates fluxes of CH4, CO2 and O2 between peatland and the atmosphere (Raivonen 
et al. 2017, Peltola et al. 2018, Susiluoto et al. 2018). It is not a full model of peatland carbon cycling but 
can be used as the CH4 emission module of e.g. a biosphere model. Currently, we are using combination 
of HIMMELI and JSBACH, the land surface model of MPI-ESM (Kleinen et al. 2019), for several studies 
done in collaboration with the Carbon Cycle group of FMI. 
 
In order to validate the CH4 and CO2 fluxes simulated by the JSBACH+HIMMELI combination on 
pristine peatlands, we are running site-level simulations on a set of temperate and boreal peatland sites. 
Preliminary results show reasonable agreement between the modelled and observed fluxes. 
JSBACH+HIMMELI is used in larger scale as well, for simulating CH4 emissions of European pristine 
peatlands in project VERIFY that aims to develop a system to estimate GHG emissions to support 
countries’ emission reporting. As drained, managed peatlands are a major source of GHG emissions, we 
are also developing the model combination to be able to reliably simulate GHG fluxes of forested and 
agricultural peatlands and the effects of different management practices on the emissions. 
 
As part of the global fluxnet CH4 synthesis work, facilitated by the U.S. Powell center, we have recently 
started elaborating the HIMMELI model to make it applicable for partitioning a given flux of methane into 
oxidation and production. Such partitioning would be highly helpful to better understand the dynamics of 
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net CH4 emission, and the environmental variables controlling it and explaining the site-to-site differences. 
 

ACKNOWLEDGEMENTS 
 
The financial supports by the Academy of Finland Centre of Excellence program (project no 272041), 
Academy of Finland projects ICOS-FINLAND, Academy Professor projects (1284701 and 1282842) and 
EU projects RINGO and VERIFY are gratefully acknowledged.  
 
 

REFERENCES 
 
Alekseychik, P., Mammarella, I., Karpov, D., Dengel, S., Terentieva, I., Sabrekov, A., Glagolev, M., and 

Lapshina, E.: Net ecosystem exchange and energy fluxes measured with eddy covariance 
technique in a West Siberian bog. Atmos. Chem. Phys., 17, 9333-9345, doi:10.5194/acp-2017-43, 
2017. 

Erkkilä, K.-M., Ojala, A , Bastviken, D., Biermann, T., Heiskanen, J. J., Lindroth, A., Peltola, O., 
Rantakari, M., Vesala, T., and Mammarella, I.,: Methane and carbon dioxide fluxes over a lake: 
comparison between eddy covariance, floating chambers and boundary layer method, 
Biogeosciences, https://doi.org/10.5194/bg-15-429-2018, 2018. 

Järvi, L., Rannik, Ü., Kokkonen, T.V, Kurppa, M., Karppinen, A., Kouznetsov, R.D., Rantala, P., Vesala 
T., Wood, C.R. (2018). Uncertainty of eddy covariance flux measurements over an urban area 
based on two towers. Atmos. Meas. Tech.11, 5421-5438, doi: 10.5194/amt-11-5421-2018. 

Järvi, L., Havu, M., Ward, H.C., Bellucco, V., McFadden,  J.P., Toivonen, T., Heikinheimo, V., Kolari, P., 
Riikonen, A., Grimmond, C.S.B., (2019). Spatial modelling of local-scale biogenic and 
anthropogenic carbon dioxide emissions in Helsinki. J. Geophys. Res. – Atmospheres 124, doi: 
10.1029/2018JD029576. 

Kleinen, T., Mikolajewicz, U. and Brovkin, V. (2019). Terrestrial methane emissions from Last Glacial 
Maximum to preindustrial. Climate of the Past Discussions, doi: 10.5194/cp-2019-109. 

Kokkonen, T.V., Grimmond, C.S.B., Oke, T., Christen, A., Järvi, L. (2018). The effect of urbanization and 
densification on long-term water balance in Vancouver. Water Resour. Res. 54 (9), 6625-6642, 
doi: 10.1029/2017WR022445. 

Kokkonen, T.V., Grimmond, C.S.B., Murto, S., Liu, H., Sundström, A.-M., Järvi, L. (2019). Simulation of 
effect of the radiative effect of haze on the urban hydrological cycle using reanalysis data in 
Beijing. Atmos. Chem. Phys. 19, 7001-7017, doi: 10-5194/acp-19-7001-2019. 

Korkiakoski M., Tuovinen J.-P., Penttilä T., Sarkkola S., Ojanen P., Minkkinen K., Rainne J., Laurila T. 
and Lohila A. (2019). Greenhouse gas and energy fluxes in a boreal peatland forest after 
clearcutting. Biogeosciences, 16, 3703–3723, https://doi.org/10.5194/bg-16-3703-2019. 

Kurppa, M., Hellsten, A., Roldin, P., Kokkola, H., Tonttila, J., Auvinen, M., Kent, C., Kumar, P., 
Maronga, B., Järvi L. (2019). Implementation of the sectional aerosol module SALSA2.0 into the 
PALM model system 6.0: Model development and first evaluation. Geosci. Mod. Dev. 12, 1403-
1422, doi: 10.5194/gmd-12-1403-2019. 

Kurppa, M., Hellsten, A., Auvinen, M., Vesala, T., Raasch, S., Järvi, L. (2017). Ventilation and Air 
Quality in City Blocks Using Large Eddy Simulation - Urban Planning Perspective. Atmosphere 
9 (2), 65, doi: 10.3390/atmos9020065. 

Limm, E. B., Simonin, K. A., Bothman, A. G., and Dawson, T. E. (2009). Foliar water uptake: a common 
water acquisition strategy for plants of the redwood forest. Oecologia, 161(3), 449–459. 
doi:10.1007/s00442-009-1400-3. 

Mammarella, I., A. Vähä, K.-M. Erkkilä, J. Heiskanen, A. Ojala, M. Rantakari, T. Vesala  and G. Katul, 
(2019). In-situ evaluation of the relationship between lake surface turbulence and air-water gas 
transfer velocity at a small lake in Finland. Manuscript 

Montagnani, L., Grünwald, T., Kowalski, A., Mammarella, I., Merbold, L., Metzger, S., Sedlak, P. and 
Siebicke, L., 2018. Estimating the storage term in eddy covariance measurements: the ICOS 
methodology. Int. Agrophys., 32, 551-567. doi: 10.1515/intag-2017-0037. 

133



Nemitz, E., Mammarella, I., Ibrom, A., Aurela, M., Burba, G., Dengel, S., Gielen, B., Grelle, A., 
Heinesch, B., Herbst, M., Hörtnagl, L., Klemedtsson, L., Lindroth, A., Lohila, A., McDermitt, 
D.K., Meier, P., Merbold, L., Nelson, D., Nicolini, G., Nilsson, M.P., Peltola, O., Rinne, J., and 
Zahniser, M., 2018. Standardization of eddy covariance flux measurements of methane and 
nitrous oxide. Int. Agrophys., 32, 517-549. doi: 10.1515/intag-2017-0042. 

Peltola, O., Raivonen, M., Li, X., and Vesala, T (2018). Technical note: Comparison of methane ebullition 
modelling approaches used in terresterial wetland models. Biogeosciences, 15, 937-951, doi: 
10.5194/bg-15-937-2018. 

Raivonen, M., Smolander, S., Backman, L., Susiluoto, J., Aalto, T., Markkanen, T., Mäkelä, J., Rinne, J., 
Peltola, O., Aurela, M., Lohila, A., Tomasic, M., Li, X., Larmola, T., Juutinen, S., Tuittila, E.-S., 
Heimann, M., Sevanto, S., Kleinen, T., Brovkin, V., and Vesala, T. (2017). HIMMELI v.1.0: 
HelsinkI Model of MEthane buiLd-up and emIssion for peatlands. Geoscientific Model 
Development, 10, 4665-4691, doi: 10.5194/gmd-10-4665-2017. 

Rebmann, C., Aubinet, M., Schmid H.P., Arriga, N., Aurela, M., Burba, G., Clement, R., De Ligne, A., 
Fratini, G., Gielen, B., Grace, J., Graf, A., Gross, P., Haapanala, S., Herbst, M., Hörtnagl, L., 
Ibrom, A., Joly, L., Kljun, N., Kolle, O., Kowalski, A., Lindroth, A., Loustau, D., Mammarella, 
I., Mauder, M., Merbold, L., Metzger, S., Mölder, M., Montagnani, L., Papale, D., Pavelka, M., 
Peichl, M., Roland, M., Serrano-Ortiz, P., Siebicke, L., Steinbrecher, R., Tuovinen, J.-P., Vesala, 
T., Wohlfahrt, G. and Franz, D., 2018. ICOS eddy covariance flux-station site setup: a review. 
Int. Agrophys., 32, 439-455. doi: 10.1515/intag-2017-0044. 

Sabbatini, S., Mammarella, I., Arriga, N., Fratini, G., Graf. A., Hörtnagl, L., Ibrom, A., Longdoz, B., 
Mauder, M., Merbold, L., Metzger, S., Montagnani, L., Pitacco, A., Rebmann, C., Sedlak, P., 
Sigut, L., Vitale, D. and Papale, D., 2018. Eddy covariance raw data processing for CO2 and 
energy flux calculation at ICOS ecosystem stations. Int. Agrophys., 32, 495-515. doi: 
10.1515/intag-2017-0043. 

Susiluoto, J., Raivonen, M., Backman, L., Laine, M., Mäkelä, J., Peltola, O., Vesala, T., and Aalto, T. 
(2018). Calibrating a wetland methane emission model with hierarchical modeling and adaptive 
MCMC. Geoscientific Model Development, 11, 1199-1228, doi:10.5194/gmd-11-1199-2018. 

Vesala, T., Sevanto, S., Grönholm, T., Salmon, Y., Nikinmaa, E., Hari, P. and Hölttä, T. (2017) Effect of 
leaf water potential on internal humidity and CO2 dissolution: Reverse transpiration and improved 
water use efficiency under negative pressure. Front. Plant. Sci. 8:54, doi: 
10.3389/fpts.2017.00054. 

 
 
 
 

 

134



FOCUS OF THE RESEARCH OF UEF TEAM, YEAR 2019 

A. Virtanen1, T. Yli-Juuti1, S. Schobesberger1, K. Lehtinen1, S. Mikkonen1 

1Department of Applied Physics, University of Eastern Finland, Yliopistonranta 1, 70210 Kuopio, Finland  

Keywords:   SOA, AEROSOL-CLOUD INTERACTION, VOC OXIDATION 

INTRODUCTION 

The persistent uncertainties related to aerosol radiative forcing in the changing climate can be related both 
to unknowns in process level details, and to the gap between the detailed understanding of processes, and 

their representation in large scale models. Hence, systematic work connecting process level information and 

large scale models is needed to take the step from understanding atmospheric aerosol properties and loadings 
to quantifying their true impact on climate forcing. Recently, the aim of our activities at UEF have been 

directed to bridge this gap especially for aerosol-cloud interaction, and our methodological starting point of 

the process-level experimental investigations have been strongly guided by and conducted with the ultimate 

aim of improving climate models and reducing uncertainty. 

METHODS 

Our methodological tool pack is spanning from carefully planned laboratory scale measurements and 
process modelling targeted to investigate the central aerosol properties (e.g. Buchholz et al., 2019, Li et al., 

2019, Tikkanen et al., 2019, Schobesberger et al., 2018, Mohr et al., 2019, D’Ambro et al, 2019) to aerosol-

climate modelling (Kuhn et al., 2019), intensive field campaigns, and long term atmospheric observations 
combining the remote sensing and in-situ measurements (e.g. Yli-Juuti et al., 2019, Leinonen et al., 2019). 

Our main research topics are related to atmospheric organic aerosols, from precursor vapour emissions to 

aerosol-cloud interaction. In our laboratory studies we are focusing for example on the investigations of the 
effect of complexity of precursor gases (e.g. real plant emissions, or combustion emissions) on the properties 

of formed aerosol or on the yields of specific precursors (Kari et al., 2019, Ylisirniö et al., 2019). We are 

currently improving our capabilities to use novel statistical analysis methods both in laboratory and 

atmospheric data analysis (Joutsensaari et al., 2018, Mikkonen et al., 2019, Isokääntä et al., 2019). A good 
example of our “bridging the scales” approaches is our development of new methods to quantify the vapour 

pressures of organic oxidation products by combining laboratory measurements and process modelling. The 

process level information is then implemented both to the process models to investigate the effects of 
uncertainties in volatility on the number of CCN formed in the atmosphere, and to large scale climate models 

(ECHAM) to investigate the effect of volatility description on aerosol forcing. One of our special focus 

areas is to combine the mitigation policies and climate models to increase the societal relevance of our 

research (Kühn et al., 2019). 

COLLABORATION 

The group’s excellent research facilities and wide collaborative network allow us to integrate the laboratory 
and outdoor measurements with theories and models in order to understand and predict the impacts of 

human-caused and natural changes on climate. Our main collaborators related to the current and near future 

activities are listed below:  
 

 FCoE teams 

 Prof. Ilona Riipinen, Stockholm University, Sweden 

 Prof. Douglas Worsnop, Aerodyne Research, USA 

 Prof. Joel Thornton, University of Washington, USA 
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 Prof. Heikki Junninen, University of Tartu, Estonia 

 Prof. Gordon McFiggans, University of Manchester; Great Britain 

 Prof. Frank Stratmann, Leibniz Institute for Tropospheric Research, Germany 

 Prof. Imre Salma, Eötvös Loránd University, Hungary 

 Assoc. Prof. James Blande, UEF, Finland 

 Prof. Kati Kulovesi, UEF, Finland 

 Assoc Prof. Aku Seppänen, UEF, Finland 

 H2020 project FORCeS Team 

 CLOUD collaboration 
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INTRODUCTION  
 

In our ever faster changing world, in addition to population and economic growth also the environmental 

crises are accelerated. Solving the climate and sustainability emergencies demands a rapid response from 
human societies (IPCC, 2018). Not only do we need to urgently rebuild our fossil-based energy production, 

industry, transportation and agriculture, but a critical examination of many prevailing societal and economic 

paradigms seems unavoidable. In managing such revolutionary social systemic transition in the required 
brief timeframe, comprehensive education of citizens in climate and sustainability issues is a key to change, 

specifically in democratic states and societies. 

 

Although a traditional forerunner in the field of education, also Finland needs to create a solid program for 
climate change and sustainability education of its citizens. To date, a multitude of inspiring individual 

projects and programs have sprung up in the recent few years, and individual higher education courses exist 

in the Finnish universities (Liljeström and Monni, 2015), but their scale and reachability remains on average 
limited and is often constrained in funding and/or expertise. Specifically in higher education, silo mentality 

and lack of multidisciplinarity remains a challenge in climate education (Lehtonen and Cantell, 2015). Thus, 

wider and more comprehensive programs on climate change and sustainability education are needed to bring 

together the best practices, ideas and experts and to pool contributions of individual actors for improved 
resource efficiency and maximal societal impact. 

 

Recently, the nationwide Climate University project (blogs.helsinki.fi/climateuniversity) was established to 
advance climate and sustainability in Finnish higher education, in collaboration with schools and the 

working life. To accommodate the wide variety of needs of universities, students and teachers from all parts 

of Finland, online learning and digital materials were chosen as the basis for the new climate education. All 
learning materials would also be open access to maximise their outreach and availability. These principles 

were already piloted in the Climate.now project in 2016 (www.climatenow.fi) and the Climate.now courses 

are currently run in seven universities in Finland (Martikainen, 2019). Considering the high-level expertise 

and resources available from all the major participating universities, we foresee Climate University has the 
potential to thoroughly reshape and re-create the Finnish climate education field.     

 

METHODS 
 

To incorporate the finest ideas both from inside and outside of the academic community, collaborative re-

imagining was selected as the working method for creating the new climate and sustainability education 
schemes. To accomplish gathering the experts’ ideas, a workshop was held where major themes of climate 

education were discussed, starting from the question of “what kind of expertise (education) is needed in the 

near future, in order to answer the challenges of climate change and sustainability?” From the talks, a 

preliminary list of important topics (see the Results section) was compiled. 
 

This preliminary agenda was then expanded and elaborated on, in the form of ‘needs assessment’ survey for 

the Climate University community. This comprehensive survey, conducted in January to March 2019, 
received 49 responses and yielded useful quantitative data and comments for planning of the activities and 

materials of the Climate University program. The survey and its results, summarised in Results, are available 
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in more detail in the needs assessment report (Äijälä, 2019), available online. Based on the results of the 

survey, plans for activities and materials of the Climate University were then drafted.   

 
The core of the Climate University program consists of 9 workshops for further educating teachers and staff 

in higher education and in collaborating schools, NGO’s and private sector. Overall, two large massive open 

online courses (MOOCs) would be produced along with smaller courses and additions to existing climate 
education online materials. Within these frames, the Climate University community was given rather free 

hand to decide how to best advance climate education. 

 

RESULTS & DISCUSSION  
 

From the preliminary talks in the opening workshop of Climate University, the following important 

themes emerged:  
 

Multidisciplinarity – crossing the traditional borders of natural (or technical, engineering) vs human 

(sociological) sciences is necessary. 

Holistic understanding of the grand challenges is required, and specifically, systems thinking is 

important. It is important to try to see the bigger picture and not look at the challenges from a single, 

narrow angle. 

Impactful decisions are based on data and statistics, to but it is equally important to keep in mind the 

personal, human perspective (choices, values, ethics, and principles) and create an emotional 

connection to the challenges, to bring about change in the society. 

Science communication is key. Academic knowledge needs to be communicated to the decision 

makers, but academics equally need to understand political decision-making. 

Including the private sector and markets in answering the challenges and considering finances and the 

economics is needed, and (green technology) business opportunities and innovations need to be 

recognized. However, focusing too much on innovations and technical solutions may hinder grasping 

the bigger picture of the challenges. 

Consumer perspective is important to consider – green choices need to be made easy. Sustainability 

education (in e.g. circular economy) in schools is necessary, to educate responsible citizens and 

customers of the future. 

 

These were then further charted in the needs assessment survey, which surveyed the estimated education 

material needs and expertise of the participants’ organisations. Additionally, open format text answers were 
allowed for commenting the themes and planned activities of Climate University and for proposing new 

ideas and themes additional to those mentioned above. Based on the analysis of the survey answers, the 

following themes and suggestions stood out (Äijälä, 2019):  (1) inter-disciplinarity and holistic 

understanding were considered the ones with most pressing need for education material. In connection to 
these, systemic thinking was often specifically mentioned. (2) An “introduction to sustainability” type of 

course was proposed in multiple open answers, as it seems this type of a basic course is missing from many 

university level curricula. (3)  A project course for collaboration between universities and the private sector, 
as well as (4) an online course on the basics of climate change for high schools were both considered 

necessary from the perspective of encouraging interactions between the academia and other equally 

important sectors of the society. Finally, there were several suggestions for smaller, additional material 
packages (5) on topics such as: science communication, Arctic or Nordic perspectives, scientific basis of 

climate change, values and ethics modules, statistical tools and data course, climate anxiety and philosophy, 

nexus of sustainable development goals. 
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To accommodate the list of topics highlighted by the survey participants, plans for the following new 

Climate University courses were drafted (Table 1). 

 
 

Course name Topic Size Level Themes 

Systemschange.now Systems thinking in global  
challenges. 

5 cr Master Systemic change,multidisciplinarity, holism,  
impactful decisions 

Sustainable.now Introduction to sustainability  
in climate change 

5 cr Bachelor Multidisciplinarity, values and ethics, 
consumer perspective, citizen responsibility 

Solutions.now Project course in 

private sector collaboration 

5 cr Master Private sector and markets, 

Consumer perspective 

Climate.now for schools High school level course 
on basics of climate change 

2 cr High school Multidisciplinarity,  values and ethics, 
sustainability education, science communication 

Climate data and statistics Statistical tools for 
analysing climate data 

5 cr Master Data and statistics 

Science communication Science communication 
in climate topics 

1 cr Bachelor Science communication, values and ethics 

 

Table 1. Climate University program new courses and their basic information. 
 

 

The proposed courses thus cover the topics highlighted in the needs assessment and offer a solid foundation 

for climate education in Finnish higher education, while also contribution to climate and sustainability 
education in schools and the private sector. Additionally to the new courses and education materials, Climate 

University also provides additional, continuous education, and has helped educate hundreds of teachers, 

experts, workers and students in workshops organised across Finland. The Climate University community 
has already formed an active network of Finnish higher education organisations and active collaborators 

rom high schools, NGOs and private companies. 

 

While the work for renewal of climate education is still ongoing, the Climate University program is off to a 
promising start. The agenda to design future climate education in an open, transparent and inclusive way 

has certainly encouraged openness, new thinking and genuine collaboration across the traditional academic 

silos – something that is not be taken for granted.  
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INTRODUCTION

Boreal forests are the most significant source of volatile organic compounds (VOCs) in Northern Europe,
emissions originating both from trees and forest floor. The VOCs are reactive trace gases that participate in
chemical reactions in the atmosphere, thus affecting aerosol formation and climate.

In field conditions, VOC emissions are typically measured on top of the tree canopies, under unshaded
conditions (for example Aalto et al. 2014; 2015). However, the responses of VOC synthesis and emissions
on environmental factors lower in the canopy may differ from those detected under unshaded conditions,
mainly because the needles lower in the canopy have physically and physiologically acclimated to different
conditions than those located upper in the canopy.

The overall aim of this study was to characterize the spatial variability of VOC emissions from different
parts of Scots pine canopy and explain the processes and phenomena affecting those.

METHODS

Measurements were conducted at SMEAR II measurement station, in Southern Finland. A dynamic shoot
enclosure equipped with eight light sensors and temperature sensor was installed to lower part of the canopy,
and the detected VOC emission rates were compared to those measured on top of the canopy. Proton transfer
reaction – quadrupole mass spectrometer was used as VOC detector. The measurements were continued
over several days, after which the enclosure located lower in the canopy was moved to another location to
the canopy. In total, five data sets were measured during two summers, in 2011 and 2013.

RESULTS

Acetaldehyde and acetone emission rates were comparable between the lower parts of canopy and top of
the canopy (fig. 1). Methanol emission rates were comparable in 2013, but in 2011 the pine shoot located in
top of the canopy emitted clearly higher amounts of methanol than those located lower in the canopy (fig.
1). Monoterpene emission rates were comparable in 2011, but in 2013 the pine shoots located in lower parts
of the canopy emitted clearly higher amounts of monoterpenes than those located lower in the canopy (fig.
1). Temperature responses (β parameters) for all studied compounds were equal between the shoots located
lower and upper in the canopy.

In 2011 the monoterpene emission capacities under standardized conditions (hybrid algorithm, T=30 °C and
PPFD=1000 µmol m-2 s-1) were roughly comparable between the top and the lower parts of the canopy,
although lower parts of the canopy exhibited somewhat higher pool emission potential than the top parts of
the canopy (fig. 2). However, in 2013 data the monoterpene emission capacity lower in the canopy was
more than double compared to that of the top part of the canopy (fig. 2). Again, pool emission potential
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comprised about half of the total monoterpene emission potential in the lower parts of the canopy, while in
the top parts of the canopy the pool emission potential is only about one third of the total monoterpene
emission potential.

Figure 1. Relation between temperature and VOC emission rates (methanol and monoterpenes) in different
parts of canopy. The upper panel is for 2011 data and the lower panel is for 2013 data. Large circles and

crosses represent the mean emission rates within 2 degree bins. The error bars represent standard deviation
within the temperature bins. The light grey and blue marks represent individual closures.
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Figure 2. De novo and pool monoterpene emission potentials obtained using hybrid model for both study
years and parts of the canopy. The error bars represent the 95 % confidence intervals around the total

emission potential.

CONCLUSIONS

To our knowledge, these data are the most extensive set of results explaining the within-canopy VOC
emission variability to date. The overall conclusion is that the lower parts of canopy release about the same
amount of VOCs to atmosphere when compared to the top parts of the canopy. On the other hand, because
the lower parts of canopy receive less radiation than the top parts of canopy, it’s obvious that the lower parts
of canopy have higher capacity per needle mass or area unit to produce and release VOCs than the top parts
of canopy. There is no specific need for taking into account the canopy light environment and the effect of
needle location on emission capacity in modelling efforts, if we can assume that higher emission capacity
of lower parts of the canopy in general compensates the lower radiation availability. However, because that
assumption is extremely strong and contains high risk of failure, we recommend that in modeling
applications one should carefully consider the role of VOCs emitted by lower parts of the canopy.
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INTRODUCTION 

The soils in the Northern Hemisphere permafrost area contain around 50% of the global soil carbon (C) 
(Davidson and Janssens, 2006). Due to warming climate this significant frozen C pool is becoming 

vulnerable:  one fourth of this storage could thaw by the end of the century, exposing previously frozen soil 

organic matter (SOM) to decomposition. (Davidson and Janssens, 2006). The degradation of frozen SOM 
would lead to additional release of greenhouse gases; a positive feedback to global warming. Currently 

permafrost soils are vastly covered by boreal forests acting as C sinks. However, the frequency of boreal 

forest fires has been on the rise in the last decades and fires further advance the permafrost thaw. The 
possible greenhouse gas emissions from these soils are, among other factors, dependent on the effects of 

fire on soil properties and the quality of permafrost SOM itself. 

METHODS 

Four differently aged fire chronosequences were established in the Canadian boreal forest permafrost region. 

The study areas were located along the Dempster Highway in Yukon and Northwest territories. Soil samples 

were collected from soil pits from the depths of 5, 10, 30 and 50 cm. We also measured the soil organic 

layer depth, active layer depth, ground- and tree biomass, species composition and species coverage. 

We conducted chemical fractionation of SOM with water, ethanol and sulphuric acid extractions to 

determine the different SOM pools (such as sugars, waxes and fats and lignin) and compare the proportional 
size of the fractions between time since last fire occurence.  We also analyzed 15N and 13C isotopic of soil 

samples with an elemental analyser (FlashEA 1112 Series, Thermo Fischer Scientific, Waltham, MA) 

coupled to an isotope ratio mass spectrometer (IRMS, DELTA plusXP©, Thermo Electron Fischer Scientific, 
Waltham, MA). In addition we performed an incubation experiment in a climatic chamber ( 24 h in 1, 7, 13 

and 19 °C) to determine the soil temperature sensitivity (Q10) and the soil heterotrophic respiration rates and 

microbial metabolic quotient qCO2, the respiration rate per microbial biomass C.  

 

CONCLUSIONS 

Our results showed that fire increased the active layer depth (seasonally freezing and thawing layer) on top 

of permafrost, indicating permafrost thaw. Fires also decreased the soil organic layer depth, thus affecting 

the SOM quality and quantity. The proportional size of the most labile SOM fractions (water- and ethanol 

soluble) were decreased in the 5 cm depth after the latest fire compared to older fire areas. This was also 
observed as increased temperature sensitivity Q10 as  more recalcitrant matter may be assumed to have higher 

Q10 values due to kinetic theory. In addition soils were enriched with heavier isotopes post-fire. We found 

no significant changes in the heterotrophic soil respiration rates, but fire appeared to increase the microbial 
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metabolic quotient, meaning that the microbial efficiency was decreased: more accumulated C was used for 

respiration than microbial growth. Forest fire may advance greenhouse gas emissions from permafrost soils 

due to enhanced permafrost thaw. However, fires also increase the proportional amount of recalcitrant SOM, 
which could reside in the soil for long periods. According to this chronosequence, the effects of fire on SOM 

and permafrost depth are temporary and reach the original status with forest succession. If the fire frequency 

increases, the forest rotation time becomes shorter and less C will be stored in the soil (Kaipainen et al. 
2004; Hoy et al. 2016). At the same time labile C may be lost in fire, while simultaneously recalcitrant C is 

formed. This could decrease the CO2 emissions from post-fire soils. In these upland mineral soils, the SOM 

quality at permafrost surface appeared reasonably low. 
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INTRODUCTION 

Removal of sub-canopy trees is a common type of forest management practiced in Finland (Vesala et al., 

2005), also referred to as undergrowth thinning. It is employed to meet various objectives such as improving 

yields of residual overstory trees, increasing resilience to drought, enhancing ecosystem processes, and 

promoting forest gross primary productivity (D’Amato et al., 2013; Shen et al., 2019; Zeide, 2004). After 

thinning, remaining trees have access to higher resources, therefore their growth rate increases (Vesala et 

al., 2005). Thinning, however, can also be a source of disturbance to the forest ecosystem, as it, for example, 

modifies understory vegetation and creates establishment sites for colonizing species (Dodson et al., 2008). 

Due to such contradictory implications, it is important to examine the consequences of thinning on the forest 

ecosystem and microclimate.  

A significant consequence of sub-canopy removal is its effect on the forest stand level emission of volatile 

organic compounds (VOCs) to the atmosphere (Räisänen et al. 2008). VOCs are involved in plant growth, 

development, reproduction, defence, and function as communication media within and between plants 

(Laothawornkitkul et al., 2009). These plant-released VOCs have high chemical reactivity with large mass 

emission rate from vegetation into the atmosphere (Laothawornkitkul et al., 2009); therefore, they are major 

determinants of atmospheric gas composition that have important implications for the Erath’s climate 

(Koppmann, 2007). Volatile isoprenoids such as monoterpenes and isoprene are particularly important 

among VOCs because of their high reactivity in the atmosphere and their contribution to the total plant 

emission (Niinemets et al., 2009).  

Recently, studies have begun to measure VOCs fluxes using mainly proton transfer reaction mass 

spectrometry, quantifying VOCs emissions, and describing how they affect microclimate (e.g., Rantala et 

al., 2015; Schallhart et al., 2018). Yet the long-term concentrations of VOCs in the air above the canopy is 

still rare. Those few studies that focus on VOCs concentrations look into the concentration on a short-term 

perspective. For example, Lappalainen et al. (2009) study seasonal changes of VOC concentration in the 

upper canopy of a boreal forest for merely two consecutive years. Similarly, Rinne et al. (2005) study VOC 

concentration analyzing daily and diurnal changes only during one summer month. Others have looked at 

the VOC emission from soil (see Peñuelas et al., 2014), not from the forest stand. Motivated by this gap in 

the literature, we set out to study the long-term concentrations of VOCs above a boreal forest from May 

2010 to August 2019. In addition, we investigate the possible effect of a sub-canopy thinning, which was 

performed in spring 2019 in the site where our measurements have been conducted, on VOC concentration. 

METHODS 

VOC measurements have long been conducted at SMEAR II in Hyytiälä, southern Finland. Hyytiälä is 

located in the boreal region, with the dominant tree species as Scots pine (Pinus sylvestris), with some 
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Norway spruce (Picea abies) and some broadleaved trees such as European aspen (Populus tremula), birch 

(Betula sp.), and rowan (Sorbus aucuparia; see Hari and Kulmala (2005) for a detailed description of the 

station and the surrounding nature). The canopy height is 18m and the stand density is approximately 

1300ℎ𝑎−1 (Schallhart et al., 2018). To do the measurement, the proton transfer reaction quadrupole mass 

spectrometer (PTR-MS, manufactured by Ionicon Analytik GmbH, Innsbruck, Austria) has been used, 

which measures different masses from a measurement level at a tower standing at 33.6 meter height. Out of 

27 masses measured by PTR-MS, we analysed six masses: methanol, acetaldehyde, acetone, isoprene, 

toluene, and monoterpenes.  

CONCLUSIONS 

In SMEAR II station, VOCs have been measured for more than a decade. In this research, we study 

measurements from May 2010 to August 2019. To the best of the authors’ knowledge, these measurements 

are the longest, relatively continuous VOCs measurement from a forest stand. As an example, we present 

monoterpene concentrations in Figure 1a. Since in spring 2019 the stand underwent a sub-canopy thinning, 

to understand whether the thinning had any effects on monoterpene concentrations, we compare the 

concentrations in June 2018 with those in June 2019 (see Figure 1b). As can be seen, concentrations during 

June 2019 are noticeably higher than those in June 2018. However, other environmental variables such as 

temperature, soil water content and moisture, and light play a role in VOC emissions from trees. Therefore, 

whether this is due to sub-canopy thinning or other factors need to be scrutinized further.  

 
 

Figure 1. Concentration of monoterpene a) Daily median values of monoterpene concentration from May 

2010 to August 2019, b) Comparison of median values of monoterpene concentration in June 2018 with 

those in June 2019.  
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INTRODUCTION 

In any experiment aiming to characterize properties of aerosol particles, the sampling line and its 

characterization plays an important role in getting reliable data. The sampling line should be designed 

according to the properties of particles of interest. The size of these particles governs effective diffusional, 

inertial and gravitational losses are and the specifics of optimal sampling line. Therefore 1 nm and 10 μm 

particles should not share the same sampling line. The smallest aerosol particles diffuse most rapidly and 

thereby lost to the surfaces of the sampling lines. Larger particles on the other hand are more sensitive to 

bends and horizontal sections in the sampling line due to their increased inertia and mass making them 

unable to follow fluid flow and causing them to settle or deposit in the line.  

Measurement of the nanoparticle concentrations is often conducted with the condensation particle counting 

(CPC) technique. CPCs are single particle counting instruments with upper limit of accurate concentration 

measurement in the range of 104-105 cm-3. In many different measurements, such as car emission or some 

industrial applications, the particle concentration can easily exceed 105 cm-3, which makes the concentration 

measurement without some kind pre-treatment inaccurate. Further, often most of these particles are smaller 

than 10 nm in size. Thus, accurate measurements in such systems require particle transport lines, which are 

characterized for particle losses, and particle concentration dilution upstream of the CPC. Most aerosol 

diluters are based on mixing particle-free air with the sample.  

We have been developing a new nanoparticle sampling system optimized for sub 10 nm particles, which is 

equipped with a core sampling system and adjustable dilution. The dilution is conducted in very short space 

with minimized section of reduced flowrate making any size dependent losses in the size range of interest 

minimal. We characterize the sampling system in the laboratory, and perform computational fluid dynamic 

CFD model to further verify the design 

DESIGN AND APPROACH 

The main goal for the design was to get order of ten-to-one dilution without distorting the initial particle 

population of the sample. This meant minimalizing the diffusional losses still achieving the expected 

dilution fraction. Secondary goal was to keep design compact taking as little space as possible in front of 

the instrument it is coupled with. This enables us to easily implement diluter to existing measurement 

locations. 

Starting point of the design was self-contained sampling box that was described in Kangasluoma et al. 

(2016).  Sampling system consisted core sampling to maximize penetration efficiency of small aerosol 

particles, Zero-measurement as diagnostic test for the used instrument and switchable ion filter with cut-off 

size of 4.5 nm. We wanted to keep these functionalities while incorporation dilution to the system. We also 
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wanted to go from self-contained unit to a separate control box which allows more flexibility with 

installations.  

When sampling nanoparticles that are smaller than 10 nm, careful design of the sampling line becomes 

crucial in order to minimize the diffusional losses. In a tubular and laminar flow, the particle concentration 

profile becomes parabolic with time. The diffusional losses in laminar pipe flow depends on flow rate length 

of the particle if fluid properties are kept constant. A common way of estimating the diffusion losses in the 

sampling lines is by using the Gormley and Kennedy equation (Gormley and Kennedy, 1949). 

Result was a cylindrical dilution/sampling piece that attaches between the instrument and its sampling line 

with standard sized pipe fittings. Design is modular allowing it to be used either with or without dilution. 

Sample is taken from the middle of the stream and excess flow collected radially around the concave cone 

shaped probe. This shortens the space required to make sampling without disturbing the flow upstream of 

the tip of the probe. To extend usable size range towards micrometer sized particle sampling is kept close 

to isokinetic in order to mitigate over- or under sampling. 

Making enough dilution means that flowrate of the sample, which is taken from the core sampling, needs to 

be pretty small. In order to keep losses acceptable, the distance between core sampling and the region where 

particle free air is introduced to the flow is kept extremely small. Particle free air is introduced radially into 

the flow. Because the entire mixed flow is passed through the diluter, uninform mixing of the particle 

concentration in the flow is not essential. In this type of use this is an advantage, since particles are initially 

travelling in the middle of the tubular flow after dilution, surrounded by particle free flow. The total flow 

rate exiting the diluter Qtotal = Qsample + Qdilution is fixed and determined by the instrument that diluter is 

coupled with. This limits the maximum to dilution ratio to be around order of magnitude. Dilution systems 

where sample is mixed with particle free air and then small sample is taken from the mixed flow don’t have 

this limitation. We decided to compromise the maximum dilution ratio in order to optimize penetration 

efficiency for small aerosol particles which is the key feature. 

MODELLING 

Preliminary model has been already run with robust and computationally light turbulent model. Fluid flow 

in the diluter was simulated with Finite Element Method (FEM) using COMSOL 5.3 software. We used 

Turbulent Flow interface from the CFD module to solve velocity and pressure fields for incompressible 

flow. The Reynolds number is well within laminar region in the main channel, which particle’s encounter 

while passing through the diluter. Outside these areas, there is, most likely, regions where turbulence occur. 

Reynolds-Averaged Navier–Stokes (RANS) turbulence model type with κ - ε turbulence model was used to 

take this into account. For the walls, no slip condition is used as a boundary condition in the main channel. 

In turn, slip condition is used downstream of the radial core sampling in the outflow and before the radial 

dilution in a clean air inflow. In addition, transport of diluted species package was used to visualize the 

actual dilution. Our system consists of channels with great differences in dimensions which forced us to use 

pronouncedly fine mesh. The same CAD drawings were used to create flow domains in the simulation as 

was used to machine the physical parts. Geometry was slightly modified for the simulation to allow efficient 

meshing by forming composite faces where continuous surface was defined in unnecessary many pieces. 

The final model needs to be run with turbulent model that is better suited for solving flow in proximity of 

walls. In addition, a particle tracing model will be added to model penetration efficiency for a wide particle 

size range  

INITIAL RESULTS 

Based on the preliminary results magnitude of the dilution ratio is measured to be close to a ten-to-one 

dilution which have been the target value. Additionally, there is only moderate additional losses introduced 

by the diluter unit (Figure 1). This is measured with NiCr – oxide particles that are size selected with 

HalfMini DMA (Fernández de la Mora and Kozlowski, 2013). Based on the initial model the flow profile 
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seems to be well-centered in the tube channel and the sample taken prior to the dilution is sampled in middle 

of the stream. The sample is initially in middle the flow after is mixed with the dilution air (Figure 2). 

 
Figure 1 Measured penetration efficiency of as function of particles size and rough estimate based on 

Gormley-Kennedy equation. 

 

Figure 2 Simulated concentration of a tracer species in arbitrary units just after sample is mixed with 

dilution air.  
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INTRODUCTION

Mass spectrometry has  been used to  study the chemical  composition of  the  species  involved in  new
particle  formation  (NPF).  Detection  of  the  elemental  composition  of  several  atmospheric  clusters  at
ambient low concentrations was done using the Chemical Ionization Atmospheric Pressure interface Time
Of Flight mass spectrometer (CI-APi-TOF) (Jokinen et al.,  2012). Although this instrument can provide
important information on atmospheric clusters, careful consideration of data interpretation and analysis
should  take  place.  Due  to  the  reduced stability  of  clusters  in  comparison  to  molecules,  clusters  can
undergo transformations inside the instrumentation more easily. Some of the factors causing fragmentation
and/or evaporation of molecules from clusters include; chemical ionization process, energetic collisions
and low pressure inside the instrument. Previous studies have shown that theoretical models predict higher
cluster concentration in comparison to concentrations that were measured by APi-TOF mass spectrometer.
Reasons for such deviations could be due to the cluster fragmentation processes inside the instrument
(Olenius et al., 2013). 

In many cases, acid-base nucleation mechanism involves sulfuric acid and amines clusters (Jokinen et al.,
2012). In this study, we investigated clusters of dimethylamine and sulfuric acid using an instrumental set-
up  consisting  of  planar-Differential  Mobility  Analyser  (planar-DMA)  and  ElectroSpray  Ionizer  (ESI)
coupled with the Atmospheric Pressure interface Time-Of-Flight Mass Spectrometry (APi-TOF MS). Our
main  interest  was  to  identify  the  clusters  that  fragment  inside  the  APi-TOF, quantify  the  amount  of
fragmented clusters and compare our findings to theoretical fragmentation data obtained with a statistical
model (Zapadinsky et al., 2019). Combining these data, we could be able to reconstruct a mass spectrum
of the cluster ions detected, removing the artefacts due to the fragmentation.

METHODS

Molecular ions were generated using the ESI operating in negative mode, then injected into the planar-
DMA and finally detected by the APi-TOF mass spectrometer. Three different solution concentrations
were tested with three different ratios  of sulfuric acid to dimethylamine; 100mM/50mM, 50mM/25mM,
and 10mM/5mM respectively, all solutions were prepared in methanol and water with a ratio of 4:1 (v:v,
CH3OH:H2O).

We simulated the fragmentation of sulfuric acid and dimethylamine clusters using our statistical model
which describes  the  cluster  ions  trajectory through the APi-TOF and their  collisions  with carrier  gas
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molecules. Those collisions may cause the fragmentation of the cluster ions inside the instrument if they
convey sufficient energy (Zapadinsky et al., 2019).

CONCLUSION

We identified the cluster ions formed with the ESI and the ones that underwent fragmentation inside the
APi-TOF MS in both the experiments and using the model. In negative mode, the solution that produced a
larger number of clusters was the one with concentration of 50mM/100mM dimethylamine/sulfuric acid
concentration, the results of which are shown below. Figure 1 shows a mass defect plot of the 13 cluster
ions detected by the APi-TOF MS. 

Figure 1: Mass defect (Th) versus mass/charge (Th) for a sample of 50mM/100mM
dimethylamine/sulfuric acid in methanol to water ratio of 4:1 v:v. 

Figure 2: Survival fraction calculated from model and experiments of four selected cluster ions of sulfuric
acid and dimethylamine.
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The combination of the DMA and the APi-TOF MS data allow us to distinguish between original cluster
ions and fragments. From our experiments we observed that all cluster ions from our sample, that went
into  the  APi-TOF  MS  underwent  fragmentation  to  some  extent.  We  quantified  experimentally  the
fragmentation of  four  selected sulfuric  acid-dimethylamine clusters  and simulated their  fragmentation
using our statistical model. As Figure 2 shows, the survival fraction of the selected clusters calculated
from the experiments are in good agreement with the values calculated from our model. The results of the
model  gave us an important  insight  into the  fragmentation of the charged clusters,  which is  of  great
importance  for  the  reconstruction  of  the  mass  spectrum  that  does  not  contain  artefacts  due  to  the
fragmentation.
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INTRODUCTION

Atmospheric aerosols affect climate directly by interacting with the incoming solar radiation, and
indirectly via acting as cloud condensation nuclei (CCN), thus impacting the cloud albedo and
lifetime. A significant fraction of atmospheric CCN arises from new particle formation (NPF),
with 35 % of the CCN being directly formed in the free troposphere (Merikanto et al., 2009).

Motivated by the results from Rose et al. (2015) showing frequent NPF events at the Chacaltaya
station (CHC, 5240 m a.s.l) located in Bolivia, we conducted The Southern hemisphere high ALTi-
tude Experiment on particle Nucleation And growth (SALTENA) (December 2017 – June 2018).
The goal is to complement the findings of Rose et al. (2015) by constraining the driving factors of
NPF events in terms of chemistry, source regions and meteorological conditions. The focus is on (1)
understanding the influence of the nearby city of El Alto – La Paz on NPF events at the station,
and (2) comparing NPF events with different air mass sources. In order to provide the proper
framework for understanding the different chemical signatures and aerosol properties measured at
the site during the campaign , we use the Weather Research and Forecasting Model (WRF) simu-
lations, the Lagrangian particle dispersion model (FLEXPART) and clustering analysis to classify
the air mass sources and meteorological conditions.

METHODS

Given the complex topography of the site and the proximity of the nearly-two-million-inhabitant
city of La Paz, the accuracy of the simulation is seminal to isolate the influence of the city and
to identify other source regions. We therefore run high resolution four-domain telescoping-nest
simulations with the WRF model with initial and boundary conditions from CFSv2.

On the WRF output, we use the Lagrangian particle dispersion model (LPDM) FLEXPART-WRF
(v3.3.2) Brioude et al. (2013) in backward mode, modelling the release of 20 thousand particles
each hour at the CHC station back in time 4 days (see e.g. Sturm et al. (2013)). This is done
for the entire measurement period. The simulations with FLEXPART take into account particle
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advection both horizontally and vertically by mean wind and parameterizes turbulent mixing and
deep convection.

Furthermore, we regrid the FLEXPART output to a log polar grid and cluster the the footprints
using the k-means clustering algorithm. The clustering was performed on the time series of residence
times on the log polar regridded domain, maintaining the vertical levels so that the altitude is also
resolved.

CONCLUSIONS

We have successfully clustered the air mass influences at the Chacaltaya measuring cite during the
SALTENA campaign. These results will inform further analysis of the campaign measurements.
The results are an enhancement on analysis previously done with HYSPLIT, because FLEXPART
enables us to capture the complicated mountain meteorology.

Our methodology has successfully identified both transport patterns that are dominated by large
scale circulation and stochastic processes occurring on a shorter scale. Moreover, we can resolve
the relative contribution of air masses influenced by e.g. cities (La Paz), boundary layer, shallow
convection and free troposphere.
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INTRODUCTION

Secondary organic aerosol (SOA) particles are produced in the atmosphere from oxidation of volatile
compounds (VOCs) and subsequent condensation of the reaction products (Hallquist et al., 2009).
SOA constitutes a large portion of the submicron particulate mass in the lower troposphere with
most of the VOC precursors emitted from biogenic sources (Kanakidou et al., 2005; Jimenez et al.,
2009). There is evidence about ice nucleation (IN) activity of SOA: oxidized organic matter has
been found in ice particle residuals from cirrus clouds (Cziczo et al., 2004), and modelling studies
suggest that viscous SOA could be an important ice nucleating particle (Murray et al., 2010). The
phase state of SOA, which depends on temperature and relative humidity (Zobrist et al., 2008),
seems to be a key factor responsible for their IN properties. However, the role of SOA particles in
cloud activation and especially their importance in ice cloud formation remains poorly understood.

METHODS

We report preliminary results from the SINE campaign (SOA Ice Nucleation Experiment) carried
out at the University of Eastern Finland Aerosol Physics Laboratory. The SINE campaign was
focused on studying the IN properties of SOA formed from boreal forest emissions. SOA was
produced from α-pinene (one of the most common VOCs found in boreal forests) with different
oxygen-to-carbon (O:C) ratios (0.5, 0.8, 1.0) in an oxidation flow reactor by ozonolysis or photo ox-
idation. The size distribution and composition of the generated particle population was monitored
by a scanning mobility particle sizer and an aerosol mass spectrometer. As a proxy for real trees
emissions, SOA particles were also generated from pine-needle oil. The ice nucleation efficiency of
the produced SOA particles was explored between 210 and 240K and from ice to water saturation
using the Spectrometer for Ice Nuclei (SPIN). SOA particles were size selected with a differential
mobility analyzer at 100nm and the relative humidity of the sample entering the SPIN was set to
40%, 10%, or <1% RH.
To investigate the effect of SOA formation conditions on IN activity, we also performed IN experi-
ments using an atmospheric simulation chamber to ensure more atmospheric relevant conditions. In
these experiments real plant emitted VOCs were used in addition to the α-pinene and pine-needle
oil experiments.

RESULTS

The ice nucleation efficiency is reported as activated fraction (AF): ratio of number of particles
counted as ice crystals respect to total number of particles. Results from α-pinene SOA particles
produced in an oxidation flow reactor are shown in Figure 1.
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Figure 1: Ice active fraction as function of T and RHi of 100 nm α-pinene SOA particles measured
with the sample dried to 10% RH (left) or without drying (40% RH, right). High activity is
indicated in red colors and low or no activity in blue.

SOA particles produced from α-pinene showed a clear activation for high RHi and temperatures
below 233K when they were dried before measurements in SPIN (Fig. 1, left). The transition
from non active to active ice nuclei appears at RHi values that approximate a constant relative
humidity value respect to water. However, their IN activity disappears when the relative humidity
of the SOA particle sample remains high before measuring (Fig. 1, right). The same behavior was
detected for the different O:C ratios of α-pinene SOA particles.

CONCLUSIONS

Preliminary results show that the relative humidity of the SOA sample is the major factor con-
trolling the phase state and therefore enabling ice activation. Regarding the O:C ratio, studied
precursor VOCs, and SOA formation conditions (flow tube vs atmospheric simulation chamber)
results indicate that they had a negligible effect on ice formation from α-pinene SOA.
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INTRODUCTION

Currently, the process-based understanding of methane flows to the atmosphere from natural soil
is lacking. Vegetation forms a large poorly characterised component in the global biogeochemical
methane budget. We aim to study the methane transport in the soil, and between the soil, trees
and the atmosphere, by utilising process-based mathematical modelling.

In particular, we aim to answer two questions: a) how is methane transported within a plant from
the root compartment to the stem and canopy compartments, and b) to which degree are differences
in methane fluxes between similar sites explained by differences in underlying methane production,
oxidation, and transport processes. Both research questions are approached by modifying exist-
ing mathematical models, and parameterising the models based on recent field and laboratory
measurements.

METHODS

The methodology of this project consists of dynamical modelling of production, consumption, and
transport processes in soil and inside vegetation. The models used here are reaction–diffusion–
advection -type, which are, for the most part, treated numerically by finite-difference methods.
The starting points to our work are two published models: a) a carbon dioxide stem transport
and efflux model (Hölttä and Kolari, 2009), and b) the HelsinkI Model of MEthane buiLd-up and
emIssion from peatlands model (HIMMELI) (Raivonen et al., 2017), which are used here to study
a) the within-plant transport of methane and efflux from different tree parts, and b) the variability
of methane flux with respect to variability in methane production and oxidation components,
respectively.

The within-stem transport model, developed by Hölttä and Kolari (2009), was originally used for
studying CO2 transport, production, and efflux from pine stem. Initially, we aim to make the
necessary modifications to use the model to study methane flow in Betula nana. Most importantly,
we need to include the root compartment, originally not considered in the model, since we believe
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roots are of specific importance in aerenchymatous plants (e.g. B nana, B. pubescens), in which the
methane mostly occupies the aerated space because of its low solubility. The model flux output,
with appropriate parameterisation, will be compared to measured fluxes from an experimental
laboratory setting. The main aim in the long-term is to generalise the model for use in quantifying
methane fluxes in various future projects.

The HIMMELI model describes methane flow from anaerobic layers of peatland soil to the at-
mosphere through vegetation, and aerated and oxidising soil layers. Methane production and
maximum oxidation capacity are required as inputs to the model, but these are rarely measured at
any field site. The question addressed here is, can we infer these two from measured flux profiles,
based on a model. Oxidation potential is described by a simple maximum value parameter Vmax

in a two-substrate Michaelis-Menten function. Methane production is more complicated, since the
model input is given as daily values. However, based on the few existing measurements, methane
production is readily approximated by the positive part of a sinusoidal curve. Thus, a parame-
terised function f (t) = max [β, α · sin (2πt/φ)] can be used to generate methane production curves
such that the parameter α defines the maximum production level. With this simplification, the
problem is reduced to simple two-parameter inference, amenable to optimisation through forward
simulations of the model. This approach still remains to be tested in practice, but may shed light
on differences in methane fluxes between seemingly similar field sites.

FUTURE PROSPECTS

This project started very recently, on 2019-09-01, and thus no conclusions are available at this
point. Results are expected within one year. Extensions and modifications to the models and their
computer implementations will be useful concerning future modelling objectives in the associated
research groups.
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INTRODUCTION 

Thinning is a standard practice in boreal forestry. In even-age management, it is commonly done 2-3 times 

during the rotation period of 60-120 years with the aim to manage between-tree competition and allocate 

resources to value growth of the remaining trees.  

Thinning reduces stand basal area and canopy leaf-area index, and changes the vertical foliage distribution 

and species composition. Opening of the canopy leads to immediate changes in micro-climatic conditions 
that consequently triggers various changes in physical and biological processes (Banerjee and Linn, 2018; 

Launiainen et al. 2016). Our knowledge on the biophysical and biogeochemical responses to thinning, at 

ecosystem scale, still rely on separate field experiments (Vesala et al. 2005; Lagergen et al. 2008; Lindroth 
et al. 2018) and modeling (Gonzalo et al. 2007; Collalti et al. 2018). What is urgently lacking is more holistic 

understanding of climate-relevant thinning impacts, in which the consolidated effects of management on 

radiation balance and albedo, water and energy cycles, primary productivity and carbon balance are 

comprehensively described. It is of great importance for designing and implementing better forestry 

practices for climate change mitigation. 

To develop a better understanding of biophysical and biogeochemical impacts of thinning we, (1) broadly 

review existing literature on short-term (0 - 3 years post-harvest) thinning responses of surface-atmosphere 
exchange, (2) complement the literature review by predictions of a vertically-resolved soil-vegetation-

atmosphere transfer model (Launiainen et al. 2015), and use the model results to discuss the mechanisms 

underlying commonly observed thinning responses, and address potential differences among the empirical 

studies.  

 

METHODS 

We use a 1-dimensional multi-layer, multi-species soil-vegetation-atmosphere transfer model APES 

(Atmosphere-Plant Exchange Simulator), which describes forest ecosystem components (e.g. plant species, 
bottom layer vegetation and soil) as independent objects that contain the conservation equations of mass 

and energy, and structural and functional properties of the respective part of the ecosystem (Launiainen et 

al. 2015). 
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RESULTS 

Analyses and results of this study are still under progress. 

REFERENCES 

Banerjee, T., & Linn, R. (2018). Effect of vertical canopy architecture on transpiration, thermoregulation 

and carbon assimilation. Forests, 9(4), 198. 
Collalti, A., Trotta, C., Keenan, T. F., Ibrom, A., Bond‐Lamberty, B., Grote, R., ... & Anav, A. (2018). 

Thinning can reduce losses in carbon use efficiency and carbon stocks in managed forests under 

warmer climate. Journal of advances in modeling earth systems, 10(10), 2427-2452. 
Garcia-Gonzalo, J., Peltola, H., Briceno-Elizondo, E., & Kellomäki, S. (2007). Changed Thinning Regimes 

May Increase Carbon Stock Under Climate Change: A Case Study from a Finnish Boreal Forest. 

Climatic Change , 81 (3-4), 431-454. 
Lagergren, F., Lankreijer, H., Kuchera, J., Cienciala, E., Mölder, M., & Lindroth, A. (2008). Thinning 

effects on pine-spruce forest transpiration in central Sweden. Forest Ecology and Management , 255 

(7), 2312-2323. 

Launiainen, S., Katul, G. G., Lauren, A., & Kolari, P. (2015). Coupling boreal forest CO2, H2O and energy 
flows by a vertically structured forest canopy–Soil model with separate bryophyte layer. Ecological 

modelling, 312, 385-405. 

Launiainen, S., Katul, G. G., Kolari, P., Lindroth, A., Lohila, A., Aurela, M., ... & Vesala, T. (2016). Do 
energy fluxes and surface conductance of Boreal coniferous forests in Europe scale with leaf area ?. 

Global Change Biology , 22 (12), 4096-4113. 

Lindroth, A., Holst, J., Heliasz, M., Vestin, P., Lagergren, F., Biermann, T., ... & Mölder, M. (2018). Effects 
of low thinning on carbon dioxide fluxes in a mixed hemiboreal forest. Agricultural and Forest 

Meteorology , 262 , 59-70. 

Vesala, T., Suni, T., Rannik, Ü., Keronen, P., Markkanen, T., Sevanto, S., ... & Ojansuu, R. (2005). Effect 

of thinning on surface fluxes in a boreal forest. Global Biogeochemical Cycles, 19(2). 
 

164



THE PALLAS SUMMER 2019 AEROSOL BLACK CARBON CAMPAIGN 
 

E. ASMI1, J. BACKMAN1, H. SERVOMAA1, A.-P. HYVÄRINEN1, M. GINI1, K. ELEFTHERIADIS2, 

T. MÜLLER3, Y. KONDO4 and P. QUINCEY5 

 
1Finnish Meteorological Institute, Helsinki, Finland 

2National Center for Scientific Research “Demokritos”, Athens, Greece 
3Leibniz Institute for Tropospheric Research, Leipzig, Germany 

4National Institute of Polar Research, Tokyo, Japan 
5National Physical Laboratory, Teddington, United Kingdom 

 

 

Keywords: AEROSOL ABSORPTION, MEASUREMENT STANDARD, PALLAS STATION, BC. 

 

 

INTRODUCTION 

 

Globally, aerosol particles cool the climate by directly scattering the solar radiation and via their impacts 

on cloud radiative properties. A fraction of these particles, commonly referred to as “the Black Carbon 

(BC) aerosol”, however instead absorbs the solar radiation and consequently causes atmospheric heating. 

In Polar Regions of particular importance is also the BC cryospheric effect via the snow and ice albedo 

reduction which further accelerates the heating effect (AMAP, 2011). The BC aerosol is also a major 

threat to human health and has shown better correlation with negative health impacts than the Particulate 

Mass (PM), which is the currently regulated aerosol component of the Air Quality (AQ). 

 

A plausible explanation to why the AQ-regulation is currently not applied to the BC is the lack of 

standardization of the common BC measurement techniques. The existing direct techniques to measure 

aerosol absorption include: filter-based absorption photometers, photoacoustic and photothermal 

interferometry. In addition, the aerosol absorption can be calculated from simultaneous extinction and 

scattering measurements. Filter-based photometers are globally the most commonly utilized technique to 

determine the aerosol absorption and further the equivalent aerosol black carbon (eBC) mass 

concentration. For the latter one, an instrument and wavelength specific Mass Absorption Cross-section 

(MAC) needs to be applied.  

 

The BC concentrations are subject to large measurement uncertainties, both due to the instruments internal 

inaccuracies but also due to their sensitivity to various aerosol properties, such as the particle size (e.g. 

Nakayama et al., 2010; Müller et al., 2011). The challenging aim of the 16ENV02 Black Carbon project 

on metrology for light absorption by atmospheric aerosols is to bring the standardisation in the field of BC 

measurements. The project team develops and characterizes filter-free absorption measurement methods 

and black carbon standard reference materials (SRMs), representative of the atmospheric aerosols, aiming 

at developing a traceable, primary method for determining the aerosol absorption coefficients at specific 

wavelengths along with a validated transfer standard for the field use. 

 

The summer 2019 Pallas field campaign was the first attempt to apply the new knowledge and 

methodologies and test them in the field conditions. The specific aim of the campaign was to elucidate the 

methodological differences and challenges that could be encountered in an extremely clean environment, 

such as the Arctic. 

 

 

METHODS 

 

The Pallas aerosol absorption measurement campaign was run during one month: 19.6 – 17.7.2019. 

During this time period, the aerosol absorption and scattering coefficients were measured using various 
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instruments. The majority of them were filter-based absorption photometers but in addition the aerosol 

absorption was measured using the extinction minus scattering technique and the refractory black carbon 

mass concentration and size distribution determined using the SP2 high-intensity laser technique (Table 

1). The instruments were calibrated and intercompared in the beginning, middle and end of the campaign 

using atomizing solutions of ammonium sulphate (purely scattering) and Aquadag® (Aqueous 

Deflocculated Acheson Graphite) that is mainly consisting of highly absorbing elemental carbon. 

 

The core instruments are summarized in Table 1. In addition to these aerosol optical measurements, the 

continuous air quality (part of the EU EMEP programme), aerosol particle (part of the EU ACTRIS) and 

greenhouse gas (part of EU ICOS) measurements are run at the Pallas site. More information on site, 

measurements and previous publications can be found at: https://en.ilmatieteenlaitos.fi/pallas-atmosphere-

ecosystem-supersite. 

 

 

Table 1. Instrumentation used in Pallas campaign to measure the absorbing and BC aerosol. 

 

The meteorology at the site is monitored with a Vaisala weather station. Air mass back trajectories at the 

arrival level of 500 m a.s.l. for the campaign period were calculated using a HYSPLIT 4 model (Draxler 

and Hess, 1997). CDC1 were used as a meteorological data input for the model runs and a new trajectory 

was started every 6 h calculating 72 h backwards.  

 

Data from each instrument were corrected for the artefacts based on the latest literature recommendations. 

These included truncation corrections for nephelometers, filter spot size and scattering corrections for 

PSAP and AE31, wavelength discrepancies corrections for PSAP and MAAP, flow corrections, and 

finally a conversion to STP (0oC; 101325 Pa) conditions when needed. 
 

CONCLUSIONS 

 

The campaign could be roughly divided into two parts: Before July 8 the air masses were mainly clean 

Arctic with persistent low pressure passes and several days of precipitation. Concentrations were low and 

wet scavenging removed efficiently the aerosols leading to a scattering coefficient in the range 0 to 5 Mm-

1. After July 8 weather became dry while the air masses turned to north-east with the origin in the northern 

Russian coastal and Arctic regions. The aerosol scattering coefficient increased to >5 Mm-1, reaching the 

maximum values of around 20 Mm-1 (Figure 1). 

 

Instrument Manufacturer Time resolution applied [s] 

Multi-angle absorption photometer (MAAP) Thermo  60 

Aethalometer AE33 Magee Sci. 60 

Aethalometer AE31 Magee Sci. 60 

Microaethalometer MA200 Magee Sci. 60 

COSMOS NIPR 60 

PSAP Radiance Res. 1 

Aurora 4000 Ecotech 10 

Nephelometer TSI TSI 300 

CAPS ex DMT 5 

CAPS ssa DMT 1 

Soot Particle Absorption Photometer (SP2) DMT 1 
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Figure 1. Aerosol scattering coefficient at blue, green and red (450 nm, 550 nm and 700 nm) wavelength 

during the campaign. 

 

 

The fraction of aerosol absorption remained low during the whole campaign. The average single scattering 

albedo at the wavelength of 637 nm was 0.93 being indicative of a highly scattering aerosol type. This was 

calculated based on the TSI nephelometer and MAAP data.  

 

There were clear differences between the instruments corresponding to changes in aerosol size, type and 

concentrations. This is to some extent in line with previous findings (e.g. Nakayama et al., 2010; Müller et 

al., 2011). For example, the change of the air mass type on July 8 affected the ratio of the AE33 and the 

MAAP (Figure 2).  

 

In summary, all methods for measuring the particle absorption suffered from sensitivity issues at such low 

concentrations. The lowest eBC concentrations were measured with COSMOS and MAAP and the highest 

with the aethalometers and PSAP. The residual BC (from SP2) was 20-50% of the eBC that was measured 

by the different filter based methods. 

 

Data analysis is still on-going and the presented results are preliminary. Our analysis aims at 

understanding the observed differences between the instruments in challenging field conditions which are 

subject to multiple changes. The final goal is to present the benefits and the challenges of different 

measurement techniques along with the associated uncertainties in field operating conditions in the Arctic.  

 

167



 
Figure 2. Hourly averaged aerosol absorption coefficient at 637 nm wavelength measured with AE33 and 

MAAP during five consecutive days between July 4 and July 8. 
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INTRODUCTION

Dual field of view (DFOV) spectrometer systems are used to measure sun-induced fluorescence
(SIF) and reflectance in the field from proximal and remote platforms. At their core, these systems
consist of two separate fiber optic assemblies connected to a spectrometer. The downwelling (DW)
light flux, quantified as irradiance, is collected with a skyward pointing fiber optic cable assembly
topped with an optical diffuser. The upwelling flux (UW), which is the scattered (reflected) and
fluoresced light from the forest canopy, is quantified as radiance with a separate fiber optic cable
assembly, usually in bare fiber mode.

In the ideal system the spectral calibration, and resulting wavelength scales, for upwelling and
downwelling assemblies are identical. In reality, variation in tolerances of optical components
can cause a difference in the spectral response of UW and DW assemblies. The result of this
effect is that UW and DW spectra are measured on slightly different wavelength scales. Although
this difference is typically small (e.g. of similar magnitude to the spectral sampling interval of
the sensor), it causes an issue for Fluorescence Line Depth (FLD) based retrievals of SIF which
require high resolution measurements of irradiance and radiance at precisely the same wavelengths.
Therefore in systems with a difference in spectral calibration between UW and DW measurements,
a correction is required to remove this difference for reasonable estimates of SIF. (From here, we
refer to this problem as the offset correction). Unfortunately offset correction is not trivial, as to
spectrally shift one of the measurements relative to the other so as to place them on the same
wavelength scale requires an upsampling of the offset signal to higher spectral resolution.

Deconvolution can potentially be used to reconstruct a higher resolution spectrum given knowledge
of the spectral response function (S) however the problem is ill-posed, even when S is known. The
problem is further complicated for hyperspectral instruments, such as DFOV SIF systems, as S
typically changes shape across the measurement space. Such issues motivated the development of
the super-resolution approach which uses iterative spline-based interpolation to reconstruct higher
resolution satellite spectra from lower resolution data (Zhao, 2010).

We tested a simple single step interpolation and a 2 step method inspired by Zhao (2010) for
offset correction in DFOV data. We used simulated data with known error statistics to assess the
techniques.
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Figure 1: Apparent reflectance spectra for simulated data in the O2A feature.

METHODS AND ALGORITHM

The offset issue is visible in the ratio of UW to DW measurements, known as the apparent reflectance
spectrum, which appears rough when calculated with offset data (fig. 1c) in the O2A region of the
spectrum. However if our data were uncorrupted at moderate spectral resolutions of approximately
0.5 nm typical of DFOV SIF systems, the apparent reflectance spectrum is smooth (fig. 1b). Hence
the 2 step method works by forcing this smoothness in the apparent reflectance spectrum using
spline interpolation. The smoothness occurs due to two reasons, firstly the inherent reflectance of
forest canopies is smooth. Secondly, in the infilled oxygen absorption regions which are potentially
non-smooth (fig. 1a), smoothness is apparent in downsampled observations (fig. 1b) due to the
filtering effect of convolution with S. For this second reason, this method should be applied with
caution to higher resolution (FWHM / 0.1 nm) data.

The algorithm starts by assuming the spectral sampling of measurements E and L are offset by a
small known amount ε, these offset data are E1 and L1. E1 and L1 each have their own wavelength
scale (λ) where λE + ε = λL. The objective of the algorithm is to estimate E at λL. In the
first step, E1 is interpolated and evaluated at the radiance wavelengths, λL resulting in the initial
correction, E2. Next, an additional second smoothing step using splines is then applied to apparent
reflectance calculated with this first guess. Finally corrected irradiance (E3) is estimated by back
calculating from the smooth reflectance and measured radiance (L). The method was implemented
in MATLAB, the initial step used the PCHIP algorithm and the second step used fit function with
the smoothingSpline option for the added control of smoothing parameter, p.

We used simulated data to test the offsetCorrection method. We modelled true radiance using a
high resolution irradiance spectrum from MODTRAN and reflectance and fluorescence simulations
from the SCOPE model (Van der Tol, 2009) as:

L = ρ
E

π
+ SIF. (1)
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Algorithm 1 Two step interpolation algorithm for offset correction. Python method calls are on
right hand side of algorithm.

1: procedure offsetCorrection(λE ,E1,L1,ε,p)
2: λL ← λE + ε
3: E2(λL)← Interpolate(λL,λE ,E)
4: ρ2a ← πL

E2

5: ρ3a ← splineSmooth(λL,p,ρ2a)
6: E3 ← πL

ρ3a

7: return E2,E3

Next we shifted the wavelength scale of E by 0.1 nm relative to L, added normally distributed noise
and convolved spectra with a guassian kernel of FWHM = 0.31 nm to simulate measured data at
a lower resolution. We retrieved fluorescence using the 3FLD method at the O2A feature. p was
set to the default value, 0.99.

RESULTS AND CONCLUSIONS

Results of the offset correction are shown in fig 1d. The method reproduces the lower resolution
apparent reflectance spectrum with only a small error, likewise for SIF. The simulations suggest
that the first step interpolation does an adequate job in reconstructing the apparent reflectance
spectrum. The second step then acts as refinement to this initial estimate and improves the result
further. Also of note, although not shown here, as the noise increases the added value of the
second step likely decreases as the spline begins to suffer from overfitting. Therefore we suggest
that unless the noise characteristics are well known, as in the simulated case here, then a simple 1
step interpolation is likely preferable.
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INTRODUCTION 

Atmospheric new particle formation (NPF) is a large source of global aerosol particle number load and cloud 

condensation nuclei (CCN) (Merikanto et al., 2009). Therefore, it has been the focus of a multitude of research 

studies in the past 20 years ranging from atmospheric observations to chamber experiments and conceptual 

and modelling studies. These studies aim to understand the NPF mechanism, its characteristics, how and when 

NPF takes place and eventually how it affects global climate.  

The conditions governing NPF have been shown to vary in different environments. These conditions are unique 

in the Eastern Mediterranean and Middle East (EMME) region. This region lies at the crossroads of three 

continents receiving precursor gases and aerosols from continental, maritime and desert-dust pollution sources. 

The surrounding complex orography affects atmospheric dynamics and boundary layer processes on different 

scales. Further, the dry and hot weather throughout most of the year with strongly increasing heat extremes 

sets off intense photochemistry (Lelieveld et al., 2002; Lelieveld et al., 2016). All these factors nominate the 

Mediterranean area as a hotspot for atmospheric and climate change research in general and atmospheric 

nucleation in specific. In this context and within the framework of the Eastern Mediterranean and Middle East 

– Climate and Atmosphere Research Centre (EMME-CARE) project, we performed a one-year-long campaign 

to study atmospheric NPF at a background site in Cyprus. Here we present a brief overview of the results 

measured during this campaign. 

 

METHODS  

The measurement site is located at the Cyprus Atmospheric Observatory (CAO), a rural background station, 

close to the villages of Agia Marina and Xyliatos (33.05° E–35.03° N; 532m above sea level). The site is far 

away from any major local pollution sources except for some traffic from the nearby department of forests 

fire brigade.  

In this campaign, we used four instruments to study NPF: an Airmodus A11 Nano Condensation Nucleus 

Counter (nCNC) system, a Neutral cluster and Air Ion Spectrometer (NAIS), a scanning mobility particle 

sizer (SMPS; Grimm, model 5400) and a Chemical Ionization Atmospheric-Pressure-interface – Time-Of-

Flight (CI-APi-TOF) mass spectrometer. The first three instruments measure particle size distribution and 

were deployed at the site for a period of one year. The nCNC is composed of a Particle Size Magnifier 

(PSM) and a Condensation Particle Counter (CPC) and is capable of measuring particle size distribution of 

sub 3nm particles (Vanhanen et al., 2011). The NAIS measures the size distribution of aerosol particles 

between 2 and 42 nm and the mobility distributions of air ions between 0.8 nm and 42nm (Hanna E 
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Manninen et al., 2016; Mirme & Mirme, 2013). The SMPS is composed of a differential mobility analyzer 

(DMA) and a CPC. It was used to obtain the size distribution of aerosol particles from 10 nm to 700 nm. The 

CI-APi-TOF measures the chemical composition of precursor molecules and clusters (Jokinen et al., 2012) 

and was operated for 10 days during this campaign.  Complementary meteorological data and criteria gas 

pollutants data were available from the CAO nearby measurements container.  

The data from the three particle sizing instruments was used to reconstruct the  full particle size distribution 

plots between 1 and 700 nm (Figure 1). These plots were used to categorize measurement days into NPF 

event days, non-event days and undefined days following based on previously reported classification 

schemes (Buenrostro Mazon et al., 2009; Dal Maso et al., 2005; Hirsikko et al., 2007; H. E. Manninen et al., 

2010). Further, calculations of particle formation rates (J ), growth rates (GRs) in various size ranges, 

condensation sink (CS) and coagulation sink (coagS) were calculated following the protocol presented by 

Kulmala et al. (2012). 

 

 
Figure 1. Example of the constructed particle number size distribution from three instruments as recorded for 

the month of April. 

 

 

RESULTS 

We investigated the particle size distributions looking for NPF events from Jan 27, 2018 to Jan 26, 2019. The 

total number of classified days was equal to 251 with 14 days excluded from the classification because of 

missing or invalid/bad. During the whole measurement period, 58% of the days were event days and 36% 

were clear non-event days (Figure 2).  

 

Figure 2. A one year classification of new particle formation events at AgiaMarina-Xyliatos. 
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We found that NPF is most frequent during the spring season mainly during the month of March and April 

(Figure 3). This could probably be linked to the increased biogenic activity during spring and the onset of 

intense photochemistry. We did not find a clear minima in NPF frequency in summer similar to data reported 

in other sites but the month with the least NPF frequency were August and September (Figure 3). 

 

Figure 3. Monthly variation in the percentage of NPF occurrence at AgiaMarina-Xyliatos. 

 

Multiple factors are well known to influence NPF occurrence. Those factors are solar radiation, temperature, 

pre-existing aerosol loading (represented by condensation sink), relative humidity, gas-phase sulfuric acid 

concentration (calculated using a proxy), and wind direction (Kerminen et al., 2018). Additionally other 

factors like wind speed, clearness index, O3 concentrations, NOx concentrations can play a role in explaining 

NPF occurrence.  In an attempt to explain the observed seasonal variability in NPF occurrence, we 

investigated the aforementioned factors during different seasons, mainly focusing on the two month with the 

highest and lowest NPF occurrence. We found out that relative humidity was the only factor that had a clear 

relationship with NPF occurrence where it is higher during the month with the lowest occurrence except 

during August. None of the other factors could explain why we have a minimum in NPF during August and 

September.  This minima could be explained by a lack of ammonia which is needed to stabilize the initial 

clusters as explained by Pikridas et al. (2012). Otherwise it could be linked to less biogenic volatile organic 

compounds (VOCs) released during these month when the plants are under stress from dry conditions.  

Taking each month apart, NPF seemed to generally occur at higher temperature, higher pressure, higher SO2, 

lower RH and lower wind speed while NOx, O3, CO, condensation sink, radiation, and wind direction did not 

seem to have a clear effect on NPF occurence.  

Further comprehensive data analysis of aerosol formation rates, growth rates, precursor gases will be shown 

to understand the mechanisms that favors or disfavors particle nucleation in the EMME region. This 

knowledge will help unfold the characteristics of aerosol nucleation in yet another environment leading to a 

better understanding of aerosol dynamics and their effect on the climate.  
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INTRODUCTION 

Antarctica is the continent with the least anthropogenic influence in the world. Just X % of the world’s 

population live in the southern hemisphere where 80 % of the Earth’s ocean surface-area is and is 

surrounded by the notoriously stormy southern ocean where virtually no commercial shipping lanes are to 

be found. Under the Antarctic treaty, Antarctica has no permanent settlements and is generally restricted 

to research visits only. 

The atmospheric lifetime of aerosol particles is in the order of a few days to a couple of weeks depending 

on the setting (Raes et al., 2000). Compared to the timescales of interhemispheric mixing, the aerosols 

lifetime in the atmosphere is short(Verma, 2000). Typically pollutants mix within the hemisphere in a few 

weeks to a few months. Interhemispheric mixing typically takes much longer, a year or two, and is well 

studied using measurements of long lived trace gases such as CO2 (Jacob, 1999). This means that aerosols 

over Antarctica should primarily originate from the southern hemisphere. 

Black carbon aerosols originate from incomplete combustion of carbonaceous matter such as various 

fossil fuels and biomass burning. Much of the black carbon found in the atmosphere is of anthropogenic 

origin with the only major source of natural origin being naturally occurring wildfires (REF). Another 

unique feature of atmospheric black carbon is that it is chemically inert in the atmosphere and doesn’t 

change its ability to absorb light during atmospheric transport. This makes black carbon a very good tracer 

for air-masses arriving from over land. Given the remote location of Antarctica and the atmospheric 

lifetime of aerosols the concentrations of black carbon are expected to be very low. The concentration of 

BC in polar areas important as BC is detrimental to the snow and ice sheets ability to reflect solar 

radiation and keep surface temperatures cool (Wiscombe & Warren, 1980). 

The station is ideal for studying very clean air as the air masses that arrive at the station are one of the 

cleanest on Earth. This is mainly due to two facts. First, due to the high elevation and close proximity to 

the pole, air masses that arrive at the station subside from higher up in the atmosphere and are not 

advected along the surface where most of the air pollution originates. Secondly, most of the man-made air 

pollution is emitted in the northern hemisphere where the majority of the Earth's population live. 
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During the summer campaign 2018-2019 of the Austral summer a Single Particle Soot Photomerter (SP2) 

was deployed at the Italian and French Antarctic research station Concordia. The station is located on the 

east Antarctic inland plateau 3233 m above mean sea level and some 1000 km from the coast and is one of 

only three all year around stations on inland plateau; see Figure 1. 

METHODS 

The SP2 is a highly sensitive instrument which is able to detect the occurrence of soot (black carbon) in a 

single aerosol particle down to a size of around 70 nm in size. This is equivalent to about 0.2 fg of black 

carbon. The SP2 operating principal is based on a high power intra-cavity infrared laser beam through 

which the sample aerosol is directed. The infrared laser beam, 1064 nm, causes the light absorbing black 

carbon aerosol particles to heat up by absorption of infrared light to the point of incandescence. The 

incandescing particles are then detected by photodetectors; one by one, by saving the traces of the 

particles in the detectors sampled by a digital oscilloscope. The amplitude of the incandescence signal is 

proportional to the BC mass and sensing this BC in this way is referred to as refractory BC (rBC, Petzold 

et al., 2013) 

The instrument is not limited to detecting only light absorbing particles because non-absorbing particles 

scatter the IR laser’s light. This allows for the detection and distinction of particles that absorb light, 

scatter light, or both. A later improvement of the SP2 included a position sensitive detector which allows 

for the estimation of optical size of the shell surrounding black carbon containing aerosol particles before 

the coating evaporates (Gao et al., 2007). 

 
Figure 1. The location of the French Italian research station Concordia located on the East-Antarctic 

inland plateau. Also shown in the figure are stations where the Finnish Meteorological Institute and 

Institute for Atmospheric and Earth System Research (INAR) of University of Helsinki are conducting 

research. 

The instrument is calibrated using particles of known size and density. The detectors sensitive to 

incandescing particles were calibrated using a Differential Mobility Analyser (DMA) and the reference 

material Aquadag which has a known density in the size range that the SP2 is sensitive to. Aquadag is a 

highly absorbing reference material which behaves very much like ambient soot although the density 

differs and the instrument response can be non-linear at large particles masses. Ammonium sulphate was 

used to calibrate the detector that is sensitive to elastically scattered light from the IR laser. 

RESULTS 

The instrument was deployed at Concordia (Figure 1) from 30 of November 2018 to 3 of January 2019. 

The sample flow was drawn through the common inlet used for the differential mobility particle sizer 
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(DMPS) which operates at the site. The SP2 was connected to the same line to have a high enough sample 

flow in the line do avoid unnecessarily high diffusional losses as the flow rate of the SP2 was only 0.12 

volumetric litres per minute (vlpm). An extra flow of 0.5 vlpm was drawn to a T-piece just before the 

instrument to keep diffusional losses at a minimum. The particle losses in the sampling line before the SP2 

instrument was estimated to be insignificant for the size range of the instrument. 

A summary of the measured particle number concentrations and rBC mass concentrations during the 

duration of the measurements is given is Table 1. The mass concentration of light absorbing particles are 

very low, as expected. However, they vary from day to day and there are clear events with clean and very 

clean air when the mass concentrations can decrease by an order of magnitude for a couple of days. Figure 

2 depicts the variation in the rBC mass concentration differentiated into different types of aerosol particles 

based on their optical properties during the measurement period. 

Particle type Particle number concentration (1/cm3) rBC mass concentration (ng/cm3) 

Scattering 5.01 - 

Absorbing 0.11 0.12 

Mixed 0.23 0.90 

 

Table 1. Particle concentrations according to optical classification by the SP2. Scattering comprise only 

particles that only scatter light; no incandescence signal. Absorbing comprise particles that only register in 

the incandescence channels. Mixed particles both scatter and absorb the IR laser’s light. 

Figure 2. Mass concentration of rBC aerosol during the campaign assuming a density of 1.8 g/cm3 for 

rBC. The red markers show the mass concentration of only absorbing rBC aerosol particles. The green 

markers show the rBC mass concentration of particles that also scatter light. The blue markers show the 

total rBC mass concentration. 

As can be seen from the figure, there are events when the total mass concentration of rBC drop for an 

extended period of time. Several such events occurred from the beginning of the campaign until it ended 

on in the beginning of January. Further meteorological analyses, as well as ozone data, will be needed to 

uncover if these events occur due to transport along the surface from the coast or large scale circulation 

involving subsidence of air-masses from higher up in the atmosphere. 
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CONCLUSIONS 

The SP2 instrument was successfully deployed for just over one month at the Concordia station in 

Antarctica. As expected, the concentrations were very low and, on average, the rBC mass concentrations 

were 1.02 ng/cm3. Although the concentrations were low, they were by no means steady. Several episodes 

with cleaner air occurred during the campaign lasting up do a day. The origin of these clean episodes 

remains to be investigated. 
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INTRODUCTION 

Previous studies have demonstrated that blowing snow in polar environments is a significant source of sea 
salt aerosol as well as halogens (Yang et al., 2008, Giordano et al., 2018). Within the Antarctic boundary 
layer, the aerosol composition is containing a high fraction of chlorine and sodium, which is clearly linked 
to high wind speeds due to local meteorological conditions (Giordano et al., 2018). During our campaign in 
Antarctica at Neumayer Station III, we observed a high amount of particles and ions during blowing snow 
events and were able to detect the chemical composition of those ions. 

 

METHODS 

In order to measure the particle concentration as well as particle size distribution, we used a setup of 
instruments including the Neutral cluster and Air Ion Spectrometer (NAIS, Manninen et al., 2009) as well 
as a Particle Size Magnifier (PSM, Vanhanen et al. 2011) and an Atmospheric Pressure interface - Time-of-
Flight (APi-TOF, Tofwerk A.G., Junninen et al, 2010). The measurements were carried out at Neumayer 
Station III in Antarctica (70°40’ S, 008°16’ W) next to Atka Bay at the Weddell Sea between November 
2018 and February 2019.  

 

CONCLUSIONS 

When the wind speed was reaching a certain threshold and the snow on the surface had the right density to 
be transported by the wind, we observed a rapid increase in ion- and particle concentration from a couple of 
hundreds up to several thousand per cm3. Additionally we measured a variety of ions and ion clusters 
containing halogens. Those phenomena have also been observed at other polar environments, though the 
circumstances such as the critical wind speed, leading to the increasing amount of ions, is highly dependent 
on the location itself. Further details will be presented in near future.  
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INTRODUCTION

Atmospheric aerosol particles have impact onto the global climate in various ways. They scatter
and absorb radiation or can act as cloud condensation nuclei. A bulk of the aerosol particles in
the atmosphere are formed by gas-to-particle nucleation (Merikanto, 2009). However, the exact
process of single molecules forming cluster, which subsequently can grow into particles, remains
largely unknown. Recently, sulfuric acid has been identified to play a key role in this new particle
formation enhanced by other compounds such as organic acids (Zhang, 2010) or ammonia (Anttila,
2005). We conducted a computational study for identifying characteristics of cluster formation and
nucleation involving sulfuric acid and ammonia in neutral, positive and negative mode.

METHODS

We use a layered approach for the configurational sampling of molecular cluster starting from
utilizing a genetic algorithm in order to explore the whole potential energy surface (PES) of the
cluster for all geometrical minima, however, with very unreliable energies. The structures are further
optimized with a semi-empirical method, DFT on the ωB97X-D level of theory, with filtering after
each step, to obtain the global minimum configuration.
Further, high level of theory (DLPNO-CCSD(T)) is used for obtaining electronic energies and
together with DFT frequency analysis the Gibbs free energies of formation are calculated. These
are passed to the Atmospheric Cluster Dynamics Code (ACDC) (McGrath, 2012) which calculates
the fluxes of molecular clusters and a nucleation rate.

CONCLUSIONS

We determined global minima for sulfuric acid - ammonia clusters with (H2SO4)m(NH3)m for
neutral clusters (c.f. fig. 1), with (H2SO4)m(HSO4)

−(NH3)n for positively charged clusters and
with (H2SO4)m(NH4)

+(NH3)n for negatively charged clusters, where m<7. We omited structures
which have been shown to be unstable or from minor role in previous studies.(Olenius, 2013)

Further, we present formation rates, steady state concentrations and fluxes (Cf. fig. 1) of these
clusters calculated with ACDC and discuss how a new configurational sampling procedure and more
precise quantum chemistry methods have changed these ACDC results in comparison to previous
studies and how these results fare in comparison to experimental results.
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Figure 1: The global minima for neutral sulfuric acid-ammonia cluster found
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INTRODUCTION 

Previous studies have shown the ubiquitous presence in the biosphere of microplastics (MPs), plastic 

fragments with size lower than 5 mm, due to years of improper disposal of plastic materials, mismanagement 

and negligent littering. Only recently, the presence of nanoplastics (NPs) in oceans and in atmospheric 

particulate matter has been demonstrated (Ter Halle et al., 2017, Allen et al., 2019) and it is still unclear 

what it could be their environmental impact. NPs have size lower than 1µm and, due to their density, they 

are expected to float at the surface of the oceans and interact with both atmosphere and bulk water. 

Therefore, NPs can absorb sunlight and react with oxidants in the gas and in the liquid phase. Most of the 

studies focus on surface modification using different approaches, mainly based on infrared spectroscopy or 

microscopy. However, as far as we know, little information is reported concerning degradation and 

photodegradation products released in both aqueous and gaseous phase. In this study, we evaluated the 

reactivity of NPs dispersed in water towards gas-phase and liquid-phase oxidants. In particular, we 

investigated the reaction between ozone and NPs dispersed in waters; this system can be representative of 

both NPs in aerosols and at the surface of oceans. Moreover, we studied the oxidation of NPs induced by 

light and/or hydroxyl radical, one of the stronger oxidants in the environment.    

METHODS 

At first, interaction between PS-NPs (polystyrene nanoparticles) and light or ozone was investigated, using 

commercially available NPs. PS-NPs suspended in MilliQ water were a) irradiated with UVC lamps or b) 

exposed to air flow containing 400 ppb of ozone. A significant uptake of ozone into the PS-NPs was 

observed, also for short-term exposure (19h). This result highlights that NPs at the surface of water can 

interact with oxidants in the gas phase, such us ozone. PS-NPs were also analyzed by STXM/NEXAFS 

(scanning transmission X-ray microscopy coupled to near-edge X-ray absorption fine structure 

spectroscopy) in order to investigate surface and bulk modifications. Experiments a) and b) show a general 

increase of oxygenated function, confirming that PS-NPs dispersed in water react with both light and ozone, 

leading to a chemical change of NPs. Analysis of the gas phase evidence the formation of benzaldehyde and 

butanal. 

Since polystyrene represents less than 10% of the world plastic demand (Plastics- the Facts, 2018), the 

degradation of different NPs particles was investigated in aquatic environment. Commercially available NPs 

and MPs were dispersed in Milli-Q water and were exposed to UVA light (355 nm) in the presence and in 

the absence of hydrogen peroxide 1mM. The formation of degradation products induced by direct light 

absorption, reaction with photogenerated hydroxyl radicals or hydrogen peroxide, was studied by ESI-

DMA-APiTOF MS (electrospray ionization – differential mobility analyser – atmospheric pressure interface 

time of flight mass spectrometry). NPs degradation leads to the formation of small carboxylic acids; in 

particular, formate and acetate were observed for all the investigated polymers. Other compounds, with mass 
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weight up to 200 Da, were observed. Figure 1 reports the formation kinetics of degradation products for the 

UVA irradiation of PS-NPs in water in the presence of hydrogen peroxide as source of hydroxyl radicals. 

However, any degradation products was observed at high mass, excluding the breakup of large segment of 

the polymer chain. Preliminary results suggest that polymer oxidation takes place little by little at chain 

extremities but further investigations are needed to confirm this hypothesis. 

CONCLUSIONS 

NPs and MPs are not inert and they can react with both compounds in the gas and liquid phase. Their 

degradation in aquatic environment, representative of atmospheric and surface water, is trigged by the 

reaction with oxidants (ozone, hydroxyl radical) and sunlight. These degradation processes are still poorly 

understood, however we demonstrated that they can release soluble compounds that could have an impact 

on DOM (dissolved organic matter), with a potential and completely unexplored effect of carbon cycle. 

 
Figure 1. Release of degradation products in water by UVA irradiation of polystyrene nanoparticles in the 

presence of hydrogen peroxide as source of hydroxyl radicals. 
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INTRODUCTION 

The impact of aerosol particles on the formation and properties of clouds is one of the largest remaining 

sources of uncertainty in climate change projection. Some aerosol particles can act as ice nucleating particles 

(INPs) by initiating the formation of ice crystals in clouds through heterogeneous ice nucleation. Although 

aerosol particle properties have been studied for decades, their ability to act as INP remains poorly 

understood (IPCC, 2013).   

A measurement campaign (HyICE2018) was organized in southern Finland from mid-February to mid-June 

2018. The main objectives of this campaign were to characterize the INP properties in a boreal environment. 

The campaign took place in the forest area of Hyytiälä at the University of Helsinki research station 

SMEARII.  

During the HyICE2018 campaign, the Institute for Atmospheric and Earth System Research (INAR) and 

the Karlsruhe Institute of Technology (KIT) deployed a significant instrumentation in order to study the 

vertical profile of INP concentrations.  

METHODS 

Airborne measurements were performed to quantify INP concentrations in the boundary layer and in the 

free troposphere. A typical measurement flight lasted 3 hours during which the plane flew above SMEARII 

station from altitudes of 300 m up to 3000 m. The INP concentrations were measured using aerosol filter 

samples collection and different filter were used for each atmospheric layer. In addition, two sampling sites 

were installed at SMEARII: one at ground level and another in the 35 m tower. The plane was also equipped 

for aerosol physical properties investigation.  

The INP content of aerosol filter samples was analyzed with the INSEKT (Ice Nucleation Spectrometer of 

the Karlsruhe Institute of Technology), a device developed to study the immersion freezing mode of ice 

nucleation (Schiebel, 2017). The aerosol samples collected on filters were suspended in clean water and 

pipetted in small volumes into a freezing array. The samples were cooled with a constant cooling rate while 

a camera detected brightness changes of the volumes related to their freezing. INSEKT is able to measure 

INP concentrations in a temperature range from 273 K to 248 K, which is relevant to study drop freezing 

conditions within supercooled mixed-phase clouds. The results obtained are in the form of temperature 

spectra of INP concentrations. 

RESULTS AND CONCLUSIONS 

During the campaign, 38 flights were realized between the 7th of March to the 19th of May 2018. 

Preliminary results show no substantial difference between INP concentrations measured at ground level, 

in the tower and in the boundary layer. On the other hand, INP concentrations measured in the free 

troposphere were always lower than the three latter mentioned. An example of typical result is shown in 

Figure 1. 
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Figure 1. Temperature spectra of INP concentrations measured on the 14th of May 2018 
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INTRODUCTION 

To understand the impact of secondary organic aerosol (SOA) on the earth’s climate and human health, we 

need to know more about the chemical and physical properties of these particles and how they evolve with 

time in the atmosphere. The filter inlet for gases and aerosols (FIGAERO) together with a chemical 
ionisation mass spectrometer (CIMS) is a very useful tool for this endeavour. It has been applied around the 

world for ambient measurements and laboratory studies giving new insights into the overall chemical 

composition of aerosol particles and the processes involved in their formation and aging (e.g. Le Breton et 

al., 2018; Lee et al., 2018; Mohr et al., 2017). But in addition, the thermal desorption behaviour of each 
detected ion is recorded by this instrument. These ion thermograms can be related to the volatility of the 

detected compounds. So far, mostly the peak desorption temperature (Tmax) has been used for that purpose 

(e.g. Wang and Hildebrandt Ruiz, 2018). But a single Tmax value does not take the presence of isomers with 
different volatility or thermal decomposition processes into account which will cause multi-modal features 

or a general broadening of the ion thermograms (D’Ambro et al., 2017; Lopez-Hilfiker et al., 2015). 

These difficulties in the analysis may be one reason why mostly bulk chemical composition and volatility 
have been discussed for FIGAERO-CIMS measurements and detailed thermal desorption profile data has 

been widely ignored. Another reason may be the complexity of the datasets. For each desorption cycle, 

hundreds of mass spectra are recorded and need to be compared. In previous studies, a few marker 
compounds/ions were selected and analysed in more detail (e.g. “pinic acid” in Lopez-Hilfiker et al. (2015) 

or C8H12O5 in Schobesberger et al. (2018).  

We are the first to utilise Positive Matrix Factorisation (PMF) to perform a full and detailed analysis of the 
characteristics of all ion thermograms in a FIGAERO-CIMS dataset. PMF is a mathematical model which 

represents a complex dataset (here multiple ion thermograms/mass spectra) by a small number of factors 

(factor mass spectra) with varying contributions (factor thermograms).  

 

METHODS 

The investigated dataset consists of FIGAERO-CIMS samples of aerosol particle of different starting 
compositions (aerosol types) representing atmospheric conditions. These were then exposed to different 

length (0.25 h or 4 h) of isothermal evaporation under dry or wet conditions (relative humidity of < 2% or 

80%, respectively) prior to the measurements with a FIGAERO-CIMS system using iodide-adduct 
ionisation (Aerodyne Research Inc., Lopez-Hilfiker et al., 2014, Lee et. al., 2014). The change in particle 

size during isothermal evaporation was measured as another independent measure of particle volatility. 

More details about this dataset can be found in Buchholz et al. (2019).  

Note that the FIGAERO-system always sampled the residual particles after different lengths of prior 

isothermal evaporation. If the dominant process is indeed isothermal evaporation, the change in a single ion 
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thermogram towards higher desorption temperatures is then caused by isomers of higher volatility being 

removed before the sample is collected. Lower volatility compounds stay behind and will be detected. 

 

RESULTS AND DISCUSSION 

The isothermal evaporation measurements yield a direct measure of the volatility of the investigated SOA 
types and are discussed in detail in Buchholz et al. (2019). One important finding in this study was that wet 

conditions always enhanced the observed isothermal evaporation. Low-OC SOA particles exhibit roughly 

the same amount of isothermal evaporation after 4 h under dry as after 0.25 h under wet conditions This 

information can be used to help with the interpretation and validation of the PMF results in general and 

specifically with understanding the effect of particulate water. 

 

Figure 1: Left (A): Contribution of PMF factors to the total thermogram of low-OC SOA particles after 0.25 and 4 h 

of isothermal evaporation under wet conditions (RH = 80%). Right (B): Corresponding factor mass spectra of the V-

type factors (D- and B-type factors are omitted). The colour code is the same in both panels. 

With PMF we identified three types of factors with distinct peak shape and behaviour in all datasets: 
volatility classes (V-type factors) were separated from background (B-type factors) and decomposition 

dominated parts of the signal (D-type factors). The V-type factors were characterised by their Tmax values 

which did not change between samples if isothermal evaporation was the dominant process in the particles. 
Instead, the changes in particle composition with increasing prior isothermal evaporation were explained by 

decreasing the contribution of the V-type factors with the lowest Tmax values (i.e., the most volatile ones, 

dark and light blue factors in Figure 2 A). Thus, we can indeed interpret the V-type factors as volatility 
classes, i.e., compounds with a similar volatility (desorption behaviour) are grouped into one factor. If the 

chemical composition of the particles had changed by another process than isothermal evaporation (here 

aqueous phase chemistry), PMF identified a new unique factor directly showing which ions/compounds 

were affected by the observed process.  

The factor mass spectra give insights into the changes in particle composition which are not visible in the 

overall OC ratios for the particles. With decreasing volatility (increasing Tmax values), the factor mass 

spectra show a stronger contribution of signals at molecular weights of >300 Da and more than 10 C atoms 
(Figure 2 B). Many of the lower Mw ions show contributions to multiple factors indicating that they most 

likely stem from direct desorption at low and from thermal decomposition of low volatility compounds at 

high desorption temperature. 

A 

B 
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This new approach to analyse FIGAERO-CIMS thermal desorption profile data can be applied to all kinds 

of FIGAERO-CIMS datasets and is not limited to laboratory studies. For ambient data, it enables a deeper 

analysis of the composition beyond source apportionment. The additional information on volatility changes 
has important implications for the further fate of aerosol particles in the atmosphere (i.e., will they persist 

or quickly evaporate). Also, the volatility class information derived from PMF V-type factors can be used 

for a straight-forward integration of results based on FIGAERO observations into (process) models. 
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Introduction

Sources of fine particulate matters are of importance to control air pollution and haze in China. Though source
apportionment studies has been conducted by numerous studies in China1-3, there are not too many researches
applying both chemical and physical properties to identify sources in particle mass and number concentrations,
which resulting in much less information of primary sources are provided. In this study, both particle chemical
and physical markers were applied in the same site during non-heating season. By positive matrix factorization
(PMF) analysis with organic markers (OA-PMF) as well as size distributions (Size-PMF), similar source types
and contributions from size and mass contribution were resolved, including light duty vehicle emissions (LDV-
related), heavy duty vehicle emissions (HDV-related), cooking emissions (cooking-related) as well as regional
sources.

Methods

    For this study, data were collected in Beijing University of Chemical and Technology (BUCT), Beijing, China
from April 6 to Jul 2, 2018. A Time-of-Flight Aerosol Chemical Species Monitor (ACSM) equipped with a PM2.5

aerodynamic lens and standard vaporizer as well as a Scanning Mobility Particle Sizer (SMPS) were performed in
a rooftop of a 5-floor teaching building. Non-refractory species (including sulfate, nitrate, ammonium, chloride
and organics) in PM2.5 and particle size from 20 to 680 nm were measured by those two instruments, respectively.
PM2.5 concentration, boundary layer height as well as the traffic flow data near the sampling site were also
measured. PMF as well as multilinear engine 2 (ME-2) methods were performed to solve the number and mass
contributions of fine particulate matters and organic aerosols (OA) during the sampling period.
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Results

By PMF methods, LDV-related particles were found to exhibit the dominating size of 20 nm and average
concentration of 2.4×103 cm3. After converting to mass concentration with the density of 1.5 g/cm3, LDV-related
could contribute 0.79 μg/m3 on average. It also exhibited similar diurnal pattern of the LDV vehicle flow at nearest
intersections. However, HDV-related particles showed a dominating size peak of 100 nm and 5.5×103 cm3,
exhibiting similar diurnal HDV patterns, which concentrated to travel during nighttime due to the daytime
restrictions4. HDV-related particles also had a good correlation with BC plus HOA from OA-PMF from ACSM (r
= 0.65).

The peak of cooking-related particle sizes were around 40 nm with the number concentration of 5.5×103

particles/cm3. The cooking-related particles of Size-PMF showed very similar diurnal patterns with OA-PMF
analysis with one peak during the lunchtime the other during the dinner time. Discrepancies from the converted
mass from Size-PMF and OA-PMF can be explained by the high relative ionization efficiencies (RIEs) for cooking
particles.

Regional sources from Size-PMF and secondary particles (sulfate, nitrate, ammonium plus secondary organic
aerosols) in OA-PMF exhibited strong correlation (r = 0.93) with a slope of 1.1, suggesting that those particles
with larger size can come from regional and secondary processes.

    Overall, this studies applied both chemical and physical fingerprints to identify and quantify the sources in both
mass and number levels of fine particulate matters in Beijing, China during the non-heating season. It can provide
detailed information for the primary sources of particles for further researches.
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INTRODUCTION 

In aerosol studies, it is often encountered that charged nanoparticles or ions are transported against an 

adverse electric field. For instance, when classifying them according to their electrical mobility using a 

differential mobility analyzer, charged particles and ions migrate along with the electric field in the 

classification region and then against the adverse electric field in the sample outlet (or inlet in some cases). 

Their electrostatic losses can be reduced using a specially designed sample outlet or inlet inside which the 

adverse electric field is axially parallel. Based on the same principle, the electrical mobility filter (EMF) 

that can segregate charged particles using an adjustable adverse axial electric field. 

Theoretical analysis of nanoparticle penetration through the adverse axial electric field considering both 

particle diffusion and electrostatic migration is needed, especially for sub 10 nm particles. Previously, 

several models were used for characterizing the transmission efficiency of charged particles through an axial 

electric field. Bezantakos et al. (2015) used a semi-empirical formula considering both electrostatic and 

diffusional losses. In this formula, four parameters were used to fit experimentally measured transmission 

efficiency. Different values were obtained for these parameters when instrumental working conditions are 

different, which limits the application of this semi-empirical formula. 

Based on sound theoretical derivation, Tammet (2015) proposed an analytical solution for the transmission 

efficiency of non-diffusive particles which is a function of one dimensionless parameter. A conceptual 

model based on single particle tracking is proposed by Tammet (2015) as an example to illustrate how to 

simulate particle diffusion in an electric field; however, examination on the feasibility of the model was not 

reported, and there was no further discussion on the transmission efficiency evaluated using the model. 

Following Tammet (2015), we study the transmission of charged particles and ions through an adverse axial 

electric field inside an ESD tube when considering both particle diffusion and electrostatic migration. 

METHODS 

Electric field 

The adverse electric field is axially uniform due to the linearly changing electric potential on the surface of 

the tube, which is achieved using electrostatic dissipative (ESD) materials. The electric field inside the ESD 

tube is solved analytically.  

Numerical model 

A numerical model is proposed to estimate particle transmission efficiency through the adverse electric field. 

This model is derived based on the two assumptions/approximations as follows: 

1) The air flow profile remains the same along the axial direction of the cylindrical tube. 
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2) The axial length where particles move as a result of the radial electric field is negligible compared 

to the total length of the tube. 

In the numerical model, particle diffusion and electrostatic losses are simulated step by step. For the DMA 

sample outlet, the transmission efficiency is simulated in 5 steps. Diffusion losses are simulated before, 

within, and after the adverse electric field; and electrostatic migration of particles are simulated at the 

entrance and exit of the electric field. Particle cross-sectional concentration profiles are numerically solved 

after each step of diffusion or electrical migration. After that, particle transmission efficiency through the 

tube is obtained by calculating integral of concentration flux at the exit of the tube and divide it by that at 

the entrance of the tube. For the EMF, the transmission efficiency is simulated by 9 steps because the electric 

field is more complicated than that of the DMA sample outlet. 

Simplified analytical model 

To save the computational expense, an additional assumption is added when the electric field is short 

compared to the total tube length: 

3) The electric field does not affect the diffusive loss rate. 

Based on assumptions 1) – 3), a simplified analytical model is proposed. In this simplified analytical model, 

the electrostatic loss and diffusion of particles are considered in two separate steps: the first step considering 

only particle diffusion and the second step considering only the electrostatic loss. In the first step, the particle 

concentration profile as a result of diffusion is calculated at the exit of the entire tube (Gormley and Kennedy 

1949). In the second step, the effect of the electric field is simplified as only removing particles outside the 

threshold radius for electrical loss without changing the trajectories of particles inside it. 

Monte Carlo method 

The Monte Carlo method is based on tracking the trajectories of individual particles. The flow field is either 

estimated using an approximate model for the entrance flow (Targ 1951) or simply assumed to be the Hagen-

Poisseuille or plug flow. Since this Monte Carlo method is based on single particle tracking within the flow 

and electric fields, it does not rely on assumptions 2) and 3). Thus, this Monte Carlo method is considered 

to be more accurate than the numerical model and the simplified analytical model. 

Experiments 

The transmission efficiencies of ions through the ESD tube with different adverse field lengths were 

experimentally studied. Monodisperse tetra-heptyl ammonium ions (THA+) with an electrical mobility 

diameter of ~1.48 nm were generated using electrospray and subsequently classified using a half-mini DMA. 

The voltage on the DMA inner electrode was −300 V, and the external electrode was grounded. The sample 

outlet of the half-mini DMA was modified such that the voltages of the outlet tube was also −300 V. The 

classified ions were measured by two aerosol electrometers upstream and downstream of the ESD tube. 

Application example 

Based on the above models and experiments, the ESD tube (POM-C, Ensinger Inc.) was used to increase 

the transmission efficiency through the sample outlet of a mini-cy DMA. The insulation Delrin used between 

the central electrode and the original metal outlet tube was replaced with a rigid ESD tube. Ions with an 

electrical mobility diameter of 1.48 nm were used to characterize the penetration efficiencies of the DMA. 
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CONCLUSIONS 

The numerical model agrees with the Monte Carlo method unless the electric field is too short to be axially 

uniform (length/radius < 4) or the tube length before the electric field is much shorter than the entrance 

length of the air flow. The simplified analytical model is valid when the adverse electric field is relatively 

short compared to the total tube length. If the assumptions in developing the proposed model are 

significantly violated, the Monte Carlo method which requires higher computational expenses can be used 

instead to estimate the transmission efficiency. Both the proposed models and the Monte Carlo method were 

applied for an electrical mobility filter and the sample outlet of a differential mobility analyzer. Under the 

typical conditions for these devices, the transmission efficiency estimated using the proposed models agrees 

well not only with the Monte Carlo method (a mean absolute difference smaller than 1%) and but also with 

the measured transmission efficiencies for sub-6 nm particles. By replacing the commonly used Delrin 

insulator at the sample outlet of a mini-cy DMA with an ESD tube to reduce electrostatic loss, the penetration 

efficiency of 1.48-nm ions under typical operating conditions (a sheath flow rate of 25 L·min-1 and an 

aerosol flow rate of 1.5 L·min-1) was increased by 50%, because using the ESD tube decreased the adverse 

electrostatic field. 

 
 

Figure 1. Comparison of the Monte Carlo method (M-C), numerical model (Num.) and the simplified 

analytical model (Ana.). 
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INTRODUCTION

Knowledge of the particle number size distribution (PNSD) of atmospheric aerosol particles is an important
component to understandcloud formation, nucleation, formation and growth rates. This is especially
important in the sub-3 nm range because of the growth of particles directly coming from the gas phase. A
common problem of any PNSD studies, the inversion of the measured data to a proper size distribution from
particle number concentration, is challenging. This is even more so of the measurements at sub-3 nm range
due to its complexity and due to the simple fact that not many measurements at this range has been properly
measured in the environment. This study examines various PNSD inversion methods using the Particle Size
Magnifier (PSM, Airmodus Oy, Finland), which determines the PNSD based on the relationship between
the particle number concentration and a varying saturator flow rate. Although the uncertainties of the size
distribution prior to data inversion and after inversion has been addressed (Kangasluoma & Kontkanen,
2017; Cai et al., 2018), understanding both the measured data prior to inversion and the uncertainties faced
when measuring in the environment are not well understood.

METHODS

We looked at data prior to inversion, during inversion and after inversion. More specifically, prior to
inversion, we saw how each individual scan looks like data (i.e. a scan, ranging from 0.1 litres per minute
to 1.3 litres per minute) and applied a discard method to remove scans which are deemed bad, based on a
statistical hypothesis test (p value). During inversion, we introduced four methods to invert measured data:
step-wise and kernel methods, introduced by Lehtipalo et al. (2014); the Hagen and Alofs linear  inversion
method (Hagen & Alofs, 1983); and the expectation–maximization algorithm, the latter two introduced by
Cai et al. (2018). In this study, we used data measured from the Beijing University of Chemical Technology,
in Beijing, China. This site is situated in an urban environment of central Beijing. This site allows for useful
understanding of how each inversion method allocates the measured particle number concentration into their
respective size bin. Particularly, we separated the event-types into three categories: new particle formation,
non-new particle formation and haze. The measurement period used in this study was from 15 Jan. to 15
Mar., which was during the winter heating period.
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INTRODUCTION

The atmospheric oxidation capacity is strongly influenced by the hydroxyl radical (OH), ozone (O3) and the
nitrate radical (NO3) concentrations, however, real-time measurement data of OH and NO3 are only available
at few sites during certain campaigns. The sulfuric acid (H2SO4) concentration is an important indicator for
the new particle formation event frequency over the long term. The 1-dimensional chemical-transport model
SOSAA (Boy et al., 2011)  was validated to simulate OH concentration with reasonable results in earlier
publications (Boy et al., 2011, Petäjä et al.,  2013). In this study, 12-years simulation with the SOSAA model
were  performed  for  the  years  2007-2018 to  investigate  the  atmospheric  oxidants  trends  at  SMEAR II,
Hyytiälä,  Finland. 

METHODS

The SOSAA version applied in this study is based on the version applied in the study by Zhou et al. (2017),
which includes a new module to simulate the dry deposition of gases, besides the existing modules for
meteorology, BVOCs emission, chemistry and aerosol. However, here we turned the aerosol module off to
save computational time. For our simulations, we used SOSAA with 51 logarithmic scaled layers from 0-
3000 m. Meteorological data and trace gases including CO, NO, NO2, SO2 and ozone are provided as input
from the SMEAR II station. These gases come mainly from anthropogenic sources and by constraining them
by measurements we aim to consider the most important anthropogenic impact, thus no emission inventory is
required. For biogenic emission, our BVOCs module is retrieved from the MEGAN model. Inorganic gas
emission from biogenic sources are not considered but are proved to be minor from prior studies (Kesik et
al.,  2005).  Methane  concentration  is  assumed  to  have  a  fixed  increasing  trend.  We  used  the  MCM
mechanism to calculate the gas-phase chemistry, considering all species which react with O 3, OH or NO3  in
Hyytiälä and are known to have a significant concentration. With this model, we are able to simulate the
vertical profile and flux of atmospheric compositions.

CONCLUSIONS

Although ozone is also one of the main oxidants, it is read in from measurement, thus we only focus on the
OH and NO3 radical. From the input data, we see a strong declining trend for SO2 and NO2,, and we did set a
fixed increase of  6  ppt  per  year for  CH4.  Monoterpenes,  which are  major  contributor for  OH sink,  are
modelled with the BVOCs emission module based on MEGAN. For the 12 years period, OH concentration
shows a weak increase, but it has strong fluctuations through the years. Figure 1 shows the time series from
year 2007 to 2018 for OH. Therefore it’s still difficult to provide a guess for OH future change under current
climate changing trends. We also modelled NO3,  which showed on obvious decrease, which is probably
connected with the reduce of NO2 emissions in Europe.  

With the model simulations for more than one decade, we aim to understand how the atmospheric oxidants
change through climatic patterns in northern European boreal forest. The oxidants in boreal forest have a
strong  impact  on  H2SO4  concentration,  which  is  crucial  to  understand  decadal  trends  of  new  particle
formation at a single site, and further on a global scale. Previous studies did use proxies for OH based on
UVB and other parameters. By considering the gas-phase chemistry by MCM, we aim to provide another
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measure for OH concentration in the long term. Based on this, we can provide a long term trend of H 2SO4.
Existing measurement of NO3 concentration are quite rare, there are also methods to approximate, and with
this study we could provide an estimate on the NO3 trend over the long term. 

Fig. 1 Time series of OH concentration for the years 2007 – 2018. Dots represent model data, solid lines represent
running mean over 365 days, and dashed lines represent linear regression for data in the log-scale. Plots in red represent

daily median data, while data in blue represent monthly median data.
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INTRODUCTION 

In China, the high concentrations of various gas precursors, i.e. SO2, NOx, NH3, and Volatile organic 
compounds (VOCs) (X. G. Liu et al., 2013; L. Wang et al., 2015; Ye et al., 2011; Zou et al., 2015) have 
resulted in high concentrations of secondary inorganic and organic species in fine particles (PM2.5) during 
haze formation (Z. Wang et al., 2012; Yang et al., 2011; Zhao et al., 2013). However, the occurrence 
frequencies of NPF events in high condensation sink (CS) environments of China were higher than those in 
low aerosol-loading environments (Peng et al., 2014). Meanwhile, the observed formation rate (FR) of new 
particles was one to two orders of magnitude higher for NPF in China than that at rural/urban sites in western 
countries, resulting in high number concentration of nano-particles (Chu et al., 2019; Yao et al., 2018). At 
present, air quality index (AQI) was used to represent the air quality for the cocktail of gas pollutants and 
particulate matter (or highly complex air pollution). In AQI, only mass concentration of fine particles (PM2.5) 
was include for characterize aerosol. And at a large fraction of time, especially when the pollution happened, 
the primary pollutant was usually PM2.5. In the past decades, more and more comprehensive measurement 
of aerosols were carried out in China, and therefore, we may deserve a more comprehensive aerosol index 
(AI). In this study, an AI was proposed based on 1-year observation of aerosol size distribution in Beijing, 
in which particle number concentration, condensation sink, and PM2.5 mass concentrations are considered. 

METHODS 

The results presented in this study are collected at a comprehensive measurement station in urban Beijing 
(N 33.94°, E 116.30°) between 23rd of January and 31st December 2018. The observation station is located 
on the western campus of Beijing University of Chemical Technology (BUCT), which is 400 m to the west 
of the West Third Ring Road and surrounded by residential and commercial areas (Lu et al., 2019; Zhou et 
al., 2019). Particle number concentration and size distribution were monitored with a suite of instruments, 
including a Particle Size Magnifier (PSM) to measure small particles in the range of 1.5 – 2.5 nm (Vanhanen 
et al., 2011), a diethylene glycol (DEG) SMPS to measure 1.5 – 6 nm particles (Cai, Chen, Hao, & Jiang, 
2017; Jiang, Chen, Kuang, Attoui, & McMurry, 2011), a Particle Size Distribution (PSD) to detect particles 
from 3 nm to 10 µm (J. Q. Liu, Jiang, Zhang, Deng, & Hao, 2016), and a neutral cluster and air ion 
spectrometer (NAIS) to monitor the 0.8 – 20 nm ions and 2 – 20 nm particles (Mirme & Mirme, 2013). 
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These data were mainly used to calculate the concentration sink (CS), particle formation and growth rates 
(Kulmala et al., 2012), and to identify NPF events with the method introduced by Dal Maso et al. (2005). 

The AI was calculated similarly as AQI, while the detail method of AQI calculation can be found in the 
Chinese national air quality standard GB3095-2012, and HJ 633-2012. Three parameters determinate AI in 
this study, i.e. particle number concentration, condensation sink, and PM2.5 mass concentration. To calculate 
the AI, we first need to set levels for each parameter, which might be quite subjective. The levels were set 
mainly according to the statistical distributions of each parameter at different type of days, i.e. NPF days, 
haze days and the other days in this study. The levels of PM2.5 are kept the same as the Chinese national air 
quality standard GB3095-2012. The optimized level standards are listed in Table 1.  

Table 1. Aerosol Index Standard 

Level Aerosol index grade 
(AIG) 

Particle number 
concentration (particles/cm3) 

Condensation 
sink (s-1) 

PM2.5 mass 
concentration (μg/m3) 

1 0 0 0 0 
2 50 1e4 0.01 35 
3 150 7e4 0.06 115 
4 300 2e5 0.16 250 
5 500 3e5 0.26 500 

Then, AI could be calculated following the four steps listed below: 

1. Collect and calculated the three parameters in Table 1. 

2. Compare each parameter with the standard in Table 1, and find the lowest level that higher than or equal 
with the concentration (H) and the highest level that lower than the concentration (L). For example, if 
PM2.5 mass concentration is 20μg/m3, then the H level is 2 and the L level is 1. 

3. Calculate the individual aerosol index (IAI) for each parameter i: 

𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖 = 𝐼𝐼𝐼𝐼𝐴𝐴𝐿𝐿 +
C𝑖𝑖 − 𝑆𝑆𝐿𝐿,𝑖𝑖

𝑆𝑆𝐻𝐻,𝑖𝑖 − 𝑆𝑆𝐿𝐿,𝑖𝑖
(𝐼𝐼𝐼𝐼𝐴𝐴𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐴𝐴𝐿𝐿) 

where 𝐼𝐼𝐼𝐼𝐴𝐴𝐿𝐿 and 𝐼𝐼𝐼𝐼𝐴𝐴𝐻𝐻 are the aerosol index grade for level L and level H in Table 1, respectively; 𝑆𝑆𝐻𝐻,𝑖𝑖 
and 𝑆𝑆𝐿𝐿,𝑖𝑖 are the standard values of parameter i for level H and level L in Table 1, respectively;  C𝑖𝑖 is the 
measured or calculated value of parameter i. 

4. Calculate the AI from IAI of the three parameters: 
𝐼𝐼𝐼𝐼 = max (𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖) 

Similar as the definition of primary pollutant, the parameter which has the highest IAI is called the 
primary factor. 
 

CONCLUSIONS 

According to whether NPF and haze events happened or not, the days were classified into three groups, i.e. 
NPF days, haze days, and the other days without NPF and haze during the observation period. AI and 
primary parameters in these three groups, as well as AQI during a 5-month period are shown in Figure 1 as 
an example. Generally, AI followed the trend of AQI well. Since PM2.5 is usually the pollutant than 
determinates the AQI and more parameters of aerosol are included in AI than AQI, the AI was always higher 
than AQI. The small peaks of AI above AQI indicate periods with high particle number concentration or 
high particle surface area concentration. During the observation period, NPF mainly happened when the 
primary factor was the particle number concentration, while there was still a small fraction of NPF happened 
when the primary factor was CS. Haze mainly happened when AQI showed a high peak and the primary 
factor was the PM2.5 mass concentration, while there was also a small fraction of haze happened when the 
primary factor is CS. On average, about 70% of the NPF, haze and other days happened with primary factor 
to be particle number concentration, PM2.5 mass concentration, and CS, respectively. So the application of 
AI in this study maybe also used to classify the types of pollution. Besides the urban environment, we also 
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applied the AI calculation to the observation at a forest station in Hyytiala, where long period of observation 
of particle size distribution and NPF classification is available (Dada et al., 2017; Mäkelä et al., 1997). The 
AI seemed also separate the events (i.e. NPF) well, although the AI calculation methods was developed 
based on the observation of aerosol size distribution in Urban Beijing. 

 
Figure 1. AQI (black line), AI (points) in the urban station of Beijing, China and forest station of 

Hyytialia, Finland. The AI points are classified by different types of days, i.e. NPF, haze and the other 
days, in ‘Events’ picture, while classified by the primary factors, i.e. particle number concentrations, CS, 

and PM2.5 mass concentrations, in ‘Primary factors’ picture. 
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INTRODUCTION

In  boreal  forest  new particle  formation  (NPF)  has  been  observed  to  be  dependent  on  sulfuric  acid
(Kerminen et al., 2018). Under usual lower boundary layer conditions, sulfuric acid alone is too unstable
to produce the formation rates observed. The role of ammonia and amines as a stabilizer for initial mo-
lecular clusters has been studied extensively throughout this millennium. From chamber experiments and
theory we know that together with sulfuric acid they are able to produce stable clusters of at least 1 nm
(Almeida et al., 2013; Olenius et al., 2013). We have used the model ACDC (Atmospheric Cluster Dynam-
ics Code) (McGrath et al., 2012) and quantum chemical data (see Methods) to quantitatively estimate the
formation rates at measured ambient conditions in Hyytiälä, Finland, and further simulated the particle
growth due to other condensible vapours. 

METHODS

ACDC calculates molecular cluster formation by simulating monomer and cluster collisions and evapora-
tion. The evaporation rates are derived from quantum chemical calculations (DLPNO-CCSD(T)/avtz//
B97X-D/6-31++G(d,p)  for  dimethylamine  (DMA)  and  RICC2/aug-cc-pV(T+d)Z  //B3LYP/CBSB7  for
NH3) of Gibbs free energies of each cluster composition. ACDC is incorporated in MALTE-box (Boy et
al., 2006), a zero-dimensional model that uses meteorological, chemical and particle measurement data
and simulates the chemistry, most notably reactions that involve radicals and Volatile Organic Compounds
(VOCs), and aerosol dynamics. The model also includes the newly developed Peroxy Radical Autoxida-
tion Mechanism PRAM (Roldin et al., 2019) to estimate the concentration of Highly Oxygenated Organic
molecules (HOM). 

We have used measurements from Hyytiälä, Finland from April 2018 as input for the model. Individual
days were simulated by applying respective measurements as input, and additional 24-hour simulations
were made where 10-day hourly mean levels were used as the input. We also studied how much additional
DMA would be needed to bring the modelled formation rates and particle numbers in agreement with the
observations. Since no measurement data of DMA was available, ammonia levels multiplied by a factor
was used as time series. 

CONCLUSIONS

We have found that the observed ammonia and sulfuric acid levels in Hyytiälä strongly affect the NPF rate
in the model. Typically the measured levels of ammonia do not produce strong enough formation of new
particles in the model to reproduce the observed particle concentrations. However, the events are captured
by the model, even if the formation is considerably lower, and by applying 10-day mean values of meas-
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ured quantities, a typical event day size distribution can be simulated by increasing the concentration of
ammonia within 1–2 standard deviations of the 10 day mean or sulfuric acid by one standard deviation
(figure 1). 

Figure 1: Comparing modelled and measured number concentrations of 3–15 nm size range in Hyytiälä, April 3–13,
2018. The first model run (blue) uses 10 day hourly mean values for input data; in the second run (green) sulfuric

acid concentration was one standard deviation above mean. Typical event day particle number concentration from the
same 10 day period is shown with black markers.

Also, additional DMA in trace quantities was able to bring the modelled formation rates in agreement with
observations. The fraction of DMA to NH3 was in the order of 0.01–0.1, depending on the ammonia levels
(Figure 2). This corresponds to DMA levels of 1–10 ppt, which is in agreement with earlier measurements
from Hyytiälä (Hemmilä et al., 2018).

Figure 2: Additional DMA in small quantities is able to get the modelled 1–15 nm particles and formation rates in
agreement with the observations. Here 0.2–0.8 ppt of DMA was used in the model, following ammonia trend, on

April 10th, 2018. The modelled formation time series depends on the peak in DMA and therefore does not coincide
temporally with measured J3, but the magnitude is similar.
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OUTLOOK

New quantum chemical data for H2SO4-NH3 cluster free energies, obtained with more advanced methods
(DLPNO–CCSD(T)/aug-cc-pVTZ/ωB97X-D/6-31++G**) B97X-D/6-31++G**)  (Myllys et  al.,  2019) suggests that  pure two-
component clusters are even less-favourable than what the previous data showed. This means that we
should look into the effects of amines and other strong bases in stabilization of sulfuric acid clusters. Also
three-component reactions H2SO4-NH3-X could well be plausible mechanism for new particle formation.
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INTRODUCTION 

New Particle Formation (NPF) is a process in which a large number of particles is formed in the at-
mosphere with the help of gas-to-particle convention of low-volatile vapours and also by clustering. There 
is a lot of research done on NPF in different environments (Kerminen et al., 2018), including experimental 
and theoretical aspects. Many studies were focused, for example, on the observed character of NPF in dif-
ferent atmospheric environments, including particle formation rates (FRs) and growth rates (GRs), the 
chemistry of atmospheric NPF, the thermodynamics and kinetics of NPF. Experiments related to NPF ob-
servations were done earlier on Fonovaya station near Tomsk, Russia, but the number of experiments is 
not enough. We are in process of establishing new observations in Siberia. According to the experimental 
data from SMEAR II station in Finland (Dada et al., 2017), circumstances for NPF in Siberia should be 
practically ideal. However, limited amount of experiments show that this statement is not true and NPF are 
less frequent in Siberia than SMEAR II station (Wiedensohler et al., 2018). The aim of the research is to 
understand why NPF are rare in Siberia.  

METHODS 

The site of research is Fonovaya station in Siberia, Tomsk region, Russia. The Diffusion battery Particle 
Sizer system (DPS) and gas analyzers were measuring aerosols and trace gases since 2015 year, but data 
from those instruments were not enough for understanding the nature of NPF events in Siberia. That is 
why the instruments Neutral cluster Air Ion Spectrometer (NAIS) (Manninen H. et al., 2016) and Particle 
Size Magnifier (PSM) (Vanhanen J. et al., 2011) were shipped and installed on Fonovaya station. The 
measurements with those instruments started from July 2019, but it takes more time to get enough data for 
the research. For data processing programming languages such as Matlab and Python are used.  

RESULTS  

The data since 2015 to June 2018 from DPS and gas analysers was processed. Several things were identi-
fied during this processing. First, the number of NPF events has the highest value in March. Second, the 
concentrations of trace gases, such as sulfur dioxide, nitrogen dioxide and nitrogen oxide have higher val-
ues during NPF events. Third, the concentrations of those gases in general are much higher in Siberia than 
in SMEAR II station in Finland. Next, the NPF events are more frequent when the sky is clear. 

208



CONCLUSIONS 

Now the data processing is continuing. The next step is to explore the air mass trajectories and to under-
stand from where the air mass comes to the station, is it from an urban or boreal area. Also, comparison 
with data from SMEAR Estonia is planned.  

For future research, such instruments as Chemical Ionisation Atmospheric Pressure interface Time-Of-
Flight (CI-APi-TOF) and Differential Mobility Particle Sizer (DMPS) will be shipped to Fonovaya station  
for measuring the chemical composition of the atmosphere at Fonovaya station.  

The big experimental research on Fonovaya station in Siberian boreal forest is taking place. The experi-
ment is currently underway, and getting more data is necessary for understanding why NPF is rare in 
Siberia.  
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INTRODUCTION 

Finnish forest is a boreal forest that mainly tree species of Pinus sylvestris, Picea abies, Betula pendula and 

Betula pubescens and a sub-canopy of dwarf shrubs, mosses and lichens species (Goulden, M. L. et al., 

1997) (Moren, A. S. et al., 2000);(Kulmala, L. et al., 2009) . Seasonality of temperature and solar radiation 

are large in boreal zone, with winters characterized to be cold, dry and fairly dark periods while in the 

contrast, growing seasons are short, rather warm and with long daily light hours. It has been shown that 

temperature and light are the main external drivers of patterns of photosynthesis (Kolari, P. et al., 2014). 

Although, Mäkelä et. al, (2004) showed that photosynthetic capacity is strongly connected with a delay 

temperature effect, called by Mäkelä as the state photosynthetic acclimation (S) (Makela, A. et al., 2004). 

This effect occur under conditions of strong seasonality of temperature, as it is the case of Finnish forests.  

Changes in the state of photosynthetic acclimation suggest that internal mechanisms influencing 

photosynthesis, though, these internal mechanisms are poorly understood, overall under natural conditions. 

In photosynthesis, plants synthesize from atmospheric CO2 molecules of sugars. Part of these sugars not 

fixed in the biomass, are called non-structural-carbon (NSC) compounds, playing different roles in plants. 

(metabolic, osmotic reactions, transport, energy storage, etc. NSC molecules can be transformed from one 

to another depending on physiological necessities, in a, so called, sugar-starch turnover, that regulates for 

instance, trees water-uptake, of water loss, or recovering from embolism (Holtta, T. et al., 2018). It has also 

shown that NSC concentration play a role in inhibiting photosynthesis (Mcdowell, N. G., 2011; Nakano, H. 

et al., 2000; Franck, N. et al. 2006; Lemoine, R. et al., 2013; Schaberg, P. G., 2000), nevertheless, the 

mechanism remains rather well known. There is a lack of experimental studies boarding the yearly 

relationship NSC and photosynthesis under natural conditions without stress in boreal forest ecosystem.  

In this project, we aim to investigate the relationship between the concentrations of non-structural 

carbohydrate and photosynthesis. We hypothesize that the NSC concentration is connected to the rate of 

photosynthesis in an intra- and inter-specific manner and that NSC content and the rate of photosynthesis 

are connected also in normal field conditions over a seasonal cycle with natural variation in temperature, 

soil moisture, radiation, and CO2 atmosphere concentration.  

For the purpose, we 1) measured photosynthesis and NSC concentrations of Scots pine (Pinus sylvestris) 

seedlings and dwarf shrubs bilberry (Vaccinium myrtillus), lingonberry (Vaccinium vitis-ideae), and heather 

(Calluna vulgaris) in a controlled microcosms laboratory experiment, and 2) derived the annual pattern of 

photosynthetic potential of Scots pine from continuous field measurements and connected it to NSC 

concentrations in leaves over three full growing season in southern Finland.  

 

METHODS 
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Our experimental procedure was divided in two measurement groups, one carried out under laboratory 

conditions, made on 9 months old plant shoots that we called i) Microcoms experiment; and the other one 

was done on adult Scots pine trees at Smear II station (Southern Finland), that we called ii) Field experiment. 

 

In Microcosm experiment, we used four replicates of 9 months old plant species: a) Vaccinium vitis-idaea 

L. (Lingonberry), b) Vaccinium myrtillus L. (Bilberry), c) Calluna vulgaris (L.) Hull (Heather), and d) Pinus 

sylvestris L. (Pine). Seeds grew up in app. 178 cm3 cuvettes with isolated sub-chambers for roots and the 

aerial part of the plant. They were under laboratory conditions for 9 months, at stable temperature (18-4°C/ 

for day to night), stable PAR intensity of 170 μmol m−2 s−1, and a day length of 18 hours. We carried out 

measurements of CO2 exchange in microcosm cuvettes following a method developed by Pumpanen, 

(Pumpanen, J. S. et al., 2009}}}}). A synthetic air gas circulated for 30 min. inside the sub-chambers of the 

cuvettes, after which it was collected and analyzed the content of CO2 mass. We calculated the difference 

between the CO2 mass in the inlet and outlet gas flow. The rate of photosynthesis (P) was calculated as the 

difference between the rate of respiration of shoot in dark conditions and the total net exchange of CO2 

concentration during light conditions, assuming that respiration was the same during dark and light 

conditions. See more details of the CO2 and exchange measurements and calculations (Pumpanen, 2009, 

2018). For more details in the experimental method, see (Adamczyk, J. et al., 2016) (Pumpanen, J. S. et al., 

2009) and (Kulmala, L. et al., 2018) (Kulmala, L. et al., 2018) 

 

In Field experiment, we took samples of 3 to 4 mature Scots pine at Smear II station in southern Finland 

every 3-4 weeks in the growing seasons 2008, and 2015; and during the whole year in 2009. For the three 

studied years, we also used continues chamber measurements of CO2 exchange in Scots pine branches (see 

details of chamber measurements modifications)(Kolari, P. et al., 2014). We fitted optimal stomatal control 

model and Farquhar model to the measurements and used the gained parameters in further analysis. 

 

Needles and leaves samples was collected from both experiment groups. We lyophilized the samples in a 

Christ Gamma 2-16 LSC Freeze dryer (Christ Gamma 2-16 LSC; SciQuip Ltd, Merrington, UK), and 

grinded them (2000-230 Geno/Grinder; Spex SamplePred, USA). We extracted the content of soluble sugars 

and starch with different methods. The concentration of soluble sugars was done in a chromatograph-mass 

spectrometer (Agilent 7890B GC/5977A MSD) with a method developed in the Natural Resources Institute 

Finland, (LUKE). The concentration of starch was analysed in the University of Helsinki, with a 

spectrophotometer (UV-1650 PC, Shimadzu) at 510 nm of wave length, using K-TSTA Total Starch Assay 

Kit (Megazyme Internation Ireland, Wicklow, Ireland).  

 

PRELIMINARY RESULTS 

 

In the microcosms experiment, there was a negative and intraspecific relationship between glucose and 

fructose with the rate of photosynthesis especially with the dwarf shrubs. Nevertheless, the low number of 

samples per species statistical significance was rarely found. Starch was the only carbohydrate with which 

the rate of photosynthesis showed a interspecific relationship indicating that the higher was the starch 

concentration, the lower was photosynthesis. It was seen similarities in the relation between NSC and 

photosynthesis, differing between evergreen species and deciduous species. But to give general conclusions 

are needed further analysis.  

In the field experiment, it was seen clear and negative connections between the sum of soluble sugars 

(overall the sum of glucose, fructose and sucrose) and photosynthesis rate of mature pine trees. It was also 

seen a relation between the rate soluble sugar/starch and photosynthesis rate, in autumn and winter the rate 

increase while the photosynthesis activity decrease, while in spring the rate soluble sugar/starch decrease 

when photosynthesis increased.  

Finally, we did a linear mix model to compare the effect on photosynthesis capacity of variables as 

temperature, the state of photosynthetic acclimation and the concentration of soluble sugars. Our results 
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showed that the main driver is the effect of the state of photosynthetic acclimation, and also soluble sugar 

content improve the model, suggesting that internal process are involve in the photosynthesis capacity.  
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INTRODUCTION 

Aerosol particles and their interaction with the properties of atmospheric clouds still remains one of the most 

persistent sources of uncertainty in the estimates of anthropogenic climate forcing. The understanding of the 

impact of aerosol-cloud-precipitation interactions has been proven very difficult. Cloud properties (e.g. 

albedo, precipitation rate and lifetime) depend, amongst other factors, on the number concentration of 

aerosol particles and on their chemical composition (Komppula, 2005; Lihavainen, 2008). 

  

Continuous, semi-long term, ground based, in-situ measurements of low level clouds were conducted during 

the Pallas Cloud Experiments (PaCE) in autumn of 2017 at Pallas Atmosphere - Ecosystem Supersite in 

northern Finland. Our main motivation during the campaign was to investigate aerosol-cloud interactions 

using in-situ measurements techniques (Doulgeris et al., 2018). In addition, from September 18th until 30th 

the intensive Unmanned Aerial Vehicles (UAV) part of the campaign took place. During this period clouds 

were still warm and it was safe to fly through them. 

 

 
 

Fig.1 Pallas Atmosphere-Ecosystem Supersite located in Finnish sub-Arctic region (67◦58’ N, 24◦07’ E) 
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METHODS 

  

The 7th Pallas Cloud Experiment took place at the Pallas Atmosphere-Ecosystem Supersite – Sammaltunturi 

Global Atmospheric Watch (GAW) station (67◦58’ N, 24◦07’ E) in Finnish sub-Arctic region during fall and 

winter 2017(Fig. 1). Sammaltunturi station is located on a top of an arctic fjell (560 m a.s.l.) and it is during 

the fall about 50 % of time inside low level clouds which allow us direct measurements of aerosol-cloud 

interaction. 

 

All meteorological data at the station were measured by Vaisala FD12P weather sensor (Hataka et al., 2003). 

The Cloud, Aerosol and Precipitation Spectrometer probe (CAPS, DMT, CO, USA) was installed on the 

roof top of Sammaltunturi station to measure the cloud droplets. CAPS, includes three instruments: the 

Cloud Imaging Probe (CIP, 12.5 μm-1.55 mm), the Cloud and Aerosol Spectrometer (CAS-DPOL, 0.51-50 

μm) with depolarization feature, and the Hotwire Liquid Water Content Sensor (Hotwire LWC, 0 - 3 g/m3). 

In this abstract, due to similar size range with UAV instruments we used only CAS probe, see Fig. 2. 

 

The airborne measurements took place within the FMI’s reserved TEMPO D airspace PALLAS that is 

centered around the Sammaltunturi station with boundaries of 7 km and ceiling limit FL80 (1994 m MSL). 

Three teams deployed UAVs - the Finnish Meteorological Institute (FMI), the Cyprus Institute (CYI) and 

Airclip Service GmbH & Palas GmbH - to measure airborne in-situ aerosol and cloud physical properties 

together with meteorological parameters (table 1). 

 

team Type of UAV Aerosol/cloud 

iinstruments 

Meteorogical 

parameters sensors 

FMI Multirotor  

hexacopter  

2 x TSI CPC 3007 ( cut 

off D50 = 7 and 14 nm) 

 

RH, T, P 

CYI Fixed wing OPS (0.5-17μm, 16 

channels) 

 

RH, T, P 

AirClip &Palas 

 

Multirotor  

X-octacopter 

           

Palas Fidas Fly200 

(0.17 – 18μm, 255 

channels)           

 

 

Table 1. General information regarding the UAV teams that participated in the PaCE campaign. 

 
Obtained aerosol, cloud and meteorological datasets were compared to ground based measurements on top-

hill Sammaltunturi station, balloon soundings, and concurrent continuous remote-sensing instrumentation. 

 
 

Figure 2. The CAPS probe as it was installed on the roof of Sammaltunturi measurement site during 

PaCE2017. 
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Figure 3. From left to right, the CYI team with the fixed wing plane, the Airclip Service GmbH Multirotor  

X-octacopter and the FMI Multirotor hexacopter. 

 

RESULTS 

Several successful flights were performed during the campaign. In this work, we will present an example 

case when UAVs were measuring below, through and above a low level homogeneous cloud. The same 

cloud was sampled also at Sammaltunturi station during the day. 

Figure 4a presents vertical profiles of the total aerosol counts as they were measured during September 25th 

by UAVs. Also the total aerosol counts are shown as references as they were measured from the total and 

the gas inlet at the station. In Figure 4b, the size distribution of the homogeneous cloud as it was measured 

during the UAVs flights along with the size distribution of the cloud as it was measured at the station. 

Agreement in both cases was considered good. 

 
Figure 4. The total aerosol count as it was measured by the UAV along with the total aerosol counts as 

they were measured at the Sammaltunturi station (gas and total inlet). Also, the size distribution of the in 

cloud particles as they were measured from UAVs and the in-situ cloud probe (CAPS, Palas Fly100) at the 

Sammaltunturi station are shown. 

 

Figure 5 presents the meteorological profiles of RH and temperature as they were measured from airborne 

measurements (UAVs and balloon sounding). The temperature decreases until the UAV came out of the 

cloud and entered to sunny conditions according to both sensors from FMI and CYI UAVs. Balloon 

sounding demonstrates similar behaviour, however there was noticed a difference around 5 oC above the 

cloud between UAVs sensors and sounding. Relative humidity was around 100% when the UAV and the 

balloon were flighting through the cloud and it suddenly drops to RH below 10% above the cloud. All 

sensors agreed, however we should take into respect the different response time of each sensor and the drift 

of balloon position by wind.  
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Figure 5. Relative humidity and temperature vertical profile as they were measured by UAV sensors and 

balloon sounding  
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INTRODUCTION 

Atmospheric aerosols play an important role in affecting global radiation balance, climate and human health. 
As the critical source of particles on a global scale, New particle formation (NPF) attract a wide range of 
attention (Chu et al., 2019;Zhang et al., 2012;Kulmala et al., 2004). In the traditional view, high particle 
concentration inhibited the formation and growth of nucleation particles because of the high condensation sink 
(CS). However, the observation of NPF events in the highly polluted areas bring challenges to traditional 
theory. A possible way to explain this is that the scavenging of molecules by pre-existing particles is less 
effective than it is in theory, which means that the calculated CS could be overestimated. For a known vapor, 
CS is calculated based on the size and concentration of pre-existing particles. The particle shape, phase and 
chemical composition were assumed to be constant. However, large amounts of studies have shown that the 
chemical composition of atmospheric aerosols varied with particle size and PM concentration levels. The 
hygroscopicity, mixing state, and even the shape of particles is strongly depended on chemical composition. 
Thus, particle chemical composition might have influence on CS. In this study, the measurements of particle 
number size distribution and chemical composition were conducted in urban Beijing from March 1st, 2018 to 
March 1st, 2019. We investigated the variation of chemical composition with calculated CS, then discussed 
the differences of particle chemical composition between NPF days and non-NPF days, and further gave 
possible explanations that CS is less effective than predicted. 

METHODS 

The sampling site is located in the west campus of Beijing University of Chemical and Technology (BUCT, 
39o 56’31” N, 116o17’50” E), near the West Third Ring Road of Beijing. A Scanning Mobility Particle Sizer 
(SMPS, TSI) and a Differential Mobility Particle Spectrometer (DMPS, TSI) were conducted to measure the 
particle number size distribution in the size range from 14 to 737 nm and 6 to 840 nm, respectively. Non-
refractory chemical compositions of fine particles, including organic, sulfate, nitrate, ammonium, and chloride, 
were measured by an online Aerosol Chemical Speciation Monitor (ACSM, Aerodyne Research Inc.) equipped 
with PM2.5 leans. Two different diameters were used in parallel throughout this study including mobility 
diameter (Dm) for SMPS and DMPS measurements and vacuum aerodynamic diameter (Dva) for ACSM 
measurements. Assuming spherical particles, Dva approximately equals particle density (ρcomp) times Dm 
(DeCarlo et al., 2004). We classified NPF events following the method introduced by Dal Maso, et al. (2005). 
The detailed information of calculating formation rates (J), growth rates (GR) were reported in Yan et al. 
(2019, in preparation). 

CONCLUSIONS 

With slopes higher than 0.9, the calculated mass concentration based on SMPS and DMPS correlated well 
with the mass measured by ACSM. Although the size range of SMPS is slightly different with that of DMPS, 
the calculated CS based on these two instruments were almost the same during the comparison period from 
May 30th to July 1st, 2018. During our observation periods, non-refractory fine particles (NR-PM2.5) varied 
dramatically from 1.0 to 364.4 µg m-3 with the average concentration of 42.4 µg m-3. CS correlated well with 
NR-PM2.5, varying from 1.1 ´ 10-3 to 1.4 ´ 10-1 s-1 with average value of 2.9 ´ 10-2 s-1. Almost 
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concentration of all chemical species increased significantly with the increasing of CS. When the CS was lower 
than 1.0 ´ 10-2 s-1, chemical composition kept relatively stable, dominated by Org (~50%). When the CS was 
higher than 1.0 ´ 10-2 s-1, the fraction of secondary inorganic aerosols (SIA) increased obviously from 45% 
to 68%. Accounting for 33% of total mass, NO3 was the most important species driven the increasing of SIA. 

When the CS is lower than 8.0 ´ 10-3 s-1, NPF was observed almost every day. As the increasing of the CS, 
NPF frequency decreased obviously. Thus, half of the NPF events were observed when the CS is lower than 
1.0 ´ 10-2 s-1. According to theoretical predictions, NPF was not detectable under high CS conditions. 
However, there were 30% of NPF events were detected when the CS is higher than 2.0 ´ 10-2 s-1 although 
the frequency was lower than 40%. We then investigated the chemical composition of the pre-existing particles 
between 10:00 to 14:00. In general, higher mass fraction of Org were obtained during NPF days. 
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INTRODUCTION 

Decreasing sea ice will change the sources and sinks of aerosols in the Arctic when more open sea surface 
is exposed. At the same time, the changes in sea ice can have an effect on large-scale atmospheric circulation 
and vice versa. Here we show, i) how the aerosol concentrations and size distributions change in the 
continental Arctic with respect to the time that air masses spend over sea ice or open ocean before entering 
our site in Eastern Lapland, Finland, and ii) how the atmospheric large-scale circulation and variability 
changes the situation. We also speculate about the changes in aerosol-cloud interactions in the future based 
on the results.  

METHODS 

We calculated linear regressions to median aerosol concentrations and mode peak diameters at SMEAR I 
station in Värriö, Eastern Lapland, as a function of time over sea ice (TOSI), time over open sea (TOOS) 
and time over land (TOL). The data was divided into summer (Jun-Sep) and winter (Oct-May). The choise 
of these months is justified by two facts: October-May is approximately the period when Värriö has snow 
cover and the sea ice has minimum area in September. In the analysis we used aerosol size distribution data 
from DMPS (Differential Mobility Particle Sizer), SO2 concentration data, HYSPLIT 96 hour back-
trajectories, sea ice concentration data from NSIDC (National Snow and Ice Data Center) and daily AO 
indices. TOL and SO2 were used in order to reduce the effect of land and sulphur emissions from Kola 
(Kyrö, 2014). In our trajectory calculations, we took into account only those trajectories that had spent >90% 
of their travel time North of Värriö. We also used Self Organizing Map (SOM) method to create 12 
representing mean sea level pressure (MSLP) and total cloud water maps (nodes 1-16) over the Scandinavia 
and sea areas north of it. We used this method to differentiate the effect of atmospheric dynamics on the 
aerosol loading in northerly air masses. 

CONCLUSIONS 

During summer, the total aerosol number, Aitken mode and accumulation mode concentrations were 
decreasing with increasing time the air mass spent over the sea ice by -8.9, -5.3 and -1.6 cm-3h-1, respectively. 
The Aitken mode diameter was decreasing -0.3 nm/h and the accumulation mode diameter -0.5 nm/h. 
Accumulation mode concentration and diameter increased by +0.8 cm-3h-1 and +0.3 nm/h, respectively, as 
a function of TOOS. During winter there was a decrease in total, nucleation mode and Aitken mode 
concentrations (-1.3, -0.3, -0.6 cm3/h, respectively) as a function of TOSI. Accumulation mode 
concentration and diameter were decreasing by -0.4 cm-3h-1 and -0.2 nm/h as a function of TOOS. In winter, 
the accumulation mode was increasing with increasing sea ice area by 1.2-4 cm-3km-2 in the Kara and 
Barent’s Seas. In summertime, the accumulation mode concentration did not have as clear dependency with 
the sea ice area as during winter. 

219



 

From the above values one can see, that the accumulation mode decreased with increasing TOSI in summer 
and decreased with increasing TOOS in winter, i.e. the decrease of Arctic sea ice had an opposite effect to 
the concentrations of potential CCN (=accumulation mode) during summer and winter. The increased 
amount of potential CCN due to less sea ice will probably pose a cooling effect on climate through aerosol-
cloud interactions in summer. In winter, however, the clouds have much more complex effects on the 
radiative balance in the Arctic due to surface snow cover, polar night and longwave radiative cooling (Quinn, 
2008). Thus, the increase in potential CCN might still lead to cooling effect on climate through aerosol-
cloud interactions. However, the SOM maps show that under certain atmospheric conditions the 
concentrations of potential CCN can be different from this main observation. 

More detailed comparison of SOM nodes and aerosol concentrations revealed interesting features. In winter, 
those nodes which had more negative AO values compared to other nodes with similar atmospheric 
circulation pattern, had accumulation modes dominating over other modes and generally higher aerosol 
concentrations compared with nodes with more positive AO index. Aitken mode dependency on TOOS in 
winter varied from node to node but was generally negative in those nodes where accumulation mode 
dominated and positive where Aitken mode dominated or both accumulation and Aitken mode had similar 
concentrations. While in most nodes the accumulation mode was decreasing with increasing TOOS similarly 
as for the entire winter data, there was especially one node (8) which stood up with opposite trend. In this 
node, the MSLP over entire region was very homogenous, cloud water anomaly was slightly negative (air 
mass drier than average), and lower than average wind speeds. This was also the only node with positive 
temperature dependency in accumulation mode during winter, which probably also partly explains the 
increase in accumulation mode with increasing TOOS.  

Clearly, Arctic sea ice has a strong impact on aerosol concentrations in Eastern Lapland and the decreasing 
sea ice most likely will change the aerosol population in the continental Arctic. Thus, the changes in the sea 
ice extent and the time that the air parcel spends over sea ice can have an influence on the aerosol-cloud 
interactions in the continental Arctic. The overall strength and sign of the radiative forcing cannot be 
assessed based on our results, but our data suggests that decreasing sea ice seems to have a cooling effect 
through the changes in the aerosol-cloud interactions.  
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INTRODUCTION 

 

Particulate matter (with a diameter smaller than 2.5 µm, PM2.5) is a major risk factor to human health and 

causes globally nearly 8% of all deaths (Lelieveld et al., 2015; 2017, Burnett et al., 2018). It has been 

established that secondary aerosol, formed from gas phase precursors through oxidation in the atmosphere, 

contribute a large fraction to PM in many environments (Zhang et al., 2011). Recent publications revealed 

that secondary inorganic (SIA) and organic aerosol (SOA) are a major contributor during haze episodes in 

heavily polluted environments in China (Huang et al., 2014; Elser et al., 2016; Sun et al., 2018). However, 

knowledge on SOA, such as its sources and formation, in polluted environments is limited. For deepening 

our understanding of SOA’s role in forming haze, we started studying the chemical composition of PM2.5 

at a newly established observational site in Beijing.  

 

METHODS 

 

For this study, data was collected at the newly established measurement site at Beijing University of 

Chemical Technology (BUCT), Beijing, China. Since February 2018 a Time-of-Flight Aerosol Chemical 

Speciation monitor (ToF-ACSM, Fröhlich et al., 2013) is monitoring the non-refractory PM2.5 (NR-

PM2.5) concentration and its composition (organic aerosol: OA, nitrate: NO3, ammonium: NH4, sulphate: 

SO4, chloride: Cl). The chemical analyses of PM2.5 are complemented by an Aethalometer measuring 

black carbon concentrations (BC, AE33, Drinovec et al., 2015) and an online x-ray fluorescent instrument 

(Skyray) measuring trace element concentrations. Additionally, trace gases and meteorological parameters 

complete the atmospheric observations. The mass spectral information of OA is used for source 

apportionment using a statistical unmixing model, termed positive matrix factorization (PMF, Paatero and 

Tapper, 1994, solved by multilinear engine 2, Paatero, 1999).  

 

RESULTS AND CONCLUSIONS 

 

While we observe highest daily average concentrations of NR-PM2.5 reaching more than 250 µg/m3, also 

rather clean days occur (Fig. 1, 2). Our measurements show that OA contributes most to NR-PM2.5 at 

rather low PM2.5 concentrations, while secondary inorganic aerosol (SIA) constituents such as 

ammonium (NH4, nitrate (NO3), and sulphate (SO4) dominate at high NR-PM2.5 concentrations (Fig. 1). 

Chloride (Cl) contributes only a small fraction to NR-PM2.5, yet its concentration shows the strongest 

seasonality with elevated concentrations during winter. This behavior is consistent with its interpretation 

as a marker for coal combustion, commonly used for residential heating (Elser et al., 2014). 
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Figure 1: Chemical composition of NR-PM2.5 (daily average, NH4, NO3, SO4, OA, and Cl). 

 

We quantify the contribution of several sources to primary OA (POA, traffic, cooking, and residential 

heating represented by coal combustion, biomass burning, Fig. 2) by performing PMF using a priori 

information on their chemical composition (from Elser et al., 2014). As opposed to traffic and residential 

heating POA, cooking POA correlates neither with gas-phase combustion markers (NOx or CO) nor with 

black carbon (BC) (Fig. 3). CCOA correlates well with both chloride as well as a component retrieved 

from trace element PMF analysis, which is related to solid fuel combustion. Additionally, we separate and 

quantify the contribution of SOA (Fig. 2). In agreement with previous research (Huang et al., 2014; Elser 

et al., 2014; Sun et al., 2018), we find that SOA is a main contributor to OA in Beijing, especially during 

haze. 

 

 
Figure 2: Relative contribution of aerosol sources/components to NR-PM2.5+BC. 

 

We further examine the nature of SOA by further separating it into tentatively three groups of yet 

unknown origin (less oxygenated OOA, LOOA, intermediate oxygenated OOA, IOOA, and more 

oxygenated OOA, MOOA). IOOA and LOOA correlate with residential heating emissions, while MOOA 

correlates well with sulphate. This indicates that different sources as well as processes are the determining 

drivers of these SOA components. We observe that at increasing relative humidity (RH) the SOA/POA 

ratio increases. Additionally, the sulfur oxidation ratio is enhanced at increasing RH. Overall, this is in 

agreement with a prominent role of heterogeneous formation pathways contributing to secondary organic 
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and inorganic aerosol. Increasing NR-PM2.5 concentrations coincide with increasing relative 

contributions of SOA and SIA (NH4, NO3, SO4) corroborating the important role of secondary aerosol for 

haze.  

 

This study overall, shows the important role of secondary PM, including SOA. Furthermore, several SOA 

components with distinct temporal behavior could be identified which indicates the importance of various 

SOA sources and formation processes throughout the year. Further research should focus on identifying 

the main SOA sources and quantifying their contribution to SOA. 

 

 
Figure 3: Clustegramm of the time series of resolved OA and trace element sources as well as other 

aerosol constituents (NH4, NO3, SO4, Cl, OA, BC) and gas-phase air pollutants (CO, NOx, O3, SO2). 
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INTRODUCTION

In weather forecasting ensemble weather prediction systems are used to approximate uncertainties
of the forecasts. These uncertainties arise from incomplete knowledge in model formulation, initial
conditions, and in boundary conditions, which all lead to forecast errors accumulating over forecast
lead time (Leutbecher and Palmer, 2008).

Numerical weather prediction models contain parametrization schemes (and corresponding model
parameters) of sub-grid scale processes. Ensemble prediction systems also contain stochastic physics
parameters, which account for uncertainties in the model formulation. Both model physics param-
eters and stochastic physics parameters are important. Here, the focus will be on the uncertainties
related to stochastic physics parameters and the initial conditions. We will denote the parameters
regulating the amplitude of stochastic physics and the uncertainties of the initial conditions as
’spread parameters’.

In this study, we will study the problem of optimizing these spread parameters in an ensemble pre-
diction system with an idealized model. We will use an algorithmic approach with filter likelihood
as a cost function and differential evolution as an optimizer.

METHODS

The target is to optimize the spread parameters of an ensemble forecasting system such that the
spread-skill relationship of the ensemble prediction is optimal. We use filter likelihood as a cost
function for optimizing the spread parameters. Filter likelihood, see e.g. (Hakkarainen et al.,
2013), compares the ensemble forecasts against the observations taking into account any errors of
the observations. Solonen and Järvinen (2013) studied the connection between the filter likelihood
and how it balances the skill and the spread of the ensemble. This means that good filter likelihood
values correspond to good verification metrics, such as continuous ranked probability score, rank
histogram, and relationship between spread and skill.

We use an algorithmic approach based on differential evolution algorithm (Shemyakin and Haario,
2018) to optimize the spread parameters with the filter likelihood as a target function.

The approach is demonstrated using an implementation with an idealized model, Lorenz 95 (Lorenz,
1996; Wilks, 2005). We use two versions of the model: a full version of the model used for generation
of synthetic observations and a parametrized model with stochastic physics used as the forecast
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model. The aim is to optimize two stochastic physics parameters and a third parameter controlling
the amplitude of the initial uncertainties using the algorithmic approach such that the ensemble
prediction system is optimal.

We will look at how different aspects, such as ensemble size and DE population size, affect the
convergence of the algorithmic method.

CONCLUSIONS

We have presented an algorithmic approach for optimizing spread parameters in an ensemble predic-
tion system. The implementations using the model Lorenz’95 suggest that an algorithmic approach
for tuning spread parameters in an ensemble prediction system is possible in an idealized case.
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INTRODUCTION 

North-Western Siberia is one of the most rapidly warming sites in the Northern Hemisphere (Serreze et al., 

2000).  In 2016, a severe anthrax outbreak happened at the Yamal Peninsula, Russia (Popova et al., 2016). 

Anthrax is a bacterial disease caused by B. Antracis. In vegetative form, the bacteria are vulnerable to the 

environmental conditions, such as heating and freezing. At the same time, spores are highly resistant and 

can survive unfavourable conditions over dozens of years (Malkhazova et al., 2018). The spores of B. 

Antracis can be found in soil. Climatic factors are known to play an important role triggering and influencing 

spread of anthrax. In this study, we perform analysis of these factors and their effect on the recent outbreak 

in Siberia. 

In this study, we focus on several factors: active layer thickness and precipitation. Numerous probes of soil 

taken prior to the outbreak were free of bacteria, therefore, the main hypothesis is that anthrax outbreak was 

caused by permafrost thawing and revival of old spores. We study the rates of thaw and potential factors 

influencing thaw, such as air temperature and snow thickness. In addition, we consider summer 

precipitation, as dry weather is a well-known factor favouring spread of disease. 

 

METHODS 

The analysis is based on the observational data sets from 2005-2018. Medical data on the localization and 

intensity of outbreak are available from the Department of Medical Geography, Moscow State University. 

The data on active layer thickness is available from the Continuous Active Layer Monitoring program site 

(CALM). Meteorological data archive from nine official WMO stations was downloaded from the weather 

forecast site (www.rp5.ru). 

We investigated temporal dynamics of active layer thickness from several CALM sites within 200 km from 

the outbreak location to assess the process of permafrost thaw in the region. We further performed analysis 
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of the related meteorological data in order to explain the observed dynamics. We calculated freezing and 

thawing degree-days from air temperature and estimated corresponding indices for soil, taking into account 

the effect of snow thickness. In addition, we analysed dynamics of summer precipitation in the region.  

RESULTS 

Our study shows that the active layer thickness in the region was continuously increasing starting from 2010. 

The thaw rate was especially high in the discontinuous permafrost area near Nadym. Dynamics of active 

layer can be mainly explained by the temperature factor in the area underlain by continuous permafrost, 

while snow thickness appeared to be an additional factor significantly affecting active layer thickness in the 

region of discontinuous permafrost.  

Summer precipitation displays a strong decreasing trend in the area of outbreak localization, while nearby 

areas were less affected and some of them even show an opposite trend. This drought is likely an important 

factor contributing to the spread of disease, which was completely overlooked before the present study. 

CONCLUSIONS 

We have investigated climatic factors contributing to outbreak of anthrax in Siberia. We found that a rapid 

permafrost thaw in the region was a consequence of the temperature and winter precipitation dynamics, 

when soil surface was effectively insulated by the thick snow cover during cold years. Therefore, opposite 

to the hypothesis suggested in mass media, this outbreak was not the result of one hot summer. In addition, 

we revealed a drastic drop in summer precipitation during the year of outbreak, which likely contributed to 

the fast spread of the disease.   
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INTRODUCTION

Process-based simulation models are important tools for predicting the future state and functioning of
grassland ecosystems under the changing climate. There are many models, each formularizing different
hypotheses about how these ecosystems work. Past studies have found large variability in outputs from
different models. In such cases, it is a typical approach to compare model performances against some test
data and select or rank the models according to metrics that minimize model error while accounting for
model  complexity.  Such  selection  procedures  usually  consider  only  errors  that  arise  from  model
parameters (i.e. they try to find an optimum in penalizing models for larger number of parameters while
favouring for smaller validation errors). However, while making future predictions other errors come into
play such as errors in the model drivers. For selecting models that have better predictive performance
rather than fitting the existing data, different skill  metrics should be used (Vehtari and Ojanen, 2012;
Hooten and Hobbs, 2015).

METHODS

In this study, we will use a suite of process-based simulation models that span a wide spectrum of 
complexity (Table 1): random walk (null model, embodies no process understanding), BASGRA (least 
complex), BASGRA_N, BASGRA_N-YASSO, BASGRA_N-CoSMo, BASGRA_N-CoSMo-YASSO, 
STICS, LPJml, LPJ-GUESS (most complex). We will couple these models to an ecological 
bioinformatics-toolbox, called Predictive Ecosystem Analyzer in order to enable a reproducible multi-
model comparison exercise.

Model # of parameters # of drivers IC/SU Reference

BASGRA 79 5 IC van Oijen et al., 2005
Höglind et al., 2016 

BASGRA_N 112 5 IC Persson et al., 2019
Höglind et al., in press

STICS 48 6 IC Brisson et al., 2008
Jégo et al., 2013

LPJml 62 11 SU Schaphoff et al. 2018a,b
von Bloh et al., 2018

LPJ-GUESS 98 9 SU Lindeskog et al., 2013
Olin et al., 2015

Table 1. Models used in this study. IC/SU: Whether model uses initial conditions (IC) or spin up (SU). BASGRA_N-
YASSO, BASGRA_N-CoSMo, BASGRA_N-CoSMo-YASSO are under development. Note that number of

parameters and drivers can change between different modeling protocols.
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Next, we will generate synthetic data sets from each model with different length, frequency, and errors. 
We will perform goodness-of-fit (accounting for parameter errors) and goodness-of-prediction model 
selection (accounting for initial condition, driver and process errors in addition) at Nordic grassland sites 
for yield simulations under different scenarios. We hypothesize that common goodness-of-fit metrics (e.g. 
RMSE, DIC) are biased toward too complex models as they ignore other sources of errors in model 
comparison, whereas goodness-of-prediction metrics (e.g. posterior predictive loss) are not as they balance
validation error and total predictive uncertainty.
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INTRODUCTION 

Research groups studying methane (CH4) fluxes from biological systems use a variety of analysers and 

materials to construct flux chambers and setups that measure CH4 concentrations. The fluxes and the 

concentration changes measured are often small over the short period of one closure, which can be as short 

as a few minutes. Thus, an error-free measurement is crucial to a meaningful interpretation of the data. In 

addition to the interference of volatile organic compounds (VOCs) emitted from plant materials to the 

spectroscopic analysis of CH4 (Kohl et al., 2019), we observed a strong distortion of measurements by what 

we assume to be emissions from materials of the set-up. Herein, we aim to conduct systematic tests to 

compare the non-biological CH4 sources and interfering VOC emissions of various materials used in flux 

chamber systems. The primary goal is to identify direct CH4 emission rates of the setup materials, to track 

the change of those emission rates over time from ‘fresh out of the box’ to drying out of the materials, and 

to follow the effect of storage conditions (e.g. temperature) on the emissions. We also aim to identify which 

non-CH4 VOCs are erroneously interpreted as CH4 by the analysers, and to compare the results from 

different analysers. Eventually we aim at providing emission rates per dry mass of the tested material and 

recommendations of safe materials for flux chambers or the measurement setups. 

 

METHODS 

We will measure the potentially CH4 and VOC emitting materials (Table 1) in a closed loop system 

connected to multiple CH4 analysers (Picarro G2301 and depending on availability G2201i, LGR UGGA, 

LiCor Li-8710). The materials will be weighted into plastic polypropylene storage boxes (0.8L), from now 

on called chambers, and the sample surface area will be estimated. The chambers are connected to a 16-

position flowpath selector valve (VICI Valco Instruments Co. Inc., Houston) that connects one chamber at 

a time to the gas loop. A Controllino Maxi programmable controller is driving the Valco flowpath selector 

upon an automated sequence, and actuates the valves that switch between closure and flushing mode of the 
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AIR ANALYZER SEL. 

1 2 … 

CHAMBERS 

LOGGER 

CONTROLLER 

set-up (Figure 1). Emission rates of CH4 will be measured at room temperature during 15 minutes closures. 

Before each closure, the chambers will be flushed for 10 minutes with ambient air. 

After the initial fresh-out-of-the-box measurement on day 1, samples will be re-analysed after one and 

three weeks after storage (a) in the lab at room temperature and at low humidity, and (b) in the cold room 

at +4°C and high humidity. 

 
 

 

 Material Manufacturer 

Vacuum grease Sigma-Aldrich vacuum grease 18405-250G 
Empty chambers Hobby Life Demirel Plastik airtight storage 

boxes 0.8L 

Polymer sealant Soudal Fix-All Turbo SMX Hybrid Polymer  

Epoxy glue Henkel Adhesives LOCTITE Power Epoxy 
Universal 

Adhesive deformable pads Bostik Blu-Tack 

Instance glue Henkel Adhesives LOCTITE Super Glue 
Control 

Tubing SMC polyurethane tubes TU0604 aquamarin 

blue, 6x4 
Shoot chamber cover foil PTFE foil 

 
Table 1. Uncompleted list of materials that will be tested for CH4 and VOC emission rates. 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic of experimental set-up for testing methane (CH4) and volatile organic compound 

(VOC) emission rates from different materials. Up to 16 chambers can be connected to the VICI flowpath 

selector (SEL.) to be measured by the Picarro G2301 (ANALYZER) or other analysers. The Controllino 
programmable controller (CONTROLLER) actuates the selector and the three-way valve to switch 

between flush (f) with air (AIR) or closure (c). At the same time, the controller holds serial 

communication with a Raspberry Pi (LOGGER), which saves the logs to a file. 

(f) 

(c) 
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EXPECTED RESULTS 

We expect to obtain a complete emission rate estimate from all tested materials and the effects of drying 
and temperature to the emissions of these materials. We also expect that the experiment will be helpful for 

the research community and will aid scientists in their decision making when constructing measurement 

systems. The results will complete our analysis of the interference of different VOCs on the spectroscopic 
analysis of CH4. 
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INTRODUCTION 

Missing data has been one of the major challenges in understanding the nature of air pollution. The 

common reasons for incomplete datasets are instrument failure, data corruption or human error in data 

acquisition. Rubin (1976) classified incomplete data according to their generating mechanisms. The 

missing data mechanism of air quality data sets is generally random (MAR), in the sense that the 

probability that a value is missing does not depend on the missing value (Junninen et al., 2004). Under 

MAR, the complete case analysis no longer relies on a random sample of the source population and 

selection bias is likely to occur (Donders et al., 2006). In time series analysis, this problem can be huge 

because excluding incomplete observations may corrupt temporal structures such as autocorrelation, 

trends, and seasonality. Here we fill up the air quality missing data with multiple conditional mean 

imputation by a proxy of other air pollutant variables. 

 

METHODS 

In this study, we developed a simple black carbon (μg/m3, BC) proxy model with maximum three predictor 

variables. We included lung deposited surface area (μm2/m3, LDSA) in all the models. We added one of the 

nitrogen oxide type variables (NO, NO2, NOx) as an optional variable. The above two aerosol and gas 

variables are highly correlated with BC. Meteorological variables (temperature, relative humidity and wind 

speed). We performed ordinary least-squared (OLS) linear regression. In case of a model with p predictor 

variables, the generalized OLS regression model writes: 

 
𝑌 =  𝛽0 + ∑ 𝛽𝑖𝑋𝑖

𝑝

𝑖=1
+ 𝜀 

(1), 

where 𝑌 is the response variable, 𝛽0 is the intercept of the model, 𝛽𝑖 and 𝑋𝑖 correspond to the ith regression 

coefficient and ith predictor variable of the model, and 𝜀 is the random error with expectation 0 and variance 

σ². 

We applied an extra regularization by using ‘bisquare’ weight function, which is also known as robust 

fitting. This is an alternative to the traditional OLS regression when data are contaminated with outliers. We 

ran the regression for each of the model and obtain its evaluation attributes, which includes the adjusted 

coefficient of determination (adjR2), mean absolute error (MAE) and root mean square error (RMSE). 

Multiple imputation were completed by bootstrapping method. Original data set is divided into 50 subsets 

each including 80% of the data set. Separate models are developed to each subset and the regression 

coefficients and evaluation attributions are calculated as arithmetic means from these model parameters. We 

ranked the models by adjR2, followed by MAE and RMSE. 

We classified A definition of thermal seasons was used. Spring and autumn are the periods when daily 

average temperatures are between 0°C and 10°C, and winter and summer are when the temperatures are 

below 0°C and above 10°C, respectively. According to the definition, 171, 102, 274 and 183 days were 

defined as winter, spring, summer and autumn, respectively, in year 2017 and 2018 in total. Workdays and 
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holidays (weekends and public holidays) were classified for each of the four seasons since they perform 

differently in terms of traffic rates and corresponding air pollutants concentration (Järvi et al., 2008). 502 

workdays and 228 holidays were identified. Altogether, the classification generates eight cases and proxies 

were developed separately. 

SITE DESCRIPTION AND DATA TREATMENT 

We used data of year 2017 and 2018 in SMEAR III station. This SMEAR III urban background station is 

situated in Kumpula about 4 km northeast of the Helsinki centre. Air quality data are measured on the 31-

m-high, triangular lattice tower located on a rocky hill at 26 m above sea level) next to the University of 

Helsinki buildings and the Finnish Meteorological Institute. Next to the tower stands an air-conditioned 

measurement container, where the aerosol particle and the trace gas measurement instrumentation is located. 

In addition, basic meteorological measurements are made from the rooftop of Physicum building in the 

University of Helsinki (Järvi et al., 2009). 

BC mass concentrations were measured by a multi-angle absorption photometer (MAAP) Thermo Scientific 

5012 with a PM10 inlet. The MAAP determines absorbance from particles deposited on the filter, which was 

then converted to BC mass concentration by using a fixed 6.6 m2/g mass absorption coefficient at 637 nm. 

LDSA concentration were calculated from Differential Mobility Particle Sizer (DMPS) with deposition 

efficiency and summing up the total LDSA concentration of the aerosol. The conversion equation was first 

introduced in the human respiratory tract model on the ICRP report by Bair in 1994. NOx, NO and NO2 in 

Kumpula were measured with Themo TEI42S.  

As for meteorological data, air temperature was measured with a platinum resistant thermometer Pt-100 and 

air humidity with a Platimun resistance thermometer and thin film polymer sensor Vaisala DPA500 from 

the roof of the University of Helsinki Building. On the same roof, horizontal wind speed was measured by 

a Vaisala cup anemometer.  

PRELIMINARY RESULTS 

Table 1. Best performing OLS regression simple proxy results for the eight classifications in Kumpula, where 𝑋 are 

the predictor variables in the models, 𝛽 are the regression coefficients and SE are the standard errors of the 

regression coefficients. WD stands for workdays and H represents holidays. 

 Winter Spring Summer Autumn 

 𝑋 𝛽 SE 𝑋 𝛽 SE 𝑋 𝛽 SE 𝑋 𝛽 SE 

WD LDSA 0.98 0.08 LDSA 0.95 0.011 LDSA 0.96 0.011 LDSA 0.94 0.010 

 NO 0.04 0.003 NOx 0.11 0.006 NOx 0.10 0.006 NOx 0.11 0.006 

    RH –0.00 0.000 RH –0.00 0.000 Temp –0.00 0.000 

 adjR2 0.88  0.88  0.88  0.88 

 MAE 0.006  0.022  0.022  0.020 

 RMSE 0.25  0.27  0.27  0.27 

H LDSA 0.93 0.010 LDSA 0.98 0.008 LDSA 0.90 0.010 LDSA 0.96 0.009 

 NOx 0.11 0.006 NO 0.04 0.003 NO 0.03 0.004 NO 0.04 0.002 

 Temp –0.00 0.000 Temp –0.00 0.000    WS –0.01 0.002 

 adjR2 0.88  0.88  0.77  0.88 

 MAE 0.020  0.006  0.006  0.007 

 RMSE 0.27  0.26  0.34  0.25 

 

All models except holidays in summer attained a good correlation (adjR2 over 85%). RMSEs generate a 

similar result as in adjR2
. MAEs are generally higher in workdays (over 0.02) than in holidays. It appears 

that when NOx was used in the model, MAE is higher. In some classifications (workdays in winter and 

holidays in summer), meteorological variables do not help improve the accuracy of the models. For 

weekdays in autumn, holidays in winter and holidays in spring, temperature contributed in the model 
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accuracy. Relative humidity was used in weekdays in spring and summer while wind speed (Table. 1). 

Figure 1 shows the overall correlation of proxy BC and measured BC in all cases. The overall adjR2 is 

over 80%. 

 
Figure 1. Scatter plot of proxy BC and measured BC in µg/m3, colored by the density of the data points. The black 

bold line represents 1:1 gradient. The two axes are in logarithm scale. 
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INTRODUCTION 

 
Secondary aerosol formation is an important source of particulate matter in the atmosphere. Secondary 

processes include new particle formation and particle growth though condensation. Many recent studies 

have shown that oxidation products of organic compounds known as highly oxygenated organic molecules 

(HOM) play an important role in both of these processes (Bianchi et al., 2019, Ehn et al., 2014).  

 

HOM form in a rapid autoxidation process through peroxy radical isomerisation and subsequent O2 

addition following the first oxidation step. This pathway is known to occur in hydroxyl radical (OH) and 

ozone (O3) - initiated oxidation of biogenically-emitted volatile organic compounds (VOC), such as 

isoprene, monoterpenes and sesquiterpenes (Jokinen et al., 2015, Jokinen et al., 2016). Recently, this 

oxidation pathway was also observed in OH oxidation of aromatic VOC, which primarily originate from 

anthropogenic sources (Garmash et al., 2019, Molteni et al., 2018, Wang et al., 2017). 
 

Laboratory simulations of atmospheric oxidation can help us to evaluate the role of a specific VOC in the 

atmosphere. A lot of experimental work on secondary organic aerosol (SOA) formation in oxidation of 

aromatic VOC have been conducted; however, the results varied significantly between the experiments 

(Hildebrandt et al., 2009, Ng et al., 2007). One possible explanation are the different experimental 

conditions that affect the formation rate and composition of HOM and other oxidation products. We tested 

this hypothesis and shown that the HOM formation in oxidation of benzene, the simplest aromatic VOC, is 

dependent on OH concentration (Garmash et al., 2019). At high OH concentration, multiple OH oxidation 

steps occur which leads to an increase in total HOM molar yield as well as to change in HOM chemical 

composition. 

 

In this study, we continue to explore how different experimental conditions affect HOM formation and test 

the effect of ozone in oxidation of toluene. Most of the methods of OH radical generation either require 

the presence of O3 or produce it as a by-product. In oxidation of any aromatic VOC, after the initial OH 

attack, some of the oxidation products lose aromaticity and retain some double bonds. Double bonds make 

a compound reactive towards O3. As the reaction with ozone progresses few orders of magnitude slower 

than with OH, high concentration of O3 and longer residence times may make ozonolysis a competitive 

reaction. By varying the concentration of ozone, while maintaining the OH concentration constant, we 

attempt to test if any of the HOM are produced via secondary ozonolysis reaction. The results from this 

work will be useful to advance our understanding on HOM formation in atmospheric simulation chambers 

and extend this knowledge to the ambient atmosphere. 
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METHODS 

 

The oxidation experiments were conducted in 2 m3 PTFE COALA chamber at the University of Helsinki. 

The chamber was operated in continuous flow regime with the residence time of approximately 40 min. The 

measurement set-up schematic is shown in Figure 1. 

 

 
 

Figure 1. Schematic of the experimental set-up in COALA chamber. 

The toluene was fed by flowing 1 mlpm of N2 through a temperature-controlled glass vial, after which it 

was mixed into the clean air going to the chamber. To initiate the oxidation of toluene, OH radicals were 

produced from reaction of tetramethylethylene (TME) with ozone.  TME and ozone were fed from separate 

lines to the chamber. In order to ensure a single OH attack to toluene, we operated at high toluene 

concentrations, 200-1000 ppb. The TME concentration was kept at 1-10 ppb, while ozone at 20-90 ppb, 

resulting in OH concentrations 4×105 - 4×106 cm-3. To test the effect of ozone on the formation of HOM, 

we varied the ratio between TME and ozone in order to maintain a constant OH concentration. 

 

To measure HOM, we used nitrate-based chemical ionization atmospheric pressure interface time-of-flight 

mass spectrometer, CI-APi-TOF (Jokinen et al., 2012). Toluene and TME concentrations were measured 

using proton transfer time-of-flight mass spectrometer (PTR-TOF) that uses H3O+ ionization scheme. We 

also monitored the lower oxygenated oxidation products using Vocus PTR-TOF and low-pressure iodide 

chemical ionization mass spectrometer.  

 

RESULTS AND CONCLUSION 

 

In order to determine the role of ozone in our experiments, we first had to eliminate the effect of OH on 

the HOM yield. In HOM yield calculations, we considered the most abundant HOM: C7 monomers and 

C14 dimers. The results showed a constant HOM yield at OH concentrations of 4×105 - 4×106 cm-3 and 

nearly-constant ozone concentration of 40-50 ppb. Preliminary analysis revealed that HOM molar yield 

increased with increasing ozone concentration from 20 ppb to 90 ppb while OH was kept below 106 cm-3. 

Future work will focus on exploring if secondary reactions with ozone are responsible for this increase and 

if a change in chemical composition of HOM can be seen as a response. The results of this work will be 

helpful in advancing our understanding of HOM formation in urban areas and in interpreting results from 

atmospheric simulation chambers. 
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INTRODUCTION 

 

Despite ongoing pollution control measures, serious haze episodes remain a problem a Beijing, China. It is 
well established that the majority of particle mass during haze originates from secondary production rather 

than direct particle emissions. However, it remains largely unclear whether the eventually haze-forming 

particles were initially produced in new particle formation (NPF) events or emitted directly from primary 

sources. Some studies suggest that NPF is the main driver of haze formation as haze episodes are 
consistently preceded by NPF events in Beijing (Guo et al., 2014). While this connection clearly exists, it 

does not prove a causality between the two event: In Beijing NPF events are found to occur in clean 

northerly air masses which lowers the condensation sink, and since haze events are, by definition, 
preceded by clean periods they also become preceded by NPF events. One of the things obscuring the 

interpretation of the connection between NPF and haze is the highly varying appearance of the produced 

particle number size distributions by NPF events in Beijing. In some occasions, the newly formed particles 
clearly grow towards large sizes, where they start significantly contributing to the submicron particle 

mass, while in other cases the particles do not seem to grow past some modest size at all. Additionally, 

sometimes a sudden jump towards larger sizes is seen in the number size distribution, which makes the 

origin of these larger particles disputable. Such jumps can be related to sudden changes of air mass at the 
measurement site. In this study, we analyze particle number size distributions observed in Beijing as a 

function of different metrics describing the history of the arriving air masses. Our analysis shows that a 

simple metric describing the exposure of an air mass to anthropogenic emissions can be a powerful tool in 
explaining the observed size distributions. In addition, our results give further confirmation towards the 

contribution of NPF in the formation of haze. 

 
 

METHODS 

 

The particle number size distribution measurements were conducted at the Beijing University of Chemical 
Technology, Beijing, China during 16 Jan 2018 – 28 Mar 2019. The particle number size distribution of 1 

nm–10 μm particles was measured with a homemade diethylene glycol scanning mobility particle sizer 

(DEG-SMPS) and a homemade particle size distribution (PSD) system. The DEG-SMPS measured 
particles between 1–6.5 nm (electric mobility diameter), while the PSD system, consisting of two scanning 

mobility particle sizers and an aerodynamic particle sizer, covered the rest of the range. 72-hour air mass 

back trajectories and potential emission sensitivities were calculated hourly for the whole measurement 
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period using a Lagrangian particle dispersion model FLEXPART version 9.02 (Stohl et al., 2005). 

European Centre for Medium-Range Weather Forecasts (ECMWF) operational forecast with 0.15 degree 

horizontal resolution, 137 vertical levels and 1 h temporal resolution was used as input data to 
FLEXPART. In order to estimate the anthropogenic influence on the air masses, we calculated cumulative 

population density values for the hourly trajectories by integrating population density data (Gridded 

Population of the World, Version 4, Revision 10, Year 2015) along the trajectory paths (see Fig. 1). The 
integration only included points where the trajectory height was less than 2 km above ground level. This 

threshold was used to approximate the height where the air mass is significantly affected by surface 

activities. 

 
Figure 1. A population density map of north-eastern China displaying example trajectories with different 

cumulative population density values.  

 
 

RESULTS 

 

In Figure 2 we show examples of air mass trajectories at the onset of selected NPF events (NPF + 0 h) that 
eventually lead (or are followed by) haze formation. From this figure, we can see that NPF events 

typically take place in clean air masses that arrive from the sparsely populated areas located north of 

Beijing. During these periods the condensation sink is low, which is beneficial for the formation of new 
particles. As the development towards haze begins, we start to see a southern loop in the trajectories, 

meaning that circulation over more populated and polluted regions in the south has occurred. This 

increased exposure to anthropogenic emissions likely allows for more rapid and longer-lasting particle 
growth, which will contribute towards the formation of haze. 
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Figure 2. 60-h Back trajectories for 13 selected cases where an NPF event is followed by haze. The text 

above the panels indicates the trajectory release time in time after NPF on the days shown in the legend 
(mm/dd 2018). The trajectory lines turn from dotted to solid if the trajectory release occurs during haze 

(i.e. hourly median visibility has been ≤ 10 km.) In most of the cases, the haze development seems to be 

related to a southern loop over more polluted areas. However, even in the last panel (NPF+42 h), the air 
mass source regions (trajectory end points) at NPF - 18 h clearly reside within the clean regions in the 

north. Therefore, it is likely that NPF has also occurred in these air masses. 

 
In figure 3 we compare the median particle number size distributions and the cumulative population 

density values of two different types of NPF events: those which show continuous growth (left panel) and 

those where the growth appears to seize in Beijing (right panel). In both cases the initial NPF takes place 

in clean air masses where the cumulative population density value is relatively low, but the later 
development is seen to differ significantly. In the case of continuous growth, the cumulative population 

density value is seen to increase simultaneously with increasing particle size, indicating the growth-

favoring development of a southern loop, as seen in figure 2. Consistently, in the cases where the growth 
is disrupted also the cumulative population density values stays low. During these days, the source region 

of the arriving air masses stays in the northerly region where both the concentrations of condensable 

vapors and the spatial extent of the NPF area is likely to be limited. It is, however, important to note that 
while the particle growth is limited in Beijing, the particles are most likely to continue growing as they are 

transported further south within the polluted urban region. This is to say that although these particular 

NPF events do not produce haze-forming particles in Beijing, they might still contribute to haze formation 

somewhere else. 
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Figure 3. Comparison of the median particle number size distributions and the cumulative population 

density values (black line; right y-axis) of two different types of NPF events. 

 
 

In figure 4, we present the observed particle size distribution as a function of the cumulative population 

density for the whole measurement period. Despite the varying appearance of particle growth events as a 

function of time, the particle size distribution can be seen to represent continuous and steady growth when 
sorted based on the air mass history. Essentially, this figure gives a simple estimation of the size 

distribution development as observed along an air mass travelling over the highly populated region. The 

fact that the number of larger particles (diameter > 50 nm) is low with low cumulative population density 
values suggests that these larger particles are neither formed in cleaner air masses nor emitted directly 

from local primary sources in significant amounts. Instead, the larger haze-forming particles seem to result 

from the growth of the smaller ones. The fact that the obtained particle number size distribution closely 
resembles that of an NPF event points towards an important role of the growth of nucleation mode 

(diameter < 30 nm) particles in haze formation. 

 
 

Figure 4. Median particle number concentrations as a function of cumulative population density along 

trajectory path. 
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A similar approach, as in Figure 4, was used by Tunved et al. (2006) to study the evolution of aerosol 

properties in Finland as a function of the time the arriving trajectories had spent over land. In that study, 

the observed particle mass and size was found to increase as a function of trajectory time over land, which 
was considered to represent the importance of biogenic emissions from boreal areas for particle growth. 

The cumulative population density, used in this study, can be considered as a proxy for the cumulative 

influence from anthropogenic emissions, since the population density and the intensity of such emissions 
are closely related. This suggest that anthropogenic emissions provide fuel for the growth of pre-existing 

nucleation mode particles, and that this growth, rather than direct particle emissions, is the principal 

source of larger (> 100 nm) particles which typically start to contribute significantly to particulate mass.  

 
 

ACKNOWLEDGEMENTS 

 
This study was funded the Academy of Finland Centre of Excellence program (projects 272041 and 

307331), the European Research Council (ERC) under the European Union’s Horizon 2020 research and 

innovation program (ATM-GTP, grant agreement 742206) and the Doctoral Programme in Atmospheric 
Sciences (ATM-DP, University of Helsinki). 

 

REFERENCES 

 
Guo, S., Hu, M., Zamora, M. L., Peng, J. F., Shang, D. J., Zheng, J., Du, Z. F., Wu, Z., Shao, M., Zeng, L. M., 

Molina, M. J., and Zhang, R. Y.: Elucidating severe urban haze formation in China, P Natl Acad Sci USA, 111, 

17373-17378, 10.1073/pnas.1419604111, 2014. 

Stohl, A., Forster, C., Frank, A., Seibert, P., and Wotawa, G.: Technical note: The Lagrangian particle dispersion 

model FLEXPART version 6.2, Atmos. Chem. Phys., 5, 2461-2474, 2005. 

Tunved, P., Hansson, H. C., Kerminen, V. M., Strom, J., Dal Maso, M., Lihavainen, H., Viisanen, Y., Aalto, P. P., 

Komppula, M., and Kulmala, M.: High natural aerosol loading over boreal forests, Science, 312, 261-263, 

10.1126/science.1123052, 2006. 

 

244



RATE ENHANCEMENT IN COLLISIONS OF SULFURIC ACID MOLECULES
DUE TO LONG-RANGE INTERMOLECULAR FORCES

R. HALONEN1, E. ZAPADINSKY1, T. KURTÉN2, H. VEHKAMÄKI1 AND B. REISCHL1
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INTRODUCTION

Collisions of molecules and clusters play a key role in determining the rate of atmospheric new
particle formation and growth. Traditionally the statistics of these collisions are taken from kinetic
gas theory assuming spherical non-interacting particles (with hard-sphere radius R calculated using
the bulk liquid density), which may significantly underestimate the collision coefficients for most
atmospherically relevant molecules. Such systematic errors in predicted new particle formation
rates will also affect large-scale climate models.

METHODS

We have studied the statistics of collisions of sulfuric acid molecules in vacuum by atomistic molec-
ular dynamics simulations. We have benchmarked two classical force fields (by Ding et al. (2003)
and Loukonen et al. (2010)) against experimental and ab initio data and determined that the OPLS
force field by Loukonen et al. (2010) was able to describe the geometry and vibrational spectra of
the isolated sulfuric acid molecule, as well as the geometry and binding free energy of the sulfuric
acid dimer.

The simulations were carried out in the NVE ensemble, as the colliding molecules constitute a
closed system (in atmospheric conditions collisions with the carrier gas are rare on the time scale of
collisions between sulfuric acid molecules). In order to determine the molecules’ collision probability
P as a function of impact parameter and relative velocity, the following setup was used: first, two
sulfuric acid molecules were placed in the simulation box, separated by 100 Å along x and the impact
parameter b was set along the z direction, ranging from 0 to 17.5 Å in steps of 0.5 Å. For a collision
of two identical molecules with molecular mass m, the relative velocities v follow the Maxwell–
Boltzmann distribution with reduced mass µ = m/2. For each value of the impact parameter
and the relative velocity, 1000 simulations were carried out starting with different initial atomistic
velocities, to ensure good sampling. A successful collision event is determined by formation of
one or more hydrogen bonds between the sulfuric acid molecules. The statistics of the collision
probabilities obtained from the atomistic simulations are shown in Fig. 1.

Additionally, we have used the classical Langevin model of capture to analytically calculate the
critical impact parameter bc (above which the reaction is inaccessible i.e. P = 0, otherwise P = 1)
for a collision complex with a spherically symmetric long-ranged attractive interaction decaying
with r−6. The magnitude of the attractive interaction between two H2SO4 molecules is determined
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Figure 1: Heat map of the collision probability of sulfuric acid molecules plotted as a function
of impact parameter b and relative velocity v obtained from molecular dynamics simulation. The
impact parameter equivalent to the hard-sphere collision area (b = 2R) and the critical impact
parameter obtained from the Langevin capture model are indicated by the dashed red and the
solid white lines, respectively.

by calculating the potential of mean force from a well-tempered metadynamics simulation(Tribello,
2014).

The canonical collision rate coefficient is calculated by integrating over both the relative velocity
distribution f(v) and b2 as

β = π

∫ ∞

0
dv

∫ ∞

0
db2 v f(v)P (b, v). (1)

To examine the difference between the rate coefficients obtained with atomistic simulations and
Langevin modelling, we have calculated the enhancement factor over the kinetic gas theory of hard
spheres as

W =
β

βHS
, (2)

where βHS is the hard sphere collision rate for which bc = 2R.

CONCLUSIONS

We have found that the effective collision cross section of the H2SO4 molecule, as described by
an OPLS-All Atom force field, is significantly larger than the hard-sphere diameter assigned to
the molecule based on the liquid density of sulfuric acid. As a consequence, the actual collision
coefficient is enhanced by a factor 2.2 at 300 K, compared to kinetic gas theory. This enhancement
factor obtained from atomistic simulation is consistent with the discrepancy observed between
experimental formation rates of clusters containing sulfuric acid and calculated formation rates
using hard sphere kinetics(Kürten, 2014; Lehtipalo, 2016; Kürten, 2018).

At a temperature range from 250 to 400 K (see Fig.2), the rate enhancement factor is monotonously
decreasing with increasing temperature, however the drop is less than 20 %. We also note that the
enhancement factor obtained from the Langevin model using the attractive part of the intermolec-
ular potential is a bit overestimated due to the imperfect treatment of the anisotropic dipole-dipole
interaction, yet in the atmospherically relevant temperature range the factor is within 30 % of the
result from the atomistic simulation, at a fraction of the computational cost.

246



2

4

6

8

10

 (
 m

s
)

225 250 275 300 325 350 375 400 425
Temperature (K)

0

1

2

3

MD
Langevin model
Hard sphere

Figure 2: Collision rate coefficient β (upper panel) and the enhancement factor W (lower panel)
as a function of temperature calculated for the hard-sphere, MD, and Langevin approaches.

In the future, the atomistic collision modelling approach presented in this work can be applied to
other atmospherically relevant molecules, clusters, or ions, exhibiting dipoles of varying magnitude
– and in some cases several times larger than the one of the sulfuric acid molecule – to help
understand the effect of long-range interactions in cluster formation rates. However, before we
can quantitatively assess the influence of collision rate enhancement on atmospherical new particle
formation rates obtained from cluster dynamics models, it is necessary to obtain the enhancement
factors for all the relevant collisions between clusters of different sizes and composition, as the
pathway for growth may change – a formidable task, even if only the simplest acid-base clusters
were considered.
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INTRODUCTION 

The largest uncertainty in prediction of global warming is related to negative solar radiative forcing 

associated with aerosols (IPCC, 2013). Secondary organic aerosols (SOA) is one of the dominant 

component of atmospheric organic aerosol.  Ammonia (NH3) is ubiquitous in the atmosphere as a base 

compound. It has been come to be realized that NH3 is involved in SOA formation (Na et al., 2007, 

Babar et al., 2017). This work presents the results of SOA formation from photooxidation of α-pinene 

in the presence of ammonia in the nucleation and seeded experiments. The results will have potential 

applications in studying SOA formation mechanism and the impact of SOA on climate forcing. 

 

METHODS 

The SOA formation experiments were carried out in a 29 m3 iLmari environmental chamber in 2018 

(Leskinen et al., 2015). Experimental procedure has been presented in Kari et al. (2017; 2019). Two 

sets of experiments were designed (Table 1). In experimental group 1, SOA were formed from 

photooxiation reaction of a-pinene at low concentration in the presence of ammonium sulfate seeds. In 

experimental group 2, SOA was produced in the chamber from photooxidation of high-concentration 

a-pinene without adding seeds. Hydrogen peroxide (H2O2) was evaporated and flowed into chamber to 

act as an OH source. UV-lamps (340nm) were applied to irradiate H2O2 to generate OH radicals. The 

time evolution of a-pinene and other gas compounds was monitored by an on-line high-resolution 

proton transfer reaction mass spectrometer (HR-PTR-MS, Ionicon Analytik). The size-resolved 

chemical composition of aerosol particles were measured directly with an on-line high-resolution time-

of-flight aerosol mass spectrometer (HR-Tof-AMS, DeCarlo et al., 2006). Particle size distributions 

were measured using a scanning mobility particle sizer (SMPS; TSI 3081 DMA + 3775 CPC). 

 Experiment a-Pinene(ppb) AS seed surface 

(µm2/cm3) 

OH exposure 

(#/cm3 s) 

Seeded SOA 

Exp. 

E0314 4.13 2.96E7 1.21E+11 

E0315 4.15 4.30E7 1.23E+11 

E0316 4.84 2.16E7 1.26E+11 

Nucleated 

SOA Exp. 

E0322 100 0 - 

E0326 100.94 0 1.30E+11 

E0327 107.26 0 1.34E+11 

Table 1 Summary of conductions in two sets of experiments 

RESULTS AND DISCUSSION 

In the nucleation experiments (left panels, Fig. 1), we have observed rapid increase of SOA formation 

in mass concentrations after the photooxidation reaction was enabled. After the SOA concentrations 
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reached the maximum, its concentration started to decline because of particle deposition on the chamber 

wall and possible aerosol evaporation. In contrast, the mass concentrations of ammonium component 

were still increasing when SOA masses decreased. Together taking into account the fact that aerosol 

wall deposition loss was present, our results suggest new production of ammonium salts.  

 

Figure 1. The time series of organic (left axis), ammonium (top panels, right axis), sulfate and nitrate 

(bottom panels) in nucleation experiments. The time zero marks the start of photooxidation reactions 

after UV lights were switched on.  

To explore the mechanism of ammonium formation, we examined the organic acids in the gas phase. 

Figure 2 shows the correlation between the concentration of organic mono- and di- carboxylic acids in 

the gas phase and the ammonium mass concentration in the particle phase. Except for pinonic acid, we 

have observed the excellent correlation of the two components with correlation coefficients being r2>0.9.  

The good correlation of the organic acids with ammonium salt suggests that they played a role in the 

formation of ammonium. For pinonic acid, it vapor pressure is about 4 to 5 order of magnitude lower 

than those of C1-C5 monoacids, which explains its different behavior from other organic acids.  

 

Figure 1. The correlation between gas-phase organic mono- and di-carboxlylic acids measured by 

PTRMS and particle phase ammonium salt measured by AMS in the nuecleated SOA. 
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CONCLUSIONS 

The SOA experiments was conducted from photooxidation reaction of α-pinene in the presence of 

ammonia in a chamber. The organic mono- and di-carboxylic acids formed in the photooxidation of α-

pinene in the gas phase played a role in the ammonium formation in the SOA particles through acid-

base reaction, and thus contributed to SOA formation. The changes in aerosol mass, size and chemical 

composition due to the ammonia-SOA interaction can potentially lead to aerosol direct and indirect 

impacts on climate change. 
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INTRODUCTION 

Outdoor air quality in Finland is among the best ones in the world. However, we are suffering of low indoor 
air quality with the most striking health problems related to the dampness of the house caused by mold and 
mildew (sick building syndrome, SBS) (Spengler et al., 2001). This can be due to the too well isolated 
energy efficient buildings, possible water damages, water damaged materials and other physical and 
chemical parameters related for example to ventilation. Other chemical and microbiological emissions can 
result from the incompatible constructing materials especially if they are at high humidity, and from 
chemicals used for maintenance of the building (e.g. chemicals used for cleaning) (Rao et al., 2012). In 
worst cases, the ‘sick’ house can damage the health of the whole family (especially children), create huge 
economical problems and make the life unbearable (The Human Microbiome Project Consortium, 2012). 
As the outdoor air temperature and humidity (also the amount of rains, storms and floods) in Finland will 
be increased in the future due to the climate change, these indoor air problems will most likely come more 
serious. 
 

METHODS 

Indoor air of ‘sick’ houses from Nummela (not inhabited) and Vantaa (still inhabited) were studied together 
with the insulation materials used in these two buildings. Outdoor air samples were also collected for 
comparison as well as reference samples from the ‘healthy’ buildings.  

Samples were collected using cryogenic sampler (e-collector) to trap compounds with condensed/frost water 
of the air obtained onto the surface of the sampler metal box that was cooled with dry ice. After the sampling 
when the sampler warmed up, the collected water was rinsed into the glass vial for further treatment and 
analysis. Solid phase microextraction Arrow (SPME Arrow) and in-tube extraction (ITEX) were utilized for 
the collection of gas phase compounds in indoor air and insulation material emissions. Commercial PDMS-
DVB and Carbon WR were used as sorbents for the SPME Arrow, and ITEX was packed with laboratory-
made polyacrylonitrile (PAN) fibers. Insulation materials were placed into the headspace vials for analysis. 

Analyses for the gas phase and insulation materials were done with gas chromatography – mass 
spectrometry (GC-Q-MS; m/z 30-300 and GC-Q-TOFMS; m/z 50-600) and for condensate/frost water 
samples with liquid chromatography – mass spectrometry (HPLC-QQQ-MS; m/z 50-1500). Columns used 
in the GC were InertCap for Amines (30 m x 0.25 mm i.d.) from GL Sciences and HP-5MS (30 m x 0.25 
mm i.d.) from Agilent Technologies. Reversed phase separation with Poroshell C-18 column (3.0 x 50 mm, 
2.7 µm) was used in HPLC. Electron impact (EI) and chemical ionization (CI) with methane were used with 
the GC-MS and positive and negative electrospray (ESI) with the HPLC-MS. Spectral processing for 
qualitative analysis included NIST MS library search, retention index (RI) comparison, fungal metabolite 
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screening using database of 474 mycotoxins and fungal metabolites (Nielsen et al., 2003), accurate mass 
information, MS-MS database (Metlin) and characteristic fragments. 

 

CONCLUSIONS 

Indoor air 

Gas phase analysis of indoor air in Vantaa and Nummela houses revealed that only a small number of 
compounds were collected by SPME Arrow and analyzed with GC-MS (Figure 1). Totally 33 compounds 
could be identified from Vantaa house and 42 from Nummela (16 of those were found from both). 

 

 

 

Figure 1. Number of identified compounds found in the gas phase samples of the ‘sick’ houses in Vantaa 
and Nummela. SPME Arrow sampling and analysis with GC-Q-TOFMS. About 35% of all detected 

compounds remained unidentified. 

 

In-tube extraction (ITEX) has a great potential for active indoor air sampling due to its relatively large 
sorbent amount (enables high air flow-rates) and exhaustive nature (easy quantification). As an example, 
GC-MS chromatogram is shown in Figure 2 for the indoor air sample obtained with ITEX. 

Using cryogenic collection (condensed/frost indoor air water), much higher number of compounds were 
detected than with sorbent collection of gas phase (see Figure 3). Totally, 546 compounds were found from 
Vantaa house and 254 from Nummela house. The same 194 compounds were found in both houses. More 
compounds were detected from living room compared to the other rooms. In addition, clearly higher number 
of compounds was present in Vantaa (inhabited) than in Nummela (not inhabited) due to human activities 
inside house. 
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Figure 2. GC-Q-MS chromatogram of indoor air sample collected with ITEX using laboratory-made PAN 
fibers as adsorbent. 48 VOCs were identified using standards and 29% of those were hydrocarbons, 25% 

alcohols, 20% acids and derivatives, 13% aldehydes, 11% ketones and 2% halogenated compounds. 

 

 

 

Figure 3. Number of different compounds found in the condensed/frost water samples of the indoor air 
from ‘sick’ houses in Vantaa and Nummela. Samples analysed by HPLC-QQQ-MS using ESI+. 

 

Chemical load was much higher in Nummela and Vantaa houses compared to healthy reference Tampere 
house, being highest in Vantaa house (Figure 4). Lower graphs in Figure 4 (red circles) demonstrate that 
highly polar (not much retention in reversed phase column) and high molecular mass compounds were 
present in Vantaa house. Similar type of compounds were present in Vantaa bedroom 2 but not in bedroom 
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1 when samples were analyzed with HPLC-QQQ-MS using negative ESI (data not shown). In addition, 
samples collected from Vantaa house included also more compounds with molecular mass higher than 800. 

 

 

Figure 4. Number of compounds found in indoor air samples of Nummela, Vantaa and Tampere (healthy 
reference) houses and distribution of these compounds according to their retention times and m/z values. 

Condensed/frost water from indoor air analysed by HPLC-QQQ-MS using ESI+. 

 

Material emissions 

Water (moisture) affected greatly the number of compounds and their amounts emitted by the insulation 
materials (Figure 5). Higher number of compounds were emitted from the cellulose wool compared to glass 
wool. Also these compounds were mainly of higher volatility (most likely more polar and more water 
soluble). Increase of the amount of water added further enhanced this effect. Most of the compounds 
increased their intensity with water amount and some compounds behaved completely in an opposite way. 
This shows that at the moist conditions, insulation materials produced more chemicals to indoor air, and/or 
compounds are more easily mobilized/transported in gas phase. Especially the cellulose wool is more prone 
to microbial attack, and a high amount of flame retardants need to be added to it. Humidity has earlier been 
found to affect the chemical emissions from the waterborne materials like floor varnish and wall paint (Fang 
et al., 1999). Increase of the humidity from 0% to 50% has resulted in elevated emissions of VOCs from the 
carpet, sealant and wall paint in the studies of Wolkoff (1998). More recently, Markowicz and Larsson 
(2015) obtained an increase in VOC concentrations due to a high humidity. In addition, in this study 
temperature had a stronger effect on the cellulose wool. Increase of temperature from 22oC to 80oC raised 
the number of detected compounds from 30 to 161 with cellulose wool and from 22 to only 39 with glass 
wool.  
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Figure 5. Number of compounds found in the emissions from the insulation materials (500 mg of glass 
wool or cellulose wool) with and without addition of 200 µL of water. Samples were pre-heated at 40 

C (5 min) followed by 5 min SPME Arrow extraction and GC/MS analysis. Lighter color means 
higher volatility (RI<1000) and darker color means lower volatility (RI>1000). 

 

Compounds emitted from the insulation materials of Vantaa and Nummela houses were collected with 
commercial SPME Arrow (DVB-PDMS) at room temperature for 5 min. Totally 187 compounds were 
identified with GC-Q-TOFMS using chemical ionization. These compounds included, for example, N'-
Nitrosonornicotine, 4-Hydroxystyrene, Pyrazinamide, Diethylcarbamazine, 2-Phenylbutyric acid, 
Benzaldehyde, 2,5-Dimethyl-3-mercaptotetrahydrofuran, Procainamide, 2,6-nonadienal, Pelargonaldehyde, 
Perillyl alcohol, Acetophenone, Hexanamide, 2-Propenyl propyl disulfide, 6-Chloroindole, 4-
Heptyloxyphenol and 2-Mercaptobenzothiazole. Several mycotoxins, detected at low concentrations (Table 
1), indicates that low volatile and nonvolatile compounds could be transported (be mobile) in the air via air 
moisture or as aqueous aerosols (Salo et al., 2019). 
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Table 1. Hazardous compounds (at low concentrations) found from the gas phase of the insulation 
materials at different temperatures. Sample 0.25 g. Amount of water added 0.5 mL.  
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INTRODUCTION

There is a need to reduce carbon from the atmosphere due to climate warming.  Cities in particular are
interested to know ways to reduce their emissions and how much carbon could be sequestered by their
own vegetation and soil. However, vegetation and soil in urban ecosystems can act very differently than in
natural ecosystems and therefore, studies are needed to understand the biogenic carbon cycle in urban
areas. In this study, the urban microclimate and biogenic carbon cycle through urban vegetation and soil is
modelled using an urban land surface model SUEWS (Järvi et al., 2019) and the carbon storage in soil
with carbon soil model Yasso (Liski et al., 2005). SUEWS is specially created to work in urban areas,
whereas Yasso has been created for natural ecosystem and used also in agriculture (Karhu et al., 2012).
Yasso has also been used before in urban areas in a general way (Rasinmäki et al., 2014) but in this study
the purpose is to fine tune the model for urban areas. The first step is to evaluate both models in Viikki,
Helsinki. Measurements of carbon dioxide and sap flow flux are going to be used to evaluate the carbon
dioxide  and  evaporation  components  in  the  model  SUEWS.  Yasso  is  evaluated  against  soil  carbon
measurements. 

METHODS

The surface Urban Energy and Water Balance Scheme (SUEWS, Järvi et al., 2011) is traditionally used to
model energy and water balances in cities but now it includes also biogenic and anthropogenic carbon
dioxide  surface  exhange.  SUEWS has  seven  surface  types:  paved,  buildings,  evergreen  trees/shrubs,
deciduous trees/shrubs, grass, bare soil and water, that need to provide for the model as an input. It also
needs  other  site  specific  characteristics  such  as  building  and  tree  heights.  Common  meteorological
variables are used to force the model,  such as,  wind speed,  wind direction, air  temperature, pressure,
precipitation and shortwave radiation. In this study, SUEWS is used to simulate biogenic carbon dioxide
fluxes. Photosynthesis is estimated with empirical canopy-level model, which depends upon maximum
photosynthesis,  leaf area index, air temperature, specific humidity, soil  moisture deficit  and shortwave
radiation (Järvi  et  al.,  2019).  Soil  and vegetation respiration is  simply estimated with its  exponential
relation to air temperature (Järvi et al., 2012).

The soil carbon model Yasso15 version (Järvenpää et al., 2019, In preparation) is used to simulate the
stock of soil carbon and the changes in the amount of soil carbon in urban areas. Yasso has four groups
that decompose at different rates: compounds soluble in ethanol (E), or in water (W), and compounds
hydrolysable  in  acid  (A)  and  neither  soluble  nor  hydrolysable  at  all  (N).  The  mass  loss  of  these
compounds depend on climate conditions, mainly temperature and precipitation. There is also a mass flow
towards recalcitrant humus (H). Litter decomposition is based on a large litter bag dataset that has been
gathered around the globe and it will not be altered in this study. The initial amount of carbon can be
calculated from loss-on-ignition (LOI) that has been measured in the beginning of the study period. If the
soil types are known, then the A, W, E, N and H classes can be further specified. Yasso is forced with local
meteorology, but only with annual precipitation, annual temperature and its amplitude. 
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SUEWS is run over a 200x200 m2 size area in two locations in Viikki, Helsinki (Riikonen et al., 2011) for
years 2003-2016. The first year is a spin-up period and the others will be used for the model evaluation.
The model is forced with meteorology  primarily from Kumpula and secondarily from Helsinki-Vantaa
Airport. Viikki has two test streets where they have studied intensely carbon and water fluxes (Riikonen et
al., 2016, 2017) for 2002-2014. The parameters used in SUEWS photosynthesis model are based on leaf-
level  photosynthetic  response  measurements  from  street  trees  in  Viikki  in  2007-2009.  The  same
parameters  control  also  evaporation  via  stomatal  conductance  (Järvi  et  al.,  2019).  The  modelled
evaporation will  be evaluated against  sap flow measurements and modelled soil  moisture against  soil
moisture observations. 

Yasso model is evaluated against soil carbon (based on LOI) measurements. Soil carbon was measured at
the beginning of the study period and later every few years (Riikonen et al., 2017) by taking soil samples.
The model initialisation is possible because the soil type and structure are known when the trees were
planted in 2002. Yasso requires air temperature data and this will be obtained from SUEWS which will
provide the local 2 meter air temperature. 

RESULTS

Using air temperature measured at Helsinki-Vantaa airport Yasso model compares well with the loss-on-
ignition (LOI) measurements (Figure 1). The street was built in 2002, when the new soil contained a lot of
carbon. Yasso is able to model the initial carbon loss and its subsequent stabilization well, with about a
third of initial carbon remaining after 2005. The next step is to run SUEWS and evaluate it by comparing
it against measurements. Finally, SUEWS will provide the local air temperature, which will be used to
force Yasso. 

Figure 1. Modelled and measured average carbon stock in soil ( ± SD).
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INTRODUCTION 

During the last decades, a vast scientific effort has been targeted in organic aerosol (OA) research due to the 

large contribution of OA to the tropospheric particulate matter, worldwide (Jimenez et al., 2009). Due to the 

complexity of OA formation pathways and chemistry, many scientific questions have remained open 

especially regarding the role of OA in the Earth’s climate system (Kanakidou et al., 2005; Shrivastava et al., 

2017). Organic aerosol can be emitted directly in particulate form (primary organic aerosol, POA) from 

various sources such as fossil fuel combustion or biomass burning. Alternatively, it can form secondarily 

(secondary organic aerosol, SOA) in the atmosphere from condensable vapours. These condensable vapours 

are in turn yielded from atmospheric oxidation processes involving volatile organic compounds (VOCs) and 

atmospheric oxidants, such as ozone, hydroxyl and nitrate radicals. Biogenic VOCs are major SOA 

precursors. Monoterpenes represent a group of them that are of high importance in global biogenic SOA 

production. To help improve and constrain climate modelling efforts and understanding the aerosol 

sensitivity of our climate, comprehensive long-term high-quality observational data are of utmost 

importance. Furthermore, measurements in climate sensitive environments, such as the boreal forest, are 

critical (Kulmala, 2018). Detailed measurements regarding atmospheric composition are conducted at the 

Station Measuring Atmosphere – Ecosystem Relations (SMEAR II) that is located within the Finnish boreal 

forest (Hari and Kulmala, 2005). It serves as the measurement site for the current study from where we 

analysed eight years of on-line recorded OA mass spectra to gain better understanding of the seasonal trends 

in OA sources and composition aiming to narrow down the biogenic contribution of forest emissions to the 

OA loading. To our understanding, the data presented in this study represents the longest time series of OA 

composition ever recorded online in the boreal environment.  

METHODS 

The measurements were conducted utilizing on-line mass spectrometry with an Aerosol Chemical 

Speciation Monitor (ACSM, Aerodyne Research Inc., USA; Ng et al., 2011). The instrumentation provides 

a mass spectrum of non-refractory sub-micron aerosol chemical components every half an hour with a unit 

mass resolution. The measurements took place between March 2012 and September 2019. The mass spectra 

acquired represents the bulk mass spectra comprising of ion fragments produced in the instrument via 

aerosol flash vaporization (600 °C) and electron impact ionization (70 eV). Generally, the largest peaks 

obtained in ambient measurements are CO2
+ (m/Q 44 Th) and C2H3O+ (m/Q 43 Th). Their abundances in the 

mass spectrum can be used as a proxy of the degree of aerosol oxygenation (Aiken et al., 2006). Few ions 

recorded in the mass spectrum can be attributed with specific emissions. For example, relatively high C4H9
+ 

(m/Q 57 Th) signals have been generally detected in urban areas and can be associated with traffic emissions 

(Zhang et al., 2005). C2H4O2
+ (m/Q 60 Th) on the other hand is a known ion resulting from levoglucosan 

fragmentation. It can be traced to biomass burning emissions (Alfarra et al., 2007). 
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We started the analysis by investigating the seasonal behaviour of known marker ions of m/Q 57 Th and 

m/Q 60 Th as well as the relationship between m/Q 44 Th and m/Q 43 Th. When an understanding of the 

general OA mass spectral seasonal variation was gained, we targeted for quantifying the contributions of 

different OA types to the total OA mass concentration. For this purpose, we utilized positive matrix 

factorization (PMF) with a multilinear engine (ME-2; Paatero, 1999). This sort of analysis enables extraction 

of a number of factors comprising of temporally correlating species. These factors contain information 

regarding their sources, chemical properties and atmospheric ageing. The PMF analysis was conducted with 

Source Finder (SoFi Pro, Datalystica, Switzerland; Canonaco et al., 2013) code package deployed in the 

Wavemetrics Igor Pro software.  

CONCLUSIONS 

The mass fraction of organic aerosol (OA) in the sub-micron particulate matter measured below the Finnish 

boreal forest canopy often exceeded 80% during summers and even during cold seasons, when the inorganic 

aerosol concentration was at highest, organics still made up nearly half of the aerosol mass. The sum of 

(anthropogenic) POA factors remained low throughout the year (mass fraction below 25%). The POA 

maximum was generally recorded in February. The main source of OA at SMEAR II could be attributed to 

the forest emissions. This fresh SOA mass concentration was highest at summer. More work is needed to 

connect the biogenic SOA to different formation pathways. 
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INTRODUCTION 

Modern intensive agriculture is globally the second largest anthropogenic source of carbon emissions to the 

atmosphere, after industry and fossil fuel combustion, contributing more than 10% to the GHG emissions 

(Houghton & Nassikas 2017, Le Quéré et al. 2017, Lal 2016). Conventional intensive management practices 

are the main cause of high emissions in agriculture. Frequent ploughing, monocropping, intensive use of 

agrochemicals, and deforestation are the main contributors to the loss of soil organic matter and CO2 

emissions from land use. At the same time as modern agriculture is being a significant emission source, one 

of the most potential tools to mitigate climate change is the sequestration of carbon from the atmosphere 

into the agricultural soils (Minasny et al. 2017). 

 

It is well known that topsoil layer and especially humus-rich mineral soils can store more carbon than 

atmosphere and vegetation together. Therefore, increasing the amount of SOM in the agroecosystems, by 

applying enhanced management practices such as no-tillage, high biodiversity and cover cropping, 

agricultural soils would not only help to mitigate climate change but also to restore soil quality and fertility 

(Jastrow et al. 2007, Yang et al. 2019). On the other hand, cultivation of peat soils is well known for causing 

net CO2 emissions into the atmosphere. Methods to reduce these emissions are currently sought. To 

understand the carbon dynamics on different agricultural sites and to verify soil carbon and ecosystem 

models, continuous long-term monitoring of GHG fluxes is essential at such managed ecosystems.  

 

METHODS 

Continuous CO2 flux measurements using Eddy covariance method have been conducted at Qvidja farm on 

mineral (clay) soil forage grassland in Parainen, southern Finland (60.29550°N, 22°39281°E) since the 

spring 2018. Another agricultural flux measurement site was established at peat soil grassland, in Ruukki, 

located in Siikajoki, western Finland (64.68399°N, 25.10632°E) in the summer 2019.  

 

The size of the experimental field in Qvidja is about 16 ha, and it has been in agricultural use for decades. 

Past years, it has been cultivated under conventional management practices. However, since the beginning 

of the flux measurements, some of the carbon farming practices are applied more on the field. The field is 

mainly surrounded by forests in the northern, as well as eastern and western sides. In the south of the field, 

there is a wetland area covering about 15 ha. The field in Ruukki has also been in conventional agricultural 
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use, and forage grass is cultivated approximately on half of the experimental field which is about 25 ha. The 

whole field is peat soil with the depth varying from 0.4 to 0.7 m. 

 

Eddy covariance (EC) measurements are conducted on both experimental sites with Li-7200 CO2/H2O 

analyser by LI-COR Inc. (Nebraska, US), which observes the CO2 and H2O mixing ratios, and an uSonic-3 

Scientific anemometer by METEK GmbH (Bristol, UK), which measures the wind components and air 

temperature at the height of 2.30 m at both sites. 

 

EC measurements are supported by meteorological observations right next to the flux towers. These include 

soil moisture measurements, and soil temperature at the depths of 0.05 m, 0.1 m and 0.3 m. Furthermore, 

global and reflected solar radiation and net radiation, as well as photosynthetically active radiation (PAR) 

are measured at both experimental sites. Also, precipitation, air temperature and humidity are continuously 

recorded. Further measurements in both locations include chamber measurements, leaf area index and other 

vegetation measurements, as well as biomass and soil sampling. Satellite data is also utilised in data analysis.  

 

CONCLUSIONS 

The annual carbon balance was estimated to be negative at the southern site i.e. the site acted as an overall 

sink of carbon even in the dry and hot year 2018. Calculations were based on the flux (Fig. 1) and biomass 

data. However, the seasonal CO2 fluxes were greatly dependent on weather conditions and management 

options. Results from 2019 are still collected and analysed but it seems that the latter growing season 

accompanied with a bit higher precipitation and lower temperatures, as well as higher cutting height was 

more favorable for carbon uptake in Qvidja than 2018. Even though the nighttime CO2 emissions were 

higher at the peat site compared to the mineral site, the carbon balance during the growing season 2019 

seemed to be negative also there, i.e. the peat site acted also as a carbon sink especially during the warm 

season. After data analysis, the national potential to reduce the annual GHG emissions by enhancing carbon 

sequestration of grasslands will be further concerned based on these results. 

 

 
Figure 1. Measured NEE in Qvidja from the 3rd of May 2018 to the 15th of September 2019 and in Ruukki 

from the 13th of June 2019 to the 15th of September 2019. Negative values indicate net CO2 uptake and 

positive values net CO2 release. 
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INTRODUCTION 

Current global warming is causing arctic regions to warm two to three times faster than the rest of the world 

(IPCC 1.5°C Special report, 2018). The northern peatlands form one of the largest carbon pools in the biosphere 

and the release of the stored carbon stays low because of the cold and wet climatic conditions, but as the climate 

warms these conditions could change (Tarnocai et al. 2009). If this happens, more of the stored organic carbon 

can be released into the atmosphere, which in turn would enhance the warming, thus creating a positive feedback 

loop. Therefore, understanding the carbon cycle processes of the northern peatlands is crucial for estimating the 

future climate scenarios. 

The ecosystem-atmosphere exchange of CO2 and CH4 were measured using both eddy covariance (EC) and 

chamber methods on a subarctic fen in Kaamanen, northern Finland, during 2017 and 2018. During 2018 a 

drought period affected the fen ecosystem in July-August, which introduced an opportunity to compare normal 

2017 growing season to more extreme climate conditions. 

The measurements were conducted as part of CAPTURE-project (Carbon dynamics across Arctic landscape 

gradients: past, present and future). The objective of the continuous eddy covariance flux measurements was to 

assess the mean greenhouse gas (GHG) balances of the fen in an ecosystem scale, while the manual chamber 

measurements were used for estimating the growing season GHG exchange separately for the ecosystem’s four 

main plant community types (PCTs). 

 

METHODS 

The Kaamanen mesotrophic flark fen (N69°8.435', E27°16.189', 155 m a.s.l.) has varying hummock and hollow 

microtopography that comprises of four main plant communities (Maanavilja et al., 2011): 1) Ericales-

Pleurozium community grows on top of the dry hummocks and 2) Betula nana-Sphagnum grows on the 

hummock margins. The wet hollows are dominated by 3) Trichophorum tussocks and 4) Carex-Scorpidium 

communities. These four plant communities vary in their appearance due to the differences in moisture 

conditions, water table level (WTL) and nutrient availability, and they also vary notably in their GHG exchange. 
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The EC method provides continuous data from the entire fen ecosystem, while the flux chamber measurements 

add more detailed information about the plant community carbon dynamics. The EC measurement system at 5 

m measurement height consisted of a sonic anemometer (METEK USA-1), a CO2 analyzer (LI-COR LI-7000) 

and a CH4 analyzer (LGR RMT-200), while the manual chamber flux measurements were conducted with 

Picarro G2401 gas analyzer. 

Vegetation types were mapped in detail around the fen EC tower fetch area during both growing seasons. The 

mapping consisted of plant species coverage observations, soil sample collection and pH measurements along 

transects. Drone imaging of the plant communities and land cover types were also conducted during the growing 

seasons. 

 

RESULTS AND CONCLUSIONS 

The growing season at the Kaamanen fen started in the end of May 2018 which was a few weeks earlier than in 

2017. The growing season 2018, especially July, was warmer and drier than in 2017. The water table level 

measured at the fen dropped 10 to 15 cm in all plant communities during the 2018 drought period compared to 

the previous year. 

The differences in carbon dynamics between the PCTs of the fen were quite evident, which can be seen from 

the chamber measurements (Figure 1). The water table level gradient from the wet flarks (average WTL: +2 

cm) to dry string tops (average WTL: -50 cm) largely controls the vegetation composition and consequent 

carbon fluxes.  

The CO2 respiration (R) and gross primary productivity (GPP) were smallest in the wet plant communities and 

largest in the dry ones (Figure 1). However, the net ecosystem exchange (NEE) was much smaller in magnitude 

than R and GPP in all PCTs. In 2018 R and GPP were larger in all plant communities. The NEE of the drier 

communities shifted to a sink or a smaller source in 2018, and vice versa for the wet communities, however the 

uncertainties were noticeable. The CH4 emissions were smallest on top of the dry strings, while the other three 

plant communities had quite similar fluxes, but the emissions decreased slightly from 2017 to 2018. 

The annual cumulative carbon balance, inferred from the fluxes measured by the EC method, of the Kaamanen 

fen was -0.1 ± 3.8 g C m-2 yr-1 in 2017 and 1.3 ± 2.7 g C m-2 yr-1, when both CO2 and CH4 fluxes were taken into 

account (Figure 2). In 2017 the annual cumulative CO2 flux added up to -8.5 ± 1.9 g C m-2 yr-1, while the annual 

cumulative CH4 flux was 8.4 ± 1.9 g C m-2 yr-1. In 2018 the annual cumulative CO2 flux was slightly smaller -

5.6 ± 1.2 g C m-2 yr-1, and likewise the annual cumulative CH4 flux was smaller 6.9 ± 1.5 g C m-2 yr-1. On average 

Kaamanen fen has been a CO2 sink of -21.5 g C m-2 yr-1, during 1997-2002 (Aurela et al., 2004), and a CH4 

source of 6.0 g C m-2 yr-1 during 2010-2017 (data not published). 

The annual carbon balance of the fen in 2018 was affected by the earlier onset of photosynthesis in spring, 

which increased the annual sink, and the drought event that in turn decreased the carbon sink.  
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Figure 1: Growing season carbon fluxes of the plant communities and fen from chamber measurements: 

respiration (a), gross primary productivity (b), net ecosystem exchange (c) and methane flux (d). Negative 

values indicate carbon sink from the atmosphere to the ecosystem. The whiskers represent the standard 

deviation among the four replicates of each plant community type. 
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Figure 2: Cumulative CO2 (top) and CH4 (bottom) fluxes measured at the fen with EC method. 
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INTRODUCTION 

Many physical and chemical reactions take place in secondary organic aerosol particles (SOA) in the 

atmosphere, changing the properties, composition and potentially reflecting to changes in particle size. 

Among these reactions is oligomerization, where monomers combine forming bigger oligomer molecules. 

Studies have shown, that oligomers can cover a notable fraction of SOA particle’s mass (Denkenberger et 

al., 2007; Dommen et al., 2006). The formed oligomers tend to be less volatile than the monomers they are 

formed from and thus through oligomerization also the volatile monomer compounds, that would usually 

mostly stay in the gas phase, can contribute to the growth of SOA particles.  Also, the reverse process 

where larger molecules decompose to smaller ones can happen and the resulting molecules may evaporate 

from the particle due to their higher volatility. To study how these two processes, oligomerization and 

decomposition, affect particle size evolution in the atmosphere, we are developing models that describe 

these processes in addition to particle phase acid-base chemistry. 

 

METHODS 

We are simultaneously developing two different models. MABNAGO (Model for Acid-Base chemistry in 

Nanoparticle Growth with Oligomerization) which is developed further from MABNAG (Model for acid-

base chemistry in nanoparticle growth, Yli-Juuti et al. 2013),is a monodisperse particle population growth 

model that uses concentrations of condensing gases, RH, ambient temperature and preset oligomerization 

and decomposition rates to calculate the time evolution of particle’s composition and size. The model also 

considers the dissociation and protonation between acids and bases in the particle phase using Extended 

Aerosol Inorganics Model (E-AIM; Clegg and Seinfeld, 2006a, b) In the model water and bases are 

assumed always to be in equilibrium state between gas and particle phase.  Mass fluxes of other 

compounds to and from the particles are determined based on their gas phase concentrations and their 

dissociation and composition dependent equilibrium vapor concentrations, solved with E-AIM.  

 

The other model is mostly similar to MABNAGO, with the exception of not using E-AIM to calculate 

acid-base chemistry. Instead no organic acids or bases are included and the amount of inorganic bases is 

assumed to be equal to the amount of inorganic acids in the particle. As E-AIM is not included in this 

second model, we assume an ideal mixture when calculating equilibrium vapor pressures of the organic 

vapors. 

 

 

At the moment the model system can consist of water, ammonia, sulfuric acid, nitric acid and multiple 

organic compounds, their number varying between simulations. The condensing organic compounds can 

include amines as well as organic compounds that can be assigned as acids, oligomer forming monomers, 

decomposing compounds or non-reactive compounds. The initial composition of the particles in 

simulations is 40 sulfuric acid molecules and corresponding amount of water and ammonia. With this 

setting the initial diameter is approximately 2 nanometers.  The properties of the organic model 
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compounds are specified based on Chemical Ionization Mass Spectrometry (CIMS) measurements from 

the Hyytiälä measurement station (Mohr et al., 2019) presented with volatility basis set (VBS). The 

number of model compounds that are affected by oligomerization and/or decomposition is varied between 

simulations. With these simulations we aim to investigate how much particle growth could be affected by 

particle phase reactions and how the extent of such possible effects compares to the uncertainties in 

measured gas phase concentrations and estimated saturation vapor concentrations of condensing organic 

compounds. 

 

RESULTS 

In Figure 1 we present an example from our particle growth simulations. In these simulations, the 

condensing compounds included four non-reactive compounds and two semi-volatile compounds that 

could form a low-volatile compound through oligomerization and the bulk phase oligomerization. The 

oligomerization rates were varied between the simulations. These results suggest that oligomerization can 

affect particle growth significantly.  

 

Figure 1. Diameter of a particle as a function of time in simulations where the condensing compounds 

included two semi-volatile compounds that could form a low-volatile compound in the particle phase 

through oligomerization. Five simulations with different bulk phase oligomerization rates (kb) are shown. 
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INTRODUCTION 

During the past decades, terpenoids have been studied quite intensively in boreal forest areas. Most previous 

studies have focused on isoprene (C5), monoterpenoids (C10, MTs) and sesquiterpenoids (C15, SQTs), 

however, there are no studies on diterpenoids (C20, DTs) in ambient air or in enclosure emissions in boreal 

areas. In recent years, DTs have been observed e.g. in ambient air in Amazon and in Japan (Matsunaga et 

al., 2012; Yee et al., 2018), and in branch enclosure emissions in the Mediterranean (Haberstroh et al., 2018; 

Yáñez-Serrano et al., 2018).  

Diterpenes have been observed in essential oil samples of typical boreal forest trees, such as Norway spruce 

and Scots pine (Kanerva et al., 2008), thus it could be speculated that these compounds might be present 

also in the gas phase. However, DTs are very low volatile and very reactive compounds, which might make 

their analysis challenging. Few studies that have detected DTs in gaseous samples have used e.g. sorbent 

tubes for sampling prior to thermal desorption (or solvent desorption) - gas chromatography mass - 

spectrometry (TD-GC-MS) (Haberstroh et al., 2018; Matsunaga et al., 2012; Yáñez-Serrano et al., 2018). 

However, those studies did not present any detailed information about method validation or performance 

parameters, making it difficult to evaluate the suitability of the methods for the analysis of DTs. 

In this study, a thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS) method following 

sorbent tube sampling was developed for the determination of monoterpenoids (MTs), sesquiterpenoids 

(SQTs) and diterpenoids (DTs) in branch enclosure emissions. The method development and performance 

related experiments included, for example, desorption efficiency, sampling recovery and ozone reactivity 

tests. In addition, dynamic headspace sampling of terpenoids emitted from spruce twigs and pine needles 

was studied under laboratory conditions.  

METHODS 

The analytes included in the standards consisted of nine MTs, six SQTs, three DTs and three other VOCs. 

Only three commercially available DTs (ent-kaurene, cembrene and 3-methylene-5-α-androstane (MA)) 

could be obtained for this study. 

The stainless-steel multiphase adsorbent (Tenax TA/Carbopack B) tubes used in this study were either 

purchased directly from PerkinElmer Inc. (Waltham, MA, USA) or prepared manually in the laboratory. 

With these sorbent tubes, the sampling flow rate used throughout this study was typically 80-100 mL/min.  

The analyses were performed by using TD-GC-MS. The TD-GC-MS consisted of an automatic TD unit 

(TurboMatrix 350) connected to a GC (Clarus 680) coupled to a quadrupole MS (Clarus SQ 8 T), all units 

purchased from PerkinElmer Inc. (Waltham, MA, USA). The cold trap in TD and column in GC were Tenax 

TA/Carbopack B and Elite-5MS (60 m x 0.25 mm, film thickness 0.25 µm), respectively (both from 

PerkinElmer Inc., Waltham, MA, USA). In the primary desorption, the sorbent tube was desorbed for 5 min 

at 300 °C at a flow rate of 50 mL/min of helium. The desorbed compounds were trapped into a cold trap 

held at 20 °C during the primary desorption. In the secondary desorption, the cold trap was rapidly heated 

to 300 °C and held for 1 min. The GC oven temperature program was as follows: 60 °C (held for 2 min), 
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then to 300 °C at 8 °C/min and 300 °C (held for 15 min). In MS, electron ionization at 70 eV was used. 

Total ion chromatogram (TIC) was scanned in m/z range 50-350 and selected ion recording (SIR) time 

windows with quantifier and qualifier ions were applied for the target analytes. 

The method development and validation tests included e.g. desorption efficiency, sampling recovery and 

ozone reactivity tests. Desorption efficiency was tested by performing two consecutive desorptions from the 

same analyte loaded (c=40-200 ng) sorbent tube. The sampling recovery was tested with two different inlet 

lines (a 15 m long Teflon tubing (i.d. 1/8 in.) and a 1 m long heated stainless steel tube (i.d. 1/16 in., heated 

to ca. 150 °C)) and with a branch enclosure cuvette (a ca. 6.2 L Teflon bag). The experimental setup used 

in sampling recovery tests was similar as in Hellén et al. (2012). The main flow rate in inlet sampling line 

recovery tests was 1.0 L/min. In the cuvette recovery tests, three different flow rates were tested (1.0, 2.0 

and 6.7 L/min). The ozone reactivity tests were done by loading sorbent tube with analytes (c=40-200 ng) 

and by purging the tube with 0-24 L of either 0 ppb or 40 ppb of ozone.  

The real sample application test was a dynamic headspace sampling of compounds emitted by Scots pine 

needles or Norway spruce twigs in a closed flow-through chamber upon heating. The plant material samples 

were heated in 5-10 °C step from 30 to 70 °C. The results were handled with focus on DTs. The unknown 

compounds in samples were identified based on both retention index (RI) values and mass spectra 

comparison to NIST mass spectra database and/or Adams (2007) library. The non-target compounds were 

quantified in relation to standard analytes. 

CONCLUSIONS 

The first steps in the TD-GC-MS method development were to verify the desorption efficiency and the 

chromatographic separation of the terpenoids. The desorption efficiency was ≥99.8% for all compounds at 

300 °C for 5 min. The chromatographic separation of all analytes was considered to be adequate since the 

peaks were baseline separated.  

The analytical method validation results were considered to be adequate. The intermediate precision (n=22 

during 4.5 months period) was acceptable for all compounds (RSD<10%). The expanded measurement 

uncertainty with 95% confidence level varied between 17-40%, which was considered to be fit-for-purpose. 

The limit-of-quantification (LOQ) values (expressed as absolute amount in sorbent tube) were the lowest 

for monoterpenoids (13-88 pg) and for sesquiterpenes (33-198 pg), and the highest for caryophyllene oxide 

(340 pg) and diterpenes (287-518 pg). If assuming a sample volume of 5 L in offline sampling, the LOQ 

values were approximately 0.5-2.8 pptv for MTs, 0.8-7.5 pptv for SQTs and 5.1-9.3 ppvt for DTs.  

The sampling recovery results are shown in Fig. 1. The recoveries were acceptable (within 100±20%) for 

all compounds and with both inlet lines tested (Fig. 1a). For example, with the 1 m long heated stainless 

steel (SS) line, the recoveries of MTs, SQTs and DTs were on average 89±1%, 88±2%, 86±1%, respectively. 

Also, the cuvette recoveries were acceptable for MTs and SQTs with all flow rates tested (Fig. 1b). The 

recoveries of DTs were acceptable in the flow rate range of 2.0-6.7 L/min, but with the lowest flow rate 

tested the residence time inside the cuvette was too long for these compounds (Fig. 1b). Collectively, the 

sampling recovery results were promising as they indicated that typical inlet line and cuvette materials can 

be used also with DTs.      

Since some terpenoids are highly reactive towards ozone and the ozone reaction rate coefficients (kO3) of 

DTs are highly uncertain, experiments focusing on analyte stability upon ozone exposure were conducted. 

The O3=0 ppb tests were done for obtaining a reference level and the O3=40 ppb tests in order to estimate 

the possible losses caused by ozone. Overall, the results were reasonable in the sense that the compounds 

that had the greatest reported kO3 values were subsequently lost the fastest. However, the results also 

indicated that the literature kO3 values of some DTs might be underestimated. For example, as can be seen 

in Fig. 2, the decline in slope was more rapid as the kO3 increased in the order of camphene, limonene and 

caryophyllene, however, ent-kaurene kO3 value is somewhat lower than would be expected based on the 

slope decline. Based on results obtained from literature retrieved ln (kO3) values plotted as a function of the 
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slopes obtained from the ozone purging experiments, the estimated experimental kO3 value for ent-kaurene 

was (1.4±8.2) x 10-15. This was roughly two orders of magnitude higher than the literature kO3 value (see 

Fig. 2), which demonstrates that the ozone reactivity contribution of DTs might be underestimated.  

 

Figure 1. The sampling recovery experiment results from a) the inlet lines and b) the cuvette bag. The 

error bars represent reproducibility (n=3-9). 

 

Figure 2. Selected examples from the ozone exposure experiments presented as relative amount of 

compound in sorbent tube as a function of purge volume. The values in boxes are the linear regression fit 

slopes (±uncertainty) of corresponding conditions (either O3=0 or O3=40 ppb). The compound specific 

literature kO3 values are presented in the plots as well. The error bars represent reproducibility (n=3). 

Multiple diterpenes could be detected in the emissions from pine needles and spruce twigs.  However, these 

were detected mainly at the highest temperatures tested and eventually in quite low concentrations. In 

emissions from spruce twigs, 13 DTs and one unidentified compound (C19-20H28-30) were detected. In 

emissions from pine needles, five DTs and eight other similar high molecular weight compounds (C18-20H26-

32O0-2) were detected. Collectively, the identified compounds in these samples included e.g. rimuene, 

cembrene, sandaracopimaradiene, 13-epi-manool oxide and abietadiene.  

Emission rate coefficients were calculated in order to evaluate the relative amount of DTs emitted in 

comparison to MTs and SQTs (Fig. 3). These results are semi-quantitative and the uncertainties are high. 
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At 30 °C, the emission rates of DTs were approximately one-to-three orders of magnitude lower than those 

of MTs and SQTs. The emission rates increased as the temperature was increased and at 60 °C, the emission 

rates of DTs were only 5-to 42-fold lower than those of MTs and SQTs. In relative terms, the increase in 

DTs emissions was more drastic than the increase in MTs and SQTs emissions as the temperature increased. 

 

Figure 3. Terpenoid semi-quantitative emission rates (average ± standard deviation) from pine needles and 

spruce twigs as a function of oven temperature in the dynamic headspace extraction experiments. 
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INTRODUCTION 

 

Wetlands cover an area of about 2% of the total land surface area of the world and are most common in the 

boreal and tundra zones. More than half of the global wetlands are in the Far North. Northern wetlands are 

important sinks for carbon dioxide and sources of methane, but knowledge on their volatile organic 

compound (VOC) emissions is very limited. Currently we know that northern wetlands are high isoprene 

emitters (Janson and Serves, 1998; Haapanala et al., 2006; Hellén et al., 2006; Holst et al., 2010), but very 

little is known about the physiological and environmental regulations of isoprene fluxes especially in colder 

subarctic environments and even less is known on the emissions of other VOCs. We have studied VOC 

emissions and their ambient concentrations at a sub-Arctic wetland (Lompolojänkkä), which is an open, 

nutrient-rich sedge fen (Lohila et al., 2015), and a part of the Pallas-Sodankylä Global Atmosphere Watch 

(GAW) station. 

 

 

METHODS 

 

The emission measurement setup consisted a 60 x 60 x 25 cm FEP chamber, which was flushed with 4 L 

min-1 of VOC-free air. For in situ analysis, the VOC samples were collected directly into a cold trap of the 

thermal desorpter - gas chromatograph - mass spectrometer (TD-GC-MS) via a 21 m  heated fluorinated 

ethylene propylene (FEP) tubing for 30 min every two hour in May-June and every hour in July. Offline 

samples were taken in the end of July using Tenax TA/Carbopack B adsorbent tubes and samples were 

analysed later in the laboratory of the Finnish Meteorological Institute. Three different stainless steel frames 

located close to the measurement cabin in the middle of the fen were used for the emission measurements.  

Ambient air samples were collected through a 21 m long heated FEP tubing (od. ¼ inch, id. 1/8 inch). VOCs 

in a 40 mL min-1 subsample were collected from the main inlet flow for 30 minutes every hour or every 

other hour directly in the cold trap of the thermal-desorption unit. Samples were taken at the height of 1.5 

m in the middle of the fen.  

RESULTS 

 

Earlier studies have shown that isoprene is emitted from wetlands (Jansson and de Serves, 2009; Haapanala 

et al., 2006; Hellén et al., 2006) and it turned out to be the most abundant compound in the current study 

also (Table 1). Monoterpene (MT) emissions were generally less than 10 % of the isoprene emissions, but 

sesquiterpenes (SQT) emissions were surprisingly high exceeding MT emissions all the time.  

MT and isoprene emissions were higher in July than early summer concomitant with temperature, but this 

was not the case with SQTs (Table 1).  High early summer emissions of SQTs could be due to compounds 

produced in soil and trapped in frozen soil and snow cover during winter. Aaltonen et al. (2012) measured 

VOCs in the snow cover in a boreal forest in southern Finland and found both MTs and SQTs in snow with 

decreasing trend from soil surface to top layer of snow indicating soil as a source for terpenoids. These 
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compounds can then be released to the air when snow melts and ground thaws. Additional proof for trapped 

SQTs is that the emissions are well correlated (exponential, R2=0.78) with soil temperature in early summer, 

when soil temperature was below 15°C and vegetation was sparse. Exponential correlation with air 

temperature inside the chamber at the same time was clearly lower (R2=0.56). Later, new growth affected 

the emissions, correlation with soil temperature weakened and correlation with chamber temperature 

increased. For MTs and especially for isoprene chamber temperature had better correlation also in early 

summer indicating stronger effect of new growth also then.  

 
 

F1 
(29.5.-4.6.) 

F2 
(6.-7.6.) 

F1 
(4.-10.7.) 

F3 
(12.-13.7.) 

F1(T) 
(30.7.-2.8.) 

T [°C] 14 7 20 26 29 

PAR [µmol m-2 s-1] 540 290 560 720 530 

CT*CL 0.25 0.04 0.27 0.89 0.86 

SQTs [μg m-2 h-1] 8.8 2.1 8.7 7.3 2.5 
MTs [μg m-2 h-1] 1.1 0.2 2.1 3.0 0.9 
Isoprene [μg m-2 h-1] 18 0.2 49 82 90 

 

Table 1. Mean temperature (T), photosynthetic active radiation (PAR), temperature and light activity 

coefficient (CT*CL, Guenther et al., 1993) and emission rates of monoterpenes (MTs), sesquiterpenes 

(SQTs) and isoprene during the various sampling periods. N=number of samples. F1=frame 1, F2=frame 2, 

F3=frame 3 and F1(T)=tube samples from frame 1. 

The emission pattern of both MTs and SQTs varied during the measurements. The most abundant SQT was 

cadinene until β-cadinene exceeded it in August (cadinenes are tentative identifications). We identified 

altogether 19 SQTs, but we had standards for only 8 of them. The rest were tentatively identified and 

quantified based on their mass spectra and retention indexes.  

Both MT and SQT emissions were dependent on temperature as shown in Fig. 1. The β-coefficient (as 

described by Guenther et al., 1993) for MTs was 0.08 oC-1 which is close to 0.09 oC-1 often observed for 

terrestrial plants. The coefficient for SQTs was lower (0.05 oC-1). Lower values (0.02-0.06 oC-1) of SQTs 

were also found for Norway spruce emissions (Hakola et al., 2017).  

 

 

Figure 1. Exponential correlation of temperature with emission rates of a) SQTs, b) MTs and c) isoprene.  

Ambient air concentrations were measured in three periods over the growing season as shown in Table 2. 

Isoprene concentrations increased from May to July similar to their emission rates, but MT concentrations 
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were high also in the beginning of the growing season. In 8th of May there were still 40 cm of snow and in 

21st of May no snow was detected anymore. Highest daily means in May for both MTs and SQTs were 

measured during this snow melting period. Aaltonen et al. (2012) have shown that VOCs produced under 

the snow cover by for example microbes and decaying litter remain in the snow cover with quite high 

concentrations and are released to the air when snow is melting and ground thaws. Melting influences also 

the surrounding forest and may cause higher emissions also there. 

 

 May June July 
 (8.-27.5.) (12.-30.6.) (1.-3.7.) 
 N=142 N=103 N=28 

T [°C] 10 11 16 
O3 (ppb) 39 31 27 
SQTs [pptv] 7 3 21 
MTs [pptv] 350 58 560 
Isoprene [pptv] 3 5 87 

 

Table 2. Ambient air concentrations of sesquiterpenes (SQTs), monoterpenes (MTs) and isoprene. 

N=number of samples 

The SQTs measured in ambient air were not the same as measured in the emissions of the fen, but the most 

abundant compounds in air were α-copaene and β-caryophyllene. β-Caryophyllene is a very fast reacting 

compound, its lifetime is only of a few minutes, and it was only minor fraction (<2%) of fen emissions. It 

is the main SQT in Norway spruce emissions (Hakola et al., 2017). Therefore it is likely that nearby spruce 

forest can also be a SQT source. Other possible close by sources are mountain birches (Haapanala et al. 

2009) and Scots pines (Tarvainen et al. 2005). Cadinene was the main SQT in the emissions and it was 

detected in ambient air too. Although MT and SQT emissions from the fen were quite considerable, they 

were not the only emissions affecting atmospheric concentrations, but surrounding forests contribute as 

well.  

 

Figure 2. Exponential correlation of daily mean ozone concentrations with daily mean MT and SQT 

concentrations during the ambient air measurements in June and July in 2018. 

Vertical ozone fluxes measured above forests are explained at least partly by stomatal uptake and non-

stomatal sinks including chemical reactions with the BVOCs (Wolfe et al. 2011). We found that daily mean 

MT and SQT concentrations had negative exponential correlation with ozone concentrations as shown in 

Fig. 2. This indicates that BVOC emissions have strong impact on ozone concentrations at this remote sub-

Arctic site. However, the dependence was detected only in June and July. In May MT concentrations were 
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high, but no correlation was observed. The reason could be that during that time the main MT source 

impacting our measurements was very close by, perhaps in the snow cover on the fen as discussed earlier, 

while impact of VOCs on ozone concentrations is a more regional phenomenon. In June and July, due to 

low emissions at the fen, the main source of MTs was expected to be more regional (e.g. surrounding 

coniferous forests). Lifetimes of MTs in relation to ozone reaction are of a few hours for most of the MTs. 

CONCLUSIONS 

 

Even though isoprene was the main terpenoid emitted from the fen, sesquiterpene emissions were significant 

as well especially during the early growing season. Changes in light and temperature were explaining most 

of the seasonal changes of isoprene, but for sesquiterpenes emissions were controlled by other factors as 

well, which was shown for example by decreasing emission potentials over the growing season. High early 

summer emissions of SQTs indicated that the compounds trapped in frozen soil and snow cover during 

winter could be a strong source of these compounds when the soil thaws. 

Although isoprene, MT and SQT emissions from the fen were quite considerable, they were not the only 

emissions affecting their atmospheric concentrations at the Lompolojänkkä fen, but surrounding forest 

contributed as well. Strong correlation of daily mean ambient air concentrations of MTs and SQTs with 

ozone concentrations indicated that BVOC emissions from the wetlands and surrounding forests also have 

strong impacts on ozone levels at this site. 
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INTRODUCTION 

Amines are gaseous bases, whose general formula is RNH2, R2NH or R3N. Models have shown that they 

could affect aerosol particle formation with sulfuric acid (Kurtén et al. 2008, Paasonen et al. 2012). 

Atmospheric aerosol particles affect the climate, because they can act as cloud condensation nuclei (CCN) 

(IPCC 2014). They also scatter and absorb sun radiation.  Amines also affect hydroxyl radical (OH) reactivity 

and via that to the atmospheric chemistry (Hellén et al. 2014, Kieloaho et al. 2013). In a recent study, 

organobase, guanidine, has shown even more efficient aerosol particle formation with sulfuric acid than 

amines (Myllys et al. 2018). Guanidine is a catabolite of arginine, and it has been found for example in urine 

(Marascau et al. 1992, Van Pilsum et al., 1956). Arginine concentrations have been detected in boreal forest 

in Alaska, USA (Werdin-Pfisterer et al., 2009). 

In our earlier study we measured amine concentrations in ambient air (Hemmilä et al. 2018). In that study 

we observed that different amines are likely to have different sources and that their seasonality is not the 

same for all the compounds. In this abstract we present preliminary results of forest floor amine and 

guanidine emissions. 

METHODS 

Forest floor emission measurements were performed at SMEAR II station in Hyytiälä, Southern Finland 

(61o510´N, 24o170´E, 180 m a.s.l., Hari and Kulmala, 2005) since March 2018 about one week per month. 

Emissions were measured using static flow through technique with a polymethylmethacrylate chamber (60 

cm * 60 cm * 80 cm).  Chamber was flushed with amine free air at the flow of 25 L min-1. We used an oxalic 

acid filter to remove bases from the air that went to the chamber. Samples from the chamber air were taken 

using MARGA (Monitor for AeRosols and Gases in Ambient air, Metrohm-Applikon, Schiedam, 

Netherlands) (ten Brink et al. 2007), which is an on-line ion chromatograph (IC) connected to sampling 

system. In addition of this the MARGA system was connected to an electrospray ionization quadrupole mass 

spectrometer (MS, Shimadzu LCMS-2020, Shimadzu Corporation, Kyoto, Japan) to improve sensitivity of 

amine measurements. For more detailed description, see Hemmilä et al. (2018). We have added to the 

measurement method also guanidine.  Sampling air flow was 16.7l/min and sampling time was 1 hour. 
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RESULTS AND DISCUSSION 

We measured amine and guanidine emissions from the boreal forest floor in April, May, July and September 

in 2018. In Fig. 1 the average emission rates are shown for every month. MMA, DMA, TMA, and DEA had 

their maximum emissions in July, but guanidine had highest emissions already in the spring. In our earlier 

ambient air study (Hemmilä et al., 2018) we noticed that DMA and TMA had also their maximum ambient 

air concentrations in July. In that study MMA had its maximum ambient air concentrations in the spring, but 

here the highest emission rates from the forest floor were measured in the summer.  

We compared measured emission rates to aerosol concentrations of different size distributions and also new 

particle formation event days, but we could not find correlation with them. 

 

 

Figure 1. Average amine and guanidine emission rates (ng m-2 h-1) in different months. 

 

In May and July, the diurnal variation of amine emission rates, especially for DMA, followed temperature 

(Fig. 2a and b). The temperature dependence was best, when DMA and guanidine emissions were plotted 

against temperature measured two hours earlier (Fig. 3, Table 1), for TMA we did not detect as clear 

difference. Reason for this could be that TMA evaporates easier than DMA. It is also possible that it takes 

some time for DMA emissions to react to the temperature changes of the chamber air. For example, 

temperature of soil surface layer, which could be a source of these compounds, is expected to follow ambient 

air temperature changes slowly behind. This also indicates, that soil could be the main source of DMA and 

guanidine, but for TMA source could be for example surface vegetation, which responses faster to the 

changes of the air temperature. 
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Figure 2. Time series of amine and guanidine emissions and temperature of the chamber in May and July 

2018. 

 

 

Figure 3. Exponential correlation of DMA emission rates with temperature measured at the same time (red) 

and two hours earlier (blue) on 18th of July. 

 

Table 1. Calculated daily emission potentials of DMA (exponential function), TMA and guanidine (linear 

function) at temperature 20 ºC Emission potentials with R2-value <0.4 has been marked as red.  
 DMA TMA Guanidine 

 

 

Date  

Emission 

potential (ng 

m-2 h-1) 

R2 R2 without 

temperature 

move 

Emission 

potential (ng 

m-2 h-1) 

R2 Emission 

potential (ng 

m-2 h-1) 

R2 R2 without 

temperature 

move 

24.5. 107 0.86 0.64 60 0.48 52 0.28 0.18 

25.5. 98 0.86 0.64 59 0.72 49 0.35 0.35 

26.5. 96 0.70 0.50 57 0.58 50 0.19 0.11 

27.5. 50 0.73 0.38 22 0.47 28 0.37 0.41 

18.7. 340 0.69 0.28 51 0.58 40 0.61 0.15 

19.7. 271 0.78 0.41 61 0.66 43 0.68 0.56 

20.7. 187 0.16 0.15 55 0.31 43 0.057 0.097 

21.7. 69 0.05 0.0055 37 0.0047 39 0.17 0.0068 

0

10

20

30

40

50

60

0

100

200

300

400

23.5. 12.00 25.5. 12.00 27.5. 12.00

Tem
p

eratu
re (C

º)

Em
is

si
o

n
 r

at
e 

(n
g 

m
-2

h
-1

)

Time
DMA TMA
MMA Guanidine
T

0

10

20

30

40

50

60

1

10

100

1000

10000

18.7. 0.00 19.7. 0.00 20.7. 0.00 21.7. 0.00 22.7. 0.00

Tem
p

eratu
te (C

º)

Em
is

si
o

n
 r

at
e 

(n
g 

m
-2

h
-1

)

Time

DEA DMA TMA

MMA Guanidine T

y = 103.17e0.0596x

R² = 0.6875

y = 196.89e0.0371x

R² = 0.2847
0

500

1000

1500

2000

2500

3000

0 10 20 30 40 50 60

Em
is

si
o

n
 o

f 
D

M
A

 (
n

g 
m

-2
h

-1
)

TChamber (°C)

283



CONCLUSIONS 

Amine emission measurements were performed from boreal forest floor. In July 2018 several amines were 

emitted with higher emission rates than in spring. In May and July diurnal variation of the emissions followed 

the variation of the temperature. Especially DMA emissions were high, which is in line with our earlier 

ambient air amine measurements at the site (Hemmilä et al., 2018). Also guanidine emissions were detected 

both in spring and summer. To our best knowledge, this is the first time amine and guanidine emissions has 

been quantified from the forest floor. 
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T.E. HOLOPAINEN1, T. KÜHN1,2 and H. KOKKOLA1

1 Atmospheric Modelling Group, Finnish Meteorological Institute, Atmospheric Research Centre
of Eastern Finland, P.O.Box 1627, Finland.

2Aerosol Research group, Department of Applied Physics, University of Eastern Finland, Kuopio,
P.O. Box 1627, Finland.

Keywords: climate modelling, wet deposition, in-cloud scavenging.

INTRODUCTION

Atmospheric aerosols affect the climate directly by reflecting and absorbing radiation and indirectly
through aerosol-cloud interactions. Thus, in order to estimate the radiation budget of the Earth
correctly, the aerosol concentrations have to be modelled correctly, which is, among others, affected
by aerosol transport. Especially with respect to the Arctic, the simulated black carbon (BC) con-
centrations show large intermodel variability (Kipling et al., 2016). One of the possible sources of
this problem is wet deposition (Liu et al., 2011; Bourgeois et al., 2011). At high latitudes, BC in
particular, has been shown to be a major warming agent and its mitigation has been proposed as
a possible means to slow Arctic warming (Stone et al., 2014). Here we developed a wet deposition
scheme for sectional aerosol models, which calculate the in-cloud scavenging rates from the simu-
lated number of activated cloud droplets. For the ice clouds the same thing was done according to
Tabazadeh et al. (2002) where the in-cloud scavenging rates are calculated based on the number
of nucleated ice partices which in turn is calculated from the surface area of each size class. The
sensitivity of the new in-cloud scavenging scheme was then tested using ECHAM-HAM-SALSA
simulations with varying the BC emission size distribution and hygroscopicity.

METHODS

This study uses the newest version of ECHAM-HAMMOZ (ECHAM6.3-HAM2.3- MOZ1.0) (Stier
et al., 2005). ECHAM-HAMMOZ uses different microphysics packages to characterize aerosol
populations. To test our new wet deposition scheme and the sensitivity of the model we used the
Sectional Aerosol module for Large Scale Applications (SALSA) in our model simulations. The
detailed description of the newest SALSA version, SALSA2.0, is done by Kokkola et al. (2018).

The old wet deposition scheme for SALSA includes in-cloud and below cloud scavenging and,
if the precipitation evaporates below the cloud, the subsequent release of aerosols back into the
atmosphere (Bergman et al., 2012). The in-cloud scavenging parameters are a function of aerosol
size and they are presented in detail by Bergman et al. (2012). Below-cloud scavenging is a
function of aerosol concentration, collection efficiency and area of precipitation. The below cloud
parametrization is presented in detail by Croft et al. (2009).

The new in-cloud nucleation scavenging for sectional aerosol modules for liquid clouds was imple-
mented following the modal method by Croft et al. (2010). However, instead of computing the
amount of scavenged aerosols from the total amount of formed CDNC, the fractions of activated
particles for each size bin were directly obtained from the cloud activation scheme by Abdul-Razzak
and Ghan (2002). This method was then enhanced to take into account the insoluble core in the
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particles. For ice clouds the in-cloud nucleation scavenging coefficients were calculated according
to Tabazadeh et al. (2002). The fractions were then calculated from the surface area of the wet
particles in each monodisperse size bins. The old and new wet deposition simulations are denoted
in the comparisons as ”baserun wd1” and ”baserun wd3” respectively. In these studies we use the
BC emission distribution prescribed in the ECHAM-HAMMOZ model.

The sensitivity for the new sectional scavenging was then tested using different sensitivity studies.
In our model the BC is emitted to insoluble population so first we investigated how sensitive our
new wet scavenging scheme is to the emission size distribution of BC in this population. These
studies were done so that first all of the BC emissions were directed to size range 0.7-1.7 µm in the
insoluble population. This study is referred to as ”BC 0.7-1.7µm”. Secondly the emissions were
directed to insoluble size range of 50-96.7 nm. This study is referred to as ”BC 50-100nm” The
hygroscopicity studies included a simulation where all of the BC was directed to soluble size bins
which is referred to as ”BC emi to sol”. This massively increases the hygroscopicity of BC thus
increasing the activation and deposition of these particles.

The simulations were done with ECHAM-HAMMOZ for the year 2010 using 3-hourly data out-
put, after a 6 month spin-up. The emissions were obtained from the ACCMIP (Emissions for
Atmospheric Chemistry and Climate Model Intercomparison Project) emission inventories. In par-
ticular, RCP4.5 (Representative Concentration Pathways) was selected. The model meteorology
was nudged towards meteorological observations of ECMWF (European Centre for Medium-Range
Weather Forecasts), and the sea surface temperature (SST) and sea ice cover (SIC) were also pre-
scribed. SST and SIC were obtained from monthly mean climatologies from AMIP (Atmospheric
Model Intercomparison Project).

RESULTS

We compare the modelled vertical profiles with the measurements done in two different aircraft
campaigns: TC4 (Toon et al., 2010), which is near the primary sources and Spring ARCTAS
NASA DC-8 (Jacob et al., 2010), which is near the Arctic. Figure 1 shows the vertical profile of
BC simulated with the old and new wet deposition scheme and the vertical profile measured in the
aircraft campaigns TC4 and Spring ARCTAS NASA DC-8.

Figure 1: The vertical profile of BC simulated with the old and new wet deposition scheme and
the vertical profile measured in the aircraft campaigns TC4 and Spring ARCTAS NASA DC-8.

From the Figure 1 we can see that the new wet deposition scheme overestimates the BC concen-
tration near the source areas and performs more better in the Arctic. To increase the efficiency
of the new method near the source regions we wanted to test what affects the vertical profiles by
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using sensitivity simulations. Figure 2 shows the vertical profile of BC simulated with the differ-
ent sensitivity studies and the vertical profile measured in the aircraft campaigns TC4 and Spring
ARCTAS NASA DC-8.
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Figure 2: The vertical profile of BC simulated with the different sensitivity studies and the vertical
profile measured in the aircraft campaigns TC4 and Spring ARCTAS NASA DC-8.

One notable difference between the baserun and the sensitivity studies can be seen in the size
distribution study where the BC emissions are directed to the insoluble size range of 0.7-1.7 µm.
This is due to the fact that when the BC is in larger size bins the deposition of these particles is
faster. Second notable difference can be seen in the sensitivity testing where the BC is directed
straight to the soluble size bins. This increases the hygroscopicity of these particles and they can
activate more efficiently. The BC particles are insoluble but after aging with sulphate or OC they
become soluble and can activate. Thus it might be reasonable to assume that the BC can infact
be emitted to soluble population.
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INTRODUCTION 

Air pollutants impact on both local and regional scale, causing adverse health effects (Pope and Dockery, 

2006), decreasing visibility (Watson, 2002), and influencing the climate (IPCC, 2013). Rapid 

industrialization and economic growth coupled with a high population density have made south Asia 

(especially the Indian sub-continent) a region of increasing vulnerability to these adverse impacts. While, 

urban air quality has shown deterioration due to the presence of very high concentrations of local emissions, 

the regional scale air quality is impacted by primary emissions from a range of sources (Hooda et al., 2018) 

and due to formation of secondary aerosols by the pre-cursor species (Aggarwal et al., 2013). Since the last 

two decades air quality has been a major concern in India (Balakrishnan et al., 2019).  The densely populated 

Indo-Gangetic Plain (IGP) is a particularly high emission region in India. Traffic emissions are an important 

contributor to these emissions, causing severe air pollution especially during the winter seasons when the 

atmospheric boundary layer is low (Hooda et al., 2016), and are associated strongly with adverse health 

effects. The diesel particulate and gaseous emissions are recently shown to be specifically harmful and the 

diesel engine exhaust are classified as carcinogenic to humans (IARC 2012). In addition to reduction of lung 

function, increase in blood pressure and enhancement of cancer risk in the lung, Siddique et al. (2011) have 

studied in eastern India that chronic exposure to vehicular pollution even tend to prevail attention-deficit 

hyperactivity disorder (ADHD) in childhood populations. A study in Delhi attributed all-natural cause 

mortality and morbidity to increase in the vehicular population (Rizwan et al., 2013). Thus, characterization 

of typical primary and secondary traffic -generated aerosols in the region could be an important attempt to 

fingerprint vehicular emissions. In the present work, we have studied high-resolution diurnal variability of 

chemical, physical and optical aerosol properties by deploying state-of-the-art instruments at a roadside.  

 

METHODS 

The measurements were conducted at Gual Pahari (28°25´N, 77°08´E, 254 m asl) about 25 km south of 

Delhi (Hyvärinen et al., 2010; Kulmala et al., 2011). The surroundings of Gual Pahari represent a semi-

urban environment (Hooda et al., 2016). The site is in the IGP (Indo-Gangetic Plain) which is one of the 

most populated area with over 900 million inhabitants. The IGP is a highly fertile agricultural area but also 

rapidly developing region of the Indian sub-continent and is recognized to be among the global pollution 

hotspots of aerosols and trace gases (Moorthy et al., 2016).  

During the campaign of two months in winter season of year 2018−2019, the measurement instruments were 

installed in a mobile laboratory that was stationed near high traffic roadside. A PM2.5 inlet (Digitel) system 

was mounted 1.5–2 meter above the mobile van roof and it was 4–5 meter above ground level for air 

sampling to the instruments. 

The Time-of-Flight Aerosol Chemical Speciation Monitor (ToF-ACSM; Aerodyne Research Inc.) is 

designed for long-term monitoring of submicron aerosol composition with high temporal resolution. The 

concentrations of organics, nitrate, sulphate, ammonium and chloride were measured with ToF-ACSM. 

Particle size-distributions were measured with Scanning Mobility Particle Sizers (SMPS; TSI Inc.) and 
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Electrical Low-Pressure Impactor, ELPI+ (Dekati Ltd.). The SMPS has a Differential Mobility Analyzer 

(DMA, TSI 3071) for particle size selection and a Condensation Particle Counter (CPC, TSI 3775) to 

measure the particle number concentration. The scanned size range in this study was from 7 to 250 nm 

(mobility diameter). Total concentration of Lung deposited surface area (LDSA) was measured with Pegasor 

AQ™ urban sensor. Changes in PM concentration were measured with Dekati® eFilter™ as well as with a 

low-cost sensor (indigenously assembled in Finnish Meteorological Institute), and a novel sensor for 

measuring particulate matter from traffic (Tampere University) was also used. A seven-wavelength (370 nm 

to 950 nm) Aethalometer (Magee Scientific AE-31) was used for measuring absorption coefficient (σap) and 

equivalent black carbon (eBC) at λ=880 nm. Corrections of the multiple scattering of the light within the 

filter fibers and the “shadowing” effect of the aerosol particles that occurs as the filter gets more highly 

loaded were performed using the procedure described by Weingartner et al. (2003). The measurements of 

gaseous pollutants (e.g., NO2, NO, NOx, O3, CO, SO2) and particulate matter (PM2.5 and PM10) were 

conducted using Horiba real-time analysers. The primary meteorological parameters were observed using 

WXT (Vaisala). The traffic volumes for cars, trucks and buses were manually calculated for three days 

between 07:00 hrs and 23:00 hrs in February. The traffic volume calculations were done shortly after the 

campaign and are represent the typical traffic pattern at the road. 

 

CONCLUSIONS 

The meteorological conditions during the measurements period were typical of winter season in a tropical 

region with day temperature less than 15°C and night temperature between 4 and 10°C, and wind speed was 

very low with below 2 ms-1. The measurement site was influenced by anthropogenic emission sources i.e. 

biomass and fossil fuel combustion, traffic, industrial activities and secondary aerosol formation as also 

concurred from the previous findings of the area (Hyvärinen et al., 2010; Hooda et al., 2016). 

The particulate matter (PM2.5 and PM10) at the monitored site was ranged between 150 to 475 µgm-3 and 250 

to 700 µgm-3, respectively. Both these parameters have concentrations that exceed the 24-hour levels of 

National Ambient Air Quality standard in India which are 60 µgm-3 and 100 µgm-3, respectively (CPCB, 

2009).  The high resolution (2 minutes) diurnal variability is presented as an example for ToF-ACSM (Fig. 

1). The measured particle chemical composition showed that organics with typical concentrations ranging 

from 50 to 100 µgm-3 are the major chemical component in PM2.5 (Fig. 1).  

The main components of submicron particles were organic matter (52% of PM1) and BC (14% of PM1). The 

contribution of inorganic ions was higher (34%) than typically observed in clean environments. The main 

inorganic ions were nitrate (13%) and ammonium (10%). The contribution of chloride was 6% and sulphate 

5%. The relative fraction corroborates well with earlier findings (Hooda et al., 2016) in the same region.  

The organics show a typical cycle of apparent peaks in the morning and evening hours, but consistent high 

levels throughout the day, except in the afternoon. This indicates that biomass burning activities might be a 

prevailing factor.   

 

 

 

 

 

 

 

 

Figure 1. High resolution diurnal variability with ToF-ACSM at Gual Pahari road-side location. 
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Figure 2a shows stable black carbon levels, although high, imply no change in traffic emissions over the 

course of the day, except in the afternoon time. Black carbon peaks during night time are concurrent with 

high concentrations of organics, this could be due to heavy-duty diesel vehicles emissions (Zheng et al., 

2015). The levels of AAE elevated in the morning and evening times might imply emissions from both the 

biomass activities and traffic while during noon time the low levels ranged between 1.0 and 1.2 might 

suggest traffic emissions (Fig. 2b). 

 

 

 

 

 

 

Figure 2. a) Diurnal variability of black carbon concentration and Absorption Ångström exponent; b) AAE and traffic 

volume 

But interestingly it is noted that the concentrations of all the measured species are typically lower during 

afternoon and that can also be attributed to a deep mixing layer depth and dilution of local pollutants (Fig. 

3).  
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Figure 3. Diurnal variability of mass concentration with temperature. 

0 2 4 6 8 10 12 14 16 18 20 22
0,9

1,0

1,1

1,2

1,3

1,4

Hour [LT]

A
A

E

400

500

600

700

800

900

1000

1100

1200

1300

T
ra

ffic
 c

o
u
n
t

292



FAAR abstract  

 

 

 

 

 

 

 

 

 

 

Figure 4. Particle number concentration and NOx concentration. 

Figure 4 shows that particle number concentration depends on the abundance of local sources (traffic) when 

presented simultaneously with NOx levels, while particle mass concentration depends more on the boundary 

layer dynamics. Time series of particle number and mass concentrations illustrates that most of the variables 

measured at the site have seen with a distinct diurnal variation. Particle mass concentration was minimum 

during the day between13:00 hrs and 16:00 hrs while number concentration was minimum during the day 

between 13:00 hrs and 16:00 hrs, and after midnight between 01:00 hrs and 04:00 hrs. These results indicate 

that the levels of aerosols at this roadside are influenced by dilution due to dynamics of the boundary layer 

and variability in emissions from the traffic (Fig. 3 & 4). 

The findings can be highlighted with the following points: 

1. The present study gave, new information on Indian roadside ambient particles; 

2. High resolution-time aerosol chemistry in conjunction with physical properties, however, primary 

(fossil fuel vs biomass burning) and secondary emission distinction yet to be examined; 

3. Significantly high levels of Cl- and NH4
+ at a sub-urban site and elevated SO2 at noon time; 

4. Particle number significantly affected by small sized particles (<30 nm) but soot (70-100 nm) and 

accumulation (~200 nm) modes can also be important; 

5. Fresh aerosol more during day whilst aged during the night; 

6. Consistently high BC levels and AAE variability. 

 

The future task, given the fact that IGP is having a complex geography, heterogeneity in sources and varying 

atmospheric dynamics, will be enriched in terms of fingerprint primary and secondary emissions using entire 

data set and modelling tools. 
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INTRODUCTION 

Carbon allocation patterns are considered to be an important factor for forest growth prediction when using 

process-based models. Structure equations derived by pipe model theory have been incorporated in many 

process-based models. However, more data concerning old-growth trees would be needed to test the 

reliability and generality of the structure equations. We hypothesized that the parameters used in the PMT-

based structure equations are species specific and independent of tree age. The objectives of this study were 

(1) to provide information for further developing the models of biomass allocation in aboveground 

components; (2) to test the age-independence of the regularities of tree structure used in process-based 

models. We tested the hypothesis in 122 Scots pine and 142 Norway spruce individual trees from 4 age 

groups. If an age-dependence is detected, we will modify the parameters of the equations regarding to our 

hypothesis. This will allow us to further develop carbon allocation models of old trees (Mäkelä 1997, 

Minunno et al. 2019). 

MATERIALS AND METHODS 

The material used in this study was collected from southern Finland in 1988-1990 by the Finnish Forest 

Research Institute (Metla, now Natural Resources Institute Finland, Luke) (VAPU data set). It consists of 

122 Scots pine (including 25 young, 41 middle-aged, 34 mature and 22 old trees) and 146 Norway spruce 

(including 9 young, 79 middle-aged, 34 mature and 20 old trees) sample trees. VAPU data set consists of 

field measurements of branch, foliage and stem biomass and height information along the stem among other 

measurements. The proportions of aboveground tree biomass were studied on 122 Scots pine and 142 

Norway spruce sample trees. Biomass was measured for samples and then up-scaled for individual trees by 

empirical models. Linear mixed models were used to test the age effect on the structure equations where 

age was considered as a fixed factor and plot number as random effect. 

RESULTS 

For both species, the biomass proportions changed throughout the age-sequence while the regularities of the 

structure were rather stable in the whole data set. Stem mass was the main aboveground carbon pool in each 

stand and the proportion increased with increasing age, while proportions of both branch and foliage 

decreased. For the biomass within the crown, for both species, the proportion of foliage and branch biomass 

from the total aboveground biomass decreased with growing crown length while that of stem biomass 

increased. However, in the whole tree level the pattern was the opposite, the proportion of stem biomass 

decreased with increasing crown ratio, while the proportion of branch and foliage increased.  
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Age-dependence of biomass proportions in old trees was detected for Scots pine in the hypothesized 

equations while no age-dependence was found for Norway spruce. Moreover, for both species stem form 

below the crown followed a prescribed dependence on crown ratio rather than tree age. 

CONCLUSIONS 

The regularities of tree structure suggested by pipe model theory are rather stable over their development, 

and hence, the biomass proportions are predictable in Scots pine and Norway spruce. Furthermore, with 

either the stable coefficients in Norway spruce or the more age-independent coefficients in Scots pine, we 

can estimate the forest growth variables by simple measurements. This could save the fieldwork that is 

essential in practice. 
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INTRODUCTION 

Large scale tree mortality during extensive drought periods has become (and are predicted to become) more 
common in our changing climate, but exact mechanism(s) leading to tree death during drought are not well 
understood. Two main candidates for tree mortality have been carbon starvation and hydraulic failure 
(McDowell et al. 2008). In carbon starvation, the tree’s carbon balance is negative for a prolonged period 
due to extensive stomatal closure and the subsequent decrease in photosynthetic production. In hydraulic 
failure, extensive embolism formation occurs, i.e. the conduits transporting water from soil to leaves become 
air-filled (Tyree and Sperry 1989). If embolism formation exceeds a critical threshold, the tree is unable to 
recover after the drought.  

Typically the role of bark evaporation is not considered when the water balance of trees is calculated. 
Neglecting water loss though the bark is a reasonable assumption because the majority of tree water loss is 
occurring through the stomata in the leaves. However, during severe drought, the stomata close, and water 
loss from the leaves is restricted to water loss through the cuticles (Cochard 2019). Water loss through the 
bark is also important in deciduous trees when leaves are shed, and can account to even 5 % of total annual 
water loss (Oren and Pataki 2001).   

In this study, the water loss rate through the bark in different sized branches of Scots pine and silver birch 
were measured in controlled laboratory conditions where air temperature and relative humidity could be 
controlled. Measurements were conducted on 12 branches of Scots pine ranging in diameter between 3 mm 
and 40 mm Based on these measurements, results and allometric equations predicting the relations between 
tree height, total bark area, and total volume of a tree taken from Hölttä et al. (2013), the time required for 
hydraulic failure caused by water loss through the bark was calculated when it was assumed that the tree 
would not be able to obtain any water from the soil. 

METHODS 

The differential equation for the rate of change in amount of water in tree (dmwater/dt) due to evaporation 
through the bark is 

= −          (Eq 1) 

I.e. water loss rate per bark surface area (Abark) and VPD (D) is assumed to be linearly proportional water 
content, mdry is the dry mass, where C is a the constant of proportionality (C = water loss rate per unit bark 
surface area per VPD (g m-2 /(g m-3))). Setting water content to saturation at time t=0 to a value of two times 
dry mass (i.e. mwater,sat = 2*mdry), and integrating yields 

𝑚 = 𝑚 , exp (− 𝑡)        (Eq 2) 
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The time taken for hydraulic failure can be calculated from Eq. 2 by solving the time t (=thydr_fail), when 
mwater = mwater,RWC=50 %. i.e. hydraulic failure is assumed to be reached when the RWC (=relative water 
content) = 50 % (Rosner et al. 2018). 

𝑡 _ = − 𝑙𝑛 𝑚 , /𝑚 , %       (Eq. 3) 

The allometric equations in Hölttä et al. (2013) lead to predictions on total volume and bark surface area for 
a Scots pine tree as a function of tree height (Fig. 1). The dry mass per unit volume of wood is assumed to 
be 60% times the density of water. The amount of water at saturation is assumed to be equal to the dry mass. 

Fig 1. Predictions of total tree bark area, and total tree volume as a function of tree height from Hölttä et 
al. (2013). 

 

 

RESULTS AND DISCUSSION 

Figure 2 shows the water loss rate through the bark as a function of relative water content. 

Fig. 2. water loss rate through the bark as a function of relative water content 

 

 

The constant C is thus 0.0013 g m-2 day-1(g m-3)-1. Assuming a VPD of 5 g m-3 and that the evaporation rate 
through the bark is not dependent on branch/stem size, the time taken for hydraulic failure for trees of 
different sized is shown in Fig. 3.  
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Fig.3. The time taken for hydraulic failure assuming water loss occurs only through the bark and no water 
is available from the soil. 

 

Smaller trees reach hydraulic failure much earlier than large trees. Given our simple parameterization, i.e. 
that evaporation rate per surface area is not dependent on branch/stem size, the differences in time taken to 
reach hydraulic failure are due to differences in the ratio of the water amount in the tree (proportional to tree 
volume) divided by the bark surface area. 
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INTRODUCTION 

Dimethyl sulfide (DMS) has been suggested to be a major contributor to produce aerosol particles in marine 

environments (Andreae & Raemdonck, 1983; Charlson et el., 1987). In marine environments, DMS is 

produced as a breakdown product of dimethylsulfoniopropionate (DMPS), which is produced not only by 

the metabolism of phytoplankton, but also by the air exposure of corals. When released to the atmosphere, 

DMS is then further oxidised to form sulphate aerosols. Sulphate aerosols formed through the oxidation of 

DMS can further act as cloud condensation nuclei, which influence to cloud albedo and radiative forcing. 

Indeed, modelling studies have shown that the DMS emissions affect the cloud microphysical properties 

and that the changes coincide with the times when phytoplankton blooms occur (Thomas et al., 2010).  

On the other hand, both corals and the occurrence of phytoplankton blooms are highly dependent on the 

current climatic conditions, and therefore affected by climate change. It is, hence, important to study new 

particle formation from oxidation products of DMS and investigate the properties of these secondary 

particles. The oceans cover more than 70% of the surface of the Earth and thus the impact of DMS derived 

particles may be critical albeit until now completely unknown. In addition, different meteorological 

parameters, like temperature and humidity, might have major effects on the nucleation potential and 

volatility of the DMS derived particles. In this study, the properties of DMS derived aerosols were 

investigated in a smog chamber where different atmospheric conditions (e.g. different seasons) can be 

simulated. 

METHODS 

The physical and chemical properties of the nucleated DMS aerosols are investigated at Aarhus university 

during an intensive campaign (11.2-11.3.2019). The experiments took place in the AURA-chamber (see 

detailed description e.g. in Kristensen et al., (2017)), which allows to investigate how different temperatures 

(-15°C/0°C/20°C) and relative humidities (RH = 0% and 70%) affect the properties of aerosol particles 

formed from the DMS precursor. We investigated different aerosol properties, including e.g. chemical 

composition, size distributions, hygroscopicity and CCN activity. This abstract presents the preliminary 

results of the hygroscopic properties of small aerosol particles in the size range from 10 nm to 50 nm 

produced at different temperatures, when the smog chamber humidity was held approximately constant (~ 

70%). In the chamber, H2O2 was photolyzed to produce OH radicals, and 200 ppb of DMS were injected to 

the chamber prior to the addition of the oxidant in each experiment. The hygroscopicity of the smallest sizes 

(ddry = 10-20 nm) was investigated with a nano-HTDMA, and short description of the instrument is 

available in Tikkanen et al. (2018). Larger sizes were measured with a commercially available long-

HTDMA (Brechtel). 

RESULTS 

Figure 1 shows the hygroscopic growth factors (GF) at RH=80% for the different sizes and chamber 

temperatures. The different sizes were not measured simultaneously, as the freshly nucleated particles are 
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small and grow gradually. At 20°C, for example, the delay between the first measurement of 10 and 50 nm 

sizes was approximately 100 minutes. Solid horizontal lines for each size show the median, and the box 

shows the limits between the first (Q1) and third quartile (Q3). Black dots outside the boxes are values larger 

or smaller than 3*IQR (IQR = Q3-Q1). At 20°C (Fig. 1a), we see that GFs are larger for the larger sizes, 

being around 1.25 for 10 nm and 1.37 for the 50 nm particles. When inspecting the GFs at colder 

temperatures (Fig. 1b and 1c) we note that the GFs are increased. To untangle the Kelvin effect that 

significantly affects particles in this size range, we additionally calculated the hygroscopicity parameter, κ, 

to be able to compare the different sizes (Petters and Kreidenweis, 2007). The values are illustrated in Fig. 

2. Contrarily to the GF results, the hygroscopicity parameter at T = 20°C is comparable throughout the 

measured size range and lies approximately between 0.45-0.50 for all dry sizes. However, for the colder 

temperatures the hygroscopicity of the particles in the nano-HTDMA range is significantly increased, 

Figure 1. Growth factors (GF) for the particles at chamber temperatures of (a) 20°C, (b) 0°C and (c) -15°C. Sizes 

up to 20 nm were measured with the nano-HTDMA while 30 nm and 50 nm were measured with the long-HTDMA. 

The relative humidity in the chamber was 70% and the relative humidity inside the HTDMAs was held at 80%. 

 

Figure 2. Hygroscopicity parameter κ for the particles at chamber temperatures of (a) 20°C, (b) 0°C and (c) -

15°C. Sizes up to 20 nm were measured with the nano-HTDMA while 30 nm and 50 nm were measured with the 

long-HTDMA. The relative humidity in the chamber was 70% and the relative humidity inside the HTDMAs was 

held at 80%. 

 

302



indicating that the chemical composition of the particles might be different at colder temperatures. Besides, 

the hygroscopicity of the larger sizes (30 and 50 nm) also shows a concurrent increase in with decreasing 

temperatures, but the differences are not as pronounced as for the smaller sizes. Increasing hygroscopicity 

in the small size range could indicate that e.g. fewer organic compounds with lower hygroscopicity such as 

MSA (methanesulfonicacid), having κ = 0.36 at 90% RH at room temperature (Johnson et al., 2004), are 

condensing onto the particles. Additionally, another cause for higher κ-values at the colder temperatures 

may be a change in the DMS oxidation pathway, thus resulting into a completely different aerosol particle 

with different chemical composition (see, e.g., Fig. 3 in Barnes et al., 2006). Further analysis is currently 

ongoing to investigate the chemical properties of these particles. 
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INTRODUCTION

The Sahara desert was covered with vegetation during the “Green Sahara” period (11,000 to
4,000 years before the present). The “Green Sahara” was caused by the stronger Western
African Monsoon (WAM) circulation,  which was ultimately driven by orbital  factors and
further enhanced by regional factors like aerosols and vegetation cover. In this research, we
focus  on  the  mid-Holocene  epoch  (6,000  years  before  the  present)  and  conduct  related
general circulation modelling (GCM) via the EC-Earth platform (IFS+NEMO). For most of
the  previous  efforts  of  the  mid-Holocene  researches,  the  difficulties  were  caused  by
unrealistic  incorporation  of  dust  concentrations  and  multi  aerosols  resources  in  the
simulations. So providing more realistic distributions of aerosols during the Mid-Holocene
period could improve their feedback in the large-scale atmosphere-ocean circulations.

METHODS

Our researches  set  up methodological  framework of EC-Earth platform, and simulate the
mid-Holocene  and  pre-industrial  dust  concentrations  without  the  prescribed  vegetation
background. Then we conduct the analysis of dust concentrations-climate interactions and
feedback  during  mid-Holocene  period,  and quantify  the  synergistic  effect  of  aerosols  on
northern  expansion  of  WAM circulation  and enhancement  of  precipitation  in  the  Sahara
region. 
     

CONCLUSIONS

Previous  researches  gave the conclusion  that  dust  concentrations  played no difference in
WAM  circulation  and  precipitation  during  the  Mid-Holocene  period  when  there  was  no
Sahara vegetation background existed (Pausata et al. 2016; Tierney et al. 2017;  Hopcroft et
al. 2019). By providing more realistic distributions of dust concentrations during the mid-
Holocene period, we find that from the comparison between the control (MH_CNTRL) and
dust concentrations (MH_AEROSOL) simulations (Fig. 1a), there is a five degrees’ northern
shift of WAM circulation and increased precipitation in the Sahara under the new aerosol
background (Fig.  1b).  Forced by new dust  concentrations distribution patterns during the
mid-Holocene period,  the Northern Atlantic (NA)’s warming and enhancement of African
Easterly Jet (AEJ) promote strengthened WAM circulation and mid-to-low moist convection,
which  forces  the  northern  expansion  of  monsoon  and  increases  rainfall  in  the
Sahara. Moreover, we work further explores the indirect role of dust concentrations and multi
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aerosols  resources  through unveiling  surface  properties  that  are  important for  vegetation-
albedo-climate feedback and WAM circulation. 

   (a)                                                                     (b)

Figure 1. Difference between MH_CNTRL and MH_AEROSOL during the summer season
(Jun-Sep).  (a)  Averaged aerosol  optical  depth (AOD) at 550 nm; (b) Precipitation (color,
units:  mm/day),  moisture  fluxes  at  925 hPa  (vector,  units:  (10m/s).  (g/kg)),  and  relative
humidity at 925 hPa (contour, units: %). The horizontal green lines represent the maximum
northward  extent  of  the  WAM  in  the  MH_CNTRL  (thin)  and  MH_Aerosol  (thick)
simulations.
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INTRODUCTION 

 
The subarctic region offers climate with some of the most extreme temperature variations on the planet and 
is warming twice as fast compared to the global average. The boreal forest (taiga) covers most of the 
subarctic, being the largest land biome in the world. The forest-atmosphere ecosystems link closely to one 
another. We started measurements at the SMEAR I station located in Värriö (67°46´N, 29°36´E) in eastern 
Lapland, Finland (e.g. Kyrö et al., 2014), in order to start permanent deployment of aerosol precursor 
measurements in the Finnish subarctic. The data analysed for this abstract comes from the spring and 
summer of 2019. The measurements concentrate in the measurements of aerosol precursor vapours using 
mass spectrometer using nitrate ions for chemical ionization. 
 
A high-resolution mass spectrometer, CI-APi-TOF for neutral molecules, is analysing the precursor vapour 
concentration including sulphuric acid (H2SO4), methane sulfonic acid (MSA) and iodic acid (HIO3). Jokinen 
et al., 2012, describes the instrumentation in details. We aim first to identify days when new particles form 
and then analyse what compounds dominate the mass spectra during these days. We are also interested in 
what happens in the gas phase if very clean days with very few particles present are compared to the high 
pollution airmasses from the Kola Peninsula. The results are the first longer period ambient measurement of 
aerosol precursor gases from the Finnish subarctic covering the period of midnight sun in midsummer. 
 

RESULTS AND DISCUSSION: 
 
New particle formation (NPF) days are detected few times a month at SMEAR I. One example of a NPF 
days I give in Fig. 1 when new particles were observed to form on a day in June. We studies the chemical 
composition of NPF participating compounds during this day using the nitrate CI-APi-ToF. With this 
instrument, we measured elevated concentrations of several condensing vapours during the event (Fig 2 A 
and B). In the neutral compound analysis, sulphuric acid (SA), malonic acid (MA), methane sulfonic acid 
(MSA) and iodic acid (HIO3) were detected during this event. Abundant quantities of highly oxygenated 
molecules or other oxidized organic compounds were recorded also. During this one day, not a single 
compound dominated the spectrum and much deeper analysis will be conducted in the future in order to find 
out the exact chemical composition of molecular clusters at this site. 
F  

 
 
Figure 1. New particle formation event observed in 
Värriö, SMEAR I station in June 2019. The observation 
is collected from an DMPS system and it represents the 
mobility size distribution of small particles.  

306



 
 

  
Figure 2. A) panel on the left represents the measured concentrations of sulfuric acid (red), iodic acid 
(black), methane sulfonic acid (blue) and malonic acid (green). B) the panel on the right represents the 
estimated concentrations of selected highly oxygenated compounds (HOM) and their sum (black). Green 
HOMs are RO2-radical signals, red HOMs are closed shell monomer (C10) products and the blue ones are 
organic nitrates. All concentrations are calculated using a preliminary calibration factor from sulfuric acid 
calibration.
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INTRODUCTION 

Atmospheric aerosols have a strong but highly uncertain influence on the Earth's radiation balance and 

climate (IPCC, 2013). Formation of secondary organic aerosols (SOA) by oxidation of volatile organic 

compounds (VOC) in the troposphere is one of the main sources of atmospheric aerosols, contributing ca. 

60 % of total organic aerosol mass. On the global scale, VOC emissions from vegetation (i.e., biogenic 

VOC) to the atmosphere constitute about 90% of all global VOC emissions (Guenther et al., 1995) and thus 

they are important precursors for SOA. The main biogenic VOCs contributing tropospheric SOA formation 

are isoprene and monoterpenes such as α-pinene, β-pinene, and limonene.  

Green leaf volatiles (GLVs) are an important group of oxygenated biogenic VOCs, which are mainly emitted 

from leafs of plants, e.g., wheat, oilseed rape, grape and birch trees (Scala et al., 2013; Ameye et al., 2018). 

GLVs are especially released after wounding and other damage of leaves and the odor of cut grass and 

damaged green leaves is mainly from GLV compounds. Typical GLV compounds detected in atmosphere 

are cis-3-hexenyacetate, cis-3-hexenol and cis-3-hexenal. In an ecosystem level, GLVs are active in plant-

plant and plant-insect communications and interactions, e.g., they repel herbivores and attract their natural 

enemies. In general, a burst of GLVs is immediately (0-5 min) released from plants after the damage whereas 

terpenes are typically released with a delay (hours). GLVs are typically highly reactive with atmospheric 

oxidants (typical lifetimes in minutes or hours) and thus they readily form both SOA and ozone when 

realized to troposphere.  

To understand better effects of GLVs on SOA formation in the atmosphere, there is a need for controlled 

chamber experiments using multicomponent VOC mixtures. In this study, we have investigated SOA 

formation from oxidation of three individual GLV compounds (trans-2-hexenal, cis-3-hexenol and cis-3-

hexenyl acetate), their mixtures, and mixtures of GLVs and monoterpenes (MT) (α-pinene and mixture of 

monoterpenes) via ozonolysis at humid conditions (RH ~50 %). 

 

METHODS 

We have conducted several ozonolysis experiments using GLVs and terpenes as precursors for SOA 

formation. The experimental system used in this study consists of a Teflon reaction chamber (volume 9.8 

m3), VOC and ozone injection systems and gas and particle analyzers. At the beginning the experiments, 

the ozone-enriched air was introduced into the chamber to achieve target ozone concentration (ca. 200 ppb). 

Then, GLV and monoterpene compounds were injected into the chamber by a cleaned and dried carrier gas. 

VOC solutions were injected two times into the chamber during one experiments: the 1st injection at the 

start time of the experiment and the 2nd injection 1-1.5 hour later. The target concentration of each VOC 

injection was 40 ppb for the 1st injection and 40-80 ppb for the 2nd injection. The GLVs used in this study 

were trans-2-hexenal (HAL), cis-3-hexanol (HOL), cis-3-hexynylacetate (CHA) and a mixture of them. 
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Furthermore, α-pinene and a terpene mixture (MT-mixture) consisted of α-pinene, sabinene, limonene, β-

myrcene, ocimene, linalool and β-caryophyllene were used in some experiments. Summary of the 

experiments, used precursors and their concentrations are shown in Table 1. 

Concentrations of injected VOC and various gas-phase intermediates and products formed during 

experiments were determined continuously with a proton transfer reaction - mass spectrometer (PTR-MS) 

and off-line with a gas chromatography mass spectrometer (GC-MS). Furthermore, O3, SO2, NOx 

concentrations in the chamber was continuously measured with gas monitors. The formation and growth of 

SOA particles were investigated by measuring number size distributions and total concentrations with a 

scanning mobility particle sizer (SMPS). 

Table 1. Summary of the chamber experiments: number of the experiment (Exp. no.), injected VOCs, their 

volumes and concentrations, and ozone (O3) peak concentrations for the 1st and 2nd VOC injections. 

Exp. 

no. 
Terpene GLV 

1st VOC injection 2nd VOC injection  

VOC volume / 

concentration  

Peak O3 

(ppb) 

VOC volume / 

concentration 

Peak O3 

(ppb) 

1 -  HAL 2.0 µL / 43 ppb 44 2.0 µL / 43 ppb 42 

2 - HOL 2.0 µL / 42 ppb 220 4.0 µL / 84 ppb 193 

3 - CHA 2.6 µL / 41 ppb 203 5.2 µL / 82 ppb 178 

4 -pinene - 2.6 µL / 41 ppb 212 2.6 µL / 41 ppb 186 

5 -pinene HAL 
MT: 2.6 µL / 41 ppb 

GLV: 2.0 µL / 43 ppb  
204 GLV: 4.0 µL / 86 ppb 176 

6 -pinene HOL 
MT: 2.6 µL / 41 ppb 

GLV: 2.0 µL / 42 ppb 
200 GLV: 4.0 µL / 84 ppb 153 

7 -pinene CHA 
MT: 2.6 µL / 41 ppb 

GLV: 2.6 µL / 41 ppb 
211 GLV: 5.2 µL / 82 ppb 172 

8 -pinene GLV-mix 
MT: 2.6 µL / 41 ppb 

GLV: 2.0 µL / 39 ppb 
235 GLV: 4.0 µL / 78 ppb 190 

9 MT-mix - 2.8 µL / 41 ppb 208 2.8 µL / 41 ppb 183 

10 MT-mix HAL 
MT: 2.8 µL / 41 ppb 

GLV: 2.0 µL / 43 ppb 
205 GLV: 4.0 µL / 86 ppb 194 

11 MT-mix HOL 
MT: 2.8 µL / 41 ppb 

GLV: 2.0 µL / 42 ppb 
215 GLV: 4.0 µL / 84 ppb 180 

12 MT-mix CHA 
MT: 2.8 µL / 41 ppb 

GLV: 2.6 µL / 41 ppb 
230 GLV: 5.2 µL / 82 ppb 180 

13 MT-mix GLV-mix 
MT: 2.8 µL / 41 ppb 

GLV: 2.0 µL / 39 ppb 
220 GLV: 4.0 µL / 78 ppb 189 
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RESULTS AND DISCUSSION 

Figure 1 shows results of SOA formation from a typical GLV experiment (HOL) and a -pinene experiment. 

In the HOL experiment, only a minor particle formation (ca. 300 cm-3) was observed after the 1st VOC 

injection (42 ppb) although VOC concentration was decreased substantially due to ozonolysis reactions. 

After the 2nd injection of HOL (84 ppb), slightly stronger SOA formation occurred. The total particle number 

concentration (Ntot) increased to ca. 4000 cm-3, however total particle mass concentration (Mtot) was still 

very low (below 1 µg m-3). Minor SOA formation (ca. 1400 cm-3, 0.3 µg m-3) was also for CHA whereas 

practically no particle formation was observed for HAL. The reaction rate constant of HAL with ozone is 

about 1/40 that of HOL (Mellouki et al., 2015) and, thus, SOA formation from HAL is very low.  

In contrast, a very intensive new particles formation (NPF) occurred during the ozonolysis of -pinene. 

After the 1st injection of -pinene (41 ppb), Ntot increased very rapidly to ca. 9  104 cm-3 and Mtot to ca. 

45 µg m-3. The 2nd injection (41 ppb) did not produce clear NPF anymore but increased Mtot to ca. 130 µg 

m-3 because formed organic mass mainly condensed onto existing particles. 

 

a)

 

b)

 

Figure 1. SOA formation from a) hexenol (HOL) and b) -pinene experiments. The 1st panel shows 

particle number size distribution, the 2nd panel total particle number (Ntot) and mass (Mtot) 

concentrations, and the 3rd panel total VOC concentration (VOC tot), concentrations of certain PTR-MS 

mass peaks (m83, m137, etc.) and ozone concentration (O3) during the experiment. Red vertical lines 

indicate times of the first VOC, the second VOC and TME injections into the chamber. 
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In the next set of the experiments, we studied the effect of a mixture of -pinene and GLV on SOA 

formation. In the -pinene/GLV experiments, a clear NPF was observed after the 1st VOC injection when 

both MT and GLV were injected together. The Ntot and Mtot values were very similar to those measured 

in the pure -pinene experiment. During the 2nd injection of HOL and CHA, a clear increase in organic mass 

together a decrease in O3 concentration was observed. In contrast, no clear change in Ntot, Mtot and O3 

concentrations can be seen after the 2nd injection of HAL due to its very low reaction rate with ozone. Very 

similar results were also observed in MT-mixture/GLV than -pinene/GLV experiments. However, more 

particles in counts but less in mass has formed in the MT-mixture experiments than -pinene experiments.  

 

CONCLUSIONS 

The results shows that MTs produce SOA more efficiently than GLVs due to higher reactivity with ozone. 

However, studied GLVs have also a substantial effect on SOA formation except HAL, which has very low 

reactivity with ozone. GLVs can also reduce NPF by acting as scavengers for oxidant without forming 

substantial amount of condensable species needed in NPF.  
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INTRODUCTION 

Sub-10 nm particles exist in various environments, often in systems in which vapors transform into particles. 

This process begins with the formation of molecular clusters and continues with the subsequent 

condensation of vapors and particle growth. Such processes are observed for example in the atmosphere, 

industrial applications, combustion, and is the basis of several nanomaterial synthesis methods (e.g. Alanen 
et al. 2015; Kulmala et al. 2004; Nosko et al. 2017; Wang et al. 2017). The process of particle formation 

and growth can take place in systems with wide range of dynamics, creating a need for instrument 

optimization for specific systems. For instance, measurement of particle formation in the Arctic environment 
requires very low particle concentration detection limits and good sensitivity, while the process can be 

relatively slow due to very low precursor concentrations (Wiedensohler et al. 1994). Measurements on board 

aircraft or cars call for optimized instrument response time (Rönkkö et al. 2017; Wehner et al. 2015). In 
industrial and combustion processes, and even in some heavily polluted environments, the particle 

concentrations can be too high for some of the current instrument capable for sub-10 nm particle 

measurements (Tang et al. 2017). In some laboratory experiments, the only required instrumental 

characteristics is high size resolving power (Fernandez de la Mora and Barrios-Collado 2017). It is therefore 
obvious that careful selection of the available instrumentation is crucial for a successful measurement. 

Furthermore, all measurements include random and systematic uncertainties, which depend on the 

measurement method and particle number size distribution (PNSD) to be characterized. This manuscript 
aims to assess various aspects of sub-10 nm PNSD measurements, and provide suggestions for instrument 

selection based on quantitative analysis. We focus only on the instrumental aspects of sub-10 nm PNSD 

measurements, i.e. ion mobility distributions, total particle number concentrations, or any subsequent 
parameter calculated based on the sub-10 nm size distribution data, such as particle formation and growth 

rates are not discussed. 

In the forthcoming manuscript, our goal is to provide overall view on the status of the 1-10 nm 

PNSD measurements. We first describe briefly the general operation principles of the current instruments 
used for sub-10 nm PNSD measurements. Then we present PNSDs measured from three different sites, 

which represent the current state-of-the-art sub-10 nm PNSD measurements. This is followed by a literature 

review on publications that report measurements of sub-10 nm PNSDs using at least two concurrent 
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instruments. After the PNSD measurement overview, we discuss the measurement uncertainties. Our aim is 

to assess thoroughly the relevant parameters affecting the measurement accuracy. At the end, with the 

description of the concentration and sizing uncertainties, we make recommendations on selecting sets of 
instruments for various applications.  

 

METHODS 

Our analysis is structured as follows:  

- review of current instrumentation with focus on electrical mobility spectrometers and condensation 

particle counting methods,  

- review of previous literature on sub-10 nm PNSD measurements in which at least two instruments 

have been used concurrently to obtain comparison of the measured distributions,  

- analysis of three state-of-the-art sub-10 nm PNSD measurements from Hyytiälä, Beijing and 

CLOUD chamber  

- analysis of measurement uncertainties focus on electrical mobility spectrometers and condensation 

particle counting methods 

- overview of the future challenges for the community to improve the measurement capabilities and 

accuracy 

RESULTS 

Two types of results are presented: measurements from Beijing and a table compiling the uncertainties. 

Beijing 

 
Continuous measurements were established at the Beijing University of Chemical Technology west campus 

inside urban Beijing in the beginning of 2018 (Zhou et al. 2019). For the long-term sub-10 nm PNSD 

measurements, the station includes the PSM, NAIS and DMPS, and also for our selected measurement 

period an SMPS, which is a combination of DEG SMPS, another twin SMPS and APS, covering the whole 
size range from 1 nm to 1 μm from Tsinghua University (Liu et al. 2016). The instruments are located on 

5th floor of the building, sampling either through a window (PSM, NAIS, 1 – 6 nm part of the Tsinghua 

SMPS) or from the roof (DMPS and 6 nm – 1 μm part of the Tsinghua SMPS). The PSM is sampling with 
a core sampling system with a 1.3 m line. The NAIS sampling line is about 1 m long, and is located next to 

the PSM. The DMPS samples with a 2.5 μm preimpactor and drier in the sampling line, and covers the size 

range of 6 – 840 nm with a single DMA by measuring in two flow modes with a TSI 3772 as the detector. 

Thus, the DMPS is not fully optimized for the sub-10 nm size range. The DEG SMPS is around 5 m away 
from the PSM and NAIS, also utilizing core sampling, while the Tsinghua SMPS is a twin SMPS with the 

ultrafine part utilizing the TSI nanoDMA and TSI 3776 as the detector. 

Based on the data we identified two characteristic types of days regarding their typical 
conditions, namely those affected by haze (high contribution of super-micron particles) and new particle 

formation event days (high concentration of ultrafine particles followed by their growth towards larger 

sizes). Therefore, as the corresponding PNSDs were very different, we separated the data accordingly. We 
selected 14 NPF event days and 31 haze days in 2018 for the comparison. Similarly, as for Hyytiälä, median 

PNSD and hourly PNSDs for one days are presented. In Beijing, we expect that the particle composition is 

mostly sulfuric acid-dimethyl amine in around 1-2 nm (Yao et al. 2018), while at some larger size it is 

expected that also oxygenated organics participate to particle formation but the exact size ranges and 
contributions are unknown. We can make the following observations from Figure 3: during NPF, in the size 

range from 3 nm to 8 nm the NAIS detects larger size distribution function than the DEG SMPS. The DEG 

SMPS and the PSM exhibit an agreement within a factor of 3, and the trends of the measured PNSDs agree 
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quite well. Based on the discussion on the sources of uncertainties in these measurements, this agreement 

between the PSM and DEG SMPS can be considered fairly good. During haze time, the detection limit of 

the DEG SMPS is too high to detect particles below 3 nm, while the PSM still reports elevated sub-3 nm 
particle concentrations. The observation of persistent existence of sub-3 nm particles even during times of 

high condensation sink is an interesting observation that will be examined further in the future. 

Figure 4 presents three PNSD comparisons on 25.12.2018 at 8, 12 and 14 which was an NPF 
event day. As in Fig.3, the NAIS detects in all cases larger size distribution function of about a factor of 1-

5 than the DEG SMPS. Especially in the morning but also throughout the day, the PSM detects clearly larger 

size distribution function than the DEG SMPS, depending on the size the PSM exceeding the DEG SMPS 

with a factor of more than 10. Possible reasons for this observation include for example particle composition 
that is not easily detected with DEG, which would increase the cut-off of the DEG SMPS, while the 

distribution measured by the PSM would be only shifted along the diameter axis. Another possibility is 

strongly decreased charging efficiency because of the particle composition, which, however, we cannot 
speculate further due to lack of suitable data. 

 

 
Figure 3. Median size distributions over selected (a) NPF periods and (b) haze periods during 2018 measured 

in urban Beijing. 

 
 
Figure 4. Median size distributions over one hour during (a) 10:00 – 11:00, (b) 12:00 – 13:00 and (c) 14:00 

– 15:00 on 24-Feb-2018 in urban Beijing. The event started around 7:30 and ended approximately 15:00 on 

24-Feb-2018 
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Table 1. Summary of the concentration and sizing inaccuracy sources 
 

Source 
Physical/chemical 
source Affects Instrument Magnitude Comment 

Unknown line 
penetration Diffusion Concentration 

All 
instruments 

Depends on 
sampling design, 
negligible if well-
designed or 
characterized, 
significant for sub-
3 nm without 
characterization 

For a size classified 
particle linear effect to 
inverted 
concentration. 
Impossible to correct 
for total concentration 
measurement  

Unknown 
charging 
efficiency 

Charger ion-particle 
interactions Concentration EMS 

Highly uncertain, 
possibly at least 
up to ±50% 

Linear effect to 
inverted 
concentration, can 
vary in different 
environments 

Instrument 
size resolution 

Diffusion for DMA, 
vapor-particle 
interactions for CPC, 
size distribution 
change over the 
transfer function or 
cut-off width 

Concentration, 
size 

All 
instruments 

Concentration ±0-
20%. Size: ± 0.5/R 
% (FWHM of 
transfer function).  

Sizing uncertainty 
related to transfer 
function and cut-off, 
concentration 
uncertainty to 
systematic sizing error 

CPC cut-off  
Vapor-particle 
interactions 

Concentration, 
size CPCs, SMPS 

Concentration: 
Highly system 
dependent. Size: 
from ±0.1 nm to ± 
1nm. 

For A11 and CPCb, 
sizing based on cut-off 
curve accuracy. For 
EMS, lowest detectable 
particle size depends 
on cut-off 

Counting 
statistics 

Random spatial 
distribution of 
particles in air Concentration EMS 

Scales with √N, up 
to ±100% at low 
concentration 

Random (not 
systematic) effect to 
inverted concentration 

Inversion 

Assumption of 
infinite resolution, 
low counting 
statistics 

Concentration, 
size 

All 
instruments  Up to ±30% 

 Depends strongly on 
PNSD 

 

CONCLUSIONS 

In this overview, we studied the previous literature in which sub-10 nm PNSDs are measured at least with 

two independent instruments, presented new PNSD data from three sites, and showed that the current PNSD 

measurements contain some sources of uncertainties that are larger than expected, or unknown sources we 
cannot account for currently. Due to these uncertainties, significant discrepancies exist in the observed 

PNSDs between the instruments, especially during times of relatively low concentrations. Depending on the 

measurement, a multiplier factor between lowest and highest size distribution function can vary from 1 up 

to 10 and more, typically being the highest if one of the instruments detects low concentrations, or is at its 
detection limit. According to the presented uncertainty assessment, we estimated this factor to be about 

maximum of 2-4, suggesting our analysis quite well captures the observed deviations between the size 

distribution functions reported in the literature. Generally, in size range between 3-10 nm, the NAIS seems 
to always detect the largest size distribution function, while SMPS systems the lowest. In the sub-3 nm size 
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range, the PSM generally observes larger size distribution function than the EMS. Overall, we can state that 

the general trends observed in the PNSDs usually agree quite well, while some systematic discrepancies are 

included in the obtained PNSDs, of which sources remain ambiguous. 
 We discussed six separate sources for uncertainty for the measurements of sub-10 nm PNSDs that 

are: particle transport losses, charging efficiency, DMA sizing, CPC cut-off, statistical counting and 

inversion uncertainty. Of these, the total uncertainties are likely dominated by the charging and in the sub-
3 nm size, contributed also by the CPC cut-off and statistical counting uncertainty. Particle transport losses 

can be efficiently minimized by using the core sampling system, while uncharacterized and/or poorly 

designed sampling lines can lead to losses of even 95% and more. Uncertainties due to the assumption of 

zero width for the instrument transfer function or detection efficiency curves are limited to maximum of 
around 5-20%. 

 Based on the general characteristics of the instruments and typical systems in which sub-10 nm 

particles are observed, we outline general suggestions for selecting. The selection of instruments should be 
based on selecting a suitable combination of instruments by optimizing the response time, detection limit 

and size range. Individual instruments can/should be optimized for given applications for optimum 

performance. Generally, above size distribution function values of 104 dN/dlogDp at 2 nm the uncertainties 
would be reduced by reduced charging and sizing uncertainties, and below that by also increased counting 

statistics.  
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INTRODUCTION

The increase in computational resources creates a potential in utilizing high resolution air quality
modelling to support urban planning. The possibility to solve the flow field and air quality related
processes down to a one-meter scale and beyond allows the city planners and researchers to test the
effects of different city planning scenarios on the very local air quality as well as wind and thermal
comfort.

The large-eddy simulation (LES) is currently the most promising tool to study the local effects
of different city planning scenarios on various environmental issues, such as air quality, wind and
thermal comfort. Development of LES models has been active in recent years. One example is
the PALM model system (Maronga et al., 2019), which incorporates various model components
designed specifically for urban applications. These include, for example, a plant canopy model and
a sectional aerosol model SALSA (Maronga et al., 2019; Kurppa et al., 2019).

The effect of urban vegetation on air quality has been found to be a two-fold question. Whilst in
parks and open road configurations trees are effective in reducing pollutant concentrations by dry
deposition to tree leaves, previous studies have shown that the decreased ventilation due to the
aerodynamic effects of vegetation canopy seems to play a bigger role than the dry deposition in
street canyons. An extensive review of the previous studies is available in Abhijith et al. (2017).

The study aims to combine high resolution flow modelling together with a sectional aerosol model
SALSA to assess effects of different street vegetation configurations on local scale air quality.
Simulations are conducted on a wide street canyon with high traffic rates for which six different
street and vegetation configurations are considered. The analysis focuses on the pedestrian level
number and mass concentrations, the differences in the particle size distributions and ventilation
performance.

METHODS

The study area is described by a 50 to 58 meter wide and approximately 800 meter long street
canyon surrounded by three to seven story buildings.

The simulations are conducted for six different street configurations, each with different vegetation
layouts. Scenarios S0, S2A, S2B and S2C incorporated a 54-meter wide street canyon while sce-
nario S1 used 58-meter wide and scenario S3 used a 50-meter wide street canyon. The vegetation
configurations applied in each scenario are listed in Table 1. The simulations are performed for
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Scenario Tree rows Tree species Hedges

S0 0 - -
S1 4 Tilia × vulgaris -
S2A 3 Tilia × vulgaris -
S2B 3 Tilia × vulgaris Below outermost trees
S2C 3 Tilia × vulgaris (middle), -

Sorbus intermedia (outermost)
S3 2 Tilia × vulgaris -

Table 1: The vegetation configurations used in the study. Tilia × vulgaris had a height of 15 meters,
Sorbus intermedia 9 meters and hedges 0.75 meters.

two wind directions, 8◦ and 82◦ with respect to the street canyon. Moderate wind conditions and
a neutral stratification are applied.

Traffic lanes are defined as pollutant source areas, covering 41-48% of the street canyon surface area.
The emission factors used represented a high traffic rate (3660 vehicles per hour) with a vehicle
fleet and technologies projected for year 2030. Moderate background concentration estimates are
used as boundary conditions for the aerosol model.

The numerical approach used the PALM model system with a LES-LES self nesting approach. The
simulations were initialized with a precursor run. A finer grid resolution (1 m horizontally and 0.75
m vertically) child domain of size 768 × 384 × 72 grid points is embedded in a coarser resolution
(3 m in each direction) parent domain of size 384 × 192 × 64 grid points. The aerosol model is
solved only for the child domain in order to reduce computational costs. Each simulation are run
for 1 hr 10 mins and data only from the last 60 mins is used.

KEY FINDINGS

The key finding is that the vegetation increases pedestrian level PM10 mass concentrations within
the street canyon compared to the vegetation-free case by 52% to 74%, depending on the scenario.
The decrease in the street canyon ventilation is found to play more important role than the dry
deposition of pollutants into vegetation. This is consistent with the majority of the previous studies
(Abhijith et al., 2017).

For particle number concentrations this increase is significantly lower, from 7% to 18%. The dry
deposition is more effective for smaller particles which dominate the particle number concentration.
A decrease in particle number concentrations was observed for approximately sub-50 nm particles.

The best scenario and vegetation configuration in terms of air quality seems to depend on which
measure is given the most weight. In terms of PM2.5 and PM10 concentrations, scenario S2C which
incorporates a variable-height tree canopy disturbs the ventilation performance of the pollutants
the least whilst in terms of smaller particles the scenarios with more vegetation content such as S1
and S2B show better performance.
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INTRODUCTION

The Coupled Model Intercomparison Project (CMIP) is considered an integral part of climate
science. It is organised under the World Climate Research Programme’s Working Group on Coupled
Modelling. Started more than 20 years ago, CMIP has now entered its sixth phase (CMIP6) (Eyring
et al., 2016). The Finnish Centre of Excellence in Atmospheric Science (FCoE) takes part in CMIP6
through the contribution from the Institute for Atmospheric and Earth System Research (INAR)
at the University of Helsinki. The participation in CMIP6 simulations is done using the EC-Earth
earth system model as a part of the EC-Earth consortium and in a very close coordination with the
Finnish Meteorological Insititute (FMI), the Royal Netherlands Meteorological Insitute (KNMI),
and the Barcelona Supercomputing Centre (BSC).

CMIP6

In order to participate in CMIP6, all models are required to complete a small set of common
experiments called Diagnostic, Evaluation, and Characterisation of Klima (DECK) and a histor-
ical simulation spanning the years between 1850 and 2014. The DECK simulation consist of an
atmosphere only simulation (amip), a pre-industrial control simulation (piControl), an abrupt qua-
drupling of CO2 concentration simulation (abrupt-4xCO2), and a 1 % per year CO2 concentration
increase simulation (1pctCO2). The DECK experiments provide continuity between past and fu-
ture phases of CMIP and allow the evaluation of model characteristics. Performing the historical
simulation allows to assesses the ability of the model to simulate climate and its variability.

The more specific scientific questions will be addressed through several topical model intercompar-
ison projects (MIPs). CMIP6 includes a wide variety of MIPs with topics ranging from land use
to geoengineering and from clouds to paleoclimate. The FCoE will participate only in the Aerosols
and Chemistry MIP (AerChemMIP) (Collins et al., 2017), a MIP focusing on the quantifying the
climate and air quality impacts of aerols and chemically reactive gases. Figure 1 illustrates both the
structure of CMIP6. FCoE’s AerChemMIP participation will be done in as a part of the EC-Earth
consortium and in a very close cooperation with FMI, KNMI, and BSC.

EC-EARTH

In order to participate in CMIP6, the climate model EC-Earth (Hazeleger et al., 2012) will be
used to perform the simulations in FCoE’s contribution. The model has been developed within a
consortium consisting of 27 research institutions in 10 different European countries. EC-Earth is
based on and uses as its atmospheric component the Integrated Forecasting System (IFS), developed
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Figure 1: Structure of CMIP6. The participation of FCoE is highlighted with red colour.

by the European Centre for Medium-Range Weather Forecasts (ECMFW). In the AerChemMIP
version of EC-Earth, the other model components are the Ocean model NEMO and the aerosol-
chemistry transport model TM5. The composite models are coupled together using the OASIS
coupler.

Since the participation in CMIP5, the previous phase of CMIP, EC-Earth has been through sub-
stantial development. At the moment of the writing of this abstract, the implementation of new
features has been completed and the development concentrates on tuning of the model. The fi-
nal CMIP6 version of EC-Earth is scheduled for November 2018 and a model description paper is
expected during the year 2019.

TIMELINE FOR CMIP6 EXPERIMENTS

The first simulations for CMIP6 using EC-Earth are expected to start soon after the tuning of the
model has been finished in the end of 2018. Due to the structure of CMIP6, the first simulation will
be piControl from the DECK. The historical simulation will be started as soon as suitable initial
conditions are available from piControl. In similar manner, the scenario simulations can be started
as soon as the initial conditions from the historical simulation are available. The simulation results
will be distributed through the Earth System Grid Federation (ESGF) (Cinquini et al., 2014).

Depending on the model configuration and the computational platform, EC-Earth is able to produce
up to 2-20 simulated years per day. This means that model configurations with higher performance
might be able to finish their first simulations during 2018. The model configuration used at the
University of Helsinki for AerChemMIP involves a larger number of coupled fields between the
atmospheric and the aerosol-chemistry component and for this reason approximately two simulated
years per day are expected. The first CMIP6 simulations carried out by the University of Helsinki
are hence expected to start at the beginning of 2019 and the first results are expected in mid-2019.
The simulations will be carried out using the CSC - IT Center for Science Ltd’s Sisu supercomputer
(Cray XC40). The created data will be distributed using an ESGF data node set up in collaboration
with FMI and CSC.
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INTRODUCTION 

The air that we breathe consists of, among gases, particulate matter (PM). The mixture of gases and particles 

is called aerosol. When the inhaled particles end up in our respiratory system, they may cause serious health 
hazards such as asthma or cardiovascular diseases (Pope et al., 2002).  Tragic events, such as the Great 

Smog of London in December 1952 that led to the death of approximately 12,000 people, has evoked a need 

to monitor and regulate PM concentrations (Bell and Davis, 2001). Nowadays, they are reported on-line 
worldwide. The mass concentration of particles with (aerodynamic) diameter less than 10 μm is called 

‘coarse mode particles’ PM10. Here, we report for the first time long-term (2005-2017) autumnal 

(September, October and November (SON)) variations of PM10  measured with the gravimetric impactor, 

on-line mass analyzer SHARP and aerosol mass concentration derived from number size distribution 

measurements in Hyytiälä, SMEARII, Finland (Hari and Kulmala, 2005).  

METHODS 

Measurements are performed at SMEAR II (Station for Measuring Ecosystem-Atmosphere Relations) 

located in Hyytiälä in southern Finland (61°51’N, 24°17’E; 181 m a.s.l.; Hari and Kulmala 2005). 

Particulate samples were started to collect with gravimetric impactor (Berner and Lurzer, 1980) in late 
1990’s. The impactor has unheated TSP inlet with a stainless-steel tube. The aerosol mass concentration for 

PM10, PM2.5 and PM1 can also be estimated by using the number size distributions measured with  

Differential Scanning Mobility Sizer (DMPS) and Aerosol Particle Sizer (APS). This instrument set-up used 

at SMEARII is described in detail by Aalto et al. (2001). Third method Synchronized Hybrid Ambient Real-
time Particulate Monitor SHARP (Thermo Scientific, Model 5030) is, a real-time particulate monitor and 

the measurements started at 2012.  SHARP combines light scattering photometry and β–ray attenuation for 

continuous PM10 measurement.  SHARP utilizes proprietary digital filtering for continuous mass 
calibration of the nephelometric measurement of PM10. However, the mass concentration is relatively low 

in Hyytiälä, which may be problematic for high-resolution online measurements. 

 

CONCLUSIONS 

Autumnal mean PM10 concentration was 4.5-5.1 µgm-3 in 2005-2017. In comparison, Laakso et al. (2003) 
observed the PM10 concentration of 6.9 µgm-3 for the years 1999-2002. Thus, the PM10 concentration 

decreased from the value in 1999-2002. In autumn, the boreal forest starts to be less active, and the effects 

of the new EU-regulation on ambient air quality might affect on the concentrations. In figure 1 we see the 
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median PM10 concentrations measured by impactor (a), DMPS+APS(b) and SHARP(c). One can see that 

there is a certain maximum in autumn 2014. The reason for the high PM concentrations in 2014 was a six-

month-long (from 31st of August 2014 until 27th of February 2015)  eruption of the Bardarbunga volcano. 
It was the largest eruption in Iceland since the devastating Laki eruption in 1783-84. Very recently, the same 

eruption in Autumn 2014 was observed also by an Aerosol Chemical Speciation Monitor (ACSM) at 

SMEARII (Heikkinen et al., 2019). 
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a)

 

b) 

 
c) 

Figure 1. Autumnal median PM10 concentrations and their 25 and 75 quartile ranges   measured with the 
impactor (a), DMPS+APS (b) and SHARP (c).    
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INTRODUCTION

The aerosol emissions are highest in Asia (Lelieveld et al., 2001; Zhang and Reid, 2010; Van
Donkelaar et al., 2010). Aerosol particles from the emissions can be transported long distances to
remote locations such as the Maldives. Aerosol particle processes during the long-range transport,
such as growth, aging and the removal processes, need accurate modeling to predict future climate
reliably.

Wet scavenging is a significant removal process of aerosol particles from the atmosphere. In the
process raindrops and snow flakes transport particles to the ground. The efficiency of the process
depends inter alia on the precipitation intensity and aerosol particle size. The wet scavenging pro-
cesses have still huge uncertainties in atmospheric models (Liu et al., 2012). To increase knowledge
about wet scavenging, we need need to investigate how efficiently precipitation removes aerosol
particles from the atmosphere and in which size ranges the removal is most efficient.

The climate in the Maldives presents two distinct seasons: northeast (NE) and southwest (SW)
monsoon. During the NE monsoon, the air masses arriving to the Maldives are mainly transported
from the Indian subcontinent and thus bringing polluted air. During the SW monsoon, the air
masses are transported over the Indian Ocean bringing moist marine air consisting mostly of nat-
ural aerosols. Local aerosol sources are minor at the Maldives, so it is an ideal site for studying
the impact of precipitation on long-range aerosol transport. In this study, the interaction between
meteorological phenomena and aerosol long-range transport are investigated by analysing the sea-
sonal and long-term behaviour of aerosol properties. The study also provides knowledge about
longer-term aerosol particle properties in the area, where there are no published multi year aerosol
particle studies.

METHODS

The measurements were conducted at the Maldives Climate Observatory of Hanimaadhoo (MCOH,
6◦78 N, 73◦18 E). The observatory is located in the northern part of the Maldives. The terrain is
very flat, and the observatory is surrounded by forest, which mostly consists of palm trees.

We used two different data sets. The first measurement period was during 2004–2008 (Period 1).
Fine aerosol particles in a size range of 10–500 nm were measured with a Scanning Mobility Particle
Sizer (SMPS) with time resolution of 5 minutes. The second measurements were conducted during
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Season Mean total number
concentration (1/cm3)

Median total number
concentration (1/cm3)

NE monsoon, east
Period 1

1666 ± 819 1745

NE monsoon, east
Period 2

1915 ± 470 1849

NE monsoon, west
Period 1

879 ± 422 772

NE monsoon, west
Period 2

1615 ± 527 1562

SW monsoon, marine
Period 1

268 ± 114 250

SW monsoon, marine
Period 2

379 ± 256 332

Table 1: Particle total number concentrations measured in Period 1 and 2. Air masses are divided
to easterly and westerly based on their route to the Maldives during NE monsoon. In the marine
air masses during SW monsoon we discriminated the trajectories which have sidetracked over land.

2014–2017 (Period 2) using a Differential Mobility Particle Sizer (DMPS), which measured particles
in a size range of 7–800 nm with a time resolution of 10 minutes.

We calculated 14-day air mass back trajectories with the NOAA HYSPLIT (Hybrid Single-Particle
Lagrangian Integrated Trajectory) (Draxler and Hess, 1998) model 4.9 to estimate the air mass
origin. The meteorological fields for the model runs were taken from the global GDAS 1o (Global
Data Assimilation System) dataset from the National Center for Atmospheric Research as (Kana-
mitsu, 1989). We calculated hourly trajectories and cumulative rainfall along the trajectory for the
both measurement periods.

CONCLUSIONS

We observed the highest aerosol particle total number concentrations during the NE monsoon,
when the source of particles is India and the Indo-Gangetic plain (Table 1). We further divided the
air masses to western and eastern based on whether they have travelled from the western or eastern
side of the Indian subcontinent to the Maldives. We observed a major difference in particle total
number concentrations in western air masses between Period 1 and 2 (Table 1). One explanation
for the difference could be the more frequent intensive rainfall events in Period 1. The measured
aerosol size distributions did not show a significant difference between the two origins and transport
routes.

During the SW monsoon, the aerosol total number concentrations were only about a quarter of
the values measured during the NE monsoon (Table 1). The accumulation mode particles were
removed efficiently by precipitation, while the nucleation mode concentration remained similar or
slightly increased (in Period 2), with more rainfall (Figure 1).

The results showed an increase in particle total number concentration between the two measure-
ment periods, both in NE and SW monsoon seasons. This increase was partly explained by the
environmental factors, such as the differences in air mass routes and in the amount of rainfall, but
a remaining fraction suggested a possible increase in aerosol number in the source. This could be
due to increasing emissions in Asia.
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(a) (b)

Figure 1: Effect of accumulated rainfall on measured particle size distribution and total number
concentration time series during SW monsoon season in (a) Period 1, and (b) Period 2. In the
upper figure on the x-axis is the accumulated rainfall (mm) during four days before the air mass
arrived to the measurement site, on the y-axis is the particle diameter (nm) and the concentration
dN/dlog(dp) (cm−3) is in colour. In the lower figure on the x-axis is time mmyy−1 and on the
y-axis is the total number concentration (cm−3). All data are in hourly resolution, and the particle
size distribution data are averaged to 1 mm rain bins.
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INTRODUCTION

Plant shoots can emit small amounts of methane (CH4), which, on a global scale, may constitute a major yet
so far unaccounted CH4 source (Carmichael et al., 2014; Keppler et al., 2006). Shoot CH4 emission can
originate from multiple source processes, including transported CH4 produced by microorganisms in soils
and core wood, and aerobic CH4 production in foliage (Carmichael et al., 2014). So far, few measurements
of shoot CH4 emissions have been conducted in mature forest trees (Machacova et al., 2016), and it remains
unclear whether shoot CH4 emission from distinct source processes vary with environmental parameters.

This lack of data is likely due to the technical difficulty of measuring shoot trace gas fluxes. CH4 flux
measurements require static enclosure that recirculate air between the enclosed volume and a CH4 analyser.
The enclosed plant shoots, however, rapidly fixate all available CO2 and transpired water increases the
humidity of the enclosed air to the point where condensation on the chamber walls occurs. In addition,
chambers exposed to sunlight heat up rapidly. These three factors (CO2, humidity, temperature) thus can
significantly change the conditions in the chamber and the observed flux rates.
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Figure 1. Overview of the climate chamber system used for trace gas flux measurements.
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METHODS

We constructed a chamber system to study how leaf level fluxes of CH4 and other trace gases respond to
environmental factors like dark-light-cycles, temperature, drought, or CO2 concentrations (Figure 1). Tree
saplings are located in a FITOCLIMA D 1200 plant growth chamber to for PAR, temperature and humidity
control and equipped with a measurement chamber to quantify CH4 exchange in a closed loop setup with a
Picarro G2301 CH4 analyser. The system was further customized to control temperature, CO2, and humidity
control in the measurement chamber. The system allows the detection of CH4 flux rates of on the order of 1
nmol CH4 h-1 and can conduct high frequency (< 15 min) measurements of CH4 emissions rates from small
shoots (<5g foliage biomass).

Initial measurements were conducted with Scots pine, downy birch, and silver birch saplings. Trees were
placed inside the chamber and exposed to natural diurnal light patterns (maximum PAR ~1000 μmol m-2

sec-1), moderate relative humidity (40-70% relative humidity) and constant temperature (10 or 15 C).

RESULTS AND DISCUSSION

Our initial experiments demonstrated that the shoots of different tree species emit CH4 from distinct
sources. Shoots of Scots pine and some birch species emitted CH4 produced within the shoot, likely
through aerobic CH4 production, which showed a strong diurnal cycle that follows irradiation and
photosynthesis rates. Shoot from some birch species, in contrast, showed emissions of soil-borne CH4 that
remained constant throughout day and nighttime. We expect that future experiment with this unique setup
will allow to further disentangle shoot CH4 emissions and to characterize their response to environmental
conditions including light, temperature, and relative humidity.
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INTRODUCTION

Carbonyl sulfide (COS) flux measurements are growing in popularity as they are tested as a way
to measure photosynthesis. However, the global COS budget is not closed and there is either
a too large sink or a too small source in the global budget models (Whelan et al., 2018). At
global scale, the main source of COS are the oceans where it is produced photochemically from
chromophoric dissolved organic matter (CDOM) and by a light-independent production that has
been linked to sulfur radical formation (Lennartz et al., 2017). There is also an indirect source
through dimethylsulfide (DMS) and carbon disulfide (CS2), that are partially oxidized to COS in
the atmosphere. Earlier studies suggest that these processes most likely also occur in freshwater
ecosystems (Richards et al., 1991; Richards et al., 1994). Dissolved COS is also destroyed in water
by abiotic hydrolysis at a rate determined by pH, salinity and temperature, and to a small extened
by photosynthesis of algae.

In this study, we measured COS exchange over River Kitinen in Sodankylä. Our direct COS eddy
covariance (EC) flux measurements over a river are the first of its kind. EC measurements over a
river are unique in general, as yet only one study on carbon dioxide (CO2) fluxes over a river with
EC technique has been published (Huotari et al., 2013). For the global COS budget to be more
accurate, an estimate of the freshwater emissions is urgently needed (Whelan et al., 2018).

METHODS

Measurements were done at River Kitinen, close to Finnish Meteorological Institute Sodankylä ob-
servatory (67◦ 22’ N, 26◦ 37’ E) from beginning of June until end of September in 2018. Flux
measurements were done over the river from a 2.0 m tall tower, approximately 10 m away from the
shoreline, using the EC technique. Wind speed in three dimensions was measured with METEK
USA-1 ultrasonic anemometer and mixing ratios of COS, CO2, carbon monoxide (CO) and water
vapor (H2O) were measured with Aerodyne mini-QCLS. All measurements were done at 10 Hz
frequency. Fluxes were processed using EddyUH software (Mammarella et al., 2016) using the
suggested data processing steps presented in Kohonen et al., (2019).

RESULTS

We observed a distinguishable diurnal cycle in COS exchange during the whole measurement period,
with negative fluxes observed during the night and positive during the day. During nighttime
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hydrolysis is destroying COS in the water and thus there is a downward flux observed. In daytime,
COS is produced by photochemical reactions from CDOM and this reaction surpasses the sink due
to hydrolysis. Overall, the median COS flux over the whole period was slightly positive, 0.45 pmol
m−2s−1. This is quite close to the observed ocean fluxes, that vary between -0.09 and 0.54 pmol
m−2s−1 (Lennartz et al., 2017).

CONCLUSIONS

River Kitinen acted as a small source of COS during the measurement campaign in summer 2018.
However, there was a distinguishable diurnal pattern observed with positive fluxes during the day
due to photochemical production and negative fluxes during nighttime due to hydrolysis. Further
analysis is needed to find out the most important environmental factors driving the COS exchange
between freshwater and atmosphere.
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INTRODUCTION 

The air pollution is attenuating incoming solar radiation leading to a decreased surface energy availability. 
This leads to lower boundary layer height (BLH) which forces the pollution emission to a smaller volume 
further increasing the pollutant concentrations. This forms a vicious feedback cycle between the particulate 
pollution and boundary layer height. Even though the effect of haze on the reduction of urban boundary 
layer height in Beijing is rather well-known phenomena, most of the previous research has focused on the 
winter (Ding et al., 2016; Gao et al., 2015; Liu et al., 2018), since this season is often also the most polluted 
time of the year. Therefore, there are still significant knowledge gaps in the seasonal variation of the effect 
of haze on the urban boundary layer height. 

METHODS 

The analyses of the BLH in this study focused on the meteorological variables measured at the rooftop of a 
campus building at the west campus of the Beijing University of Chemical Technology (BUCT) for the year 
2018, supplemented with the surface energy balance modelling conducted with Surface Urban Energy and 
Water Balance Scheme (SUEWS; Järvi et al., 2011). All of the meteorological variables were hourly 
averaged prior usage. 

SUEWS has seven surface types (paved, buildings, evergreen and deciduous trees/shrubs, grass, bare soil 
and water), which are separately simulated but dynamic interaction between the surfaces is allowed. The 
latent heat flux is calculated from the Penman–Monteith equation (Penman, 1948; Monteith, 1948) and the 
sensible heat flux is calculated as a residual from other energy balance components (Järvi et al., 2011). 

CONCLUSIONS 

The average daytime boundary layer height during clean conditions was the highest in spring (2000 m) 
autumn (1700 m), while the lowest in winter (1550 m). Also, the effect of haze on the BLH was the highest 
in spring (48 %) and autumn (56 %), while having substantially smaller effect in summer (18 %). This is 
presumably related to the seasonal variation of the magnitude of the surface heat fluxes. The SUEWS 
modelling showed that the effect of haze is the greatest when the surface heat flux was rather small, but 
there was enough incoming solar radiation to enable vertical mixing, which is lifting the boundary layer 
height. In summer time there were high surface heat fluxes indicating that there is enough surface energy 
available to enable the BLH diurnal profile even when the haze is attenuating the incoming solar radiation. 
This is partly explaining why the late autumn, winter and early spring time is also the most polluted time of 
the year. Even if the pollutant emission would be constant throughout the year, this season would be the 
most polluted due to the substantial effect of the radiative effect of haze on the urban boundary layer height 
through the modification of the surface energy availability. 
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INTRODUCTION 

 
Currently, many urban regions suffer from high levels of particulate matter. This is due to the large 
emissions of particles from different sources, including the emissions of primary particles from traffic and 
other pollution sources (Brines et al., 2015), and the production of secondary particles by new particle 
formation (NPF) (Guo et al., 2014). The knowledge of the number size distribution of particles originating 
from different sources is needed to estimate their impacts on human health and climate (WHO, 2013; 
Stocker et al., 2013). In this study, we introduce a new method to determine the size distribution of particle 
number emissions, including both primary emissions and the production of particles by NPF, by using the 
measured particle size distributions. We apply this method to particle size distribution data measured in 
Beijing, China, to estimate the average particle number emissions in a Chinese megacity.   
 

METHODS 
 

Our method is based on determining emissions E (m-2 s-1) to a column extending from the ground to the top 
of the boundary layer by solving the following balance equation for each size bin i:  
 
              
 
Here Ni is the number concentration of particles in the size bin i, BLH is the boundary layer height, GR is 
the particle growth rate, 𝛥𝑑#,% is the width of the size bin i, and CoagSi is the coagulation sink for particles 
in this bin. Thus, the term on the left-hand side of Eq. (1) describes the observed change in the column 
particle number concentration, the second and the third terms on the right hand-side describe the growth 
into and out of the size bin i, and the last term describes the losses due to coagulation. For the smallest size 
bin (i = 1), the term describing the growth into the size bin is omitted, and thus the emissions to the first size 
bin also include the production of particles by NPF.  
We applied this method to particle size distribution data measured with a Diethylene Glycol Scanning 
Mobility Particle Sizer (DEG-SMPS; Jiang et al., 2011; Cai et al., 2017) and a custom-made Particle Size 
Distribution (PSD; Liu et al., 2016) system at the measurement station of Beijing University of Chemical 
Technology during January 2018 – March 2019. The station is located in the western part of Beijing 
(39o56’31”N,116o17’50”E), close to the 3rd Ring Road of Beijing. We calculated particle number emissions 
to 17 particle size bins with the lower limit dp and the upper limit dp×4/3, between 5 and 706 nm. For GR 
we used a constant value of 3 nm/h for all the size bins, which corresponds to typical GR observed at the 
station. We determined the average diurnal cycle of particle number emission size distributions on NPF 
event and non-event days. Our assumption is that by averaging long enough data set, we can avoid the effect 
of transport on the estimated particle number emissions.  
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= 𝐸% + 𝐵𝐿𝐻 × GR× 𝑁%9: 𝛥𝑑#,%9:⁄ − 	𝐵𝐿𝐻 × GR × 𝑁% 𝛥𝑑#,%⁄ − 𝐵𝐿𝐻 × CoagS% × 𝑁%                          (1) 
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Figure 1. Average diurnal variation of particle number emission size distributions on NPF event days (left) 
and non-event days (right).  

RESULTS 

The average diurnal variations of particle number emission size distributions on NPF event days and non-
event days are presented in Fig. 1. On both event and non-event days, emissions from traffic are clearly 
observed during morning and evening rush hours (06:00–13:00 and 16:00–22:00). These emissions are 
highest at sizes between 5 and 30 nm, demonstrating that traffic is an important source of nucleation mode 
particles in Chinese megacities. In addition, on NPF event days, a high number of nucleation mode particles 
is produced by atmospheric clustering during daytime (09:00–18:00). However, a more detailed analysis is 
still needed to quantitively separate the effects of NPF and primary emissions on particle production in 
Beijing. 
   

CONCLUSIONS 

We introduce a new method to estimate the size distribution of particle number emissions, including both 
primary emissions and production of particles by atmospheric NPF, by using measured particle size 
distribution data. We apply this method to measurements performed in Beijing, China, during January 2018 
– March 2019, and determine the average particle number emission size distribution between 5 and 706 nm. 
Our results show that particle number emissions in Beijing are dominated by direct emissions of sub-30 nm 
particles from traffic and the production of nucleation mode particles by atmospheric NPF.  
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MOTIVATION 

 

In an ideal society, decision making is based on scientific knowledge. However, as the amount of knowledge 

increases, producing new significant knowledge becomes more and more difficult and the results are less 

and less generalizable. Complexity of the research also means that for common people who are not 

specialized in the field, it can be difficult to understand the scientific research and to trust the scientific 

results. This means that the bottleneck of making scientifically informed decisions is shifting from 

producing new scientific knowledge to strengthening the interaction between the scientific community and 

the society.  
 

 

VISION 

In order to be used in the society, scientific knowledge must exist, it must be accessible, it must be 

understandable and it must be received with either understanding, or in good faith in science. Making good 

science and making science (data and publications) accessible are basic requirements for scientific research 

today today. Making science understandable and delivering the message is typically carried out by a field 

of its own, science communications. Being interesting or entertaining is also a priority for science 

communications. Science communication is often carried out in collaboration with media experts. 

Understanding science means both understanding scientific principles and procedures, as well as 

understanding scientific knowledge and results. Complete understanding of results is not necessary, as long 

as scientific process is transparent, and the main principles behind the results are understood. This requires 

trust in that researchers do not have hidden agendas, and while accepting that errors happen in science, the 

scientific method in general is a sound foundation for knowledge. 

 

We postulate four stages of interaction between the scientific community and the society: 

0. Current situation in so-called developed countries: Unidirectional science communications done by 

media experts in collaboration with scientists. 

1. Integrating science with society. Direct unidirectional science communications done by the 

scientific community, in collaboration with media experts. 

2. Communalization of science. Communication is bidirectional, and there is genuine interaction 

between the society and scientists. 

3. Society is integrated with science. Scientific results must be taken into account in all decision 

making, whenever possible. 
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There may be stages before stage 0, but they are not considered here. For example developing countries may 

be in these stages, and while it is recognized that lack of integration of science to society is probably one of 

their largest problems when it comes to societal progress, these stages cannot be addressed here. 

 

At stage 0, Scientists typically have difficulties in explaining things in a way, a non-scientist can 

comprehend. Science communications therefore is mainly carried by media experts. i.e. journalists, who 

interview scientists, interpret their results and communicate the understood to the public in the shortest and 

most comprehensible way. This saves researchers valuable time, but messages are being interpreted twice, 

first by the journalist, then by the public. This can also have great advantages, as often the details interesting 

to a scientist are not very interesting to the general public. On the other hand, this way of communication 

can cause misinterpretation, blurring of important messages or the complete loss of the essential implication. 

 

At stage 1, the scientific community communicates directly with the general public. Here, the scientist 

becomes the media expert. Or rather said, the journalist is a person with scientific background that is directly 

working in the field he is reporting about. Developing both, the mindset of a scientist and one of a science 

communicator is a challenge that requires a lot of time and practice. As the educational standard level rises 

in developed countries, more and more people graduate at Master’s or PhD level and thus, not only 

understand scientific messages better. The abundance of academics could lead to an abundance of scientific 

journalists or science communicators. 

 

At stage 2, bidirectional interaction between the scientific community and general public will be a significant 

part of science communications. This goal requires bringing science to where people are, and make people 

comfortable to visit research institutions. Digital networks are a good tool for communication to start with, 

but hands-on experience on science would have an even stronger impact. 

 

Artists potentially play an important role at achieving this stage 2, as art is the common language between 

people at an emotional level, no matter the level of scientific background. Artistic research typically 

concerns the same basic questions as scientific research, but instead of trying to give definite answers, 

artistic research tries to raise questions and awareness through emotions. As with science, the independent 

nature of arts must be respected, and financial resources should be allocated so that artists are able to do 

their work. 

 

At stage 3, the interaction between the science and society is so deep, that it is not anymore clear what is 

being integrated into which: science with society, or society with science. The best knowledge is taken into 

account in the society at private and public decision making. While a major part of decision making is value-

based, scientific knowledge still helps to achieve the values.  

 

ACTION 

Stage 0. The current activities should be continued, as different kind of science communication is not 

exclusive, but supportive. 

Stage 1. A YouTube channel will be established by a person with research background, for doing a well-

prepared talk-show-type science program that tries to be entertaining, while keeping the focus on substance. 

While the research done within the CoE research community is largely related to climate change, and climate 

change is a grand challenge, the idea of the channel is not concentrate on that subject. Neither is the idea of 

the channel is not to advertise our research community, or to sell anything, or try to convince anybody about 

anything. The main idea is to get people familiar and closer to science, and provide foundation for bi-

directional communication between the scientific community and the general public. 

 

Stage 2. This stage requires a lot of work and resources. The continuation of the Climate whirl 

(www.climatewhirl.fi; Juurola et al., 2014) umbrella is essential part of our activities. Preferably more 

342



 

 

 

workshops can be organized, as well as do-it-yourself courses. Courses for building your own soil CO2 

emission and tree stem water flow (sapflow) measurement systems, including some ecology are under 

consideration.  

 

Stage 3. Hopefully this will happen during the lifetime of the authors. 
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INTRODUCTION 

 

The particulate matter (PM) emissions from various combustion processes have a well-known direct effect 

on air quality and routinely observed effect on radiative forcing, yet their indirect contribution to the latter 

remains less understood. The ice nucleating (IN) ability is an important property of particulate matter, 

because it contributes to formation of cirrus clouds in the upper troposphere and stratosphere, which further 

affects the atmospheric reflectivity. The IN abilities of many natural and anthropogenic PM emissions have 

not yet been extensively studied and reported. 

 

The IN efficiencies of biomass-fired cookstove emissions were studied using a portable ice nuclei counter 

SPIN (SPectrometer for Ice Nuclei) as a part of the SUSTAINE (Salutary Umeå STudy of Aerosols IN 

Biomass Cook Stove Emissions) experiment campaign. A few selected experiments included intentional 

modification of combustion conditions. This abstract focuses on five special cases where the combustion 

efficiency of one cookstove was modified, and it resulted in elevated soot production and significant increase 

in ice nucleation ability in two cases. Possible links between physical and chemical properties of the 

emission particles and their ice nucleating ability were investigated via extensive online characterization of 

the sample aerosol that supported the observations from the SPIN. 

 

EXPERIMENT METHODOLOGY 

 

Sample emissions were generated using a modified version of water boiling test (WBT, version 4.2.4), 

where 5 litres of water were first heated to boiling point (cold start phase) and then kept boiling for 45 

minutes (simmering phase). The emissions were injected to a 15 m3 aerosol storage chamber after 

preliminary dilution and desiccation to <5% relative humidity. Prior to starting the experiment sequences 

on the SPIN, the chamber was filled to 10-100 µg m-3 mass concentration over a time that roughly 

represented one full combustion cycle on a pellet stove that was used in experiments with modified 

combustion conditions. 

 

The setup for ice nucleation experiments in this study is presented in detail by Korhonen et al. (2019). The 

size-selected accumulation mode (250-500 nm) soot particles were sampled from the aerosol storage 

chamber and introduced to the SPIN at constant RHw = 115 %, for immersion/condensation freezing (Vali 

et al, 2015). The sampling temperature was scanned over a range from -32 oC down to -41 oC and the T-

scans were repeated 2-4 times for each experiment, before aerosol processes inside the storage chamber 

reduced the number concentration too low, below 30 cc-1, for sampling on the SPIN. A condensation particle 

counter (CPC, Airmodus A20) was run parallel to the SPIN for calculation of the ice-activated fraction: 
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𝛼 =
𝑁𝑖𝑐𝑒
𝑁𝐶𝑃𝐶

 

 

where Nice is the background-corrected (i.e. background signal subtracted from the total signal) concentration 

of ice crystals detected by the SPIN and NCPC is the concentration of sample particles detected by the CPC. 

 

Particle number size distributions were measured directly from the sample line using a fast particle analyser 

(FPA, Cambustion DMS 500) during the WBTs, and then from the chamber using an SMPS system 

(classifier TSI 3082 + condensation particle counter TSI 3775) during the ice nucleation experiments. The 

presented six physical and chemical properties of biomass combustion emissions were measured using 

versatile instrumentation that produced supportive data to the ice nucleation experiments. The ability of 

particles as cloud condensation nuclei (CCN), κa, was measured using a CCN counter (CCNC, Droplet 

Measurement Technologies) and effective density with an aerosol particle mass analyzer (APM, Kanomax). 

A seven-wavelength aethalometer (Magee Scientific AE33) was used in parallel with a high-resolution time-

of flight soot particle aerosol mass spectrometer (SP-AMS, Aerodyne Inc.), for measuring black carbon 

(BC) concentrations and chemical composition of the particles, respectively. 

 

The five special experiments were carried out with a forced-draft gasifier stove (FDGS) and Swedish 

softwood pellets that were used as a reference fuel in the experiment campaign. The secondary air supply 

of the cookstove was intentionally blocked in two experiments, which impaired combustion efficiency and 

increased soot production. Three experiments were carried out using modified combustion conditions with 

alternative cooking pot height. In other words, the cooking pot was set above its designated height during 

operation, which led to elevated soot production during combustion. 
 

RESULTS AND DISCUSSION 
 

Modification of combustion conditions increased the ice nucleating ability of the emission particles 

significantly in two out of five experiments. Figure 1 shows results from all five cases and comparison to 

homogeneous freezing test on highly diluted ammonium sulphate droplets. The highest ice activity was 

observed in an experiment where cooking pot height was modified (green dots in Fig. 1), when 10-3 ice-

activated fraction occurred at 5.9 oC higher temperature than what was required for homogeneous freezing. 

Another experiment with blocked secondary air supply of the FDGS (red dots in Fig.1) produced 

corresponding activated fraction at approximately 4 oC higher than homogeneous freezing. When these 

experiments were repeated without intentionally changing anything, the ice nucleation activity decreased 

with blocked secondary air (blue dots in Fig.1) and particles from two cooking pot height experiments 

(yellow and magenta dots in Fig.1) did not produce 10-3 activated fraction that was distinguishable from 

homogeneous freezing. This indicates that very minor changes in combustion conditions can have a dramatic 

effect on ice nucleating activity of the emission particles. 
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Figure 1: Ice-activation spectra of emissions from combustion of Swedish softwood pellets in a forced-draft gasifier stove, with 

modified combustion conditions at RHw = 115%. Each shaded area of respectful colour represents ± one standard deviation on 

sample temperature during each observation. The solid black line presents the 10-3 activation. The ice-activation spectrum for 

homogeneous freezing test is included for comparison. 

The connection between ice nucleating ability and certain physical and chemical properties was investigated 

using the extensive online measurement to support the ice nucleation experiments. The CCNC and the APM 

measured the CCN activity (κa) and effective density (ρe) values, respectively, for quasi-disperse 350 nm 

particles. The particles showed very low κa values, and effective density typical for refractory black carbon 

particles (Rissler et al., 2013). An elevated absorption of ultraviolet light was observed in two cases, the 

B450 and the B500, associated with increased fraction of mid-carbon range species that were also observed 

with the SP-AMS. Further analysis on chemical properties revealed that the fraction of refractory oxygen, 

such as surface oxides, varied only little between the experiments (see bottom panel of Fig.2). 

 

The detailed analysis of above-mentioned physical and chemical properties of studied emission particles 

does not reveal any clear correlation to their ice nucleating abilities. Only a weak trend was observed in the 

fraction of refractory oxygen species (bottom panel of Fig.2), but it is questionable whether it is significant 

or not. Our investigation shows that either the studied aerosol properties do not determine the ice nucleating 

ability, or the ability is due to a complex combination of multiple particle properties. Further studies are 

needed before a firm conclusion can be drawn. 
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Figure 2: Physical and chemical properties of soot particles in five cases presented in Figure 1. The five cases presented have been 

re-ordered in a way so that the samples with higher ice nucleating ability are located further to the right. The properties from the 
top to the bottom represent the hygroscopicity (κa), effective density (ρe), ratio between the absorption at a wavelength of 370 nm 

versus 880 nm  (A370/A880), ratio of organic aerosol mass to refractive BC mass (Org/BC), indirect qualitative information about the 

nanostructure (Cmid/Call) and relative abundance of refractory oxygen species (C3O2
+/C3

+), The two uppermost panels are for quasi-

monodisperse soot particles with a mobility diameter of 350 nm, while the other properties are inferred for polydisperse aerosol. 

Letters K and B refer to modified cooking pot height and blocked secondary air experiments, respectively, in labels of the x-axis. 

 

SUMMARY AND CONCLUSIONS 

The SUSTAINE experiment campaign provided an excellent framework for studying IN abilities of 

cookstove emissions and possible relations between the IN ability and physico-chemical properties of the 

studied emission particles. One of our main findings was that even a modest variability in combustion 

conditions, even when performed under well-controlled laboratory conditions without making any 

intentional changes between repeated experiments, may affect the IN potential of particulate emissions 

significantly. 

 

This study shows that biomass-fired cookstove emissions may have a potential as an atmospherically 

relevant source of IN particles. Particles that have a high IN potential were produced in cooking simulations 

which may well represent daily real-life usage by at least 500 million people in sub-Saharan Africa alone. 

It is worth noting that the studied emissions were relatively fresh, and atmospheric aging processes can 

further increase the IN potential.  
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The relation between the IN abilities of biomass-fired cookstove emissions and their physico-chemical 

properties, however, remains an open question because no clear correlation was found in our study. 

Therefore, the conclusion of this analysis is that the studied particle properties cannot define their IN ability 

alone, and the IN ability may be due to complex combinations of multiple properties of soot particles. We 

recommend further studies to explore the link between properties of combustion soot particles and their ice 

nucleation activity. 
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INTRODUCTION 

Boreal forests and peatlands store a large amount of carbon (C) and interact with the atmosphere by 

exchanging greenhouse gases (GHGs) which are the main drivers of climate warming. Both forests and 

wetlands fix atmospheric carbon dioxide (CO2) in photosynthesis and release it in the decomposition 

of dead organic matter. On the other hand, pristine wetlands are net emitters of methane (CH4) due to 

the anoxic conditions favouring the methane-producing bacteria, while upland forest soils consume 
atmospheric methane due to predominance of methane-oxidising bacteria. 

In addition to wet peatlands, mineral upland forest soils can occasionally be flooded and temporarily 

act as a source of methane (Savage et al., 1997; Christianssen et al., 2012; Lohila et al., 2016). In 

annual terms, this source can be significant as weather conditions may cause the flooding to last a 

considerable proportion of the active season and because often the forest coverage within a typical 

boreal catchment is much higher than that of wetlands. After upscaling to a regional scale, even a 

small CH4 emission in upland forest soil becomes significant. Furthermore, as precipitation may 

increase during summer and autumn in northern latitudes (Jylhä et al., 2009), this flooding-induced 

source of methane may be activated more frequently in the future. This source is accounted for in the 

models of global methane emissions, but there are recent observation-based indications that its 

magnitude may be severely underestimated, suggesting that the total annual emissions from upland 

forest soils in wet years may be nearly as large as those from northern peatlands (Lohila et al. 2016). 

 

The aim of this experiment was to irrigate forest soil in northern Finland to see the impact of 

excess soil moisture on CH4 exchange. We also aimed at reaching moisture levels in which the 

soil would turn to CH4 source, as was observed at the site during a very wet summer of 2011. 

 
METHODS 

The experiment was set up in the Kenttärova forest in Kittilä, within the Pallas-Yllästunturi National Park 

in northern Finland, located on a hill-top plateau, ca. 60 m above the surrounding plains. The site is a spruce 

forest (Hylocomium–Myrtillus type) with some Betula pubescens, Populus tremula and Salix caprea. The 

main species of the ground floor are Vaccinium myrtillus, Empetrum nigrum, Vaccinium vitis-idaea and the 
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forest mosses Pleurozium schreberi, Hylocomium splendens, and Dicranum polysetum. The soil type at the 

site is podzolic till. The snow cover maximum in Finland has often been observed at the Kenttärova forest 

site, with an average annual maximum value of 104 cm (81–125 cm) in 2008–2014. 

The wetting experiment consisted of control and irrigation areas, which both had four different types of 

chamber plots. Both areas included four old chamber plots where CH4 fluxes have been measured since 

2016. Next three chamber plots were surrounded by open-top chambers (OTC) to slightly increase the 

temperature in the plot. The last six plots were divided into litter exclusion and litter addition plots. In litter 

exclusion plots, a litter collector was installed on top of the plots. The litter was collected and weighted bi-

weekly, and distributed evenly on the litter addition plots. Also, the litter exclusion plots were measured 

with and without the vegetation layer. Root exclusion fabric was installed in the 40 cm deep soil pits dug 

around the litter exclusion plots. This was done to prevent the below-ground litter input into the plot.  

The irrigation was performed with two sprinklers and one irrigation caused on average 9 mm of rain. Forest 

floor was irrigated every weekday in summer 2018 and three times a week in summer 2019. However, due 

to the drought in 2018, the site was irrigated twice every day corresponding to 18 mm of rain. 

The CH4 flux measurements were made with the closed-chamber technique by using opaque rectangular 

chamber (50 x 50 x 37 cm, length x width x height) with a permanently installed steel collar in the soil. The 

chamber was closed for 5 minutes and a 50 m long tubing was used to transfer the sample air into a cavity 

ring-down spectroscopy gas analyser (Picarro G1300, Picarro Inc., USA) to acquire CH4 mixing ratios with 

5 second time resolution. 

RESULTS 

In summer (JJA) 2018, 5 cm soil temperatures at the irrigation area were on average 1 °C higher than at 

the control area (Fig. 1,), but the temperatures were variable at both areas. Also, in 2019 the mean 

temperatures were similar in both areas. There were no significant differences in soil temperatures 

between the heated and non-heated plots. 

Soil moisture was on average 6.5% and 3.7% higher on the irrigated area in summers 2018 and 2019 (Fig. 

1), respectively. Outside irrigation and rainfall events the soil moistures (volumetric water content, %) 

varied mostly between 15-25% in the irrigation area and 8–15% in the control area. Irrigation typically 

raised soil moisture immediately by 4–20% (Fig. 2), but usually it returned to the pre-irrigation range 

within a day.  

The initial analysis showed only one CH4 emission case measured at end of June 2019. However, the 

mean CH4 sink in Jun-Jul period was smaller at the irrigated area (2018: –169 μg CH4 m-2 h-1, 2019: –198 

μg CH4 m-2 h-1) than at the control area (2018: –300 μg CH4 m-2 h-1, 2019: –259 μg CH4 m-2 h-1) during 

both years (Fig. 3).  

The mean cumulative summertime CH4 sinks between different plot types varied somewhat. The litter 

addition and heated plots in the irrigation area had on average 237 and 134 mg CH4 m-2 smaller sink than 

the area mean in 2018. However, in 2019, only the litter addition plots had noticeably smaller CH4 sink 

while the other plot types had rather similar CH4 sinks. In the control area, in 2018, only the long term 

plots had noticeably larger sink (–554 mg CH4 m-2, area mean: –384 mg CH4 m-2) than the other plots. On 

the other hand, the CH4 uptake rate was on average smaller in litter exclusion plots (–240 mg CH4 m-2) 

than the rest of the plot types, which were close to the area mean (–384 mg CH4 m-2). In 2019, all the plot 

types at the control area had similar CH4 uptake rates. 

CONCLUSIONS 

Dry summers made the conditions for the wetting experiment difficult. Irrigating the forest floor with an 

amount that corresponded to 18 mm was not enough to increase the soil moisture more than 25% at best for 
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a short time as the dry and warm conditions caused the water to evaporate quickly. However, the irrigated 

area never dried up completely before the next irrigation; therefore, the soil moisture stayed higher than at 

the control area. Also, this higher soil moisture decreased CH4 oxidation and, as a result, CH4 sink was 

smaller at the irrigated area than at the control area. Even though the amount of irrigation was decreased in 

2019, the CH4 sink stayed around the same at the irrigated area but decreased at the control area. This can 

be explained by higher precipitation sum over summer 2019 compared to 2018. 

 

 

Figure 1. Daily mean 5 cm soil temperature (left) and 5 cm soil moisture (right) and their minimum and 

maximum values at the irrigated (blue) and control (red) area (n = 3–12). 
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Figure 2. Daily mean 5 cm soil moisture measured at one of the chamber plots at the irrigated (blue) and 

control (red) area in 10-24 August 2018. 

 

 

Figure 3. Daily mean (n = 13) CH4 fluxes and their standard error of the means measured at the irrigated 

(blue) and control (red) area during summers 2018 and 2019.  
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INTRODUCTION

Globally, peatlands cover 4,500,000 km2 of the Earth (Yu et al., 2010). Pristine peatlands are a
major source of methane (CH4 ) (Huttunen et al., 2003b). At the same time, they are one of
the largest terrestrial stores for carbon and a net sink for carbon dioxide (CO2 ). Drainage of
peatlands has been done on an estimated area of 500,000 km 2 worldwide (Joosten, 2009). The
reasons for draining peatlands have varied in different parts of the world. In the boreal region,
the most common cause for drainage has been forestry. In the temperate and tropical regions,
agriculture and peat excavation have been the most common goals. Drainage has been connected
to harmful environmental effects world wide including eutrophication and turbidisation of water
courses, massive carbon loss from the soil and loss of biodiversity. On the other hand, efforts to
mitigate these negative effects, eg. ecological restoration by means of rewetting, have caused their
own problems, such as leaching of nutrients and organic carbon and increased CH4 emissions (eg.
Koskinen et al., 2016; Koskinen et al., 2017).

Under current peatland forestry practices, the most usual chain of operations for forest renewal
is clear-cutting followed by ditch maintenance, possibly additional drainage and then planting of
seedlings. This causes drastic changes in soil conditions as first the water level (WTL) rises when
the transpiring vegetation is removed and then WTL goes deeper again as the effects of ditch
maintenance and transpiration by the renewed vegetation start to take hold. This causes first
release of soluble phosphorus (P), dissolved organic carbon (DOC) and nitrogen (N) (Nieminen
et al., 2017) and possibly CH4 (Huttunen et al., 2003a) from the soil as reducing conditions reach
the top peat layers. After the renewal of vegetation as oxidising conditions again prevail, leading to
CO2 release from the soil. Recent research indicates that forestry-drained peatlands cause water-
course loading of nitrogen even without further forestry operations such as logging, fertilisation
and ditch maintenance (Nieminen et al., 2018b). Recently, research efforts have been directed
to so-called continuous cover forestry on drained peatlands as an alternative to the conventional
force-based renewal chain (Nieminen et al., 2018a). In this model, only a portion of the stand
volume is removed at a time and ditch maintenance is not necessary. At the same time, the aim
is to keep WTL high enough to limit peat decomposition and thus reduce the CO2 emissions and
C losses from the soil. In the global scale, there is growing interest in so-called paludiculture,
where crops are grown on peatlands that have a high WTL. This is done to minimise the loss of
soil carbon and to mitigate nitrous oxide (N2O) emissions connected to a deep WTL and intensive
agricultural use. The key question in paludiculture is how to minimise both the N2O and CO2

emissions and simultaneously CH4 emissions and aqueous carbon and nutrient losses connected to
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a high WTL. All of these processes are dependent on the reductive-oxidative (redox) conditions
of the soil and thus assessing the multiple, simultaneous reactions requires understanding of redox
processes. Decision-making on the use of peatlands need to be evindence-based and optimised for
protection of biodiversity, climate, water quality, and livelihoods. Current ecological models fail
to represent the complexities of chemical reactions that lie behind the effects of both drying and
rewetting of peatlands and thus cannot reliably predict the outcomes of operations.

Reduction-oxidation (redox) reactions are central to the adsorption and release of carbon and
nutrients in all soils. Different electron acceptors are used by microbes to gain energy according to
their availability and ease of use. The presence and status of different electron acceptors and donors
affects the availability of electrons in the soil. The redox conditions in soils can be described by the
electric potential compared to a standard hydrogen electrode. Recent developments in measurement
methods have enabled continuous field measurements of redox potential. As redox reactions are key
to carbon dioxide (CO2) and methane (CH4) emissions and the release of phosphorus (P), ammonia
(NH4-N) and dissolved organic carbon (DOC) from peat soils, the redox state of peatlands could
be used to improve models that predict the functioning of these ecosystems under different water
table regimes.

In this project and its proposed extension, we aim to improve existing ecosystem models in their
capacity to predict outcomes of operations on peat soils, such as clear cut, partial harvest, restora-
tion and gradual increase in WTL by ditches filling in by themselves. This will be attained by
creating a module to predict which anoxic redox reactions are taking place in the soil at a given
time based on the composition of the peat and the hydrological regime. Initial data is available
from a two-year measurement campaign on drained and undrained mesotrophic peatlands.

METHODS

Redox probes with sensors at five depths (5, 15, 25, 35, 45cm) were deployed at the Lakkasuo mire
(61◦47,7’ N, 24◦18,5’ E) in three different drainage regimes (undrained (UD), short-term drainage
(STD), long-term drainage (LTD)) on a mesotrophic part of the mire complex. Three probes per
treatment were used. Water-table level (WTL) and soil temperature (ST) were also recorded at
the same spots. The measurement campaign started in August 2014 and continued until fall 2016.

For the modeling, wider field measurements on several drained and undrained peatlands in Southern
and Northern Finland are being conducted; laboratory experiments in micro- and mesocosm scale
to study the effects of peat properties on redox conditions and redox conditions on element release
and carbon cycling are being planned. The capability of the PHREEQC model (Parkhurst and
Appelo, 2013) to predict the release of elements in the experiments will be tested and the model
will be used to provide ecosystem-scale models with redox species and reactions.

CONCLUSIONS

The initial results from Lakkasuo reveal that the connection between WTL and redox potential
is complex. On the STD and LTD plots, rising WTL leads to falling redox potential, whereas
on the UD plot, rising WTL often causes rising redox potential in permanently inundated peat
layers. These differences probably reflect the different hydrological status of the plots: on the
drained plots (STD, LTD), the source of water is mainly precipitation, as the plot is cut off from
its surrounding watershed; whereas on the undrained plot, a significant portion of the water comes
from the surrounding mineral soil, possibly bringing with it reducible compounds the rainwater
does not have.
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INTRODUCTION 

Atmospheric aerosol studies are about understanding atmospheric molecular chemistry, aerosol physics, but 
also about aerosol formation. Single atmospheric molecules collide with each other forming molecular 
clusters which might then grow into aerosols by condensation of other molecules. In order to study new-
particle formation (NPF) by theoretical methods, the structural properties of molecular cluster have to be 
known. Therefore, configurational sampling method is required. We present our configurational sampling 
approach. Moreover, since we have systematic approach for studying molecular clusters, we focus on larger 
systems or try to include water (i.e., humidity) into our calculations. 

METHODS 

We have developed the Jammy Key for Configurational Sampling program (JKCS) which is a program that 
operates with all files (structures, outputs etc.) and 3rd-party computational programs needed to search for 
a global minimum (and also low-lying local minima) structure(s).  

The process is based on the so called ‘building up’ approach. The whole Potential Energy Surface (PES) is 
explored on Molecular Mechanics (MM) level by methods utilizing neural networks, genetic algorithm, 
machine learning etc. In this work, we selected the Artificial Bee Colony (ABC) genetic algorithm 
(Karaboga and Basturk, 2012) implemented in the program ABCluster (Zhang and Dolg, 2015; Zhang and 
Dolg, 2016). Further, several re-optimization, filtering or sampling/selection steps are used to obtain just a 
few molecular structures which are the energetically lowest lying local minima on the desired level of 
theory. 

 

Figure 1. Molecular structure of sulfuric acid-ammonia-water cluster. Spot the bridging of hydrogen bonds 
via water molecules. Color coding: sulfur = yellow, nitrogen = blue, oxygen = red, hydrogen = white.  

We have already utilized the program for configurational sampling of several types of clusters. However, 
now, we focus on understanding the presence of water in molecular clusters. In the atmosphere, water has 
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orders of magnitude higher concentration than other studied molecules. And, water molecule might work as 
a bridge for hydrogen bond interaction between two distant molecules (see example in Figure 1). Thus, does 
water play an important role in stabilization of molecular clusters? Or, has water presence just minor effect 
in the beginning of new-particle formation?  

CONCLUSIONS 

We have found a way for systematic configurational sampling of atmospheric molecular clusters. The 
configurational sampling approach has been recently published by Kubečka et al. (Kubečka et al., 2019). 
We discuss the main obstacles of configurational sampling or global minima search, how to treat those 
obstacles and why the high level of theory evaluation of molecular clusters is required. Moreover, we present 
an application of our universal protocol for configurational sampling on several systems containing 
molecules such as sulfuric acid, ammonia, guanidine, highly oxygenated molecules, water etc. The Jammy 
Key for Configurational Sampling (JKCS) program has been released for public usage.  
 
Finally, using Atmospheric Cluster Dynamics Code (ACDC) (McGrath et al., 2012), we also briefly discuss 
population dynamics of several cluster systems involved in new-particle formation. Now, our main focus 
are molecular cluster structures containing also water, and thus, we can understand overall effect of humidity 
on new-particle formation.  
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INTRODUCTION

Climate change continues to be the greatest challenge threatening our future and our
planet Earth. It is mainly attributed to anthropogenic emissions of carbon dioxide into
the atmosphere, which then causes global warming (Boucher and Randall, 2013). There
are two main categories of mechanisms that have been proposed, which can potentially
counteract the CO2 induced warming. The first category aims at sequestering carbon
dioxide either from the emission sources (Carbon Capture and Storage, CCS) or from the
atmosphere (Carbon Dioxide Removal, CDR). The second category, the solar radiation
management (SRM) aims at altering the radiation balance of the Earth. One SRM
method which has received much attention is the artificial injection of aerosol particles
or their precursor gases into the stratosphere, where they can reflect solar radiation back
to space and hence cooling the Earth (Laakso et al., 2017). However; since these SRM
methods reduce shortwave radiation reaching the earth, this has a side effect of reducing
the global radiation and precipitation budgets (Ferraro et al., 2014). Another widely
proposed SRM method is the whitening of low-level stratocumulus clouds over oceans,
which targets shortwave radiation with very strong local effect (Maalick et al., 2014).
These have also been shown to be less effective in cooling the climate than initially
anticipated (Partanen et al., 2012). Therefore, other techniques of directly counteracting
global warming, which have smaller impact on global solar radiation and precipitation
budget have been mooted (Muri et al., 2014). Such methods are, cirrus and low-level
mixed-phase cloud seeding which focus especially over the Arctic region (Storelvmo
et al., 2013; Lohmann and Gasparini, 2017). These methods aim at altering the micro-
and macro-physical properties of these clouds so that they become more transparent to
long-wave radiation emitted by the Earth’s surface thus cooling the surface. Cooling over
the Arctic would be beneficial as the rate of climate warming has been observed and
forecasted to be fastest near the poles (Boucher and Randall, 2013) and hence immediate
attention is warranted.

If the theoretical hypotheses and implications of this mechanism are successfully ma-
terialized, then this mechanism is preferrable over the above mentioned geoengineering
techniques because it proffers minimum side effects on our climate system and speeds up
the reversal of global warming. However, only few a studies have examined the effective-
ness of this methods and those have been performed using global-scale climate models,
which are not well suited for simulating cloud-scale processes that occur very much within
the sub-grid scales of global models. Consequently, some questions pertaining to these
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mechanisms still remain unanswered, both on the global and the cloud-resolving scales.
These include: how tropical convection and circulation would be affected; which geo-
graphical regions are ideal targets for seeding; what is the optimal seeding frequency and
what are the transport mechanisms of the seeded ice nucleating particles (INP) (Lohmann
and Gasparini, 2017)?

The main goal of this work is to investigate: the microphysical and dynamical effects
of cirrus and low-level cloud seeding in the Arctic region and to establish its implication
on the radiative balance of the Earth and to develop parameterizations for GCMs. The
specific objectives that will be addressed in this work are as follows.

• O1: To identify suitable INPs and altitudes for optimal cirrus seeding.

• O2: To establish the effective microphysical and dynamical mechanisms of hetero-
geneous ice nucleation in Arctic clouds.

• O3: To establish whether, with the typical humidity amounts or conditions in
the Arctic middle to upper troposphere, heterogeneously nucleated ice crystals can
indeed grow large enough to precipitate or sediment leading to significant dissipation
of cirrus Arctic clouds.

• O4: To investigate the efficacy of a combination of cirrus and low-level mixed-
phase cloud seeding on cooling the Arctic region and to establish the most efficient
technique between the two.

The ultimate objective of this study will be to provide an estimate for the maximum
potential of Arctic cirrus and low-level cloud seeding to reduce climate warming over the
Arctic areas.

METHODS

The tasks in this work focus on different aspects of the formation and evolution of
heterogeneously nucleated cirrus clouds and INP seeded low-level clouds over the Arctic
region and aim at answering to research questions set out by the objectives stat ed above.
The research will be achieved by using our state-of-the-art Large Eddy Simulator called
UCLALES-SALSA (Tonttila et al., 2017). The first task will be aimed at addressing the
first objective. Here, the implementation of the ice-phase microphysics in SALSA will be
validated against observational data available from relevant campaigns conducted in the
Arctic region, such as the Indirect and Semi-Direct Aerosol Campaign (ISDAC) (Ghan
et al., 2007) and the Mixed Phase Arctic Clouds Experiment (M-PACE) (Verlinde et al.,
2007) campaigns. It is appreciated that very few reliable observations are available for
the Arctic region mainly due to its limiting weather conditions. Different ice nucleation
techniques will be explored or developed to identify the most relevant ones for the Arctic
scenarios. During this task, different INPs will be tested to identify the IN species and
median sizes most suitable for an effective seeding process. Bismuth triiodite, Silveriodite,
metalic dust and soot have been suggested as effective ice-nucleating agents.

The other main hypothesis in this work is that effective Arctic cloud seeding would
promote the glaciation of both cirrus and low-level mixed-phase clouds particularly due
to the Bergeron-Findeisen process (which is a process whereby ice crystals in mixed-phase
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clouds grow rapidly at the expense of cloud droplets) and subsequently lead to increased
sedimentation and precipitation and resulting in thinning and depletion of the cloud life-
time, coverage and optical thicknesses. However, it is not well understood whether the
typical relative humidities and water contents that characterize the usually dry Arctic
atmosphere would be adequate and conducive enough to facilitate this postulation and
if so, the main microphysical and dynamical mechanisms through which this proposed
crystal growth would take place will be explored. This will be done by conducting sen-
sitivity tests that can isolate the importance of different microphysical process involved
in the nucleation, growth, precipitation and dissipation of such clouds. Furthermore, the
amount of needed seeding material will be optimized and estimates will be given on how
much effort would be needed to expand seeding over the whole Arctic.

The ultimate goal of this work is to be able to quantify or estimate the maximum
radiative forcing achievable through Arctic cirrus and low-level mixed-phase cloud seed-
ing. Different idealized scenarios will be simulated under different conditions for the
amount of radiation, moisture and temperature profiles and initial particulate aerosol
loading in order to resolve the most important parameters and processes which affect
cloud’s radiative properties and evolution. Here, special attention shall be given to how
liquid water is partitioned between liquid cloud droplets and ice crystals. In general,
ice crystals are expected to grow readily at the expense of the liquid droplets leading to
more solid precipitation and hence depletion of cloud’s spatial extent, lifetime and optical
thickness. The radiative forcing caused by these changes will be assessed by conducting
sensitivity tests in which radiation is either partially or completely switched off from the
simulation. Switching off or artificially controlling/prescribing the crystal/droplet num-
ber concentration in the simulations helps understanding how different changes in cloud
properties affect the radiation balance of the domain. As a result, the radiative forcing,
if any, caused by the seeding process will be quantified and the main mechanisms and
pathways responsible will be understood.

CONCLUSIONS

It is well known that the representation of clouds in general still needs improvement in
climate models and ice-phase clouds are the most poorly represented. This has remained
the largest contribution to the uncertainties associated with the simulation of the current
and future climate and the Arctic or Polar regions are the most poorly represented. In
this work, some parameterizations for ice nucleation and ice-phase cloud seeding shall be
developed and recommended for global climate modeling.
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elling artificial sea salt emission in large eddy simulations. Phil. Trans. R. Soc. A,
372 (2031), 20140 051.

Muri, H., J. E. Kristjánsson, T. Storelvmo, and M. A. Pfeffer, 2014: The climatic effects
of modifying cirrus clouds in a climate engineering framework. Journal of Geophysical
Research: Atmospheres, 119 (7), 4174–4191.

Partanen, A.-I., H. Kokkola, S. Romakkaniemi, V.-M. Kerminen, K. E. Lehtinen,
T. Bergman, A. Arola, and H. Korhonen, 2012: Direct and indirect effects of sea spray
geoengineering and the role of injected particle size. Journal of Geophysical Research:
Atmospheres, 117 (D2).

Storelvmo, T., J. E. Kristjansson, H. Muri, M. Pfeffer, D. Barahona, and A. Nenes,
2013: Cirrus cloud seeding has potential to cool climate. Geophysical Research Letters,
40 (1), 178–182.

Tonttila, J., Z. Maalick, T. Raatikainen, H. Kokkola, T. Kühn, and S. Romakkaniemi,
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INTRODUCTION

Urban pedestrian-level air quality is characterised as highly variable. This stems especially from
temporally and spatially variable pollutant sources, such as cars and chimneys, and the turbulent
nature of flow that transports air pollutants. Urban structures, i.e., buildings and vegetation,
effectively modify the flow and generate turbulence.

In order to resolve the complex pollutant concentration fields, high-resolution modelling is needed,
for which the large-eddy simulation (LES) is the most promising method. However, to apply LES
for example for urban planning purposes, both high computational resources and expertise are
needed.

To develop faster and computationally cheaper predictive models, application of machine learning
techniques in air quality studies has increased rapidly in the past few years. Several studies have
used multiple linear regression (MLR, see Krecl et al. (2019) for a review) or more advanced
methods such as Random Forest (e.g., Krecl et al. (2019)) or deep neutral networks (Kim et al.,
2019) to predict air pollutant concentrations based on observed values. Still, high-resolution LES
that implicitly resolves the impact of urban structures on pollutant dispersion has not yet been
employed in predictive model development.

This study utilises LES data output from Kurppa et al. (2018) with the aim to develop a predictive
statistical model for hourly averaged street level pollutant concentrations in a complex urban
environment. Furthermore, the importance of different predictor variables is assessed.

METHODS

Kurppa et al. (2018) investigated the impact of city-block orientation and variation in the build-
ing height and shape on the dispersion of traffic-related pollutants using the LES model PALM
(Maronga et al., 2015). Specifically, LES simulations were conducted applying four alternative
city-planning solutions and under two different meteorological conditions. Air pollutant dispersion
was studied by applying a Lagrangian particle model and representing air pollutants as inert air
parcels that follow the air flow and do not interact with any surface.

As a first step, different type of features or predictor variables of the simulation environment were
defined for each (x, y)-point in the simulation domain, such as street width, height of the nearest
building and particle emission strength. Then, different predictive models, including linear models,
regression tree, and Random Forest, were trained and tested with different data combinations.
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CONCLUSIONS

Fig. 1 display an example on the hourly-averaged particle density in one urban planning scenario at
z = 4 m from LES and the corresponding prediction using regression tree algorithm, respectively.
The wind is from south-west.

Figure 1: Hourly averaged particle densities in the city planning solutions VJ−J in Kurppa et
al. (2018) at 4 m above ground. Left: LES simulation output. Right: prediction using a regression
tree algorithm. Wind is from south-west.

In this example, the prediction captured successfully the accumulation of particles on the western
side and northern part of the boulevard as well lower concentrations below street trees in the middle
of the boulevard. However, other details were not predicted. The most important predictor is the
particle emission, which was generally observed with all models. Nevertheless, features such as
whether a point (x, y) is within a courtyard or not, or tree height were shown important.

The study is on-going and further investigations are needed to find the most accurate model and
most important features, as well as to reliably estimate the accuracy of the estimates in new envi-
ronments. The learned models may offer a way to replace computationally costly LES simulations
in some applications. The models could be also be used to help to understand the relevant emergent
interactions relevant to the spread of pollutants in urban environment.
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INTRODUCTION 
 
Global warming is one of the main concerns of the 21st century. Mitigation measures, however, are only 
slowly being implemented and greenhouse gas emissions continue to increase on a global scale. According 
to the fifth assessment report of the IPCC, the global mean surface temperature is likely to increase by 1.5°C 
or more until the end of the century compared to pre-industrial times. Arctic surface temperatures are 
increasing much faster and the effects of this increase, like e.g. retreat of arctic sea ice and extended 
permafrost thawing, affect the Arctic already now [Kirtman et al., 2013]. In order to slow Arctic warming 
on a short to medium time scale, the mitigation of short-lived climate pollutants (SLCP) has been widely 
considered. The projected 2°C increase until 2050 may be decreased by up to 0.5° if maximum SLCP 
mitigation was implemented globally [AMAP 2015, Stohl et al., 2015], half of which are attributed to 
reductions in black carbon (BC). At the same time, SLCP mitigation has many positive co-benefits, like 
e.g. increased human health and crop yields, also in source regions that are not directly affected by the 
changing arctic climate. However, there are still many sources of uncertainty. For instance, the relative 
amount of substance reaching the Arctic is usually greater if the source is close by, but on the other hand 
the emission strengths in regions close to the Arctic are already small to begin with, so it is unclear which 
mitigation measures are most effective and if these should be the same everywhere. Additionally many 
pollutants are usually co-emitted by one source, so even if only one substance is targeted by a mitigation 
measure, other emissions will be reduced as well (not all of which may lead to cooling). This makes the 
overall effect of a mitigation measure hard to assess. Here we investigate how maximum BC mitigation in 
different regions of the globe affects BC concentrations and radiative forcings in the Arctic. 
  

METHODS 
 
We use the aerosol-climate model ECHAM-HAMMOZ (ECHAM6.3-HAM2.3-MOZ1.0) with the aerosol 
microphysics module SALSA [Kokkola et al., 2018] to simulate the near-future impact of BC mitigation 
strategies on Arctic climate. We use specially generated aerosol emission scenarios, which are based on the 
ECLIPSEv5a emission inventories. In our study, we compare 5 emission scenarios for the year 2030: (1) 
the emissions following the current legislation (CLE), (2) CLE + BC mitigation in the Arctic council (AC8) 
member states, (3) CLE + BC mitigation in AC8 and active observers, (4) CLE + BC mitigation in AC8 and 
all observers, and (5) CLE  + global BC mitigation. The simulation results are compared to a reference 
simulation for the year 2010. All simulations are run over 30 model years, plus half a year of spin-up. Here 
we are only interested in aerosol effects, all other parameters, in particular greenhouse gas concentrations, 
sea surface temperature, and sea ice extent, are held fixed at 2010 values. 
 
Figure 1 shows the reduction in BC emissions for the different scenarios. Compared to the current 
legislation, mitigation of BC in the Arctic Council member states has only a fairly small impact on total 
global anthropogenic BC emissions, while a global implementation can reduce the anthropogenic BC 
emissions by 81%. However, as the atmospheric lifetime of aerosol particles is of the order of one to two 
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weeks, BC mitigation in regions within or close to the Arctic affect BC column burdens in the Arctic much 
more directly than source regions far away. This is clearly visible in Fig. 2: BC emission reductions in the 
Arctic Council member and observer states, most of which are very close to the Arctic, contribute almost 
50% of the globally possible reduction in Arctic BC column burden. Furthermore, source regions close to 
the Arctic have a stronger effect on BC concentrations close to the surface, while source regions further 
away rather affect BC concentrations aloft. As BC deposition strongly depends on the concentrations close 
to the surface, the reduction in BC deposition on Arctic snow and ice due to mitigation in the Arctic Council 
member and observer states is even more pronounced (not shown). 

 

 
Figure 1: Reduction in the total global amount of yearly emitted BC for the different scenarios. 

Figure 3 shows the aerosol direct radiative forcing (RF) in the Arctic due to BC mitigation in the different 
scenarios. BC mitigation shows a general cooling effect which scales pretty well with the total global amount 
in BC emission reduction. The relative contribution of the Arctic Council member and observer states to the 
RF is comparably small, because BC concentrations above cloud contribute to the RF more strongly, which 
means that remote sources, which contribute more to BC concentrations in the upper atmosphere affect the 
RF more.  
If aerosol-cloud interactions are taken into account in the radiative forcing calculations (effective radiative 
forcing; ERF), the picture changes quite drastically. Figure 4 shows the ERF over the Arctic for the different 
scenarios. All scenarios show a warming compared to 2010, with no apparent ordering of the scenarios in 
with respect to the strength of BC emission reduction. In addition, the ERF values are accompanied by 
uncertainties of the order of ±2 W/m2, which are even larger than the ERF values themselves. This happens 
because the reduction in Arctic BC and organic carbon (OC) concentrations reduces the amount of cloud 
condensation nuclei, which induces a warming effect and hence counter-acts the cooling effect of the direct 
aerosol effect. The uncertainties in the ERF are caused by natural variability in cloud and snow cover. 
This work has recently been submitted to Atmospheric Chemistry and Physics and is currently under review 
[Kühn et al., under review, 2019]. 
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Figure 2: Average BC column burden over the Arctic (60-90°N) for the different scenarios. 

 
Figure 3: Arctic (60-90°N) aerosol direct radiative forcing due to reduction of BC and co-emitted species 
for the different scenarios. 

CONCLUSIONS 
 
In order to assess the efficacy of black carbon (BC) mitigation in slowing Arctic warming, we performed a 
set of simulations with different emission scenarios, which implemented BC mitigation measures in a 
successively larger region of the globe. We find that the relative contribution of source regions close to the 
Arctic to Arctic BC burdens and deposition is stronger than that of remote source regions. Direct radiative 
forcings, however scale fairly well with the global total reduction in BC emission strength. The effective 
radiative forcing, which takes aerosol-cloud interactions into account, shows no clear signal with respect to 
the BC emission reduction strength and is accompanied by very large uncertainties. 
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Figure 4: Arctic effective radiative forcing (ERF) due to reduction of BC and co-emitted species for the 
different scenarios. 
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INTRODUCTION 

Boreal forests, which are to a large extent located on permafrost soils, are a crucial part of the climate system 
because of their large soil carbon (C) pool. Even small change in this pool may change the terrestrial C sink 
in the arctic into a source with consequent increase in CO2 concentrations. About 1% of boreal forests are 
exposed to fire annually, which affects the soil and permafrost under them. Thawing of permafrost  increases 
the depth of the active layer containing large C and N stocks. In addition to temperature, the decomposition 
of soil organic matter depends on its chemical composition which may also be affected by fires.  

AIMS 

The aim of this project is to study the short and long term effects of fire on the stability of C pools in boreal 
forests - how boreal forests soils respond to rising temperature and increasing fire frequency. These 
responses largely determine the present and future role of boreal forests on global C cycle. Climate will 
change the fire regimes, which will deeply affect the C turnover of boreal forests.  

METHODS 

The long term effects of fire will be studied based on chronosequences, where forest stands with similar soil 
type but different fire history will be compared to study biogeochemical changes following the fire. 

The short term effects of fires and the effect of different fire severity on SOM turnover will be studied on 
experimental burning areas. 

The study will be based on three different main datasets: 1) chronosequence at different fire sites (explore 
time since fire + climate), 2) experimental burning site, 3) lab experiments. 

The study areas (fire chronosequences) are located: 1) Canada – permafrost and non-permafrost soils in 
Yukon and Northwest Territories (Inuvik, Eagle Plains, Dawson, Carmacs, Whitehorse); 2) Russia – 
permafrost and non-permafrost soils in Tura and Zotino); 3) Finland – non permafrost areas in the 
surrounding of Värriö subarctic research station (SMEAR I station); 4) Estonia – non-permafrost areas in 
the surrounding of Vihterpalu (North-West Estonia).  
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Experimental burnings (short term effects of fire) are performed in Canada, on the Canadian Boreal 
Community FireSmart Project sites and the old International Crown Fire Modelling Experiment (ICFME) 
sites, close to Fort Providence, NWT. Experimental burnings have been conducted there since 1997.  

We have studied the effect of forest fires on soil greenhouse gas fluxes (CO2, CH4 and N2O) using portable 
chambers.  The amount of easily decomposable and recalcitrant fractions in soil organic matter were 
determined with water, ethanol and acid extraction. Also, changes in microbial community structure and 
composition have been analyzed with next generation pyrosequencing. We have also studied the effects of 
wildfires on Biogenic Volatile Organic Coumpound (BVOC) and nitric acid (HONO) emissions from soils 
in Värriö and in Centra Siberia using portable chambers, Tenax tubes, GC-MS and LOPAP®-03 (Long Path 
Absorption Photo Meter). 

OUR RECENT RESEARCH HIGHLIGHTS ARE AS FOLLOWS: 

•In our recent study by Aaltonen et al. (2019a) we determined how heterotrophic soil respiration (Rh), 
originating from the decomposition of SOM, and the Q10 of this process vary between different depths over 
the years following a forest fire in permafrost-affected soils. How the microbial biomass and qCO2 are 
affected by the fire, and what are the most important factors affecting the Q10 of SOM decomposition. The 
results indicate that forest fires may facilitate the decomposition of permafrost SOM by increasing the active 
layer depth, but on the same time fire increased the temperature sensitivity of decomposition. The SOM in 
the permafrost surface was less temperature sensitive than the SOM in the soil surface. The post-fire 
decreases in ground vegetation were reflected in the SOM temperature sensitivity shortly after fire but 
seemed to return to original levels with forest succession. The fire also increased the microbial qCO2, and 
these changes partly explain the lack of significant decrease in heterotrophic soil respiration after fire, as the 
microbes may use more C for respiration in the recently burned areas compared with the older areas. Even 
though fires increased the active layer depth, the decrease in SOM quality caused by fire may limit the 
decomposition rate to some degree. 

•In our recent paper by Aaltonen et al. (2019b) we studied how the proportions of insoluble (recalcitrant) 
and soluble (labile) fractions in soil organic matter (SOM) change as a result of forest fire in the active layer 
on permafrost, and what are the most important factors (active layer depth, soil temperature, biomass, C/N 
ratio) explaining the size of insoluble (recalcitrant) fractions of SOM post-fire. The SOM fraction ratios 
reverted towards pre-fire status with succession. Changes in SOM were less apparent deeper in the soil. Best 
predictors for the size of recalcitrant SOM fraction were active layer depth, vegetation biomass and soil C/N 
ratio, whereas microbial biomass was best predicted by the size of the recalcitrant SOM fraction. Results 
indicated that SOM in upland mineral soils at the permafrost surface could be mainly recalcitrant and its 
decomposition not particularly sensitive to changes resulting from fire. 

•In our recent paper by Zhou et al. (2019), we studied the impact of wildfire on microbial C:N:P 
stoichiometry and the fungal-to-bacterial ratio in permafrost soils. The results of the study indicate that 
forest wildfire increased the active layer depth and subsequently decreased soil moisture and vegetation 
coverage. This consequently led to a decrease in the microbial C and N contents as well as the F:B ratios. 
However, the C:N:P ratios in the microbial biomass remained relatively constant over time following a 
wildfire, indicating homeostatic regulation. Wildfire also failed to affect the microbial communities in the 
deep soil layers. These results indicate a complex interaction between the decomposer community, resource 
availability, and successional stage. Forest wildfire either shifted the microbial diversity or suppressed the 
microbial growth rate for several decades. 

  
 
Recent publications of the group on the fire effects on forest carbon and nitrogen cycles: 
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INTRODUCTION

New particle formation at the nature has been observed world wide (Kulmala 2004). Measurements can be
made directly from the atmosphere with different instruments (i.e. mass spectrometry), but laboratory
measurements are needed to study the happenings in more depth. A flow tube or flow chambers are found
to be useful reactors for studying the properties of nucleating particles (Sipilä 2010). Generally in the flow
chambers the chamber is filled with different gases and then they are let to react within each other at the
expose of UV-light. Meanwhile the changes are monitored with i.e. mass spectrometric means and particle
size distribution measurements. The flow tubes have constant flow of gases through them while the tube is
also exposed to UV-lights so that photolysis of different compounds can be performed. Generally, one
problem with the current instrumentation is that the residence time of the flow tube is often too small to
make atmospheric relevant measurements in some cases, i.e. measuring sulphuric acid nucleation (Nieminen
2010). Our aim was to design, construct and put in action a flow tube that has transfer time through it closer
to a tens of seconds than a second, has cooling and temperature controlling capabilities, suitable radiation
everywhere in the tube and contamination free measurements. These corner stones of flow tube design will
make possible i.e. studying of sulphuric acid-ammonia-amine pathways in more depth.

METHODS AND DISCUSSION

Experiments were carried out in INAR physics laboratory at University of Helsinki, Finland with the
recently build-up flow tube. The schematic of the tube can be seen in Figure 1.

Figure 1. Schematic of the flow tube.
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The tube is “lightened” with 12 UV-lamps, which cover nearly whole length of the tube. The lamps emit
peak radiation at around 302 nm UV-B wavelength (see Figure 2. for lamp spectra), which is suitable to
produce many different atmospherically relevant photochemical reactions in the tube i.e.:

O3 + hν → O2 + O(1D)     (λ < 320 nm) (1)

O(1D) + H2O → 2 •OH (2)

Figure 2. Flow tube UV-lamps emission range from 290-320 nm. Peak at 302 nm. Notice that there
are no emission in 254 nm as in regular Hg-lamps. This particular lamp was also chosen since it has
very high quantum yield for reaction 1.

The formed hydroxyl radical can initiate the oxidation process of the hydrocarbons in the atmosphere. An
example of this is demonstrated in the Figure 3. In Fig. 3 can be seen that around 40 nm particles are formed
in the flow tube by introducing gases of 15 lpm synthetic air, 33 mlpm, of alpha-pinene and 100 mlpm of
O3 (equals average of 40 ppb of O3 in the flow tube) to it. In this experiment the particles coming out the
flow tube were introduced to heating oven of up to 200 °C. The heating effect can be seen in Figure 4. After
the oven, the particles were introduced to the ApiTOF (Atmospheric pressure interface time-of-flight mass
spectrometer) to measure the oxidation products of alpha-pinene (Figure 5). ApiTOF used negative chemical
ionization as an ionization method.

Figure 3. About 40 nm particles formed in the flow tube through oxidation of alpha-pinene.
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Figure 4. 40 nm particles formed in the flow tube and introduced to 200 °C oven directly from flow
tube. Particle size and mass dropped dramatically after the oven.

Figure 5. Mass spectra of alpha-pinene oxidation of 40 nm particles before and after vaporization
of 200 °C oven.

During these above experiments the flow tube temperature was kept at room temperature (around 23 °C).
The temperature and RH can have a huge effect for reactions that take place in the system. Figure 6 is
presenting of RH relation to amine reaction at different reaction times. The flow tube is build inside of a
frame, which is insulated so that the temperature can be kept constant, independent of heat burden that the
UV-lamps will provide to the system. The system has a build-up cooling system, which can go down to -10
°C itself, and can reach about 0 °C inside of the flow tube while all the UV-lamps are on. Also, all the used
gas or aerosol flows are cooled at the same temperature before entering the tube. The inner surfaces of the
insulated flow tube chamber were covered with mirror-polished stainless steel to maximize the evenly
distributed UV-radiation all over the tube.

Figure 6. The effect of RH in particle size in the flow tube at different reaction times of amines.
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CONCLUSIONS

The constructed flow tube is tested to be a suitable tool for studying the varying conditions of clusters and
growing particles. The flow tube is constructed so that all possible contamination sources are
minimized/terminated. Flow tube itself is quartz, inlet and outlet flanges stainless steel and all sealants for
the sensors or connections either are enamel or Viton (which is also avoided until the very end). The idea
was to make a Cadillac quality flow tube, and based on our results we succeed. The measurements will go
further on with flow tube in the future for example by trying to solve the particle uptake of low volatile
explosives and sulphuric acid and dimethylamine oxidation reactions and other particle formation studies.
Idea is also to monitor the reactions taking place at different lengths and spots inside of the flow tube.
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Introduction 
 

Atmospheric aerosols affect health and climate. The properties of atmospheric aerosols are            
governed by complex processes that are not well understood.  
 
We measured the particle number-size distribution down to 1.5 nm, collected filter samples             
and measured meteorological parameters onboard a Cessna 172 aircraft during the 2018            
winter and spring in Hyytiälä, Finland. 
 

Methods 
 

The airborne measurement campaign was between March-May 2018 in Hyytiälä, Finland.           
Table 1 summarizes the instrumentation used. A forward facing inlet sampled the air into the               
main sampling line, while the airspeed was kept at 130 km/h. An onboard scientific operator               
manually maintained the flow rate at 50 L/min in the main sampling line. 
  

Table 1. Instrumentation onboard the Cessna 172. PNC = particle number concentration, 
PNSD = particle number size distribution. 

Instrument Measured variable 
PSM >1.5 nm PNC 

TSI 3776 CPC >3 nm PNC 
SMPS 10-400 nm PNSD 

TSI 3330 OPS 0.3-10 μm PNSD 
Rotronic HygroClip-S Relative humidity 

PT100 Temperature 
Vaisala PTB100B Pressure 

Li-Cor Li-840 CO2 and H2O 
concentration 

GPS receiver Latitude, longitude and 
altitude 

Filter collection Ice nucleating particle 
concentrations 
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The instruments were mounted on a rack inside the airplane cabin and they sampled the air                
from the main sampling line through core inlets. The filters collecting ice nucleating particles              
were in series with the main sampling line. Measurement flights were flown in the morning               
and in the afternoon. Each flight lasted roughly 2.5 h and consisted of 20-40 km long                
segments over Hyytiälä at different altitudes between 100-3000 m above ground. 
 

Conclusions 
 

The total particle number concentration was roughly an order of magnitude higher inside the              
boundary layer compared to above. During new particle formation events the particle number             
concentration showed significant variability horizontally. However, separate particle layers         
were observed above the BL. 
 

 
Figure 1. SMPS measurements from the morning flight on May 19, 2018 showing a NPF 

event. 
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INTRODUCTION 

Cellulose based nanofibers (Sirviö et al. 2015) can be shaped in porous filter structures (i.e. aerogels and 

membranes) for enrichment and classification of nanoscale biomass material, such as exosomes that are 30-

100 nm in size. Exosomes are nature present nano- and micrometer size vesicles, which provide promising 

new biomaterial source for different research areas, including medicine (Jella et al. 2014; Krause et al. 2015; 

Krause et al. 2018). Exosomes present also potential for interactions with biological aerosol particles found 

in the atmosphere (Pratt et al. 2017). Here we have studied filtration efficiencies of nanocellulose aerogels 

as well as the size distribution of milk, renal cell and sweat based exosomes using Differential Mobility 

Particle Sizer (DMPS) setups. 

METHODS 

The nanocellulose nanofiber (CNF) aerogels were produced from the aqueous dispersions having variable 

solid contents (0.2 - 1.0 %-w/w). The CNF was fabricated from a milk container board (MCB) using deep 

eutectic solvent system. The material was flash-frozen with liquid nitrogen and dried, resulting in an aerogel. 

Each filter type was categorized by the mass-% of the nanocellulose in comparison to the deionized water. 

The use of nanocellulose as air filters was studied with NaCl particles within the 10 nm - 500 nm size range. 

Samples were mounted to copper bushings for the filtration efficiency studies. Two Condensation Particle 

Counters (CPC’s) for the filtered and reference flows were employed in the setup. Milk-, renal cell 

carcinoma- (RCC, Renca) and sweat derived exosomes were studied up to 300 nm size range by nebulizing 

diluted solutions into aerosol phase. 

CONCLUSIONS 

The experiments demonstrate that the increase in solid content mass-% in CNF aerogels yields better 

filtration efficiencies. In general, CNF filters performed well within the 10-500 nm size range and very high 

filtration efficiency was achieved already for the 0.5 m% MCB sample (Figure 1). 

The results also suggest that DMPS can be used to access exosomes size distribution and concentration in 

aerosol phase. Concentration profiles for diluted sweat exosomes and renca exosomes are shown in Fig. 2. 

Concentration maxima were observed below 100 nm in all samples. The results will be compared with the 

other nanoparticle size-distribution and concentration characterization methods. 
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Figure 1. NaCl particle filtration experiment of nanocellulose aerogel sample with 0.5 m-% solid 

MCB content.  

 
Figure 2. Concentration profiles for diluted sweat exosomes, renca exosomes and water reference 

(Millipore). 
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Introduction 

    Employment of new sorbent materials to immobilize miniaturized air samplers (MAS) 

and extend their applicability have become a trend in analytical chemistry. Nanomaterials 

with porous structures, diverse surface chemistries, and specific physical and chemical 

properties allow them to capture a certain compound or a group of compounds based on 

size exclusion and chemical selectivity. MAS, that enables air sampling with minimized 

operation steps and analytical errors, have been widely used. Furthermore, small devices 

are particularly suitable for automation. New approaches, combining selective materials, 

microextraction devices, advanced controlling systems, and platforms, have the potential 

to provide comprehensive and time-dependent information of analytes of interests and 

contribute to other sciences. This work was focused on the development and application 

of selective materials as coating and/or packing materials in the miniaturized devices that 

can be exploited for quantitative analysis of volatile organic compounds (VOCs) in air. 

Methods 

    Solid phase microextraction (SPME) Arrow and in-tube extraction (ITEX) were selected 

as miniaturized air sampler. Ordered mesoporous silica (OMS) materials are good 

alternatives to classical sorbents due to their well-defined pore-size distribution, pore 

structure, and modifiable surface characteristics. OMSs and functionalized OMSs with 

different mesopore sizes and multidimensional pore-channel structures were synthesized 

via hydrolytic sol-gel process and surface grafting approach. They were coated on bare 

SPME Arrows by dipping method. Nanofibers featured excellent permeability, uniform 

diameter, rich surface functional groups, and good thermal stability that predicted their 

applicability as the packing material of ITEX. Organic and inorganic nanofibers were 
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prepared via electrospinning and electroblowing techniques. The nanofibers packed 

ITEXs were fabricated by sequentially packing deactivated silicon wool, nanofibers, 

deactivated silicon wool, and spring into an empty ITEX tube.  

Conclusions 

    Pore size of OMS is the decisive parameter for efficient sampling of small amines from 

air. Under the ideal and dry (<1% humidity) conditions, competing compounds did not 

interfere with the interaction between amines and OMS. Pore size and surface acidity of 

the OMS materials determined the sampling efficiency for amines when the sampling time 

(10 min) was far from equilibrium. Acidity enhanced OMSs decreased the pore size and 

consequently reduced the loading capacity, but increased selectivity. On the other hand, 

the hydrophilic nature of OMSs predicted that the sampling performance of OMS coatings 

would drop dramatically when working in a high humidity atmosphere due to the 

occupation of extraction sites by water molecules. Interestingly, OMS with smaller pore 

size and 2D channels can restrict the water molecules more effectively when compared 

to other materials.  

    The nanofibers packed ITEXs were tested with a wide range of VOCs, which are with 

different polarity, volatility, and molecular mass, and are widely distributed in the 

atmosphere and present at trace level concentrations. Polyacrylonitrile (PAN)-ITEX 

exhibited the highest extraction affinity to alcohols, aldehydes, and ketones due to the rich 

amine and imide group on the surface of PAN nanofibers. Inorganic nanofibers packed 

ITEXs were only selective to few compounds with small extraction capacity which can be 

interpreted by their physical and chemical structures, e.g. inaccessible pore size and weak 

surface functional groups. 
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INTRODUCTION 

The measurement network of atmospheric aerosols provides knowledge on the processes behind aerosol 

formation and atmospheric aging of aerosols. Current collaboration networks, such as the European 

Research Infrastructure for the observation of Aerosol, Clouds and Trace Gases (ACTRIS) and the 

Atmospheric Radiation Measurement (ARM), provide data from a large number of atmospheric variables 

and their evolution in time. Comparison studies, where measurements conducted all over the world are 

combined, give a comprehensive illustration of the long-term trend and seasonality of parameters describing 

aerosol size distribution. These studies are needed for evaluating the effects of both anthropogenic emission 

reductions and natural changes in aerosol formation caused by the changing climate.  

In this study, we use the particle number-size-distribution data from Nieminen et al. (2018) and extended 

with open data that can be downloaded from the ACTRIS database (actris.nilu.no). The aim of the study 

was to investigate the evolution of particle mode (nucleation, Aitken, and accumulation) parameters: 

geometric mean diameter, geometric standard deviation, and number concentration of the mode during the 

measured time series. 

METHODS 

The same particle size distribution data from several atmospheric measurement sites introduced in Nieminen 

et al. (2018) was used. In addition to these datasets, we downloaded data from the ACTRIS database to 

complement the data from the same sites with measurements made after analysis of Nieminen at al. (2018) 

and also data from sites that were not available for their study. We have included sites that contain more 

than four years of size distribution measurements to enable seasonality to be estimated from time series. The 

whole dataset consists of measurements from 22 different sites between the years 1996 and 2018, most 

datasets starting after 2005. Visual inspection of the data has been performed to remove incorrect parts of 

the data before further data analysis. 

Particle number-size distribution parameters have been estimated from the size distribution data for each 

time point separately by applying a mode fitting algorithm (Hussein et al., 2005). Briefly, the algorithm fits 

one to three log-normal modes for the number size distribution by minimizing the squared distance between 

measured distribution and fit. Resulting mode parameters (geometric mean diameter, geometric standard 

deviation, and number concentration of particles) were averaged over a day to create daily time series for 

each representative mode (nucleation mode, Aitken mode, and accumulation mode). 

Trends for each mode parameter for each mode have been estimated using Dynamic Linear Modeling 

(Petris, Petrone, & Campagnoli, 2009) using existing Matlab-toolbox (Laine, Latva-Pukkila, & Kyrölä, 

2014). In addition to the trend estimation, the model estimates also the seasonality in time series.  
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RESULTS 

We analysed the trend for 22 sites, which are mostly located in Europe. Trend and seasonality have been 

analysed and compared between sites. Figure 1 shows the trend for particle number concentrations in three 

modes in Hyytiälä between 1996 and 2018. A decrease in number concentrations was observed in all three 

modes. The largest decrease was seen in nucleation mode, where the decrease was on average 18%/10 years. 

In Aitken mode, the decrease was 14%/10 years and in accumulation mode, 13%/10 years on average.  

 

Figure 1 Number concentrations in nucleation, Aitken, and accumulation mode in Hyytiälä between 1998-2015. Blue points show 

the fitted daily values of the number of particles in three modes. Red line shows the Dynamic Linear Model trend estimate for the 

number concentration. Black line represents the trend estimate + seasonal estimate. 

Similar decreasing trends in the number concentrations were also observed in most (18/22) measurement 

sites in Europe. Four sites (Hohenpeissenberg, Mukteshwar, Pallas, and Zeppelin), which have low number 

concentrations, showed some increase in number concentrations during the observed time. 

Further analysis of the data will concentrate on analysing the differences in observed trends between sites. 

What can explain the difference in magnitude of decrease and how the location of the site will affect the 

decrease observed? 
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INTRODUCTION

Wetlands account for roughly one third of total methane emissions. Methane is produced in anoxic
conditions below the water table. The production rate depends on temperature and therefore may
be affected by climate change. After production methane is transported to the atmosphere by
either diffusion, plant transport or by ebullition. Also, methane may be oxidized to carbon dioxide.

HIMMELI (HelsinkI Model of MEthane buiLd-up and emIssion for peatlands) is a model simulating
production, oxidation and transport of methane usign a layered peat column (Raivonen et al., 2017;
Susiluoto et al., 2018). Oxygen and carbon dioxide processes and fluxes are also included in the
model. HIMMELI takes anoxic respiration rate, leaf area index, soil temperature profile and water
table depth as an input.

HIMMELI is used with JSBACH, the land surface component of the MPI Earth System Model,
which provides the inputs (Kleinen et al., 2019). JSBACH is forced by meteorological data. The
anoxic respiration rate is calculated by YASSO soil carbon model.

The aim of the study is to test and validate HIMMELI/JSBACH combination with measurements
from different sites and to find out the areas that need and can be developed further.

METHODS

So far four sites have been studied.

Site Location Type

Siikaneva 61◦49´ N, 24◦11´ E oligothropic fen
Degerö 64◦11´ N, 19◦33´ E nutrient-poor minerogenic mire (fen)
Mer Bleue 45◦18´ N, 75◦45´ W ombrotrophic bog
Lompolojänkkä 68◦0’N, 24◦13’ E open, nutrient-rich sedge fen

Table 1: Study sites

The fraction of anoxic respiration that produces methane in HIMMELI has been changed from
original 0.5 to 0.17 based on comparisons with measurements.

The model was run in two configurations for each site: oxic soil respiration was either calculated by
HIMMELI or JSBACH. In the latter case actually the minimum of the two respirations was taken
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to prevent e.g. negative concentrations in HIMMELI. Also, because JSBACH does not calculate
respiration by layer the respiration was given the same distribution as calculated by HIMMELI.

First we ran JSBACH for years 1956-2015. Then the standalone soil-carbon model Cbalone was run
for 3500 years with forcing from the last 30 years of the first JSBACH run cycled. Finally, JSBACH
was run for years 1986-2015 starting from the carbon pools from the Cbalone run. Although the
observations were newer than 2005 the run wast started in 1986 to give the methane concentrations
and possibly other variables time to stabilize.

PRELIMINARY RESULTS

For Siikaneva the model is able to reproduce the yearly cycle of methane emission well except
for large overestimation during spring. Also, for Degerö the yearly cycles appear similar except
for overestimation outside winter. The model overestimates the emission for Mer Bleue during
late summer and early autumn. Lompolojänkkä is similar to Siikaneva with overestimation during
spring and underestimation during summer.

There is much less difference between the sites in the modeled emissions than in the measurements
especially during summer and autumn. Also, the model is not currently able to predict the correct
order of the magnitude of the mean emission for different sites.

For every site, emissions are higher with oxic respiration calculated by HIMMELI. This is likely
because HIMMELI respiration is larger and larger oxic respiration results in less oxygen available
for methane oxidation. The difference in emissions is largest for Mer Bleue.

Next steps are to run more sites and study also the CO2 flux.
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INTRODUCTION

In this study we applied unsupervised machine learning algorithms and statistical methods for analyzing data 
measured during a 20 days flight-campaign in Africa (Togo, Ghana and Benin) as part of the DACCIWA 
(Dynamics-Aerosol-Chemistry-Cloud Interactions in West Africa) project. DACCIWA aimed to investigate 
the influence of anthropogenic and natural emissions on the atmospheric composition over South West Africa 
and to assess their impact on human and ecosystem health and agricultural productivity (Deroubaix et al, 
2019). Multiple measurement  devices were used on board of three aircrafts as well as on ground-base site 
(Ivory  Coast,  Togo)  to  provide  spatial  information.  The  objective  of  this  work  was  to  analyse  the 
characteristics of each clustered data obtained from unsupervised machine learning.

DATA AND METHODS
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In this project we used data from the ATR-42 from Meteo-France (Brito et al, 2018). During this campaign 
realised from 29.06.16 to 16.07.2016, 20 flights were done at different times in the day (in the morning or in 
the afternoon). The typical flight duration was close to 2h30 and the ranging altitude was from 200 meters to 
more than 6000 meters. These collected data include trace gas concentrations from standard gas monitor  
(Ozone, NO2, NO, NOx, SO2) and from a new CI-Xray APiTOF (Sulfuric acid), particle composition (AMS 
data organics, NO3, SO4, NH4, Chl) and particle number concentration and number-size distribution (CPC 
and SMPS). Initial data processing was done in order to prepare suitable datasets for inputs to the machine  
learning algorithms: we performed data quality checking to remove erroneous measurement data, and time 
averaging of all the datasets to common time resolution (all the devices don’t have the same measurement  
frequency).   Data  averaging  time was decided  taking into account  the  high  flight  speed  of  the  aircraft  
(suggesting short data averaging time) and the need to have high enough signal-to-noise ratio of the averaged 
data  (suggesting longer  averaging time).  AMS and gas  phase species  data  were averaged in  40  s  time 
resolution. APiTOF data were mass calibrated and extracted. We use TofTools (Junninen et al,  2012) to 
analyze the APITOF mass spectra : mass calibration to efficiently relate time of flight to ion mass, peak 
identification and unit-mass-resolution extraction. 

An unsupervised machine learning approach aims to understand the atmospheric composition in different  
locations and at different altitudes. For example to observe the impact from anthropogenic urban pollution on  
remote areas. For this, K-means algorithm is applied to the data both from individual flights and on the 
whole combined dataset from all the flights. K-means clustering aims to partition the dataset into K clusters: 
K refers to the number of centroids, representing the center of the clusters. Every data point is allocated to  
the nearest cluster,  minimising the distances between datapoints within the cluster and at the same time  
maximising the distance between different clusters.

K-means algorithm was applied on the the measured trace gases data om flight 24. The ideal number of  
clusters was determined for each flight based on the evaluation on several indexes, that are elbow, DBI,  
silhouette,  describing  the  intra-  and  inter-cluster  distances  between  datapoints  for  different  number  of 
clusters. In order to understand the contributions of different clusters, we compared the distribution of each 
measured variable between the clusters. For example, a cluster with high concentrations of NOx may be 
associated to emissions from anthropogenic pollution sources. An example of the location of the clusters  
along the track of one flight is shown in Figure 2.

RESULTS

K-means algorithm is functional and looks coherent.  However, the less variables are in inputs,  the more 
meaning has the notion of distance between points for clustering. 

K-means  clustering  typically  works  effectively  on  lower  dimensional  space.  Since  there  are  many 
measurement data involved (e.g. gas phases concentration, AMS concentrations and number-size distribution 
–  11  variables  in  total),  a  dimensionality  reduction  method is  required  for  effective  analysis.  First,  the  
correlation between measured variables are searched. For example, we found that the correlations between 
NOx, NO2 and NO concentrations are very similar. It means that we can remove some of similar variables 
since they may have similar contribution. After that, the second approach is to apply Principal Component  
Analysis (PCA). PCA  is a technique for feature extraction with the aim to identify and remove the least  
important variables, in order to keep only the most informational ones. PCA permits to considerably reduce 
the dimensionality of the dataset while keeping the majority of the information. In the example of flight 
number  24,  we kept  the first  three  of new principal  components,  corresponding in  80% of the  original 
dataset. In this case, it allows us to visualize the dispersion of these points in 3-dimension grid as shown in  
Figure 1. In the principal component space, we can then perform effectively K-means clustering. Different 
colours in Figure 1 represent different clusters.  For each cluster, the data index is tracked, and we can re-
correlate these clusters to the original data sets.
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Figure 2 shows the result of the clustering with 6 clusters (the optimal number of clusters found for this  
flight).  Each  data  point  is  associated  with  a  coloured  label,  which  may  be  unique  in  its  atmospheric  
characteristic.  The  next  step  is  to  produce  statistical  analysis  to  understand  each  cluster  atmospheric  
characteristic.

Figure 2: The track of flight number 24 on 06.07.2016. The colors indicate the clustering of datapoints using k-
means algorithm with six clusters.
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INTRODUCTION 

Organic aerosol (OA) constitutes a large fraction of atmospheric particles, having significant impacts on 

climate change, air quality, and human health. On the global scale, secondary OA (SOA) is the largest source 

of OA, significantly contributed by atmospheric oxidation of biogenic volatile organic compounds 

(BVOCs). While considerable studies have been conducted to investigate atmospheric chemistry of BVOCs 

over the past few years (Atkinson and Arey, 2003; Baltensperger et al., 2005), an incomplete understanding 

of BVOCs oxidation still exists and leads to large uncertainties in quantitative estimates of air quality and 

climate effects of atmospheric aerosols. 

 Atmospheric oxidation of BVOCs produces a large variety of organic species, with the volatility 

ranging from gas-phase volatile species, to semi-volatile and low volatility organic compounds (SVOC and 

LVOC), to extremely low volatility organic compounds (ELVOC) largely present in the particle phase 

(Donahue et al., 2012). Due to the complex physical-chemical properties of these species, it is challenging 

to provide a comprehensive characterization of the complex organic mixtures, especially at molecular-

formula level. Recently, Vocus PTR-TOF (proton transfer reaction time-of-flight mass spectrometry) was 

developed with a new chemical ionization source and focusing ion-molecule reactor (Krechmer et al., 2018). 

With the improved measurement precision and detection limits, Vocus PTR-TOF allows measurements of 

VOC reaction products and intermediates in addition to many volatile precursors.  

METHODS 

To gain a better understanding of VOC variations and their oxidation processes, ambient measurements 

using Vocus PTR-TOF were performed at two forest sites, SMEAR Ⅱ station and the French Landes forest. 

Both stations are known with high emissions of terpenes which are highly reactive in the atmosphere, thus 

providing a good opportunity to investigate biogenic oxidation processes. The SMEAR Ⅱ station is located 

in a boreal forest in southern Finland. The vegetation nearest to the measurement site was a homogeneous 

Scots pine forest where some birch, poplar, and Norway spruce grow below the canopy. Anthropogenic 

influence at the site is low. The largest nearby city is Tampere, located 60 km to the site. The campaign at 
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SMEAR Ⅱ station lasted from early April to late August, 2019. The Landes forest is situated at the European 

Integrated Carbon Observation System (ICOS) station at Bilos in southwestern France along the Atlantic 

coast, ~40 km southwest from the nearest urban area of the Bordeaux metropole. The forest is largely 

composed of maritime pines. The measurements in Landes forest took place from 8 to 20 July, 2018.  

CONCLUSIONS 

Due to the greatly improved detection efficiency compared to traditional PTR instruments, the Vocus PTR-

TOF identifies a large amount of gas-phase signals with elemental composition categories including CH, 

CHO, CHN, CHS, CHON, CHOS, and others. Multiple hydrocarbons are detected, with carbon numbers up 

to 20. Particularly, we report the first direct observations of low-volatility diterpenes in the ambient air. 

Various types of terpene reaction products and intermediates are also characterized. Generally, the more 

oxidized products from terpene oxidations show a broad peak in the day due to the strong photochemical 

effects, while the less oxygenated products peak in the early morning and/or in the evening. 

With the novel approach of mass spectral binning combined with positive matrix factorization (binPMF), 

source characterization of VOCs were conducted to identify different sources or processes. Factors related 

to isoprene, monoterpenes, sesquiterpenes, and the less oxidized or more oxidized processes are resolved.  

 
Figure 1. Mass defect plot of the ions identified by high-resolution analysis of Vocus PTR-TOF data set. 

The x-axis shows the mass to charge ratio and the y-axis shows the mass defect, which is the deviation of 

the accurate mass from the nominal mass. Data points in (a) are color-coded by ion family (CH, CHO, 

CHN, CHS, CHON, CHOS) and sized by the logarithm of peak area. 
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ABSTRACT 

In the last decade, North China (NC) has been one of the most populated and polluted regions in the world. 

The regional air pollution has had a serious impact on people’s health; thus, all levels of government have 

implemented various pollution prevention measures since 2013. Based on multi-city in situ environmental 

and meteorological data, as well as the meteorological reanalysis dataset from 2013 to 2017, regional 

pollution characteristics and meteorological formation mechanisms were analyzed to provide a more 

comprehensive understanding of the evolution of PM2.5 in NC. The domain-averaged PM2.5 was 79±17 µg 

m-3 from 2013 to 2017, with a decreasing rate of 10 μg m-3 yr-1. Two automatic computer algorithms were 

established to identify 6 daily regional pollution types (DRPTs) and 48 persistent regional pollution events 

(PRPEs) over NC during 2014-2017. The average PM2.5 concentration for the Large-Region-Pollution type 

(including the Large-Moderate-Region-Pollution and Large-Severe-Region-Pollution types) was 113±40 µg 

m-3, and more than half of Large-Region-Pollution days and PRPEs occurred in winter. The PRPEs in NC 

mainly developed from the area south of Hebei. The number of Large-Region-Pollution days decreased 

notably from 2014 to 2017, the annual number of days varying between 194 and 97 days, whereas a slight 

decline was observed in winter. In addition, the averaged PM2.5 concentrations and the numbers and 

durations of the PRPEs decreased. Lamb-Jenkinson weather typing was used to reveal the impact of synoptic 

circulations on PM2.5 across NC. Generally, the contributions of the variations in circulation to the reduction 

in PM2.5 levels over NC between 2013 and 2017 were 64% and 45% in summer and winter, respectively. 

The three most highly polluted weather types were types C, S and E, with an average PM2.5 concentration 

of 137±40 µg m-3 in winter. Furthermore, three typical circulation dynamics were categorized in the peak 

stage of the PRPEs, namely, the southerly airflow pattern, the northerly airflow pattern and anticyclone 

pattern; the averaged relative humidity, recirculation index, wind speed and boundary layer height were 

63%, 0.33, 2.0 m s-1 and 493 m, respectively. Our results imply that additional emission reduction measures 

should be implemented under unfavorable meteorological situations to attain ambient air quality standards 

in the future. 

Keywords:   North China, PM2.5, Regional pollution events, Identification of regional pollution type, 

Meteorological formation mechanism 
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INTRODUCTION

Wetlands can take up carbon dioxide (CO2) through emergent and submerged vegetation but
they are also important sources of methane (CH4), a greenhouse gas more potent than CO2 when
considered over a 100-year horizon (Stocker et al., 2014). The exchange of greenhouse gases (GHG)
such as CO2 and CH4 between atmosphere and ecosystem have direct influence on the atmospheric
concentration of these gases, thus besides the ecosystem services that wetland provide, the GHG
budget of constructed wetlands should be accounted for according to international agreements
such as the Kyoto protocol.Urban wetlands have received extensive attention globally and their
societal and economical importance have been evaluated whereas their climate impact is still largely
overlooked except for only a few studies (e.g. Morin et al., 2014).
The objective of this study is to investigate how CO2 and CH4 surface-atmosphere exchange vary
with seasonality and spatial heterogeneity and what the annual radiative forcing of these gases
are in a constructed urban wetland near town Nummela, Municipality of Vihti, Southern Finland.
The studied Gateway wetland was designed and implemented to serve the purposes of stormwater
quality treatment, creating an urban park, as well as supporting biodiversity. Besides taking
advantage of ecosystem-scale EC measurements, we also parse the variability of gas exchange
induced by surface heterogeneity (open water and vegetated area) using diffusional flux modeling
and footprint modelling overlapped on a high-resolution surface map. To illustrate how the urban
wetland functions as a source or a sink of GHG equivalents, we calculate separately the sustained
global warming potential (SGWP) of CO2 and CH4 over a hundred-year horizon in each surface
type.

METHODS

Study site

Our study site is a created stormwater wetland Gateway, located by an eutrophicated Lake Enäjärvi
in the District of Nummela, Municipality of Vihti, Southern Finland (60.3272◦N, 24.3369◦E). The
wetland has a total area of 7 hectares The wetland was constructed in 2010 at the mouth of a 550
hectare largely urbanized (35 % impervious) watershed of Stream Kilsoi. It consists of an inlet
stilling pond, a meandering shallow water area with three habitat islands, and an outlet pond.
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Measurements and data analysis

A 2.9 m eddy covariance tower was established in the autumn of 2012 on the southern side of the
wetland. The EC set-up included a 3D-sonic anemometer (uSonic-3, Metek, Elmshorn, Germany)
to measure the three wind speed components and sonic temperature, a gas analyser (LI-7200,
Li-Cor Inc., Lincoln, Nebraska, USA) which measures CO2 and H2O mixing ratio and a TDL gas
analyser (TGA100A, Campbell Scientific Inc., USA ) to measure CH4 mixing ratio at the frequency
of 10 Hz. The post-processing of the EC flux data has been done with EddyUH post-processing
software (Mammarella et al., 2016).
We used an artificial neural network (ANN) technique to gap-fill half-hourly flux data using mete-
orological variables (Moffat et al., 2007).
Local weather conditions were recorded with a Vaisala WXT weather transmitter (WXT520, Vaisala
Oyj, Finland) at the inlet monitoring station. Water monitoring stations were set up at the inlet
(60.3283◦ N, 24.3356◦ E) and at the outlet (60.3281◦ N, 24.3377◦ E) of the wetland. Water tem-
perature as well as Water level, water turbidity, oxygen concentration, conductivity and pH were
measured continuously with 10-minute interval. The concentration of dissolved carbon dioxide
([CO2]) and dissolved methane ([CH4]) were measured.
Diffusive gas exchange from the open water was calculated using boundary layer model and gas
transfer velocity was estimated using exiting method (Cole and Caraco, 1998).

Estimating zone fluxes and radiative forcing

By combining EC tower and diffusive flux from the open-water, the following model can be derived

FEC = Fwater × fwater + Fveg × fveg (1)

where is the flux measured by EC tower, Fwater and Fveg stands for the flux from open-water
and vegetated area, respectively, fwater and fveg are the footprint-weighted spatial fraction of open-
water and vegetated area. In this study, ebullition was neither measured nor calculated, so the flux
from water was only represented by the diffusive flux. We calculated the sustained global warming
potential (SGWP) for CO2 and CH4 over a hundred-year horizon in each surface type. Since CH4

is a more potent greenhouse gas, we multiply the emission of CH4 by a factor of 45 to convert it to
kg CO2-eq m2 yr−1 (Neubauer and Megonigal, 2015).

RESULTS

Ecosystem Water Vegetation

Flux (g C m−2) CO2 8 [-18.9, 34.9] 297.5 -39.5 [-70.8, -8.1]
CH4 3.9 [3.8, 4.1] 1.7 4.3 [4.1, 4.5]

SGWP (kg CO2-eq m−2) CO2 0.03 [-0.07, 0.13] 1.09 -0.14 [-0.26, -0.03]
CH4 0.23 [0.22, 0.24] 0.10 0.26 [0.25, 0.27]

Table 1: Annual CO2 and CH4 exchange from different surface zones and their sustained global
warming potential (SGWP). Ecosystem, water and vegetation represent flux and SGWP measured
or calculated from the ecosystem by EC tower, from open water and from vegetated area. The
numbers in the square bracket represent the 95% confidence interval of the average. No error
bounds are reported for flux and SGWP from water as they are modelled using gas concentration
in the water and meteorological measurements.
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Figure 1: The daily-average of (a) photosynthetic photon flux density (PPFD), (b) air and water
temperature, (c) water level, (d) rainfall, (e) CO2 concentration and (f) CH4 concentration from
inlet and outlet of Nummela wetland from January 2013 to August 2014. The grey zone indicates
the ice-covered period.

The seasonal variation of environmental variabiles are shown in Fig. 1.
A footprint distribution was modeled for each half hour when an eddy flux measurement was col-
lected at the EC tower. The open-water area accounted for 10 % to 16 % of the total wetland
area within the footprint while the rest was comprised of wetland vegetation. When weighted with
footprint distribution, fwater ranged from 0 to 25.5 % and fveg from 74.5 % to 100 %.
CO2 flux showed strong diel pattern in summer with CO2 uptake during daytime and release in
the night, which was controlled by photosynthetic activity. The CO2 flux from the vegetated area
had higher maximum uptake than the EC measurements carried out over the whole constructed
wetland. In the winter, the CO2 fluxes from both tower and vegetation were similar. CH4 flux
also showed diel patterns in the summer with much larger variability than those from CO2 flux.
CH4 emission in general was higher in daytime than in nighttime. In the daytime in summer, CH4

flux from the vegetated area was higher than the flux measured from the tower while there was no
difference during the nighttime. The summer peak daytime flux from tower (18.9 nmol m−2 s−1)
and vegetated area (24.7 nmol m−2 s−1) was 2.4 times and 3.3 times higher than the nighttime
flux (7.5 nmol m−2 s−1), respectively. This can be understood as daytime CH4 flux is linked with

400



Figure 2: Mean diel pattern of the half-hourly net CO2 and CH4 fluxes in summer ((a) and (c))
and in winter ((b) and (d)). The dashed lines represent the standard deviation. Red lines indicate
measurement from EC tower and the blue lines show the fluxes modelled for vegetated area.

photosynthesis while nighttime CH4 flux is controlled by other processes like diffusion, ebullition
and convection between the soil, water and atmosphere. In winter there was small (on average 4.6
nmol m−2 s−1) but constantly positive CH4 flux without obvious diel pattern (Fig. 2).
To obtain the climate forcings from each land surface type, we calculated the half-hourly and an-
nual gas fluxes from the vegetated area using footprint-weighted spatial fraction, ecosystem fluxes
and diffusive fluxes from the open water. The annual median value of footprint-weighted spatial
extent was used to calculate the annual fluxes, which showed open-water area was a CO2 source
(297.5 g C-CO2 m−2 yr−1) and vegetated area was a CO2 sink (-39.5 C-CO2 m−2 yr−1). Both
open-water and vegetated area were CH4 sources but the CH4 emission from vegetated area was
higher than open-water area, being 4.26 and 1.73 g C-CO2 m−2 yr−1, respectively. Open water has
contributed large amount of CO2 emission into the atmosphere through diffusion (1.09 kg CO2-eq
m−2 yr−1) whereas the CH4 emission was relatively small (0.104 kg CO2-eq m−2 yr−1). Vegetated
area was a small sink of CO2 but the cooling effect of vegetation by CO2 uptake was relatively
small (-0.145 kg CO2-eq m−2 yr−1) compared to its CH4 emission (0.256 kg CO2-eq m−2 yr−1).
Overall, the ecosystem had a small warming effect with 0. 263 kg CO2-eq m−2 yr−1 of which 89 %
was contributed by CH4 (Table 1).

CONCLUSIONS

Urban wetlands have received global attention as a nature-based urban runoff management solution
for sustainable cities, as they provide cost efficient flood control and water quality mitigation as
well as many ecological and cultural services. In the meantime, the climate impact of urban wet-
lands should also be considered. Wetting a landscape may enhance the CO2 sequestration in the
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ecosystem, whereas CH4 can be emitted due to the anaerobic conditions in the soil after wetting.
Furthermore, heterogeneity induced in newly created urban wetland may contribute differently to
the overall climate impact. In the present study, for the first time a full annual carbon balance
of an urban stormwater wetland in the boreal region was evaluated and the radiative forcing from
heterogeneous landscapes were presented. We found that, during the monitored period at the study
wetland, both the open water area and the vegetated area within the created wetland were carbon
sources, and thus the urban wetland had a net climate warming effect, the monitored fourth year
after the wetland establishment. The radiative forcing effect of the open-water area exceeded the
vegetated area, which indicated that limiting open-water surfaces and setting a design preference
for areas of emergent vegetation in the establishment of urban wetlands can be a beneficial practice
when considering only the climate impact of a created urban wetland. In the meanwhile, we also
emphasize that the value of urban wetlands should not be determined solely by GHG radiative forc-
ing. The values of urban wetlands in other areas e.g. flood control, pollutant removal, biodiversity,
recreation and education are as well of paramount importance to human society.
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INTRODUCTION 

Atmospheric oxidation of biogenic volatile organic compounds (BVOCs) can lead to a complex mixture of 

condensable organic vapours spanning a wide range of functionalities and structures, and hence volatilities. 

Volatility is one key aspect, which governs the partitioning of organic constituents between gas and 

particulate phase. Some of these organics can therefore contribute to the mass concentration of secondary 

organic aerosol (SOA).  

Intensive studies have been conducted to understand the evaporation behaviour of α-pinene SOA under 

various humidity conditions (Vaden et al. 2011, Yli-Juuti et al. 2017, Buchholz et al. 2019). All of these 

measurements have consistently reported slower SOA evaporation compared to that derived from yield-

based Volatility Basis Set (VBS) parametrizations, suggesting a significant impact of viscous phase state 

and unexpectedly low-volatility organics on particle evaporation. However, little is known about the 

evaporation of SOA from BVOC precursors other than α-pinene. To better understand the volatility of SOA, 

especially when resulting from forest emissions, it is important to carry out isothermal evaporation 

measurements with a wide range of monoterpenes and sesquiterpenes characteristic for those environments. 

METHODS 

Here, α-pinene and a mixture of farnesenes and bisabolenes (SQTmix) were chosen to generate two types 

of SOA for isothermal evaporation measurements. Farnesenes and bisabolenes are major sesquiterpenes 

emitted from boreal trees (Hakola et al. 2017). SOA with similar O:C ratios was generated by 

photooxidation in a Potential Aerosol Mass (PAM) flow reactor. Monodisperse SOA particles with 80 nm 

selected by Nano-DMAs were supplied into a 100-L Residence Time Chamber (RTC) for isothermal 

evaporation under different RH conditions (dry, 40% and 80%) at room temperature (293 K). The size-

selection also lead to a dilution of gas phase compounds, initiating particle evaporation. After filling, the 

RTC was closed off to allow undisturbed particle evaporation and periodically opened for particle 

characterisation (Fig. 1).  

 

Figure 1. Schematic diagram of the set-up for evaporation experiments of SOA particles. 

During sampling, the particle size was monitored with a Scanning Mobility Particle Sizer (SMPS). 

Additionally, the particle composition was characterised with a High-Resolution Time-of-Flight Aerosol 

Mass Spectrometer (HR-ToF-AMS) and a Chemical Ionization Mass Spectrometer coupled with a Filter 

Inlet for Gases and Aerosols (FIGAERO-CIMS) using iodide-adduct ionisation. This system also reveals 
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the particles thermal desorption behaviour characterised by the median desorption temperature Tmedian of the 

particulate mass from the FIGAERO filter. 

RESULTS AND CONCLUSIONS 

Evaporation of particles was faster at higher RH for both SOA systems, due to the plasticization effect of 

water and the enhanced bulk diffusivity. Although the bulk elemental compositions of particles (derived 

from AMS data) were comparable between α-pinene and SQTmix SOA, the particle evaporation rates were 

different at a set RH (Fig. 2). The implied differences in the volatility distributions most likely stem from 

the variability of detailed molecular composition, which is not represented by the particle bulk O:C ratios.  

Samples collected with the FIGAERO-CIMS represent the chemical composition at the beginning (20 min, 

‘fresh’) and later phases (3 to 4 hours) of the particle evaporation, respectively. Inconsistent with the 

observed differences in the isothermal evaporation, similar values of Tmedian are observed for both types of 

‘fresh’ SOA particles, i.e. irrespective of precursor identity. However, larger fractions of high molecular 

weight compounds (MW[M+I]- > 300 Da) were observed in the ‘fresh’ α-pinene case, whereas compounds 

with higher oxidation state were found in the ‘fresh’ SQTmix case. Inconsistencies between particle 

volatility inferred by mass spectrometry measurements and the particle volatility evident by observations of 

decreasing particle size (Fig. 2) will be further explored. 

 
Figure 2. Volume fraction remaining (VFR) of α-pinene (yellow) and SQTmix SOA (red) particles at 80% 

RH. 
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INTRODUCTION 

Volatile organic compounds (VOC) play important role in atmospheric chemistry as precursors of ozone 

and secondary organic aerosols (SOA) (Atkinson, 2000). VOCs originate from biogenic sources such as 

trees and other vegetation, and from anthropogenic sources. The annual VOC flux is estimated to be 1150 

TgC, consisting of 44% isoprene and 11% monoterpenes which are biogenic VOC (BVOC) (Guenther et 

al., 1995). Once released in air, VOCs react with ozone (O3) and atmospheric radicals, like hydroxyl radical 

(OH) and the nitrate radical (NO3) forming SOA among other reactions (Kulmala et al., 2013). VOCs have 

a significant impact also on air quality and human health and better understanding of their reactions with 

atmospheric oxidants is needed on predicting future atmospheric condition and related climate phenomena 

(Lelieveld et al., 2008).  
 

In terms of reactivity, OH radical is important during daytime, NO3 during night but O3 concentrations can 

be abundant during the whole day (Atkinson and Arey, 2003). Quantifying total OH reactivity has developed 

in past years but comparison between individually detected OH sinks unveils a considerable missing 

reactivity (Yang et al., 2016), particularly in forested areas missing OH reactivity can be as high as 58-89% 

(Nölscher et al., 2012). Investigation of detailed emission characteristics of BVOCs is important as all 

regions are subjected to increasing temperature, which further affects plant emissions (Kulmala 2013). Even 

though OH is the most important oxidant in the atmosphere, O3 and NO3 contribute to atmospheric VOC 

chemistry, especially at night. Reactivities for O3 and NO3 have been investigated by modelling studies but 

emission measurements are rare. Matsumoto (2014) has developed a system to measure total O3 reactivity 

and published results of O3 measurements from vegetation. Also Prof Helmig (University of Colorado) has 

been developing such system and conducted O3 reactivity measurements from tree emissions and ambient 

air (to be published). Simultaneous measurements of O3 and OH reactivities with new instruments can bring 

additional information to the atmospheric VOC chemistry. 

 

METHODS 

The system is based on the work of Matsumoto (2014) and Prof. Detlev Helmig. A schematic of the setup 

is presented in Fig. 1. The total ozone reactivity (RO3) is obtained from the comparison of O3 levels in the 

sampled air before and after the reactor, which consists of 2 to 4 glass bottles (2.5 l each). In fig. 2. is 

presented formula to calculate RO3 from the measurements.  
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Figure 1: Schematic of the ozone reactivity measurement setup. Values of flows can be altered depending 

on desired conditions. 

 

 

Figure 2: Derivation of the formula to calculate total ozone reactivity from the measurements (Poster 

presentation of P. Jeong-Hoo, 2013). 

Typical flow values are indicated in Fig. 1, but these need to be modified depending on the type of sample 

measured. Due to the different reaction rate of various compounds with ozone, the residence time in the 

reactor needs to be adjusted (e.g. short residence time for reactive compounds), which can be difficult to 

achieve for mixtures of compounds with very different reaction rate values. The system needs also to be 

characterized to correct RO3 from errors caused by O3 wall losses. In addition, water vapour can cause 

artefacts in ozone analyzer, especially rapid changes in relative humidity, thus additional dryers before inlets 

of ozone analyzer are used. 

With the setup depicted in Fig. 1, the system’s detection limit for emission measurements with stable 

conditions is 4.4*10-5 s-1 (which corresponds to roughly 0.15 ppb, 19 ppb and 125 ppb of β-caryophyllene, 

α-pinene and isoprene respectively). This is why ambient air measurements are difficult due to generally 
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lower concentrations and more challenging conditions. Nevertheless, direct emission measurements are 

conducted with enclosure systems. Branches from a tree are enclosed in Teflon film enclosures and the 

reactivity of the emissions is measured using a dynamic flow through technique (Hakola et al., 2006). A 

zero air generator is used for producing VOC- and oxidant-free incoming air for the enclosure. VOCs and 

O3 reactivity are measured from the outgoing air.  

CONCLUSIONS  

Preliminary results show that this method can be used to measure ozone reactivity for relatively high 

concentrations or BVOCs. This is suitable for reactivity measurements from emissions but makes 

measurement in ambient conditions challenging. Furthermore the instrument needs to be carefully 

characterized (e.g. wall losses, water interference) in order to avoid any bias in the results. Emission 

measurements in the boreal forest and Arctic tundra will be performed in the future to verify that the 

chemical characterization from these emissions are consistent with the observed reactivity. 
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INTRODUCTION 

Conifers are the most abundant plants in the northern hemisphere where very low temperatures occur 

frequently. Knowledge of the impact of winter on boreal ecosystem is limited, even though it constitutes to 

a significant part of the year. Many studies have recently highlighted the important role of various biological 

and ecological processes that take place in the winter (Brooks et al. 2011). For instance, winter can play a 

significant role in the net carbon exchange between forest ecosystems and the atmosphere (Monson et al 

2006) despite frozen soil and low air temperatures. Conifers and other perennial plants in the boreal region 

undergo metabolic process of cold acclimation in advance of sub-zero temperatures to achieve cold 

hardiness. Cold hardened living cells in plants are able to avoid freezing, partly due to the chemical 

properties of the ice, that occupies intercellular spaces in trees in the winter. Ice has a desiccative effect on 

the cells which causes them to shrink as their water content decreases. Decrease in the water content also 

decreases the equilibrium freezing temperature of the cell sap. As the chemical potential of ice is temperature 

dependent (Rajashekar and Burke, 1982), lower temperatures cause the living cells to shrink to ever smaller 

diameters. This mechanism is also known to cause small but measurable shrinking of tree stem diameter 

and it has been used to study tree physiology in the winter (Zweifel and Häsler, 2000). Cold hardening also 

protects the photosynthetic apparatus from the sub-freezing temperatures, which is particularly harmful 

when combined with high light. In the spring rapid de-hardening must occur in order for the trees to be able 

to maximize carbon uptake during the short growing period. Winter survival requires a well-timed 

adaptation that is driven by temperature and phenology. Budburst, which is a critical for this adaptation, has 

been predicted to take place approximately 10 days earlier in 2051–2080 than in 1971–2000 in northern 

Europe (Olsson 2017). Frequency of early freezing injury in the spring for spruce has been predicted to 

increase, that is caused by the earlier de-hardening and late freezing temperatures (Schlyter et al. 2006). 

The aim of this project is to study extreme temperature events in the winter and to identify events of freezing 

injury in pine and spruce trees by monitoring the elastic modulus of the tree. Freezing injuries will be 

compared to how the trees grew on the following summer. This will help us understand how pine and spruce 

may have different sensitivity on climate change. 

METHODS 

The relationship between extreme temperature events, freezing injury and following summer’s growth rates 

will be studied at three experimental forests. For pine the relationship will be studied at Hyytiälä and Värriö 

stations in Finland and for spruce at Svartberget station in Sweden. On each station several trees are 

measured with dendrometers to monitor how stem of the trees changes during the winter. New dendrometer 

system was recently (10/2019) purposely-build to serve this project (see picture 1) at the Svartberget station, 

which belongs to ICOS infrastructure and to the Swedish University of Agricultural Sciences. Diameter 

change measurements as well as tree temperature data will be used to estimate the elastic modulus of the 
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stem with 1-3 day temporal interval, for each tree separately. The estimation will be done using a recently 

published mechanistic dynamic model (Lindfors et al. 2019), in combination with machine learning 

algorithm. The model simulates the water exchange between living cells and ice through a semi-permeable 

membrane, which is driven by changes in ice temperature and chemical potential of ice. 

 

Picture 1. An illustration of how the new dendrometer measurement system was set-up on four spruce 

stems at the Svartberget experimental forest in north Sweden. The white shelters around the trees protect 

sensors and sensor-holding-frames from sunlight, rain, snow and falling ice. The same trees also include 

sap flow measurements, which are installed under the metallic wrap around the trees, found under the 

white shelters. The white box on top of a pole holds a data logger that collects data from the sensors.  
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INTRODUCTION 

Boreal peatlands store high amounts of terrestrial carbon (C) accumulated due to limited decomposition 

rates in anaerobic conditions (Gorham, 1991). The worldwide coverage of boreal peatlands is about 3% of 

the total land area, but as a C storage, their portion is as much as 30% of the global C pool (Gorham, 1991; 

Turunen et al., 2002). The changing climate and land use changes can, however, affect the greenhouse gas 

exchange of the peatland ecosystems. To better understand these phenomena and the factors affecting them, 

we studied the vegetation phenology and the related carbon dioxide (CO2) fluxes in three northern natural 

peatlands. Vegetation phenology refers to the seasonal changes in plant physiology, biomass and leaf area 

(Migliavacca et al., 2011; Sonnentag et al., 2011 & 2012; Bauerle et al., 2012). Bud burst, development of 

the leaves, flowering and senescence are examples of the phenological events that can be easily detected 

visually. The phenology is affected by many abiotic factors, such as precipitation, temperature, radiation 

and water availability (Bryant and Baird, 2003; Körner and Basler, 2010). The seasonal variations in leaf 

area, stomatal conductance, photosynthesis and respiration further affect the gas exchange between the plant 

and atmosphere (Richardson et al., 2013). The climate change may affect the abiotic factors and thus change 

the soil and vegetation features (Richardson et al., 2013; Migliavacca et al., 2012), and further the gas 

exchange between the plant and atmosphere. Greenness indices derived from digital camera images have 

been associated with vegetation activity and C uptake in forests and peatlands (e.g. Sonnentag et al., 2012; 

Peichl et al., 2015; Linkosalmi et al., 2016; Peltoniemi et al., 2017). Digital camera observation is an 

inexpensive, continuous and effective tool for monitoring vegetation phenology, it provides vegetation 

community or even species level information on the changes in the vegetation. Further, these near-surface 

measurements can be used as verification of remote sensing products or ecosystem models.  

METHODS 

We monitored the vegetation phenology with digital cameras (StarDot Netcam SC 5) in three northern 

peatlands: Halssiaapa in Sodankylä (N67°22.117', E26°39.244', 180m a.s.l.), Lompolojänkkä in Pallas area 

(N67°59.842', E24°12.569', 269m a.s.l.) and Kaamanen (N69°08.435', E27°16.189', 155m a.s.l.). Images 

were taken every 30 minutes and transferred automatically to a remote server. The cameras were adjusted 

in an angle of 45° and facing north. The cameras were shooting mostly the ground vegetation, but also the 

sky was visible in the images. The images from year 2015 to 2019 were then analyzed with the FMIPROT, 

a toolbox for image processing for phenological and meteorological purposes (see description in Tanis et 

al., 2018). Colour fraction indices were derived from the images with the program. Here, we mainly used 

the Green Chromatic Coordinate (GCC): 

𝐺𝐶𝐶 =
ΣG

ΣR + ΣG + ΣB
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where Σ𝐺, Σ𝑅, Σ𝐵 are the sums of green, red and blue channel indices of all pixels comprising an image. In 

addition to a more general picture of the vegetation (including many vegetation types), also more specific 

Regions of Interest (ROIs) were chosen based on different vegetation groups. We only analysed the images 

during the growing season and daytime. The GCC was then combined with meteorological measurements 

and CO2 flux data. The ecosystem–atmosphere CO2 exchange was measured by the micrometeorological 

eddy covariance (EC) method, which provides continuous CO2 data averaged on an ecosystem scale. Also, 

supporting meteorological variables, such as air and soil temperature, air and soil humidity, water table level 

and different radiation components, were measured at all sites. 

 

CONCLUSIONS 

The start and the end of the growing season are clearly visible in the development of greenness: the GCC 

starts to increase when the vegetation begins to grow in the spring and it declines when the autumn 

senescence appears. When the vegetation evolves, also the photosynthesis starts. Thus, the development of 

GCC and GPP go well in line in springtime and during the growing season. Also, incidents in abiotic factors 

affect the GCC development. For example, cold spring delays the development of GCC or cold periods 

during the growing season affects the GCC. The effect of the composition of the vegetation is visible, when 

the GCC of different sites are compared: The Lompolojänkkä is the richest in nutrients and this reflects the 

vegetation and thus, the site produces highest GCC values. 

 

 
Figure 1. Example of the mean daytime GCC, daily mean air temperature, gross photosynthesis index (GPI) and 

albedo in 2014–2015 in Halssiaapa, previously presented in Linkosalmi et al., 2016. GPI indicates the maximal 

photosynthetical activity in optimal radiation conditions (see Aurela et al., 2001). The (A) indicates the dates of snow 

melt and (B) snow appearance. The grey circles indicate the wintertime data in an insufficient light level. 
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INTRODUCTION 

Plants need a protective barrier to avoid water loss due to the water potential gradient between the inner 

plant parts and the surrounding environment. Plant parts that have secondary growth, such as tree stems, are 

isolated with outer bark. However, the bark cannot totally isolate the plant from the surrounding 

environment, as oxygen diffusion through the lenticels in the bark is required for respiration to take place 
and CO2 to diffuse out. Lenticels are static pores that act as air channels that intersperse the outer bark (Groh 

et al., 2002; Geigenberger, 2003; Rosner and Kartusch, 2003; Lendzian, 2006; Wittmann and Pfanz, 2008). 

In contrast to stomatal control, gas exchange through the bark is only regulated by long-term structural 
changes. Thus, we hypothesize that the ratio of gas exchange through bark to the whole tree gas exchange 

is proportionally large and physiologically important during periods of drought when gas exchange in leaves 

is minimized with closed stomata, but lenticels remain open. 

  

METHODS 

The research site is located in a semi-arid forest in Israel, next to a desert. Five pairs of Pinus halepensis 
trees were measured (one branch per tree, see Fig. 1) for 3 to 120 days at a control and irrigated site right 

next to each other in summer 2019. The irrigation started in May 2017. Pre-dawn water potential is 2 MPa 

lower in control trees compared to irrigated trees during the summer months. Stomata are (nearly) closed in 
trees of the control site during the dry summer months, whereas they are open in the trees of the irrigated 

site. 

 
Figure 1. The measurement setup in a branch. From each intact sample branch, we measured exchange of 

CO2 and water vapour from a needle-bearing shoot and from a branch segment without any needles. From 
the same branch, also sap flow (heat ratio method) and branch diameter changes (point dendrometers) 

were measured. 
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PRELIMINARY RESULTS 

Evaporation and CO2 emission were observed from all measured branches (Fig. 2). CO2 emission was 
always higher in the irrigated trees. Also evaporation through bark was in most cases (but not always) higher 

in irrigated than in control trees.  

Evaporation through bark and transpiration from shoots per surface area were of similar size in the 

control trees, because the stomata in the shoots were closed. In the irrigated trees, transpiration per needle 
area was 20-fold compared to control trees or compared to evaporation through bark. Photosynthesis per 

needle area was 13-fold compared to bark photosynthesis in irrigated trees, whereas the difference was 

typically small in control trees.  
Evaporation through bark was dependent on vapour pressure deficit (VPD) similarly in control and 

irrigated trees, and from June to September. There was water uptake by branches during some nights when 

VPD was low. Bark CO2 emission was dependent on temperature. Control trees had always low CO2 
emission through the bark, whereas the emission from the irrigated trees decreased clearly from June to 

September, probably due to decreasing growth respiration. 

The aim is to compare these measurements to measurements from Hyytiälä, and to scale both bark 

evaporation and photosynthesis to whole tree level to have an idea of their physiological importance for 
trees in dry conditions. 

 

 
Figure 2. Evaporation and CO2 emission through bark in a branch of a control tree and in a branch of an 

irrigated tree between 10th and 12th of June in 2019. Hourly averages of three days measurements are 

shown together with standard deviation.  
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INTRODUCTION 

In order to test one of the most supported hypotheses on production and aboveground growth declines, 

namely the hydraulic resistance hypotheses (HRH) (Ryan & Yoder 1997; Koch et al., 2004; Ryan et al., 

2006), we hypothesized and investigated the correlations 1) between height and sapwood-specific conduc-

tivity in branches and 2) among sap flow density, vapour deficit and irradiance in young/short and old/tall 

Scots pine (Pinus sylvestris, L.), a dominant species of boreal forest, in northern and southern Finland. 

Precedent works have inspired on the first correlation (e.g. West et al., 1999; Tyree & Zimmermann, 2002; 

Olson et al., 2014), but controversies still exist HRH alone or combined with nutrition (e.g. Wright et al., 

2004; Merilo et al., 2009; Räim et al., 2012; Osnas et al., 2013). Meanwhile, despite the optimization 

models of stomatal control have provided prototypic insights (e.g. Cowan & Farquhar, 1977; Hari et al., 

1986; Hari & Mäkelä, 2003; Dewar et al., 2018), modelling the dynamics of sap flow responding to envi-

ronmental factors on fine temporal scales is much less abundant. Thus, a quantitative study to describe the 

whole-tree hydraulic dynamics regarding ageing effects is of necessity. Such necessity is ampler in boreal 

forest, where significant changes in temperature and precipitation are likely to occur through this century 

by whichever Representative Concentration Pathway (RCP; IPCC, 2014). Our hypotheses are 

1. The sapwood-specific conductivity of the branches atop the crowns is negatively correlated with height; 

2. The young Scots pine has more effective stomatal control against vapour deficit than does the old; and 

3. The water transport of the young Scots pine reacts to irradiance by a higher magnitude than that of the 

old. 

METHODS 

There were two study sites, the northern (N) one for testing Hypothesis 1 and the southern (S) one for 

Hypotheses 2 and 3. The N site was located near the Värriö Research Station (VRS), University of Hel-

sinki (UH) and Station I for Measuring Forest Ecosystem-Atmosphere Relations (SMEAR I; 

67.7°N, 29.6°E), and the S site near the Hyytiälä Forest Station (HFS), UH and SMEAR II (61.8°N, 

24.3°E). Five or six sample trees for each of the age groups, young or old, were selected in each site. The 

young trees were typically no older than 70 and the old no younger than 140. Fieldwork was conducted 

during July and August 2017 and June and July 2018 in the N and S sites, respectively. 

For Hypothesis 1, the two-year-old segments of the topmost branches were used in measurement. There 

were three replicates at each height. The configuration and computation followed Grönlund et al. (2016) 

(see Table 1 for all the algebraic notation):  
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𝐾S =
𝑄𝑙

𝜌𝑔ℎ𝑎
 

Tree-average KS over the three replicates was used in the subsequent analyses. 

 

Table 1. Algebraic notation in this work. In Status, C = constant, P = parameter, V = variable. 

Name Status Meaning Typical unit 

KS V Sapwood-specific conductivity m3 m-1 Pa-1 s-1 

Q V Flow rate, averaged every 15 min over 2 h g s-1 

d V Branch sample under-bark diameter cm 

l V Branch sample length cm 

a V Branch sample cross-section area cm2 

ρ C KCl solution density kg m-3 

𝑔 C Gravitational acceleration m s-2 

h V Water head height m 

E V Transpiration rate mol m-2 s-1  

A V Photosynthetic rate mol m-2 s-1 

t V Time s or 10-min 

𝑔s V Stomatal control m s-1 

λ P Marginal water cost of carbon gain mol mol-1 

ζ P Reflecting λ and atmospheric [CO2] -- 

D V Vapour deficit mol m-3 

I V Photosynthetic photon flux rate (PPFD) mmol m-2 s-1 

J V Whole-tree average sap flow density m s-1 

τ P Elapsed time between E and J 10-min 

β P Fitted coefficients; subscripts follow the notation above (varying) 

For Hypotheses 2 and 3, the optimization models of stomatal control were simplified to enable empirical 

testing, where the time point of optimized stomatal status was defined as (Cowan and Farquhar, 1977; Hari 

et al., 1986) 

arg min
𝑡

∫ (𝐸(𝑡) − 𝜆𝐴(𝑡))d𝑡

𝑡2

𝑡1

 

and the optimal stomatal conductance at that time can be written as 

𝑔s = (√𝜁/𝐷 − 1)𝑓𝐼(𝐼) 

and thus 

𝐸 = 1.6 𝑔s𝐷 = 1.6 𝐷(√𝜁/𝐷 − 1)𝑓(𝐼) ≡ 𝑓𝐷(𝐷)𝑓𝐼(𝐼) 

Considering light response f(I) is usually expressed in a function with decreasing slope towards an asymp-

tote (saturation) (e.g. Hari & Mäkelä, 2003), both fD(D) and fI(I) can be approximated empirically by power 

function provided D is large enough to have (-1) omitted and I not extremely high to saturate the light-

response curve. Therefore, there is 

𝐸 = 𝛽0𝐷𝛽𝐷𝐼𝛽𝐼 
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To substitute E by J, τ (typically < 120 min) was accounted in the following autoregressive log-log model 

applied to each sample tree 

ln 𝐽𝑡 = 𝛽0
′ + 𝛽𝐷 ln 𝐷𝑡−𝜏 + 𝛽𝐼 ln 𝐼𝑡−𝜏 

Having removed the best explanatory lag that allowed the highest adjusted R2 among all the tested τ values, 

we fitted it again on the age-group level by introducing a categorical factor (B, B = 0 for young and B = 1 

for old trees). In this analysis of covariance (ANCOVA), all the seven possibilities of B affecting single or 

multiple coefficients were tested along with a general model without B. 

The measurement of J basically followed Granier (1987) and Lu et al., (2004), and the definition of base-

line voltage followed Oishi et al., (2008). Four pairs of probes at NW, SW, SE and NE were installed into 

each sample tree. For each sector, the correction by Clearwater et al., (1999) was applied when the sapwood 

depth was thinner than probe length, and the scaling by the gamma distribution was conducted when the 

sapwood was thicker than probe length (Berdanier et al., 2016). The whole-tree sapwood density was the 

mean of that of each direction weighted by the central angles. The data were averaged every ten minutes. 

D was calculated from the air temperature, relative humidity and I directly available as PPFD measured at 

SMEAR II at heights of 16.8 m and 33.6 m (for the young and the old sample trees, respectively).  

CONCLUSIONS 

 
Figure 1. Correlation between ln KS of top-

most branches of Scots pine and their height. 

Of the fitted line, Slope = -0.246, adjusted R2 

= 0.404, P = 0.02. 

 
Figure 2. Correlation among ln J, ln D and ln I of young 

(blue) and old (orange) Scots pine. The fitted planes in-

tersect at the red line. Of all coefficients P < 0.001. 

The sapwood-specific conductivity of topmost branches was found significantly decreasing with height 

(Figure 1), supporting Hypothesis 1. In the ANCOVA, the best-preforming model was with B affecting the 

coefficients of D and I but not the intercept. Hence, the sap flow density of old Scots pine was more driven 

by D while that of young more by I (Figure 2). These results support Hypotheses 2 and 3 within, however, 

particular ranges related to the partial derivatives of J to D or I. These results provide insights into 1) the 

impacts of mechanical tissues’ growth and local xeric conditions on fine branch conductivity, 2) the decline 

of whole-tree leaf- to sapwood-area ratio with tree height as a compensation for higher evaporative demand 

and 3) a faster decline of the slope of light response of old Scots pine after the initial value. 
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INTRODUCTION 

Black carbon (BC) is highly absorbing carbonaceous material emitted in combustion processes. BC is one 

of the most notable warming agents in global warming (Bond et al., 2013). However, compared to 

greenhouse gases, the lifetime of BC in the atmosphere is short and therefore decreasing BC emissions 

would have a rather fast effect on the radiative forcing. BC can also be used as an indicator about air quality. 

World Health Organization (WHO) reported that combustion related particulate matter (PM) has more 

adverse health effects than PM from other sources (Krzyżanowski et al., 2005). Since BC is a by-product of 

combustion, observing BC in addition to PM gives additional information about the health effects of PM 

(Janssen et al., 2012).  

In the Helsinki metropolitan area in southern Finland, the main sources of BC are traffic and wood burning 

(Helin et al., 2018). Also, part of the observed BC in southern Finland is long-range transport originating 

from Europe (Hienola et al., 2013). Due to the new emission standards, the emissions from traffic have 

decreased and we expect to see this in the BC data. Here, we show how the long-term trends of BC relate to 

the trends of other monitored air pollutants. 

METHODS 

The Helsinki region environmental services authority (HSY) has measured the BC concentration at various 

sites in the Helsinki metropolitan area (60° 10’ N, 24° 56’ E). The longest BC time series in Helsinki have 

been observed at a city centre site since 2011 and at an urban background site since 2012. The site in the 

city centre is located next to a busy street close to a busy intersection so the site is highly influenced by 

traffic. The urban background site is located in the downtown area, but further away from busy streets.  

BC measurements conducted at the SMEAR II station since 2006 by the University of Helsinki were also 

included in this study. SMEAR II is located in Hyytiälä (61° 50’ N, 24° 17’ E) in southern Finland about 

200 km north from Helsinki. Here the SMEAR II station represents a regional background site. There are 

no significant local sources around the station and the closest bigger cities Tampere and Jyväskylä are 

located about 60 and 100 km away from the station. 

At the sites that were located in the Helsinki metropolitan area, the BC concentration was measured with a 

Multi-Angle Absorption Photometer (MAAP, Thermo model 5012). At SMEAR II the BC concentration 
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was measured with a MAAP since 2013 and before that with an Aethalometer (Magee Scientific model AE-

31). Here, the term BC refers to the so-called equivalent black carbon (eBC), which indicates that the BC 

concentration was measured by optical means.  

Also, measurements of NOx and total mass of particulate matter smaller than 2.5 µm (PM2.5) were used in 

this study. At the sites that are located in Helsinki, PM2.5 concentrations were measured with continuous PM 

monitors and at SMEAR II the PM2.5 was measured offline by collecting particles in a cascade impactor. 

The NOx measurements were conducted with chemiluminescence analyzers. 

The trends were analysed by using a seasonal Kendall test described by Gilbert (1987). The seasonal Kendall 

test determines the trend from monthly median values. The test estimates the slope of the trend and tests if 

the trend is the statistically significant.  

CONCLUSIONS 

The concentration of BC had a statistically significant decreasing trend at all of the sites and the trends are 

presented in Table 1. The absolute decrease was most notable at the city centre, where the trend was -0.04 

µg m-3 yr-1. The decrease is probably due to reducing emissions from traffic. At the background sites, which 

do not have local sources in vicinity, the trends were smaller; -0.02 and -0.01 µg m-3 yr-1 at the urban and 

regional background sites, respectively.  

To compare how the trend of BC relates to the trends of other air pollutants, the trend analysis was also 

conducted for NOx and PM2.5, and the results are also presented in Table 1. The BC concentration decreased 

relatively about 6 % yr-1 at all the sites that is quite similar to the trend of the NOx, decreased from 7 to 4 

% yr-1. The trend of PM2.5 concentration decreased relatively about 3 % yr-1, which is less than the relative 

decrease for BC and NOx. Therefore, we can conclude that especially the amount of combustion related 

particles, which especially are hazardous for health, have decreased in southern part of Finland.  

 

Table 1. The trends for BC, NOx and PM2.5, measured at the city centre, the urban background and the 

regional background sites. The trends were statistically significant (p-value < 0.5) for all the variables at all 

the sites. Table presents the absolute trends (in units of µg m-3 yr-1) and the relative trends (in units of               

% yr-1). The relative trends were determined by dividing the absolute trend by the overall median of the 

variable. 

 
City centre 

(trend/year) 

Urban background 

(trend/year) 

Regional background 

(trend/year) 

    

BC 
-0.04 µg m-3 

-6 % 

-0.02 µg m-3 

-6 % 

-0.01 µg m-3 

-6 % 

    

NOx 
-3.11 µg m-3 

-7 % 

-0.80 µg m-3 

-5 % 

-0.04 µg m-3 

-4 % 

    

PM2.5 
-0.24 µg m-3 

-3 % 

-0.20 µg m-3 

-4 % 

-0.09 µg m-3 

-3 % 

    

Years 

included 

2011, 

2013 - 2018 
2012 – 2018 2006 - 2018 

  

421



 

ACKNOWLEDGEMENTS 

This work was supported by the Academy of Finland Centre of Excellence in Atmospheric Science (grant 

no. 307331) and the Regional innovations and experimentations funds AIKO governed by the Helsinki 

Regional Council (project HAQT, AIKO014). 

 

REFERENCES 

 

Bond, T. C., Doherty, S. J., Fahey, D. W., Forster, P. M., Berntsen, T., DeAngelo, B. J., Flanner, M.G., 

Ghan, S., Kärcher, B., Koch, D. & Kinne, S. (2013). Bounding the role of black carbon in the climate 

system: A scientific assessment. Journal of Geophysical Research: Atmospheres, 118(11), 5380-

5552. 

Gilbert, R. O. (1987). Statistical methods for environmental pollution monitoring. John Wiley & Sons. 

Helin, A., Niemi, J. V., Virkkula, A., Pirjola, L., Teinilä, K., Backman, J., Aurela, M., Saarikoski, S., 

Rönkkö, T., Asmi, E., & Timonen, H. (2018). Characteristics and source apportionment of black 

carbon in the Helsinki metropolitan area, Finland. Atmospheric environment, 190, 87-98. 

Hienola, A. I., Pietikäinen, J.-P., Jacob, D., Pozdun, R., Petäjä, T., Hyvärinen, A.-P., Sogacheva, L., 

Kerminen, V.-M., Kulmala, M., and Laaksonen, A. (2013). Black carbon concentration and 

deposition estimations in Finland by the regional aerosol–climate model REMO-HAM, 

Atmospheric Chemistry and Physics, 13, 4033-4055. 

Janssen, N. A., Hoek, G., Simic-Lawson, M., Fischer, P., Keuken, M., Atkinson, R. W., Anderson, H.R., 

Brunekreef, B. & Cassee, F. R. (2011). Black carbon as an additional indicator of the adverse health 

effects of airborne particles compared with PM10 and PM2.5. Environmental Health Perspectives, 

119, 1691-1699. 

Krzyżanowski, M., Kuna-Dibbert, B., & Schneider, J. (Eds.). (2005). Health effects of transport-related air 

pollution. WHO Regional Office Europe. 

 

 

422



SEASONAL DYNAMICS OF N2O AND CH4 FLUXES OF BOREAL TREE STEMS 

K. MACHACOVA1, E. VAINIO2,3, O. URBAN1, and M. PIHLATIE2,3,4 

1 Global Change Research Institute of the Czech Academy of Sciences, Belidla 4a, CZ-60300 Brno, Czech 

Republic 

2 Environmental Soil Science, Department of Agricultural Sciences, University of Helsinki, PO Box 56, FI-

00014 Helsinki, Finland. 

3 Institute for Atmospheric and Earth System Research/Forest Sciences, University of Helsinki, PO Box 27, 

FI-00014 Helsinki, Finland.  

4 Viikki Plant Science Centre (ViPS), University of Helsinki, PO Box 56, FI-00014 Helsinki, Finland 

 

Keywords: METHANE, NITROUS OXIDE, FOREST, GHG EXCHANGE 

 

INTRODUCTION 

Boreal forest soils are a natural source of nitrous oxide (N2O) and a sink of methane (CH4). N2O is naturally 

produced within soils in a wide range of nitrogen (N) turnover processes, including mainly nitrification and 

denitrification processes. While N2O production is predominant, N2O can also be reduced to N2 in the 

denitrification processes (Wrage et al. 2001; Smith et al. 2003; Rütting et al. 2011). According to the traditional 

paradigm CH4-oxidizing bacteria (methanotrophs) function in aerobic soil layers, while CH4-producing 

archaea (methanogens) require anaerobic conditions. Thus, methanotrophy is a prevailing process in dry soils, 

while methanogenesis predominates in wet soils. 

In general, trees can contribute to ecosystem N2O and CH4 exchange (1) by transporting the gases from soil to 

the atmosphere (Pihlatie et al. 2005; Machacova et al. 2013; Pangala et al. 2015), (2) by producing these gases 

in situ in the plant tissues (Smart & Bloom 2001; Keppler et al. 2006), (3) by consuming these gases from the 

atmosphere (Machacova et al. 2017; Haikarainen et al. 2019), or (4) indirectly by altering the soil biochemical 

or physical conditions, and thus the CH4 production and consumption, as well as N turnover processes (Yu & 

Chen 2009; Praeg et al. 2017). Regarding the transportation processes, both N2O and CH4 are suggested to be 

transported in the transpiration stream (Pihlatie et al. 2005; Machacova et al. 2013; Barba et al. 2019). 

However, while N2O is well water-soluble (Yu et al. 1997), CH4 is not and thus it can also be transported in 

air-filled pore-space (Armstrong 1980), such as aerenchymatic tissues common in wetland plants (Armstrong 

et al. 1994). 

Recent research has revealed that not only herbaceous plants but also trees can be significant sources of both 

N2O and CH4 (Machacova et al. 2016; Wen et al. 2017; Barba et al. 2019). Ecologically relevant studies on 

the N2O exchange of mature trees growing in natural field conditions are rare. Tree CH4 exchange is mainly 

studied at the temperate zone, while the trees at the boreal zone has not gained much attention. Furthermore, 

studied on the seasonality of the tree CH4 and N2O fluxes have been lacking. Here, we quantified the stem N2O 

and CH4 fluxes year-round from the dominant boreal trees: Scots pine (Pinus sylvestris), Norway spruce (Picea 

abies), as well as downy and silver birch (Betula pubescens and B. pendula). 

 

METHODS 

We measured the stem fluxes of N2O and CH4 from mature pine, spruce and birch trees from June 2014 to 

May 2015 at the SMEAR II (Station for Measuring Ecosystem–Atmosphere Relations) Hyytiälä ICOS 

(Integrated Carbon Observation System) site. We selected three plots with naturally different soil moisture 

423



(volumetric water content, VWC). At the wet (mean annual VWC 0.81 m3 m−3) and moderately wet (VWC 

0.40 m3 m−3) plots we measured fluxes from three trees per each species, and at the dry plot (VWC 0.21 m3 

m−3) from three pines (no other tree species were present). Together with the tree stems, we measured the forest 

floor N2O and CH4 fluxes at the study plots. There were three forest-floor-flux points both at the wet and 

moderately wet plot, and six points at the dry plot. The forest floor fluxes were measured always at the same 

time with the tree flux measurements at each plot. 

The fluxes of both the stems and the forest floor were measured with closed chamber technique. The stem 

chambers were attached ca. 0.2 m above the soil. We used two types of stem chambers: cylindrical, covering 

a stem surface area of 0.083–0.258 m2, and box-chambers consisting of two boxes, covering a total area of 

0.0176 m2. The soil chambers were covering a forest floor area of 0.298 m2 (wet and moderately wet plots) or 

0.116 m2 (dry plot). During the chamber closure, manual head-space-air samples were taken with syringes, 

stored in glass vials, and analysed with gas chromatograph. The fluxes were calculated from the sample N2O 

and CH4 mixing ratios by using linear fit (for details of the chamber measurements, sample analyses and flux 

calculation, see Machacova et al. 2019). 

One round of measurements from all the three plots were performed in 1–2 weeks, and all the plots were 

measured at least once a month – except for November and January when the conditions did not allow 

measurements. The fluxes of the missing months were estimated with linear interpolation using the adjacent 

months. The most intensive measurement period was from June to August.  

In addition to the flux measurements, several environmental parameters were monitored at the site, such as 

soil VWC, soil and air temperature, GPP, and PAR. Soil temperature and stem CO2 effluxes as well as 

ecosystem gross primary productivity (GPP) and evapotranspiration were considered as indicators of 

physiological activity of the trees. There was a continuous snow cover at the site from mid-December to early 

April. 

 

CONCLUSIONS 

All the studied tree species were on average net sources of N2O and CH4 at the annual scale. There was 

significant seasonal dynamics in the stem N2O exchange connected to the tree physiological activity. All the 

studied species emitted N2O during spring and summer (April–September), and the fluxes decreased in October 

(Fig. 1). Trees were exchanging small amounts of N2O even during the dormant season, showing both small 

emissions and uptake, and started to emit N2O again in March (Fig. 1). 

The CH4 exchange was more variable between the species, but the fluxes were mostly low (small 

emission/uptake) during the winter season. However, the birches at the wet plot started emitting again large 

amounts of CH4 already in January. The CH4 fluxes of birch and pine trees were clearly connected to the soil 

moisture, while the spruce fluxes not so visibly. The forest floor was mainly a sink of CH4, except for the wet 

plot which was a significant source of CH4 in June–July, and a small source for the rest of the year. For N2O, 

the forest floor was a source independently of soil moisture. 

We found a strong positive correlation with evapotranspiration, which supports our hypothesis that N2O is 

taken up from the soil by roots, then transported into the above-ground tree tissues in xylem via the 

transpiration stream. Based on the results, we suggest that there are different mechanisms driving the N2O than 

CH4 exchange of the stems. 
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Fig. 1. Monthly and annual N2O fluxes (mg m−2 month−1, mg m−2 y−1, respectively) from stems of (a) birch, 

(b) spruce, (c) pine, and (d) forest floor between June 2014 and May 2015. Positive fluxes indicate emission, 

negative fluxes uptake. The solid line marks the median value, broken line the mean, box boundaries the 25 th 

and 75th percentiles, and whiskers the 10th and 90th percentiles. Statistically significant differences among 

annual fluxes at p < 0.05 are indicated by different letters. 
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INTRODUCTION 
 

The development and application of on-line integrated meteorology-chemistry-aerosols modelling systems 

is expected to be able to handle and study many existing processes and interactions, which is difficult to 

investigate using the off-line modelling approach. In particular, aerosols can cause various complex 

effects in the atmosphere at different temporal and spatial scales. This depends on origin, chemical 

composition, lifetime, size, shape, optical properties, etc. The modelling platform is important component 

of the PEEX (Pan-Eurasian EXperiment programme; www.atm.helsinki.fi/peex) research infrastructure. In 

particular, the Enviro-HIRLAM/ HARMONIE models can be applied for multi-scale and –processes 

studies on interactions and feedbacks of meteorology vs aerosols/chemistry; aerosols vs. cloud formation 

and radiative forcing; boundary layer parameterizations; urbanization processes impact on changes in 

urban weather and climate; assessments for human and environment; improving prediction of extreme 

weather/ pollution events; etc. All these can be studied at different spatial (urban-subregional-regional) 

and temporal scales. In addition, added value to analysis is obtained through integration of modelling 

results into GIS environment for further risk/vulnerability/consequences/etc. studies. 
 

METHODS AND RESULTS 
 

The Environment – HIgh Resolution Limited Area Model (Enviro-HIRLAM; Baklanov et al., 2017) is 

continued to be developed as a fully online integrated numerical weather prediction (NWP) and 

atmospheric chemical transport (ACT) modelling system. In our studies, it is used in the research mode. 

Note, that the NWP part developed by HIRLAM consortium (Undén et al., 2002) and the Enviro-

components/modules were developed in collaboration with the Universities from different countries (see 

all references in Baklanov et al., 2017). The HIRLAM-ALADIN Research for Meso-scale Operational 

NWP In Europe (HARMONIE) combines elements from the global IFS/Arpege model (Déqué et al., 

1994) with the ALADIN non-hydrostatic dynamics (Bénard et al., 2010). At high horizontal resolutions 

(<2.5 km), the forecast model and analysis system are basically linked with AROME model from Météo-

France (Seity et al., 2011; Brousseau et al., 2011). Physical parametrizations from ALARO, HIRLAM 

(Undén et al., 2002) and ECMWF are applicable in this framework. 
 

Aerosols Feedbacks and Interactions in Arctic-Boreal Domain 

To study aerosol feedbacks and interactions at regional scale in the Arctic-boreal domain, the Enviro-

HIRLAM model was employed (Mahura et al., 2019a, 2019b). It is run in a long-term mode for reference 

and aerosols effects (direct, indirect, combined included) and at resolution of 15-5 km. Meteorology and 

atmospheric composition output (at 40 model levels) are simulated simultaneously. The initial and 

boundary conditions are taken from ECMWF; and anthropogenic, biogenic, and natural emissions are pre-
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processed. Analysis of variability for basic statistics (average, median, max, min, standard deviation was 

performed for all model runs and differences between the model runs (Fig. 1). In winter, the differences 

between runs are less pronounced for average concentration in the Arctic regions compared with other 

regions (Fig1-a1,a2); but these differences are observed for max concentration, and especially for the 

Siberia and Ural regions of Russia (Fig. 1-a4). The average sulphur dioxide monthly concentration is 

larger over mid-latitudes (presence of anthropogenic sources), but maximum is also observed due to long-

range atmospheric transport (Fig. 1-b1,b2). The average particular matter concentration is lower in the 

Arctic compared with mid-latitudes, but their composition is dominated by sea salt aerosols (Fig 1-b3,b4). 

 
Figure 1: Enviro-HIRLAM: (a) Difference fields between CTRL&DAE (a1,a2) and CTRL&IDAE (a3,a4) model runs for monthly 

(January) averaged (a1,a3) and maximum (a2,a4) concentration of black carbon, BC (in µg/m3);  (b) January (12 UTC) monthly 

averaged (b1,b3) and maximum (b2,b4) simulated concentration (in µg/m3) of SO2 (b1,b2) and PM2.5 (b3,b4) for control run. 
 

Aerosols on Regional Scale and Zooming to Urban Areas 

To study influence of aerosols on meteorological parameters for winter and summer months (January and 

August 2010), the Enviro-HIRLAM model was run in several modes: reference/control, CTRL (without 

any aerosols effects included), DAE (Direct Aerosols Effects), IDAE (InDirect Aerosols Effects), and 

DAE+IDAE (combined both direct and indirect effects included) (Nerobelov et al., 2019a, 2019b). The 

geographical area in focus is Scandinavia and North-West Russia (including zooming for metropolitan 

areas of St. Petersburg, Moscow and Helsinki) (Fig. 2). It was found that aerosol influence was stronger 

during August 2010. On regional scale, DAE decreased air temperature and total cloud cover during both 

months. IDEA and DAE+IDAE increased these parameters during the same period. DAE decreased 

specific humidity in January and increased in August, when IDEA and DAE+IDAE increased in January 

and decreased in August. All 3 aerosol effects decreased precipitation in both months.  

 
Figure 2: Enviro-HIRLAM: Difference fields between CTRL&DAE+IDAE model runs for specific humidity (in g/kg) for (a) 11 

Jan 2010, 18 UTC and (b) 4 Aug 2020, 18 UTC. 
 

At zooming on urban areas, for August, DAE decreased air temperature in St. Petersburg and Helsinki, but 

increased in Moscow. IDAE decreased it in St. Petersburg and increased (max 2-4℃) in other cities. 

Combined effect decreased air temperature in cities, but highest was in St.Petersburg. At the same time, 

DAE decreased total cloud cover in these cities, but IDAE and combined effects - increased. Moreover, 3 
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effects decreased specific humidity and precipitation (max 6 g/kg & 10 mm, respectively). In January, 

DAE decreased all parameters in 3 cities, except for precipitation in St. Petersburg. IDAE and combined 

effects increased all parameters, except for precipitation in Helsinki and for air temperature in Moscow. 
 

Transboundary Pollution over Kola vs. Fennoscandia  

To evaluate atmospheric pollution via continuous emissions of the sulphur dioxide (SO2) from the sources 

of the Kola Peninsula (Russia) and deposition of sulphates on surfaces of water bodies of the Kola and 

Fennoscandia, the Enviro-HIRLAM and GIS (QuantumGIS - QGIS) research tools were employed 

(Sedeeva et al., 2019a; 2019b). Spatial-temporal changes of pollutants via variations in different 

meteorology-pollution fields (air temperature, wind speed and direction, precipitation, concentration, 

deposition) were analysed for January and August 2010. The modelled fields of SO2 concentration and 

SO4 dry deposition were integrated into GIS environment (Fig. 3a). Here, it became possible to estimate 

cases: when Ambient Air Standard (AAS for SO2) was exceeded, and when the transboundary pollution 

took place. The max amounts of deposited sulphates on surfaces of several water bodies/reservoirs were 

calculated in GIS environment (Fig. 3b). Analysis showed that transboundary pollution was observed 

more frequently in August compared to January. Specific meteorological conditions in August such as 

anticyclonic circulation led to accumulation of SO2 over Kola’s territories than Fennoscandia. Often, when 

the SO2 concentration had its maximum, it coincided with time of higher air temperatures. During period 

studied, AAS for SO2 was exceeded 13 times: only one case over territory of Norway (Kirkenes), the rest 

– over different cities of the Kola Peninsula. The max value identified is more than 300 ppb. The number 

of cases as well as values of the sulphates’ wet deposition were higher in Aug 2010. For Fennoscandia, the 

max value of deposited sulphates over surfaces of water reservoirs was observed on territory of Finland 

(47 and 2.4 kg/km2 during Aug and Jan 2010, respectively). The min deposition was observed over 

Swedish water reservoirs (5.6 and 0.6 kg/km2 during Aug and Jan 2010, respectively). 

 
Figure 3: Enviro-HIRLAM: Modelled patterns of spatial distribution of (a) monthly averaged SO2 concentration (in ppbm) for 

August 2010 at 09 UTC /with focus on the Northern Fennoscandia and Kola Peninsula/, and (b) SO4 dry deposition (in g/m2) on 

19 Aug 2010 at 06 UTC /with focus on the Verkhnetulomskoe reservoir of the Kola Peninsula, Russia/. 
 

Elevated Black Carbon Episodes vs. Forest Fires 

To identify potential sources of black carbon (BC) emissions associated with forest fires and to link these 

to a series of elevated pollution episodes, the Enviro-HIRLAM model was used (Savenets et al., 2019). 

The elevated pollution levels were observed over several regions of Ukraine during 7-17 Aug 2010 (Fig. 

4). These were a result of remote atmospheric transport of pollution from the north-east sector towards 

Ukraine. Intense fires observed during July-August on territory of Russia. However, stationary 

anticyclonic conditions with high air temperatures, low moisture content, frequent absence of clouds and 

continuous droughts facilitated severe forest fires occurred during 2-18 Aug. In overall, BC concentrations 

near burning areas exceeded 700 ppbm (400 ppbm for accumulation mode and 300 ppbm for coarse 

mode). During initial period (2–6 Aug) the dominated circulation patterns caused atmospheric transport 

from burning areas towards north, east and south, and therefore, Ukraine was minimally affected by these 

emissions and elevated pollution levels. The first polluted air masses with high BC content appeared on 7 

Aug and concentrations reached 150 ppbm (for accumulation mode) and 80 ppbm (for coarse mode). 

Because of typical for anticyclone clockwise air movement, it caused additional pollution transport 

towards Ukraine during 13-16 Aug. A clear fingerprint of BC atmospheric transport from forest fires was 

observed up to 2000 km away from the sources. Moreover, analysis of vertical profiles for BC content 
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showed the prevailing transport within the lowest 3-km layer (up to 700 hPa). Rarely, but BC was also 

observed up to 550 hPa level. Because of regular temperature inversions, these prevented pollution from 

faster dispersion and elevated concentrations were more frequently observed at the near-ground levels. 

 
Figure 4: Enviro-HIRLAM: Spatial distribution of the black carbon (for the accumulation mode) during selected episodes of 

elevated concentrations at the near-surface level and dominated atmospheric transport from the north-east sectors at (a) 00 UTC 

on 3 Aug, (b) 18 UTC on 7 Aug, and at 06 UTCs on (c) 8 Aug, (d-e-f) 13-14-15 Aug 2010. 
 

Mesoscale Resolution Radar Data Assimilation 

The pre-processing approach was adopted for the radar reflectivity data assimilation (DA) in the 

HARMONIE NWP model (Ivanov et al., 2019). It creates a 3D regular grid where horizontal size of 

meshes coincides with horizontal resolution of the model. It minimizes a representative error associated 

with the discrepancy between resolutions in informational sources. After such pre-processing, the 

horizontal structure functions and their gradients for radar reflectivity maintain sizes and shapes of 

precipitation patterns similar to those of original data. The method showed improvement of precipitation 

prediction within radars’ location areas in both the rain rates and spatial pattern. It redistributes 

precipitable water with smoother values over common domain since the control runs show, among several 

sub-domains with increased and decreased values, correspondingly; and it also reproduces the mesoscale 

belts and cell patterns of sizes from a few to ten km in precipitation fields (Fig. 5).  

 
Figure 5: HARMONIE: (a) Modelled spatial distribution of precipitable water over territory of Finland in focus; (b) Impact of 

mesoscale radar data assimilation /areas I, II, and III outline specific regions in redistributing of precipitable water/; (c) Vertical 

profiles of rain water in the atmosphere for different model runs. 
 

Due to such DA, the model simulated larger water content in mid-troposphere (within 1-6 km depth layer 

& major variations at 2.5-3 km). Thus, the DA system in the convection-permitting HARMOINE model 

has been developed by involving radar reflectivity measurements. The focus was on optimizing inner 

parameters used in pre-processing. To pursue a compatibility between the model resolution and smoothed 

radar observation density, the “cube-smoothing” approach was used. It produces presentation of radar 

measurements on a regular grid at a resolution equal to that of the model’s grid. This ensures equivalent 

presentation of precipitation (reflectivity) structures in both model and observation in a sense of equally 

preserving the scales of precipitation patterns. From a spectral point of view for spatial frequencies (wave 
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numbers), this implies an equal cut-off of a high-frequency band in model-observation fields. It leads to 

minimization of, least, one component of the forecast error associated with the representativeness error. 
 

CONCLUDING REMARKS 
 

The models are planned to be further continued developed and applied as part of the Enviro-PEEX on 

ECMWF HPC (“Pan-Eurasian EXperiment (PEEX) Modelling Platform research and development for 

online coupled integrated meteorology-chemistry-aerosols feedbacks and interactions in weather, climate 

and atmospheric composition multi-scale modelling”) & CSC (“Enviro-HIRLAM seamless modelling of 

meteorology-chemistry-aerosols interactions and feedbacks on multi-scales”) projects as well as other 

ongoing/planned Horizon-2020, FP9, Nordic, AoF, etc. research projects and applied for different research 

tasks according to the PEEX Science Plan (PEEX, 2015). The emphasis continued to be on evaluation and 

testing of the online integrated approach for in-depth sensitivity analyses of mechanisms, relationships, 

feedbacks, interactions, etc. between chemistry-aerosols and meteorology and assessment studies in a 

changing climate. Moreover (see Makkonen et al., FCOE2019), science education component (as part of 

the PEEX Educational Platform) for the Enviro-HIRLAM model is also realised, and in particular, though 

organization and carrying out of the research training weeks. The latest trainings took place in April 2019 

(Helsinki; Enviro-PEEX project) and June (Tyumen, Russia; AoF ClimEco project), and next ones to be 

carried out in April (St.Petersburg, FIRST+ PEEX-AC project) and August 2020 (Moscow, ClimEco & 

MegaCity projects) in Russia. Due to recent CSC’s upgrade to new HPC system, the Enviro-HIRLAM 

model is also migrating to new platform and computing environment (i.e. instead of using Sisu’s CRAY 

XC based, the Puhti/Mahti’s Atos BullSequana will be used) as well as new data storage (Allas). 
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INTRODUCTION 

 

The INAR is leading the Pan-Eurasian EXperiment (PEEX; www.atm.helsinki.fi/peex) initiative as an 

international, multi-disciplinary, multi-scale programme focused on solving interlinked global challenges 

influencing societies in the regions of the Northern Eurasia, including selected Arctic regions. The PEEX 

Research Infrastructure’s (RI) building blocks are linked to in-situ observations, remote sensing/ satellite 

monitoring, data systems and modelling activities. The RI has 3 components: observation component, data 

component and modelling component. According to the PEEX Science Plan (PEEX, 2015) the RI main 

aims are: (i) to establish and sustain long-term, continuous and comprehensive ground-based, air/seaborne 

research infrastructures linked with remote-sensing data; (ii) to develop new datasets with continuous, 

comprehensive data flows; and (iii) to implement validated and harmonized data products for models of 

different spatio-temporal scales and –processes in focus. Observations networks will produce large 

volume of raw data to be pre/processed and analysed as well as delivered in a form of datasets (or 

products) to the research and stakeholders/end-users communities. Several steps taken are discussed here, 

and include an overview (as PEEX-e-Catalogue) of measurement capacity of exiting stations, linkages to 

Integrated Arctic Observation System (INTAROS) and Integrative and Comprehensive Understanding on 

Polar Environments (iCUPE). 

 

METHODS AND RESULTS 

 

In-Situ Atmospheric-Ecosystem Collaborating Stations 

Although more than 200 stations are presented in the PEEX regions of interest, but so far only about 60+ 

Russian stations have metadata information available (peexdata.atm.helsinki.fi - under request). The 

station metadata enables to categorize stations in a systematic manner and to connect them to international 

observation networks, such as the World Meteorological Organization - Global Atmosphere Watch 

Programme (WMO-GAWP), China Ecosystem Research Network (CERN), and perform standardization 

of data formats. As part of the INAR activities with Russian partners, an electronic catalogue was 

published (PEEX, 2019; as a living document; last updated in June 2019) to be updated with new 

information on stations and new stations joining the PEEX network). The e-catalogue 

(www.atm.helsinki.fi/peex/index.php/peex-russia-in-situ-stations-e-catalogue) introduces information on 

measurements and contacts of the Russian stations in the collaboration network. The catalogue aim is to 
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promote research collaboration and stations as partners of the collaboration network and to give wider 

visibility to the stations activities. 

 

Integrated Arctic Observation System 

From 200+ stations (in total) 11 Russian stations in the Arctic region were selected for the Integrated 

Arctic Observation System (INTAROS; intaros.nersc.no) Atmospheric, Terrestrial and Cryospheric 

parts/themes. The updated metadata were obtained for these measurement stations located within the 

Russian Arctic territories. Metadata include basic information, physico-geographical and infrastructure 

description of the sites and details on atmosphere and ecosystem (soils–forest–lakes–urban–peatland–

tundra) measurements. For the atmospheric part, the measurements  for meteorological parameters  such 

the air temperature,  relative humidity, wind speed  and direction, precipitation; and  for the terrestrial and 

cryospheric parts, the  measurements for temperature profiles of the soil/ peat layers, and soil/ peat  

temperature profile down to the bed rock (bore hole) can be provided. Measurements at these sites 

represent more local conditions of immediate surrounding environment and datasets (as time-series) are 

available under request.  

To demonstrate ("show case") capabilities of observational s capabilities, the detailed analysis results for 

selected Russian station (Marre-Sale) was performed. These include inter-annual, month-to-month and 

diurnal cycle variabilities of meteorological and ecosystem parameters, which are underlying climatic and 

environmental changes observed in the Arctic regions of Russia. Moreover, trends of selected 

meteorological parameters were also analysed for about 100 meteorological stations located in the 

northern and Arctic latitudes. 

In total, about 50 datasets (including those from UHEL/INAR: links to SMEAR-I station meteorology-

pollution-ecosystem data and PEEX-e-catalogue metadata for in-situ atmospheric-ecosystem collaborating 

stations of Russia) are presented now in the INTAROS web-based catalogue (catalog-

intaros.nersc.no/dataset) by organizations contributed, related research themes/ topics, data formats, and 

types of licenses (majority under the Creative Common Attribution). Themes includes atmosphere, ocean, 

sea ice, marine ecosystem, terrestrial, glaciology, natural hazards, and community-based monitoring. As 

for SMEAR-I (Station for Measuring Atmosphere-Ecosystem Relations) station, being a part of the INAR 

activities, it was set up in 1991. Programme includes meteorological (wind speed and direction, air 

temperature and relative humidity), radiation (global, reflected, net), chemistry/aerosols (CO2, SO2, O3, 

NOx, etc.); ecosystem, photosynthesis, irradiance related measurements (detailed information on measured 

parameters including instruments - www.atm.helsinki.fi/SMEAR/index.php/smear-1/measurements). 

 

Integrative and Comprehensive Understanding on Polar Environments 

The datasets (in total about 20) as products for researchers, decision- and policy makers, stakeholders and 

end-users communities will be produced as part of the Integrative and Comprehensive Understanding on 

Polar Environments (iCUPE; www.atm.helsinki.fi/icupe/index.php) activities. All these datasets are 

expected to be publicly available for different applications. Focusing on the Arctic region territories, the 

planned datasets will include novel data on anthropogenic contaminants in snow and ice cores and organic 

contaminants in the air-snow-water; concentrations of different chemical species and aerosols as well as 

their characteristics including vertical profiles; various atmosphere-hydrosphere-cryosphere-etc. related 

parameters in the Arctic based on ground-airborne-satellite-etc. platforms; near-real time parameters of the 

Arctic Research Infrastructures; others. Some datasets will focus on selected areas in northern latitudes, 

others - on geographical locations (measurement sites). A list of expected datasets is presented at 

https://www.atm.helsinki.fi/icupe/index.php/datasets/list-of-datasets-as-deliverables.  

These planned datasets are promoted to larger science and public communities through so-called dataset 

“teasers” (www.atm.helsinki.fi/icupe/index.php/submitted-datasets). For Arctic regions, these include 

“promotional” materials on fractional snow cover area in selected sites of Svalbard islands; proxies for 

mixing layer height, condensation sink and gross primary production; dataset for ground-validation of 

precipitation measurements in high-latitudes;  atmospheric mercury speciation and isotope observations; 

time series of lake size changes; concentration of organic contaminants, mercury and other heavy metals 

in annual snow and shallow core records; source apportionment of organic aerosols including source 

regions; occurrence, transport and exchange fluxes of emerging organic contaminants; small-scale vertical 
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and horizontal variability of the atmospheric boundary layer aerosol using unmanned aerial systems; 

absorption coefficient/ equivalent black carbon standardized dataset for long term impacts;  continuous 

vertical observation of aerosol and cloud properties; and others. These also include those from the iCUPE 

Russian collaborators for the Russian Arctic: atmospheric mercury measurements at Amderma station; 

elemental and organic carbon over the north-western coast of the Kandalaksha Bay of the White Sea; 

micro-climatic features and Urban Heat Island intensity in cities of Arctic region; and others. 

Since Dec 2018, so far, datasets on emerging organic contaminants in air/snow/water, anthropogenic 

contaminants in snow/ice cores, near-real time aerosol absorption measurements from selected regions/ 

locations of the Arctic were delivered (www.atm.helsinki.fi/icupe/index.php/datasets/delivered-datasets), 

and more are expected during 2019-2020. Majority of archived datasets (as products) are directly linked 

(and downloadable) at website, and corresponding Read-Me files are available with detailed description 

and metadata information included. Following data management plan, UHEL will maintain these datasets 

accessibility, and the raw data to be hosted and maintained by the datasets providers. 

Selected datasets are also to be tested and integrated into several platforms. One of these is linked to 

COPERNICUS services. COPERNICUS is the largest data provider. To facilitate and standardize access 

to Copernicus data, there are 5 cloud-based online platforms known as the Data and Information Access 

Services (DIAS). These will provide mass storage and handling of data as well as centralized access to 

data, processing tools, and relevant information. The DIAS platforms (CREODIAS - creodias.eu;  

SOBLOO - sobloo.eu; MundiWebServices - mundiwebservices.com; ONDA - www.onda-dias.eu/cms; 

and  WEkEO - www.wekeo.eu) allow users to explore, process, and download Copernicus data and 

information as well as have ability to process and combine with data from other sources. It is also possible 

to develop and host new applications in the cloud. Other tested platforms for pre/post-processing/analysis 

data include the Virtual Laboratory, VLab (vlab.geodab.org) Google Earth Engine 

(earthengine.google.com), Polar Thematic Exploitation Platform, Polar-TEP (portal.polartep.io), 

EUROGEOSS Geo Discovery and Access Broker (www.eurogeoss-broker.eu). Moreover, datasets can be 

also interlinked with the INTAROS web-catalogue (catalog-intaros.nersc.no/dataset).  
 

CONCLUDING REMARKS 
 

All types of observations (in-situ, satellite, etc.) are of critical importance for understanding processes and 

changes occurred in different environments including atmosphere, hydrosphere, biosphere, etc. All 

produced datasets are of practical importance and applicability for various models verification, and in 

particular those of the PEEX-Modelling-Platform (www.atm.helsinki.fi/peex/index.php/modelling-tools-

demonstration). Moreover, the PEEX, INTAROS and iCUPE datasets and catalogues will be 

demonstrated and promoted during upcoming research training events such as intensive courses and young 

scientist summer schools (Apr and Aug 2020, in St.Petersburg and Moscow, Russia) on multi-scale 

processes modelling, observations and assessments for environmental applications. 
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INTRODUCTION

Climate models provide an fruitful platform for generating Big Data: Coupled Model Intercomparison
Project Phase 5 (CMIP5) produced already several petabytes of data, while ongoing CMIP6 is expected to
surpass with potentially tens of petabytes. Large climate datasets allow application of novel data science
methods, and increasing model complexity and interactivity allows exploration of undisclosed patterns,
interactions and feedback mechanisms. Fountalis et al. (2014) proposed a network-analysis framework for
studying climate variable patterns. The process involves identification of geographical regions based on
e.g. homogeneity of a certain variable. The established regions can be further considered as nodes, and
network analysis can be used to find the interconnections in the coupled system.

Global aerosol-climate models are able to produce several terabytes of data even during one-year
simulation. During subsequent post-processing, there is an urgent need for reducing the amount of data,
usually by reduction of temporal resolution. However, temporal averaging distorts the data, hindering the
analysis  of  e.g.  aerosol–cloud–climate  interactions.  Constructing  spatial  nodes  based  on  variable
homogeneity is one mechanism for spatial dimension reduction, while it also allows for analyzing the
interactions among aerosol and precursor sources, aerosol  formation, and clouds.  Furthermore, cluster
detection  helps  to  assess  model  performance  against  observations,  identifying  e.g.  spatial  shifts  in
simulated responses to a perturbation.

Figure  1.  Initial  2D/3D  regional/global  geospatial  datasets  are  produced  by  Earth  System  Models
(atmosphere, land, ocean,biosphere,... ) or observations (satellite datasets). Second, the temporal behaviour
can be  further  processed (averaging,  removal  of  trends or  seasonal  cycle),  or  the  time series  can  be
combined with other variables. The goal of geospatial clustering is to identify contiunous regions that
share common factors, e.g. similar response to perturbations. Homogeneity of a region can be assessed via
e.g. covariance or mutual information metrics.
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METHODS

We have developed a Python-based software package which contains modules for 1) automatic cluster
(node)  detection  from  geospatial  datasets  and  2)  network  generation  using  correlations  of  the
corresponding (lagged) time series. The software package reads in NetCDF-files as inputs, and provides
data and figures (including maps) of detected clusters as output. The software can then detect networks
between established nodes or analyze node correlation to separately given time series.

Here we present selected results of potential applications of network analysis of aerosol-climate
connection. For example model input, we use ECHAM-HAM aerosol-climate model (Zhang et al., 2012).

RESULTS

In  our  example,  we  have  chosen  to  cluster  single  vertical  level  (atmospheric  column  integral)  data
acquired  from  models  and  observations  during  the  period  2001-2010.  We  deseasonalize  the  data
throughout the period and consider only monthly anomalies. Figure 1 shows an example of clustering
based on simulated cloud condensation nuclei (CCN) data (0.2% supersaturation) over oceans. In this
case, the algorithm requires a minimum correlation between any two gridcell timeseries. The size of the
domains  is  a  direct  consequence  of  selected  parameter  values  for  required  homogeneity  (minimum
correlation).

Figure 2. An example of detected clusters of monthly CCN concentration anomalies simulated by
ECHAM-HAM during 2001-2010. An individual cluster would show similar response to e.g. emission or

climate changes in that region. The colors only guide to distinguish different clusters.

We  have  applied  the  algorithm  to  anomalies  in  climate  (temperature,  precipitation)  aerosol  sources
(anthropogenic and biogenic emissions, sea spray, dust), aerosol concentrations, and cloud properties. This
allows us to detect  spatial  responses to perturbations and later,  given a set  of  sensitivity simulations,
attributing the aerosol-climate responses to e.g. emission sectors. Further, we have used the methodology
to pinpoint certain issues in the model not being able to capture the observed anomalies.

Figure 3. Examples of connecting clusters identified in two datasets, simulated CCN (black/grey) and 2-
meter temperatures (coloured). 
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After clustering of two datasets, the tool can identify connections between clusters (Figure 3). This can be
thought as a network with individual clusters as nodes, and connections in networks can be identified from
cluster  properties  (correlation,  mutual  information  etc.).  The  simulated  CCN  seems  to  be  closely
connected (positive correlation) to temperature in several areas, specifically close to outflow regions of
continents (note that the analysis is only done for above-ocean-CCN). The strong connection could be
linked to e.g. increased biogenic or wildfire emissions.
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INTRODUCTION 
 

Boreal peatlands, covering a large fraction of the northern hemisphere, are an important terrestrial carbon 
pool, whose size is estimated to be around 500 ± 100 Pg of organic carbon integrated over the entire peat 
depth (Yu, 2012). Photosynthesis and respiration of plant and microbial communities regulate the size of 
this pool. However, peatlands are also prone to rapid ecological changes related to climate, which modify 
the interaction between hydrology, carbon cycle, vegetation cover and micro-topography. Detailed 
knowledge of the processes governing the carbon exchange in northern peatlands over the course of a 
growing season is limited, especially with respect to the impact of relevant environmental variables.  

While continuous and long-term time series of methane (CH4) and carbon dioxide (CO2) fluxes are 
already available from several boreal peatland sites in Europe, measurements of this kind are rare in Siberia 
(Peltola et al, 2019). This is mainly due to the lack of developed measurement sites with the infrastructure 
suitable for continuous monitoring of the ecosystem-atmosphere exchange processes, and frequent 
inaccessibility of key ecological zones and biomes. In Western Siberia, the range of CH4 emission rates are 
largely uncertain, because discontinuous and short-term observations (static chamber technique) have been 
often used to derive regional and long-term methane emission rates (e.g. Glagolev et al., 2011; Sabrekov et 
al., 2011). 

This study was motivated by the need and interest to fill the Siberian observational gap by 
establishing the eddy-covariance (EC) measurement setup in a typical West Siberian peatland.  In April 
2018 we have started EC measurements of methane fluxes at the Mukhrino raised bog in addition to the 
energy and CO2 fluxes which were established already in 2015 (Alekseychik et al, 2017). The objective of 
the project is to provide more insights into carbon cycle and greenhouse gas exchange dynamics at the 
wetland bog site close the Mukhrino station and to construct a long-term dataset of fluxes measured 
according to standardized protocols. 
 
 

METHODS 
 

Mukhrino Field Station (MFS) in the center of Western Siberia (Khanty-Mansiysk Autonomous 
District, Russia, http://mukhrinostation.wordpress.com) was established as a part of the UNESCO chair 
“Environmental Dynamics and Global Climate Change” of Yugra State University in 2009. MFS is located 
in a mixed forest/floodplain/peatland landscape 30 km South-west from the city of Khanty-Mansiysk 
(60°53' N; 68°42' E) on the left terrace of the Irtysh river (Figure 1). 
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The research activities at MFS are conducted, firstly, in peatland, and, secondly, in Irtysh floodplain. 
The peatland site is representative of the pristine carbon-accumulating mire ecosystems of the West 
Siberian Middle taiga zone. These mires cover about 60 % of the land surface of this zone, and are mainly 
represented by the oligotrophic rain-fed variety, bogs. Also, native old dark coniferous and mixed forests, 
as well as wetland and meadow graminoid vegetation in vast flood plains of Irtysh and Ob rivers are 
represented. The immediate vicinity of the measurement setup (the eddy-covariance footprint area) presents 
a complex mosaic of typical raised bog surfaces covers (hollow-hummock complexes, flarks and ponds). 
The hummocks are sparsely populated by pine trees ranging between 1-4 m in height. These features are 
found in a large proportion of the regional mires. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A map showing the Mukhrino station location (on the left) and a photo of the EC tower with us 
(Pavel Alekseychik and Ivan Mammarella) and our Russian collaborators (on the right). 
 
 
 

Automatic weather station provides many parameters both in a wet hollow and in a pine-dwarf shrub-
sphagnum ecosystem of oligotrophic mire, including air and soil temperature profiles, air and soil moisture, 
solar radiation (direct and reflected), wind speed and direction, precipitation, atmospheric pressure. Eddy-
covariance (EC) measurements were launched in 2015. Currently, the EC system consists of a LI-7500 gas 
analyzer and a Gill R3 anemometer, providing the estimates of CO2 and energy fluxes. The system was 
expanded in 2018 with the LI-7700 methane analyzer. Data processing and quality control are done in full 
compliance with the accepted routines; eddy-covariance data is analyzed with the EddyUH software 
(Mammarella et al. 2016). No similar measurements have been brought out anywhere else in the West-
Siberian region; the nearest stations with equivalent setup are located approx. 1000 km to the East and 
South-East. 
 

CONCLUSIONS 
 

On average, the bog acted as net CO2 sink and CH4 source during the analyzed period (Fig. 2). Fluxes 
of CH4 have similar magnitude as measured in Finnish peatlands (e.g. Rinne et al, 2018), having an emission 
peak up to 0.1 µmol m-2 s-1 during the thawing period in May, and ranging between 0.05 and 0.1 µmol m-2 

s-1 during the summer.  Largest daytime CO2 uptake happened during July and August. The flux magnitude 
was somehow lower than what was measured in the more wet summer 2015 (Alekseychik et al, 2017), but 
larger than the dry year of 2016 (data not shown), pointing at the importance of the water availability control 
for the ecosystem. 
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Figure 2. Time series of EC turbulent fluxes of CO2, CH4, sensible (H) and latent heat (LE) measured in 
2019.  
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INTRODUCTION 

New particle formation (NPF) and the growth of particles in the atmosphere are crucial processes which  

have great impact on climate by contributing to the concentration of cloud condensation nuclei (CCN). 

Because marine aerosols and clouds can have direct and indirect impact on the Earth’s radiation budget, it 

is known that particle formation process is important in climate regulation. The total particle number 

concentration in regional background conditions is very likely to be dominated by NPF especially in pristine 

regions such as Arctic atmosphere. Still some parts of new particle formation and growth are remained 

elusive. There are many ongoing laboratory experiments and field measurements concerning this topic. 

However, still there is a lack of data and evidence on detailed particle formation processes under natural 

atmospheric conditions. There are many source compounds for new particle formation and growth in the 

atmosphere in remote ocean such as sulfuric acid (SA), methane sulfonic acid (MSA), highly oxidized 

molecules (HOMs), and HIO3. Dimethyl sulfide (DMS) produced by marine phytoplankton is the most 

abundant form of sulfur released into the atmosphere from the ocean (Stefels et al., 2007). DMS may have 

an impact on the radiative balance of the earth (Bates et al., 1987; Simo, 2001). The potential role of marine 

DMS in adjusting climate was introduced by Quinn et al. (2011). They highlighted that atmospheric DMS 

is rapidly oxidized by hydroxyl radicals and is then transformed into SA and MSA, both of which may 

contribute to the formation of new particles and CCN (Jang, 2016).  HOMs exist in the atmosphere as forms 

of ion or neutral species in the gas phase (Ehn et al., 2012; Bianchi et al., 2016) and main source of HOMs 

is the oxidation of terpenes, which are biogenically emitted volatile organic compounds. In recent years, the 

importance of HOM in the atmosphere have received much interest, with studies finding that they can have 

significant impacts on both aerosol particle number and mass. Some previous studies revealed that HOMs 

can play a critical role in new particle formation process due to their low vapor pressures (Tröstl et al., 2016, 

Kirkby 2016) even though there is no SA in the atmosphere. It is known that oxidized iodine species can 

also play a role in the new particle formation, but their sources in the Arctic remain unclear (Mahajan et al., 

2010; Allan et al., 2015). Coastal areas are known as the most productive area for iodine species where most 

of iodine production dominated by seaweeds, but also open ocean environment can produce iodine-

containing compounds from as well as Arctic and Antarctic sea ice (Atkinson et al., 2012). In the sea-ice 

region, marine phytoplankton and sea-ice algae, especially diatoms, are responsible for the iodine 

production ( Saiz-Lopez et al., 2015). Some of iodine oxides are formed following photolysis of reactive 

iodine precursors and atmospheric ozone, but most of iodine in sea-ice areas is produced by diatoms trapped 

within brine channels of sea ice and released to the atmosphere owing to porous property of sea ice ( Saize-
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Lopez et al., 2015). It remains uncertain whether the particle formation by iodine oxide is important in 

remote ocean area and has relevant contribution to the atmospheric conditions. 

In this study, we examined the relationships linking atmospheric in-situ data of MSA, SA, HIO3, HOM and 

aerosol concentrations (with sizes of 10nm, 50nm and 100nm) with satellite-derived chlorophyll a (Chl-a), 

oceanic primary production (PP), and Photosynthetically Active Radiation (PAR)  also as a function of sea 

ice concentration and extent during two time spans – the phytoplankton bloom period, April-May 2017 (30th 

March-1st June) and post-phytoplankton bloom; June – July 2017 (2nd June- 4th August) – in two ocean 

domains; Greenland and Barents sea.  

METHODS 

Sampling site 

Field measurements were performed at Gruvebadet laboratory in Ny Ålesund (78.9º N, 11.9º E), ca. 1.5 km 

south from the main village (Figure 1a). A trajectory analysis was performed to identify primary source 

areas of atmospheric vapours and aerosols sampled at Ny Ålesund (Figure 1b). Based on trajectory analysis 

we divided source areas to three sectors (Figure 1a). Barents Sea with 25%, Greenland Sea with 28% and 

sea ice area with 44% contribution to air mass origin. The sea ice is largely dominant (about 44%) but as it 

is not possible to measure beneath of sea ice, so our approach cannot be used to study this area (sea ice 

algae). Therefore, we focus on Barents and Greenland seas. 

 

 

(a) (b) 

Figure 1. (a) A map of the Arctic region with the sampling site. The three main source regions for 

airmasses reaching Ny Ålesund are defined with red dash lines. (b) Air masses origin as indicated by a 

cluster analysis of the 3-day backtrajectories at 50 m starting at Ny Ålesund for 30th March to 4th August 

2017. 

Sampling methods   

The MSA, SA, HIO3 and HOMs were measured by a nitrate ion Chemical Ionization – Atmospheric Pressure 

interface - Time-of-Flight -  mass spectrometer (CI-APi-ToF) described in Jokinen et al. (2012) and used in 

numerous previous field and laboratory studies (e.g Kirkby et al., 2016). 

Satellite data and calculation of primary production 

Eight-day (8D) average of PAR from the Level-3 MODIS-Aqua data sets are calculated from the NASA's 

Ocean Color website (http://oceancolor.gsfc.nasa.gov/) with a spatial resolution of 4 km. Chl-a (8D) were 

downloaded from OC- CCI website (http://www.esa-oceancolour-cci.org). The OC-CCI is a long-term, 

consistent and error-characterized dataset generated from merged normalized remote-sensing reflectance 

derived from four satellite sensors: SeaWiFS, MODIS, MERIS, and VIIRS. In this work, we have used OC-

CCI v3.0, where more data have been included (VIIRS and SeaWiFS LAC). Primary Production data (8D) 
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were downloaded from http://www.science.oregonstate.edu/ocean.productivity/index.php. We used the 

Eppley-VGPM algorithm. The time series were computed in the two selected domains by spatially averaging 

the 4 km 8-day datasets. Missing values in Arctic regions are mainly due to either cloudiness or algorithm 

failure. However, overall there are enough cloud-free data to describe the evolution of Chl-a and PAR for 

our sampling site. Also monthly average of sea ice concentration anomalies and sea ice extent (SIE) were 

added to this study.  

Ocean color time series affected by Barents and Greenland Seas and sea ice properties 

The evolution of the 8-day average ocean color parameters (PP, PAR, Chl-a) for Barents and Greenland 

seas around of  Ny Ålesund are calculated. Also monthly average of sea ice concentration anomalies and 

sea ice extent (SIE) were calculated and shown for April-May period and June-July period in Figure 2 and 

3 to add more knowledge about sea ice melting time for year 2017 in two dominant seas. Pattern of ocean 

color parameters in two ocean domains in two periods was changed and connections between sea ice 

situation and the early phytoplankton bloom in Greenland and Barents Seas was found.  

    

(a) (b) (c) (d) 

 

Figure 2. Monthly sea ice concentration anomalies in (a) April (b) May (c) June; (d) July in 2017. 
 

    

(a) (b) (c) (d) 

 

Figure 3. Monthly sea ice extents in (a) April (b) May (c) June; (d) July in 2017. 
 

Correlation between biologic parameters  and atmospheric components  in April-May 

(phytoplankton bloom time) and June-July 2017 (post - phytoplankton bloom time).  

Atmospheric measurements (MSA,SA,HIO3,HOM, aerosol concentrations (10nm,50nm,100nm)) were 

from end of March until first of August. The period was divided to two period of bloom time (April-May) 

and post-bloom time (June-July) in Arctic. Correlation plots  between atmospheric components and 

biogenic parameters were calculated in two time periods and in two ocean domains. 21 correlation plots 

were analysed that high correlations were found in our result that emphasis role of ocean color parameters 

in atmospheric components.  We call R square as significant, if P< 0.05. 
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CONCLUSIONS 

We investigated the relationships among Chl-a concentration, PP, PAR and atmospheric variables 

(MSA,SA,HIO3,HOM, aerosol concentrations (10nm,50nm,100nm)) at Ny Ålesund, Svalbard islands. 

Atmospheric measurements at Ny Ålesund station and satellite-based measurements of Chl-a, PAR and 

calculations of primary production at the potential source area located in two ocean domain (Barents and 

Greenland Seas) based on air mass back-trajectories were used in the analysis. Monthly sea ice anomalies 

and sea ice extent during April-July were added to this study. The results showed that there are different 

relationships for different ocean domains (Greenland and Barents seas) and different seasons. Ocean color 

controlling factors for atmospheric components in both seas were calculated and new findings between sea 

ice properties, early phytoplankton bloom and ocean domains were presented 
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INTRODUCTION 

Nitrous oxide (N2O) is the third most significant greenhouse gas with stratospheric ozone depleting ability 
(Myhre 2013). N2O is produced mostly as a byproduct of microbial metabolism, but it is also released from 
anthropogenic sources, like biomass and fossil fuel combustion, which have increased its atmospheric 
concentration from preindustrial time. In the biosphere N2O is consumed only by microbial process, where 
it is reduced to dinitrogen gas with nitrous oxide reductase (nos) enzyme. N2O reduction happens mostly in 
anoxic, but potentially also in microaerophilic conditions (Deesloover 2014). 
 
Current climate models show that we still lack the knowledge of all possible sinks of N2O. One potential, 
yet not studied sink could be the phyllospheric microbiota of trees.  This hypothesis is supported by the 
evidence that birch stems and cryptogamic stem covers are able to consume N2O (Machakova 2017) and 
nosZ-gene coding nitrous oxide reductase has been extracted from spruce (Siljanen, unpublished data). In 
addition, phyllospheric microbes are known to be able to form aggregates and biofilms on leaf surfaces, the 
inner parts of which provide anoxic environment suitable for N2O reduction (Monier & Lindow 2003, 
Wessel 2014).  
 
Aim of this study was to quantify N2O consumption potential of Norway spruce branches from different 
parts of Finland and to isolate and identify N2O consuming microbe species from branches. In our study we 
wanted to differentiate the functioning and diversity of microbes living on the plant surfaces (epiphytic) and 
inside the plant (endophytic).   
 

 

METHODS 

Phyllospheric samples were collected in the beginning of June 2019 from three locations; from Viikki, 
Helsinki; Puijo, Kuopio and from Kenttärova, Kittilä. In each location, a top part of a branch was taken from 
nine spruce trees, branches from three trees forming one sample. All the trees were growing on mineral soil 
and branches were collected from approximately 1.5 meters above ground. Branches were placed into 
incubation bottles containing fresh water media (FWM), in which they were thoroughly shaken to release 
epiphytic microbes to the media. In a laboratory the branches and needles were taken out from the bottles 
and relocated into new incubation bottles containing FWM. For each location there was a negative control 
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bottle for culturing, which was opened in the field and in a laboratory. A branch from each sampled tree 
was taken also for microbial community and physical/chemical analyses.  

After preparation samples were stored in dark at 4°C. After this the headspace of the bottles was first made 
anoxic with nitrogen gas and then flushed with gas containing 0.5 ppm of nitrous oxide. First gas samples 
from bottles were taken one hour after flushing and then the samples were incubated at 28°C for seven days. 
The next gas samples were collected on the third and on the seventh day of incubation.  

After incubation, growth media from each bottle was plated and spread on petri dishes with agar solidified 
FWM. Plates were incubated in anoxic growing chambers at 28°C, with 0.5 ppm of N2O as an electron 
acceptor, from one to three weeks, until single colonies appeared. Plates of negative control bottles were 
empty after incubation. Between eight and sixteen colonies were collected to pure cultures in incubation 
bottles. Also, sample for colony-PCR analysis of nosZ-gene (both clade I and II) were taken for further 
analysis of nosZ gene structures. These isolates were incubated at 28°C first for one week with anoxic 
headspace having 0.5 ppm of N2O as the electron acceptor for denitrifying microbes, then with oxic 
headspace with 0.5 ppm of N2O. Gas samples were taken in the beginning and in the end of incubations. 

We are going to determine the original microbial population of spruce phyllospheric samples with targeted 
metagenomic sequencing of nitrogen cycling genes, with 16S rRNA amplicon sequencing. To study the 
chemical and physical properties on branch surfaces the particle size distribution and anion (e.g. nitrate and 
phosphate) concentrations will be analysed.  

 

CONCLUSIONS 

The contribution of phyllospheric microbes to the N2O fluxes of trees has not been studied earlier. Our 
preliminary data suggest that the epiphytic microbes of spruce branches from central and southern parts of 
Finland have the potential to reduce N2O although the variation within sites was notable. Isolation of 
microbial clones containing nosZ-gene and consuming N2O in oxic and/or anoxic circumstances from spruce 
branches showed that N2O reduction on phyllosphere has a microbial origin. As a conclusion, phyllospheric 
N2O consuming microbes can potentially affect the N2O sink in trees. 
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INTRODUCTION 

 
The ongoing climate change is predicted to increase the frequency of extreme weather events around the 

globe (IPCC 2013). Within the past twenty years, Europe has already experienced a few dramatically dry 

summers, when the production rates of forests declined (Ciais et al. 2005, Gao et al. 2017). Forests in the 

northern latitudes are considered to be vulnerable to climate change and the more regularly occurring 
extreme weather events could cause unforeseen harm to them (Karl et al., 1995; Beniston 2004, IPCC 

2013). In general, the northern regions should receive more precipitation in the future. However, recent 

findings from Finnish subarctic forest sites indicate that also these forests have suffered from reduction of 
growth due to drought (Aakala 2018). Similarly, cold spells during the growing season have halted leaf 

development at a subarctic Norway spruce site (Linkosalmi 2016) and caused at least temporary reduction 

in the carbon dioxide (CO2) uptake of a subarctic Scots pine site (Kulmala et al. 2019). We wanted to 

explore the occurrence and possible effects of extreme weather events on the CO2 and water (H2O) 
dynamics of two subarctic forest sites; a Scots pine site in Värriö and Kenttärova Norway spruce site in 

Pallas. We formulated three research questions: 

 1) Have extreme weather events occurred frequently at our sites during the measurement periods? 
 2) Have these events affected the CO2 and H2O exchange and water use efficiency, or photosynthetic 

capacity of our sites? 

 3) Do the responses to events differ between Scots pine and Norway spruce stand? 
 

 

METHODS 

 
Our sites were located in Finnish Lapland; Värriö Scots pine site in eastern Lapland (67° 46′ N, 29° 35′ E), 

and Kenttärova Norway spruce site in western Lapland (67.973°N, 24.116°E). Both sites have towers with 

eddy covariance based flux measurements above the canopy. The data from these measurements formed 
the basis of our dataset, which in addition included flux data from the shoot chambers from Värriö. 

Additionally, we used soil moisture and temperature data as well as meteorological data. We studied years 

2003-2013 from Kenttärova and years 2012-2018 from Värriö. We started by comparing the 
meteorological data from the study years to the long-term meteorological data in the search for extremely 

dry/wet/warm years. We used the IPCC definition (IPCC 2001) of an extreme event as the starting point. 

According to that, a climatological weather extreme is an event, which does not fit between the 10th and 

90th percentile of climate events at a certain place at a certain time. To support the meteorological 
findings in search of droughts, we also calculated soil moisture anomalies (SMA, Orlowsky and 

Seneviratne 2013) from the sites with the following equation:  

𝑆𝑀𝐴𝑦,𝑚 =
𝑆𝑀𝑦,𝑚 − 𝜇𝑚

𝜎𝑚
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where y and m denote year and time period (1 or 2, referring to periods May-June and July-August, 

respectively), SMy,m the corresponding soil moisture, while µm and σm denote the mean and standard 

deviation of the soil moisture of month m calculated over the period from which we have carbon exchange 
data. 

 

Momentary CO2 and H2O fluxes respond to instantaneous weather but here, we were interested in slower 
changes in the photosynthetic and respiration potential. Thus we calculated photosynthetic capacity, 

P1200, using the site-specific gapfilling parameters and empirical models for GPP and photosynthetically 

active radiation (PAR) of 1200 μmol m−2 s−1. The long-term changes in respiration capability, R10, was 

calculated with the site-specific gapfilling parameters and empirical models for R and temperature (T) of 
10 °C. 

 

We calculated water use efficiency (WUE) as a ratio between GPP and ET as it should increase during 
drought stress. In addition, we analysed the changes in the ratio between ET and sensible heat flux (H), 

and the ratio between ET and VPD, which both should decrease during dry periods. 

 
The optimal stomatal control model (Hari and Mäkelä 2003, Kolari et al. 2007) was fitted to these 

measurements daily to achieve parameters describing the saturation and initial slope of the light response 

curve, the temperature response of respiration, and the cost of transpiration. Especially, we were interested 

in the photosynthetic capacity β, which is the saturation value of the light response curve. In the further 
analysis, we used a running mean of these parameters over 3 days. We calculated the water use efficiency 

for the chamber measurements (WUEshoot) as the ratio of CO2 flux and transpiration. 

 
PRELIMINARY RESULTS 

 

We found extremely warm summers from both sites during the years of flux measurements. We also 

found two years with short cold spells during the growing season in Värriö. The effects of warm and dry 
summers were visible in R10, but not as clearly in P1200. The R10 dropped with low soil moisture in 

Kenttärova but not in Värriö indicating that spruce sites react to dry periods more than Scots pine. 

Nevertheless, this is most likely due to decreased soil respiration rates whereas the tree functions were not 
affected. The cold spells caused temporary reductions in total ecosystem respiration (TER) and in 

photosynthetic capacity, but the forest and trees recovered from the spell quickly. Overall, we saw a 

glimpse of what might be the effects of extreme weather events in these ecosystems, although they were 
still rather mild indicating that the forests are more resistant to extreme events than expected. The 

subarctic forests may be sensitive to climate change, but they seem to benefit from slightly warming air 

temperature and are durable towards short cold spells.  
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INTRODUCTION

New stomatal conductance functions are implemented in the JSBACH land surface model and tested on a
single  site, that  is  the  SMEAR II  station  in  Hyytiälä,  Finland.  The  purpose  is  to  compare  the  new
functions to the previously implemented functions in terms of the predictions they yield, and ultimately to
see whether the implementation of the new functions could improve JSBACH on a more general level.

MODELS AND DATA

The JSBACH land surface model is the land component of the Earth system model MPI-ESM. Knauer et
al. (2015) implemented four alternative stomatal conductance functions into JSBACH, tested them and
compared the results to those yielded by the functions initially used in JSBACH.

In this study we compare three stomatal control functions: USO, CAP-V and CAP-L. USO stands for
Unified Stomatal  Optimisation (Medlyn et  al.  2011).  From Dewar  et  al.  (2018) we take the general
framework as well as the optimisation hypothesis in which the non-stomatal limitations to photosynthesis
affect stomatal conductance directly (the CAP hypothesis). To obtain CAP-V, we combine this with the
photosynthesis model proposed by Vico et al. (2013) in which the two branches of the Farquhar model
are  interpolated to  produce a single,  continuously differentiable  function for  the  photosynthesis  rate.
CAP-L is  the combination of the CAP hypothesis and the light-limited regime of the photosynthesis
model by Farquhar et al. (1980).

The resulting stomatal control models resemble each other closely, but the CAP-based functions have
more detail in terms of sensitivity to tree and soil properties and environmental drivers. Formulated as
functions of the optimal photosynthesis rate, the three models yield the following formulae (see Table 1
for meanings of symbols):

 The USO model:       gs
U≈g0

U+(1+
g1

U

√D
)

A
Ca

 

The CAP-V model:  gs
V≈g0

V +(1+g1
V √ K P|Ψ 0|

1.6 D
(

km

V c ma x

+
4 Γ*

J (Q )
))

A
C a

 

The CAP-L model:  gs
L≈g0

L+(1+g1
L√ K P|Ψ 0|

1.6 D
(

12 Γ*

J (Q)
))

A
C a

This functions were implemented into the JSBACH photosynthesis module, after which a stand-alone
(offline) version of JSBACH with climate forcing data was run on a single grid cell  representing the
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SMEAR II station in Hyytiälä. The parameters g0 and g1 for both models were fitted against the climate
forcing data to produce the smallest cumulative error in relation to observations. The observation data
used for the run was from the FLUXNET2015 dataset, in between 2001 and 2012.

RESULTS

All of the stomatal conductance functions produce mostly very similar results. In both evapotranspiration
(ET) and gross photosynthetic production (GPP) the predictions go closely hand in hand at almost all
times, but during dry periods there are more notable differences. The drought of August 2006 (Figure 1)
produces a swift drop in ETT in CAP-V and a slower drop in USO, but an inverse reaction in CAP-L.
During the drought GPP also drops in all of the models, fastest in CAP-V and slowest in CAP-L.

Figure 1. Evapotranspiration predictions for the summer of 2006 at SMEAR II using the USO (blue line), CAP-V
(red line) and CAP-L (orange line) stomatal conductance models. Observations in black. The drought in August has

a strong effect on the predictions.

Symbol Meaning
A photosynthetic rate
Ca carbon dioxide concentration of ambient air

D vapour pressure difference between the air inside and outside the leaf

g0
V , g0

L g0
U residual conductances for CAP-V, CAP-L and USO respectively

g1
V , g1

L g1
U fitted parameters for CAP-V, CAP-L and USO respectively

gs
V , gs

L gs
U optimal stomatal conductances for CAP-V, CAP-L and USO respectively

J electron transport rate
k m Michaelis-Menten coefficient related to the Farquhar photosynthesis model

K hydraulic conductance from soil to leaf
P ambient air pressure
Q incident photosynthetically active radiation
V cmax carboxylation capacity
Γ* CO2 compensation point
Ψ0 leaf water potential at which photosynthesis stops due to drought

Table 1. Meanings of symbols.
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INTRODUCTION 

Highly Oxygenated Organic Molecules (HOM) are important precursor gases in the formation of Secondary 

Organic Aerosol (SOA). HOM are low volatility organic compounds that form from Volatile Organic 

Compounds (VOCs) through a process called autoxidation (Bianchi et al., 2019). Chemical Ionization 

Atmospheric Pressure interface Time of Flight mass spectrometers (CI-APi-ToF) utilizing nitrate NO3
- in 

the ionization process are used commonly when measuring HOM (Jokinen et al., 2012; Ehn et al., 2014). 

These instruments are used due to their chemical selectiveness (Hyttinen et al., 2018). However, there are 

still high uncertainties in the quantification of these measurements, as HOM cannot be purchased as easy-
to-use standards. Thus, there is a need to develop calibration methods for assessing the sensitivity of the 

instruments towards different compounds, preferably in a fast and robust way. A particular challenge comes 

from the fact that the CI-APi-ToF is selective mainly towards very low-volatile species, meaning the 
compounds of interest need to be added close to the inlet in order to avoid losses in the transfer line. We 

experimented with droplet evaporation, where a known concentration of the studied compound is generated 

by heating and evaporating a droplet of a solution of the said compound. 

METHODS 

The droplet evaporation approach is similar to what is done with the  FIGAERO (Filter Inlet for Gases and 

AEROsols), which is used to study aerosol chemical composition by gathering aerosol on a filter, then 

heating them and monitoring the compounds being released (Lopez-Hilfiker et al., 2014). 

We tested several different iterations of the set-up for the optimal evaporation of the calibration compounds. 

A schematic of the droplet evaporation calibrator that yielded the most promising results, the “Easy Y-
piece” calibrator, is shown in figure 1. The calibrator consists of two main parts: the evaporation surface 

and the heater. In addition to the calibrator, calibration solutions are required. A single calibration 

measurement is done in the following way: A known volume of the calibration solution is injected onto the 
evaporation surface, from which the solution evaporates generating a known concentration in the sample 

flow. The evaporation process is accelerated by heating the flow directed over the surface and the surface 

itself. The sample flow is directed to the mass spectrometer and the resulting signals are monitored. 

In addition to the heater and the small metal T-piece as the evaporation surface, the “Easy Y-piece” set-up 

includes a Y-piece to enable combining the calibration flow with a clean air flow to gain the desired 10 lpm 

sample flow. 
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The goal of the calibration process is to calculate the calibration coefficient CC as shown by Jokinen et al., 

(2012) 

𝐶𝐶 =
[𝑠𝑎𝑚𝑝𝑙𝑒 𝑓𝑙𝑜𝑤,   𝑡𝑟𝑢𝑒]

[𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑]
[reagent ions]    (1) 

The coefficient is the true concentration of the compound in the sample flow [𝑠𝑎𝑚𝑝𝑙𝑒 𝑓𝑙𝑜𝑤, 𝑡𝑟𝑢𝑒] 
divided by the sum of the calibration compound ion concentrations [𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑] and multiplied with the 

total concentration of the reagent ions [𝑟𝑒𝑎𝑔𝑒𝑛𝑡 𝑖𝑜𝑛𝑠]. To calculate the calibration coefficient, only the 

sample flow rate and injected volume of the calibration solution of a certain concentration have to be known, 
making the analysis process quite simple. Ehn et al. (2014) found that the calibration coefficient should 

theoretically get values within the range of (0,4 − 9,5) ∙ 1010 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑐𝑚−3 . 

 

Figure 1. Schematic of the Easy Y-piece calibrator. The calibrator is composed of the heater, the small metal T-piece 

as the evaporation surface and the Y-piece that enables combining the calibration flow and clean flow to get the 

desired sample flow rate. 

Suitable calibration compounds should optimally have similar properties to HOM, i.e. they should be low 

volatility organic compounds. The compounds should also be readily available, and easy and safe to use. 

The CI-APi-ToF is very sensitive, with a detection limit of around 105 𝑚𝑜𝑙𝑒𝑐

𝑐𝑚3
, but at higher concentrations 

around 1010 𝑚𝑜𝑙𝑒𝑐

𝑐𝑚3
, the instrument starts to saturate, i.e. it no longer can measure the concentration but 

caps off at a maximum. Thus, the concentrations in the sample flow must be low enough, meaning in practice 

the compounds must be highly diluted in a solvent, even if adding 1µl of the solution into the heater. 
Furthermore, optimally the compounds should span from low to high masses in order to calibrate the 

instrument for all masses relevant to HOM. Low volatility organic compounds studied were malonic acid, 

citric acid and succinic acid to name a few. Additionally, sulphuric acid was tested as a possible calibration 
compound, as it is known to be well detected with nitrate CI-APi-ToF mass spectrometers. Of these 

compounds, malonic acid was the most extensively tested. 

The calibrators and the droplet evaporation method itself were validated by calibrating Proton Transfer 
Reaction (PTR) and VOCUS-PTR mass spectrometers using volatile acetone, and comparing the determined 

calibration coefficients with those found in literature. 

CONCLUSIONS 

We studied droplet evaporation as a method for calibrating the nitrate Chemical Ionization Atmospheric 

Pressure interface Time of Flight mass spectrometer for detecting Highly Oxygenated Organic Molecules 

455



using low volatility organic compounds. The low volatility of the tested compounds, their interactions with 

the surfaces they were injected on (Teflon filers, Teflon tubing, glass, stainless steel), and potential thermal 

decomposition resulted in a large number of challenges, and ultimately in poor reproducibility of 
measurements. Furthermore, often the calculated values did not correspond with calibration coefficient 

values, being multiple orders of magnitude greater, meaning the instrument saw multiple orders of 
magnitude lower concentrations than expected. 

Despite the challenges, the method is still of great interest, as it was successfully validated using PTR and 

VOCUS mass spectrometers. While using more volatile calibration compounds, the results were 

reproducible and gave similar values as when using more traditional calibration methods for the PTR 
instruments. Nothing conclusive can be said about the studied HOM surrogate compounds when calibrating 

the CI-APi-ToF except for malonic acid, which was deemed most likely unfit to be used as a calibration 

compound with this method, due to the previously mentioned poor reproducibility. What is more, other 
compounds could be looked into, for example, perfluorinated carboxylic acids, and sulphuric acid should 

be examined further, as these are more stable and inert than many of the tested compounds, yet still known 

to be efficiently detected by the CI-APi-ToF. More importantly, developing the calibrator hardware will be 
the main target for future work on this method. Optimizing materials, flow profiles and heating efficiency 
are all attributes to improve upon. 
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INTRODUCTION 

Black carbon in the atmosphere contributes to Arctic warming by two main mechanisms: the dark particles 

absorb solar radiation thus warming the surrounding air, and they reduce the albedo of snow and ice covered 

surfaces thus accelerating the melting of glaciers (Bond et al. 2013; Sand et al. 2016; Boy et al. 2019). High 

latitude dust (HLD) refers to particles deflated from a surface that travel by suspension in the atmosphere, 

including mineral particles, soil particles, and volcanic ash but excluding direct volcanic emissions during 

eruptions, and originating from ≥50 °N and ≥40 °S latitudes (Bullard et al. 2016; Fig. 1). These HLD 

particles are capable of being long-range transported to the Arctic, over the Atlantic and towards Europe. In 

the latest IPCC Special Report on the Ocean and Cryosphere in a Changing Climate (IPCC 2019), dust has 

been recognized as an important climate driver causing snow darkening and melting in Polar Regions. 

Similarly to HLD, Saharan dust can be long-range transported and have impacts at long distances elsewhere 

(e.g., di Mauro 2019) and affect even the Arctic region. Towards this end the mid latitude free troposphere 

station (GAW, Global Atmosphere Watch, World Meteorological Organization) of Helmos Mountain, 

Greece, (2314 m asl) can serve as a comparative reference on the Saharan dust load arriving there from long 

range transport and contribute towards the understanding of the chemical transformations, impact and 

radiative transfer, mineral dust and black carbon have in the high latitude in comparison with that 

experienced in the free troposphere in Mid latitudes based on related work performed in the area (Diapouli 

et al. 2017, Vasilatou et al. 2017). 
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Figure 1. Global observations of high‐latitude dust where filled circles indicate dust storm frequency based on 

visibility data, and black triangles indicate georeferenced published observations of dust storms (see text for details). 

Areas where the precipitation: potential evapotranspiration ratio <0.65 (aridity index) [United Nations Environment 

Programme, 1997] and subtropical dust emission zones are included for reference. Figure 3 of Bullard et al. (2016). 

The IBA-project of “Black carbon in the Arctic and significance compared to dust sources” (IBA-

BCDUST, https://en.ilmatieteenlaitos.fi/iba-project) is part of the Ministry of Foreign Affairs of Finland 

IBA funding scheme and aims to assess black carbon in the Arctic and significance compared to dust 

sources for their climate impacts. Special focus is on Finland, Iceland and Russia, including cryospheric 

impacts, health effects and shipping. The Arctic Council AMAP SLCF (Arctic Monitoring and 

Assessment Programme, Expert Group of Short-Lived Climate Forcers) serves as a bridge between 

science and policy. The IBA-BCDUST project is planned to support the activities of the Finnish 

chairmanship of the Arctic Council (e.g., Ekman 2018) and work in the AMAP EGSLCF working group 

(e.g., AMAP 2015, Kupiainen 2018), as well as the activities in Iceland and Russia as the next chairs of 

the Arctic Council after Finland. The project aims at organizing three workshops: one in Iceland (WS was 

arranged at the Agricultural University of Iceland in February 2019 in collaboration with, e.g., IASC, 

International Arctic Science Committee; the WS report is available at 

https://iasc.info/communications/news-archive/530-workshop-report-iasc-workshop-on-effects-and-

extremes-of-high-latitude-dust), one in Russia (reported here) and one in Finland (will take place 1 

November 2019 at FMI, as part of Pyry national snow seminar; see also www.geophysica.fi for “Pyry 

snow seminar Finland 100” -special issue (Meinander 2018), arranged also as part of the Finnish 

Chairmanship of the Arctic Council (Ekman 2018).  

Here we summarize the Finish-Russian workshop of “Black carbon in the atmosphere and significance 

compared to dust sources” held at the Lomonosov Moscow State University (MSU), 17-18 September 

2019, in co-operation with MSU, INAR (Institute for Atmospheric and Earth System Research, Finland, 

https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research), PEEX (Pan-Eurasian 

Experiment, https://www.atm.helsinki.fi/peex/), MFA/IBA-project (Ministry for Foreign Affairs of 

Finland/collaboration between Baltic, Barents and Arctic regions funding scheme of IBA, 

https://en.ilmatieteenlaitos.fi/iba-project) and FMI (Finnish Meteorological Institute, www.fmi.fi) (Figs 2-

3). We also provide in the Reference-list some of the most important literature references on BC and HLD 

with the focus on Russia. 
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METHODS 

The Finnish-Russian workshop (Figs. 1-2) included talks (see Table 1), posters (Fig 3), and discussions, 

completed with a Webropol-questionnaire documentation and participant replies therein (Fig. 4), as well as 

participant inputs to the HLD map presented as an interactive poster, where participants could add their 

observation places of dust sources. This produced new knowledge on new HLD sources (Table 2), not yet 

included in the map of Bullard et al. (2016). These inputs are aimed at to be included for updating the HLD 

sources with the participant inputs from the IBA-BCDUST project WSs in Iceland, Russia and Finland 

(Meinander et al. 2019, in prep.). 

 

 

Figure 2. The Workshop participants at the Lomonosov Moscow State University 17 September 2019. 

 

    

    

Figure 3. Posters presented during the WS at the Lomonosov Moscow State University 17-18 September 

2019. Posters included also an interactive map for updating HLD sources map with the participants inputs. 
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CONCLUSIONS 

The WS focused on BC and dust, regarding their emissions, transport, deposition and impacts, as 

observations and modelling, by Finnish and Russian researchers and their collaborators.  The main outcomes 

can be summarized on the basis of the given talks (Table 1), to include (but not limited to):  

Table 1. Summary of the main outcomes of the Workshop (but not limited to) regarding BC and dust by the 

WS participants, Lomonosov Moscow State University, 17-18 September 2019. 

Place / Reference Conclusions 
Tiksi, Russia (Popovicheva et al. 

2018) 

East Siberian Arctic background and black carbon polluted aerosols at 

HMO Tiksi have been characterized. Tiksi pollution episodes relate to local 

and long-transportation emissions of BC and sulfates and pollution BC 

episodes can be up to 6 times due to long-transportation from GF regions. 

Alert, Canada; Barrow, Alaska; 

Pallas, Finland; Summit, Greenland; 

Tiksi, Russia; Ny Ålesund, Norway  

(Backman  et al, 2017; Schmeisser 

et al. 2018) 

Aerosol absorption- and scattering coefficients are presented from six 

different stations in the Arctic analysed with consolidated data handling 

methods. According to the studies, the seasonal cycles of these properties 

have ample spatiotemporal variability, and the region cannot be treated as a 

uniform environment. 

Konstantinos Eleftheriadis, NSRC 

Demokritos  

Niko Karvosenoja, SYKE  

Hanna Lappalainen, UHEL  

Larisa Sogacheva, FMI  

Vladimir Shevchenko, RAS 

Tamara Khodzher, Limnology 

Institute SB RAS  

Olga Popovicheva, MSU  

 

Nikolay Elansky, Obukhov institute 

of Atmospheric Physics RAS  

Murat Nahaev, IPO  

 

Vladimir Kopeikin, Obukhov 

institute of Atm.Physics RAS  

Boris Revich, IEF RAS  

Anna Vinogradova, Obukhov 

institute of Atm.Phys. RAS  

 

Dmitry Vlasov, MSU 

  

Nikolay Kasimov, MSU  

 

Natalia Kosheleva, MSU 
 

Lessons learned from extensive source apportionment studies for PM10 and 

PM2.5 in European urban areas and Megacities  

Black carbon emissions and tools for climate and health impact assessment  

Pan-Eurasian Experiment - (PEEX) Program  

Forest Fires and Aerosol Optical Depth retrieved from Satellites  

Black carbon and dust over the Russian Arctic seas  

Environmental impact assessment through an atmospheric channel using the 

example of certain regions of Eastern Siberia)  

Microparticles in Moscow atmosphere: physico-chemical characterization 

for air quality assessment  

Seasonal and weekly cycles of surface concentration of aerosols to PM2.5 in 

Metropolitan areas (on the example of Moscow)  

Calculation of fine particle transport to the Arctic region using numerical 

chemical transport models  

Variations of black carbon concentration in the Arctic in 2016-2018 

 

Particles in atmospheric air - health risks  

Black carbon in near surface atmosphere on the territory of Pechora-Ilych 

nature biospere reserve (the northwest Urals): daily monitoring throughout 

the year  

Metals and metalloids in spring rains in Moscow megacity: first records of 

concentrations, solubilities, partitioning and depositions  

Partition of chemical elements in the river water: connections with 

hydrometeorological conditions  

Road dust in Moscow: chemical composition as indicator of environmental 

conditions 

Sodankylä Finland (Meinander et al. 

2013) 

BC deposition to Sodankylä snow varied temporally in one place and the 

detected highest BC concentrations are due to air masses originating from 

the Kola Peninsula (SILAM modelling) 

Various  https://doi.org/10.1016/j.enpol.2019.06.045  ISSN 1024-8560, 

Atmospheric and Oceanic Optics, 2019, Vol. 32, No. 5, pp. 540–544. © 

Pleiades Publishing, Ltd., 2019  https://www.atmos-chem-

phys-discuss.net/acp-2019-411/ 

https://doi.org/10.1016/j.atmosenv.2016.06.023 

https://doi.org/10.24057/2071-9388-2018-11-1-74-

84;https://doi.org/10.5194/acp-19-7743-2019;https://www.atmos-meas-

tech.net/9/313/2016/; 

https://www.researchgate.net/profile/Ivan_Semenkov; 
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Global/Sogacheva L. (e.g., 

Sogacheva et al. 2019) 

Satellite remote sensing offers a useful tool for forest fire detection and 

monitoring. During a fire event, active fires can be detected by detecting 

the heat, light and smoke plumes emitted from the fires. Smouldering can 

also be visible through increasing optical depth of the aerosol particles 

detected with satellites. Satellite remote sensing is well suited to assessing 

the extent of biomass burning, a prerequisite for estimating emissions at 

regional and global scales, which, as important input to the climate 

models,  are needed for better understanding the effects of fire on climate 

change. 

Markku Kulmala, UHEL  

Kaarle Kupiainen, Ministry of 

Enviroment, Finland  

Alexander Baklanov, WMO  

 

Olga Popovicheva, MSU  

Tuukka Petäjä, UHEL  

Johanna Ekman, FMI  

Antti-Pekka Hyvärinen, FMI  

Outi Meinander, FMI 

Air quality - climate interactions and feedbacks  

Short-lived climate forcers and the Arctic  

 

WMO GAW observation and modeling of BC in the Arctic and dust storm 

impacts  

Source - dependent BC in Russian Arctics  

Integrative and Comprehensive Understanding on Polar Environments  

Arctic Council chairmanship - how we did it  

Measurements of Atmospheric Black Carbon  

Cryospheric and climate effects of light absorbing soot and dust aerosols in 

snow 

 

 

The main outcomes of the Webropol-questionnaire included published literature references of the WS 

participants, some of which are available in Russian only (see the References), and identified fields of 

expertise, as presented in Fig 4.) 

The main outcome of the updates to the HLD map included (Table 2): 

Place Country Source 

Tiksi Russia Local or long-range 

transported 

Kola Peninsula Russia Dust from mining 

Khibiny Russia Natural and man-made river 

sediments 

Mount Helmos Greece Natural dust 

Marambio Antarctica Local or long-range 

transported 

 

Table 2. The new ongoing  dust observations relevant to high latitudes, and new HLD sources identified as 

addings to map of Bullar et al. (2016). 

 

 

461



 

 

Figure 4. Summary of the Webropol-questionnaire replies of the WS participants, where it was also asked 

what topics your published papers cover. 

 
A review of HLD is available in Bullard et al. (2016). Evans et al. (2017) reviewed studies on Russia’s BC 

emissions, and reported that Russian policies on flaring and on-road transport appear to have significantly 

reduced BC emissions recently. They estimate Russia's black carbon emissions at 688 Gg. The study also 

adds organic carbon and uncertainty estimates. Our WS updated four new dust sources and reported that, 

e.g., East Siberian Arctic background and black carbon polluted aerosols at HMO Tiksi have been 

characterized. Tiksi pollution episodes relate to local and long-transportation emissions of BC and sulfates 

and pollution BC episodes can be up to 6 times due to long-transportation from GF regions. Overall the 

main findings of the WS can be summarized as: 1. Four new High latitude dust sources as compared to 

map of Bullard et al. (2016) and one high latitude dust significant GAW station with dust observations 

outside high latitudes; 2. Temporal and spatial variability in BC and dust in atmosphere and deposited in 

cryosphere; 3. Some of the technical and scientific gaps in dust and BC research were contributed to, and 

some gaps were identified where more research input is required. 
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INTRODUCTION 
 

Aerosols are an important regulator of the Earth’s climate. They scatter and absorb incoming solar 

radiation and thus cool the climate by reducing the amount of energy reaching the atmospheric layers and 

the surface below (direct effect) (e.g. Charlson et al., 1992). A certain subset of the particles can also act 
as initial formation sites for cloud droplets and thereby modify the microphysics, dynamics, radiative 

properties and lifetime of clouds (indirect effects) (Albrecht, 1989; Twomey, 1991; Stevens and Feingold, 

2009). The magnitude of aerosol radiative effects remains the single largest uncertainty in current 
estimates of anthropogenic radiative forcing (IPCC, 2013).  

 

One of the key quantities needed for accurate estimates of anthropogenic radiative forcing is an accurate 
estimate of the radiative effects from natural unperturbed aerosol. The dominant source of natural aerosols 

over Earth’s vast forested regions are biogenic volatile organic compounds (BVOC) which, following 

oxidation in the atmosphere, can condense onto aerosol particles to form secondary organic aerosol (SOA) 

and significantly modify the particles’ properties. In accordance with the expected positive temperature 
dependence of BVOC emissions (Penuelas and Staudt, 2010; Duncan et al., 2009), several previous 

studies have shown that some aerosol properties, such as mass concentration and ability to act as cloud 

condensation nuclei (CCN), also correlate positively with temperature at many forested sites (e.g. Tunved 
et al., 2006; Leaitch et al., 2011; Paasonen et al., 2013, Mielonen et al., 2018). The evidence for an effect 

of temperature on aerosol radiative effects over boreal forests due to increased BVOC emissions, however, 

is less clear. 

 
The main objective of this study was to investigate the effect of increasing temperatures on the aerosol-

cloud interaction, and estimate the significance of the plausible negative feedback in a warming climate. 

More specifically, we studied the causes of the positive correlation between aerosol properties, 
temperature and cloud properties over southern Finland where biogenic emissions are a significant source 

of atmospheric particles. In the first part of this study we concentrated on the observations from 

measurements done at the Hyytiälä site and analysed the temperature dependence of organic aerosol (OA) 
concentration and AOD (Yli-Juuti et al., 2019). In this second part we compared the temperature 

dependence of OA to satellite-based observations to investigate the influence of changes in OA to cloud 

properties. 
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METHODS 

 

The study was done using a combination of satellite and re-analysis data. Key remote sensing data used 

were the aerosol optical depth (AOD), cloud effective radius (CER) and cloud top height (CTH). These 
data sets were available from the Moderate Resolution Imaging Spectroradiometer (MODIS) instrument 

on-board the Aqua satellite. The analysis of the satellite retrievals was done using daily Level 3 products 

with 1 × 1 degree resolution for the summers 2004-2018.  The study region was southern Finland 
(between latitudes 60° and 66°, and longitudes 21° and 30°). 

 

In order to estimate the effect of meteorology on cloud properties we analysed several meteorological 

parameters available from the ECMWF ERA-Interim re-analysis. The analysed parameters were: wind 
speed and direction, relative humidity, lower tropospheric stability, total column water vapour and surface 

pressure. We collocated the meteorological data with the satellite product and calculated monthly and 

summertime (July-August) averages for the analysis. The contributions of aerosols and meteorology on 
aerosol-cloud interaction were evaluated using statistical methods.  

 

 
RESULSTS AND CONCLUSIONS 

 

In this study we estimated the dependency of AOD and CER on temperature over southern Finland and 

approximated the climatic significance of aerosol-cloud interaction over this region.  
The main conclusions of this study are: 

- Over Hyytiälä, both ground-based AOD from AERONET and satellite retrieved AOD from MODIS 

increase as temperature increases.  
- Over southern Finland, the satellite based AOD exhibits temperature dependence which is mainly 

due to biogenic emissions. 

- CER decreases as temperature rises but the decrease is mainly caused by changes in synoptic 

meteorology and decrease in cloud top height, not aerosols.  
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INTRODUCTION

In this study, we analyzed the climatic effects of black carbon (BC), organic carbon (OC) and
sulfur dioxide (SO2) originating from Chile and Mexico. These aerosol emissions are a subset of
short-lived climate forcers (SLCFs), which are classified as compounds that have short atmospheric
lifetime, but relatively strong impact on the radiative balance of the atmosphere. SLCFs include
both warming agents, such as methane, ozone and BC, and also cooling substances, e.g. OC and
SO2 (AMAP, 2015). Along long-lived greenhouse gases, reducing the SLCFs have been considered
as an attractive option for slowing down the global climate warming.

As a part of the multidisciplinary research project ClimaSlow, this study addresses how anthro-
pogenic BC, OC and SO2 potentially affect the regional climate surrounding Chile and Mexico.
Principally, we focus on the changes in the radiative balance and in cloud properties since the
aerosols are known to have a significant influence on these features.

The two Latin American countries were chosen for exploration mainly due to their ambitious climate
strategies that include BC mitigation, and also due to the characteristics of Chilean climate. As a
result of the Pacific ocean located on the western side of the Chile, and the Andes on the eastern
side, there exists a semi-persistent stratocumulus cloud deck that covers part of the west cost of
Chile (Zheng, Y. et al., 2010). This cloud deck is influenced by the aerosols from Chilean territory,
but the total magnitude and contribution of different species remain still unclear.

METHODS

We used the aerosol-climate model ECHAM6.3.0-HAM2.3-MOZ1.0 for simulating the effects of
the aerosol species (Kokkola, H. et al., 2018). The horizontal resolution for our setup was T63,
corresponding to 1.9◦ × 1.9◦. The vertical axis was divided to 47 hybrid sigma-pressure levels. In
order to reduce the variability between different cases due to meteorology, the wind and pressure
fields were nudged towards prescribed meteorology which was composed with a separate ECHAM-
HAMMOZ simulation. For the sea surface temperature and sea ice cover, we used fixed monthly
mean values for the years 2000 to 2015 from PCMD’s Atmospheric Model Intercomparison Project
(Taylor, K. E. et al., 2012).

There were altogether four simulations conducted, each run consisting of ten individual simulation
years. The spatial and monthly distributions of the anthropogenic aerosol fields were retrieved from
the ECLIPSE V6a emission inventory (ECLIPSE V6a, 2019). For the the reference case (BASE),
the aerosol emissions were represented with the current legislation scenario for the year 2015. The
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other scenarios were otherwise identical to BASE, but the anthropogenic aerosol emissions from
Chile and Mexico for each aerosol type were removed (scenarios named as NO BC, NO OC and
NO SO2). The aerosol emissions for aviation and shipping were kept identical for all the scenarios,
as were the aerosols from natural sources. Finally, the data was post-processed to mean values for
each individual simulation year.

CONCLUSIONS

The total anthropogenic emissions from Chile and Mexico are emitted from a relatively small area,
and thereby the impacts are expected to be greatly localized. That is why we chose the region of
interest (ROI) based on the differences that we obtain in the mean sulfate (SO4) burden, presented
in Figure 1. The sulfur emissions from Mexico seem to be transported towards west, whereas for

Figure 1: The mean percentage difference of total sulfate (SO4) burden between NO SO2 and
BASE scenarios.

Chile the direction is more headed for north-west. Based on Figure 1, we chose our ROI to cover
the areas where the difference in SO4 burden is higher than 3 %.

Next, we calculated the mean field values for ROI that we chose for Chile and Mexico, and computed
the vertical profiles of aerosol and cloud droplet concentrations. The mean of yearly mean values
for vertical differences between scenarios and BASE case are presented in Figure 2.

The N100 describes the concentration of aerosol particles that have diameter larger than 100 nm,
and PM2.5 refers to the mass concentration of particles that have diameter smaller than 2.5 µm.
As Figure 2 shows, the sulfur emissions seem to contribute the most to both N100 and PM2.5.
This results was quite expected since the sulfur emission strengths were greater than for BC or
OC. Similarly, the cloud droplet number concentration is affected the most by the sulfur emissions.
Furthermore, for both Chile and Mexico, the OC emissions show much higher impact on PM2.5
and CDNC than BC. Once again, this result is quite realistic since the OC emissions are almost
double the BC emissions.
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Figure 2: The vertical differences between scenarios and BASE case for N100, PM2.5 and cloud
time weighted cloud droplet number concentration (CDNC), field mean values for the ROI defined
for Chile (upper figure) and Mexico (lower). Here the number on y axis indicates the model height
level, surface level corresponding the value of 47.

Similarly, we calculated the aerosol forcing values at the top of atmosphere (TOA) for each of the
scenarios, and the results are presented in Table 1.

Chile

scenario Aerosol forcing (W/m2)

NO SO2 0.033 ± 0.008
NO BC -0.055 ± 0.007
NO OC -0.000 ± 0.009

Mexico

scenario Aerosol forcing (W/m2)

NO SO2 0.062 ± 0.015
NO BC -0.120 ± 0.012
NO OC 0.000 ± 0.014

Table 1: The mean direct aerosol forcing at the top of atmosphere for Chile and Mexico.

Although the SO2 seemed to influence more on cloud properties, the reduction of BC emissions
shows a greater effect on the aerosol forcing levels, for both Chile and Mexico ROI. On the other
hand, OC emissions seem to have a neutral effect on the forcing caused by anthropogenic aerosols
at TOA.
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INTRODUCTION

Wind systems of mountainous areas are strictly ruled by diurnal cycles of mountain winds. The
diurnal cycle of winds are driven by temperature differences caused by an uneven distribution
of solar heating between valley center and slopes. Typically the diurnal cycle includes up-slope
and up-valley winds during daytime and vice versa. The wind direction is mainly caused by the
slopes heating up before valley center during daytime and again cooling down faster at night. The
diurnal cycle is strongest on days with clear skies and weak synoptic winds. Valley winds may
be dominated by strong synoptic scale winds and flows created by local topography. Our aim
is to define valley wind systems characteristics in the area of Himalayas close to Nepal Climate
Observatory - Pyramid station (NCO-P). Earlier results from simpler valley simulations give us
a good start and the detailed behaviour of valley winds will be determined by analyzing high
resolution WRF simulations. NCO-P is located in 27.95◦N, 86.82◦E at 5079 meters above sea level
near Mount Everest base camp.

METHODS

We used the Weather Research and Forecasting (WRF) model (version 3.6.1) in this study. WRF is
a state-of-the-art numerical weather prediction model which is a fully compressible, non-hydrostatic
model. We performed one continuous simulation with WRF which had a parent domain (referred
to as d01) and 3 nested domains (d02, d03 and d04). The parent domain covers an area 3618 km
by 2997 km and has a grid spacing of 27 km. The three nested domains have grid spacings of 9,
3 and 1 km respectively. The inner most domain (d04) is centered on the Pyramid station and
covers an area of 288 km by 300 km. All nests have 61 vertical levels. The simulation is initialised
with Climate Forecast System Reanalysis (CFSR, (Saha et al., 2010)) data which has a horizontal
resolution of 0.5 degrees. The surface topography data is from the United States Geological Survey
(USGS) at a horizontal resolution of 30 arc seconds (approximately 1 km). During the simulation,
the parent domain is nudged towards the reanalysis fields which have a temporal resolution of 6
hours, however, the nudging is only applied above the planetary boundary layer. Performing the
nudging allows us to perform one continuous simulation. The simulation is initialized at 00 UTC on
17 December 2014 and runs until 23:59 UTC on 21 December 2014. To ensure that the model did not
become numerically unstable, we used an adaptive time step which was calculated based on a target
Courant-Friedrichs-Lewy (CFL) criterion of 0.8. Typically, the time step of the inner domain was
approximately 1 second. In addition, 6th order numerical diffusion was applied and w-Rayleigh
damping was applied over the upper-most 5 km of the model domain. Subgrid-scale physical
processes were parameterized: Microphysics was parametrized by the Thompson scheme, long and
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short-wave radiation by the RRTMG scheme, but for computational efficiency the radiation scheme
was only called every 5 time steps, boundary-layer turbulence was parametrized using the Mellor-
Yamada-Janjic (Eta) TKE scheme and surface layer physics with the Monin-Obukhov similarity
scheme.

The highest resolution domain covers multiple large valleys. The location of four major valleys
was objectively identified using a script that searches for the valley bottom line from a given grid
point at the head of the valley. The wind systems in these valleys was studied via various plots. In
addition to maps of surface heat flux, 2 meter temperature, 10 meter wind and land use categories
we plotted along-valley and slope-to-slope cross sections of wind and potential temperature. Along-
valley cross section plotting required the grid points for the valley bottom line, which were available
from the objective valley identification code. These grid points were also used for plotting time
series from different parts of the valley bottom line and slopes.

CONCLUSIONS

Although four major valleys were considered, the results shown here are for the valley in which the
Pyramid station is located. This valley is oriented roughly north-south and is over 100 km in length.
Three cross-sections along this valley were analysed and are referred to as the bottom (furthest
south, closest to the Indo-Gangetic Plain), the middle, and the head of the valley (furthest north,
closest to the Pyramid station and at the highest altitude). Analysis of the slope and valley winds
in this valley showed that results from earlier studies apply to this valley on the most part. In the
middle and bottom of the valley there is a clear diurnal behaviour that is similar to simulations
performed for simpler valleys (Whiteman, 2000) (Figures 1b,c). After sunrise the up-slope wind
increases and reaches its peak at noon. During night there is a down-slope wind with a lower
velocity.

Slope winds at the head of this valley (Figure 1a) are dominated by effects from synoptic-scale
winds and the steep, high topography of the surrounding ridge tops on the first and forth day
of simulation. The mountain top to the west (and hence upstream) of the grid points shown in
Figure 1a has a huge effect on the slope winds simulated near the head of this valley: on the west
slope there are down-slope wind speeds exceeding 9 ms−1 on two days. The mountain top acts a
barrier to the synoptic-scale, upper-levels winds which are from the west which causes the air to
rise rapidly up and over the mountain barrier. This triggers a gravity-wave type response which
results in strong vertical motions within the valley on the lee side of the mountain. These vertical
motions translate into slope winds which complete dominate over the surface heat flux driven slope
wind system. This connection between upper-level wind direction and the slope winds at the head
of the valley was identified by comparing Figure 1a and 450 hPa winds (not shown). On days with
north or north-west upper-level, synoptic-scale wind the slope winds at the point at the head of
the valley were found to behave in a similar manner as in the middle and bottom of the valley.

Along-valley winds in this valley behave as predicted by the surface heat flux driven valley wind.
The up-valley wind speed increases from sun rise reaching its peak at 2-3 pm local time each day
(Figure 2). During the first day and night of the simulation there was a strong synoptic-scale
northerly wind which can also be seen in the valley winds (Figure 2). Future work will include
extending the analysis to other major Himalayan valleys in the model domain to quantify variability
between valleys, investigating the gravity-wave induced slope-winds further, and determining the
relative impact of the slope and valley flows to ventilating particles out of these valleys to the free
troposphere.
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Figure 1: 10 meter zonal wind (slope wind). Panel (a) shows the head of the valley, (b), the middle
of the valley and (c) the bottom of the valley. Negative values on west slope (blue lines) and positive
values on east slope (green lines) indicates up-slope wind and vice versa.
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INTRODUCTION 

Research activity dedicated to urban new particle formation (NPF) and growth events in Budapest have been 

going on since November 2008. Measurements for 6 full years were realised in the city centre at a constant 
and fixed location. Semi-continuous data sets containing particle number concentrations in various size 

ranges, concentrations of criteria pollutants and meteorological data are available by now and were utilised 

to determine time trends for particle number concentrations from 2008 to 2018, thus for a decennial interval. 

The main objectives of this study are to present and discuss the statistical model developed specifically for 
the time trend analysis of particle number concentrations, to interpret its results for diurnal variability and 

time trends, and to relate the temporal tendencies to different atmospheric sources, processes and 

environmental circumstances. 

METHODS 

The experimental data dealt with in the present study are related to the Budapest platform for Aerosol 
Research and Training (BpART) facility. The site represents a well-mixed, average atmospheric 

environment for the city centre due to its geographical, physical and meteorological conditions (Salma et 

al., 2016). A time interval from 03–11–2008 to 02–11–2018 was considered for the purposes of the present 

study. The data consists of particle number concentrations measured with differential mobility particle sizer 

(DMPS), meteorological data and concentrations of key pollutants: SO2, CO, NO, NOx, O3, and PM10 mass. 

 The data were analysed in two phases. Firstly, the trends for concentrations for particles and main 

pollutants were estimated with dynamic linear model (DLM), method described in Mikkonen et al. (2015). 
Secondly, the factors affecting the changes in particle concentration were detected with linear mixed model 

(LMM) in similar manner as in Mikkonen et al. (2011). 

RESULTS 

 We found that the particle number concentrations have been decreasing within the decennial period 

covered by our measurements. The deepest decrease in particle number has been in the smallest particle size 
class of 6-100 nm in diameter. The data suggests that the annual mean relative occurrence frequency of new 

particle formation events stayed almost constant over the time interval considered and formation rate of new 

particles has not decreased. Thus the decrease in the number of nucleation mode particles is possibly due to 

decrease in direct emissions from traffic or industry. This is yet to be confirmed. Fig. 1 shows the diurnal 
pattern of nucleation mode particle number concentration on event- and non-event days on weekdays and 

weekends. It shows that traffic is significant contributor on the particle number, as on weekdays a notable 

peak on morning rush hour can be seen. 
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Figure 1. Diurnal pattern of 6-100 nm particle concentration in cm-3 units. Red=nonevent on weekday, 

green=nonevent on weekend, cyan=event on weekday, purple=event on weekend 

Figure 2 shows that the effect of NPF on concentration of the larger particles in size group of 100-1000 nm 

in diameter is not visible in diurnal variation due to moderate growth rates of newly formed particles 

observed in Budapest. However, morning rush hour peaks are clearly visible in weekdays. In addition, 

changes in mixing layer height can be seen especially in the evenings in all days. 

 

 

Figure 2. Diurnal pattern of 100-1000 nm particle concentration in cm-3 units. Red=nonevent on weekday, 

green=nonevent on weekend, cyan=event on weekday, purple=event on weekend 
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INTRODUCTION

Tree roots are a major carbon sink in forest ecosystems, but still the dynamics of belowground carbon
allocation for growth, maintenance and root symbionts remains poorly understood. For this reason, it is
difficult to estimate how the global carbon balance in soils will change, when climate warming proceeds.
As heterotrophic activity is mainly driven by temperature, the heterotrophic respiration may overcome
ecosystem CO2 uptake and change soils from carbon sinks and reservoirs to carbon sources. Warming-
driven emissions from soil carbon storages were already observed (Bond-Lamberty, 2018). This project
aims to assess the following hypotheses by determining the role of heterotrophic (saprotrophic microbial
activity) and autotrophic (activity of tree roots, root-associated microbes and forest floor vegetation)
respiration in soils along a latitudinal gradient in Northern Europe (Fig. 1). 1) The northern trees allocate
more carbon below-ground than the southern ones. 2) Heterotrophic respiration follows more clearly the
changes in environmental factors such as soil moisture and temperature than autotrophic respiration which
follows also the changes in aboveground physiology. 3) Increased water availability after drought has a
different effect on autotrophic and heterotrophic respiration, because drying-wetting cycles accelerate
microbial decomposition (Jarvis et al., 2007), when roots release exudates into surrounding soil to balance
over uptake of water.

Figure 1. Automatic soil CO2 flux measurement chambers along a latitudinal gradient in boreal and
temperate climates.
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METHODS

This experiment was carried out using eight measurement sites: a northern boreal forest covered mainly by
Scots pine (Pinus sylvestris), three southern boreal forests covered mostly by Scots pine, two southern boreal
forests covered mostly by Norway spruce (Picea abies), a southern boreal forest covered by a mixture of
Scots pine and Norway spruce and a temperate forest covered mainly by Scots pine (Fig. 1). CO2 fluxes, soil
temperature, soil water content and litter decomposition were measured from these sites between 2015 and
2017. In order to separate the contribution of heterotrophic and autotropic respiration on forest floor CO2

fluxes, we used the trenching treatment. In this treatment, a volume of soil was dug up to a depth of 40 cm
around an intact plot. Roots growing into or out to the plot were cut and the plot was isolated from the
surrounding soil using mesh with 1 μm holes. The mesh inhibits the ingrowth of roots and mycorrhizal
fungi, but allows the flow of water. Surrounding soil was placed back into the trench and CO2 fluxes were
measured inside these experimental plots to define heterotrophic respiration. Autotrophic respiration was
estimated by subtracting heterotrophic respiration from total respiration measured from other intact control
plots. CO2 fluxes were measured using both continuous and campaign based measurements from spring to
late autumn. CO2 fluxes were measured using a dark static chamber technique, where CO2 concentration of
chamber headspace was monitored and the CO2 efflux was estimated based on linear fitting against time.

PRELIMINARY RESULTS

The total CO2 emissions of roots, root-associated microbes and forest floor vegetation were highest in the
southernmost boreal forest (NORUNDA), in mixed Scots pine and Norway spruce forest stand (Fig. 2d).
The forest floor plants, present mostly in Scots pine forest and which abundance could be expected to
decrease from north to south, did not affected strongly the north to south increase pattern of forest floor
respiration where tree roots were excluded (Fig. 2a). The autotrophic respiration of forest floor plants thus
had minor contribution to total forest floor CO2 emission and the north-south increase can be attributed to
the microbial heterotrophic respiration. Microbial activity, defined as heterotrophic respiration, increased
from north to south more clearly in the Scots pine than in Norway spruce forests (Figs. 2a and 2c). However,
the activity of tree roots, root-associated microbes and forest floor vegetation measured as autotrophic
respiration, increased from north to south only in the Norway spruce forests (Fig. 2d).

Figure 2. The activity of saprotrophic microbes (heterotrophic) and activity of tree roots, root-associated
microbes and forest floor vegetation (autotrophic) in Scots pine and Norway spruce forests along a

latitudinal gradient.
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INTRODUCTION

Wood decomposing fungi of Basidiomycota, for instance the brown-rot and white-rot species are a key
element in global carbon cycle, because they decompose dead wood effectively (Eastwood et al., 2011;
Floudas et al., 2012). Different soil micro-organisms release volatile organic compounds (VOCs) for
instance to secure their growing space and resource availability during competition (Müller et al., 2013; El
Ariebi et al., 2016; Boddy 2016; Hiscox et al., 2018). Warming climate may alter community structure and
shift ecological interactions between species, because temperature increase will likely promote metabolic
pathways of microbes (Mancuso et al., 2015). This study aims to determine the role of wood substrate –
either Scots pine (Pinus sylvestris) or Norway spruce (Picea abies) – on hyphal biomass, secreted enzyme
activities, wood decomposition and fungal species-species interactions by releasing VOCs.

METHODS

We used a factorial laboratory experiment to study one brow-rot species (Fomitopsis pinicola) and two
white-rot species (Phlebia radiata and Trichaptum abietinum) cultivated as single species cultures or in
various species-species combinations on coniferous wood sawdust using four biological replicates (Mali et
al., 2019). We defined hyphal biomass, secreted enzyme activities, wood decomposition and fungal VOC
release in each treatment after 4, 8 and 12 weeks of growth. We sampled VOCs into adsorbent tubes and
determined the concentrations of isoprene, monoterpenoids, sesquiterpenes and different oxygenated VOCs
using a thermal desorption-gas chromatograph-mass spectrometer (Mäki et al., 2019a).

RESULTS

Wood decomposition by the brown-rot and the white-rot species was a substantial source of VOCs (Fig. 1).
Our results show that interaction of different Basidiomycetes, especially between the brown-rot (Fomitopsis
pinicola) and the white rot (Trichaptum abietinum) fungi accelerated VOC release (Fig. 1). Earlier study
supports this result by showing that decomposition rates vary between fungal species and competition leads
to different metabolic changes depending on species and interaction partners (Hiscox et al., 2015). This
study clearly shows that substrate quality affects VOC release of Basidiomycetes, because release of
sesquiterpenes and oxygenated VOCs was higher on Scots pine sawdust compared to Norway spruce
sawdust. Substrate quality contributes forest floor VOC fluxes as well, because Pinus sylvestris dominated
floor was discovered to be a stronger VOC source than Picea abies forest floor in both boreal and hemiboreal
climate (Mäki et al., 2019b).
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Figure 1. Release of (a) the total monoterpenoids, (b) the total oxygenated VOCs and (c) the total
sesquiterpenes by fungal cultures growing on spruce sawdust. Different cultures are fungal species

growing individually (Fp=Fomitopsis pinicola, Ta=Trichaptum abietinum and Pr=Phlebia radiata) and in
various species-species combinations. The flux rates are means with standard deviation of four biological

replicates.

CONCLUSIONS

These results indicate that changing forest cover may also influence VOC release of wood decomposition
depending on substrate quality for microbes. Abiotic factors such as temperature may affect the outcome of
fungal interaction (Hiscox and Boddy, 2017). For this reason, fungal interactions should be studied in the
future using situ measurements, where relative humidity, temperature and soil water content vary in time
and space.
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Climate scenarios for next hundred years predict higher atmospheric humidity for northern latitudes. 

According to previous studies, higher humidity causes significant changes in forest growth and function. 

Increase in air humidity at FAHM experimental site, Estonia, has shown to affect tree water status and 

increases the levels of antioxidants and accumulation of carbohydrates in leaves. Such changes suggest 

potentially higher VOC emissions from trees. Changed nutrient acquisition due to higher humidity on the 

other hand might affect NOx emission from forests. However, the effect of higher air humidity and changed 

water status of trees on reactive volatile compound emissions are rarely studied in field.  

The novel results of VOC and NOx emissions from birch shoots at increased and ambient atmospheric 

humidity are shown. The effect of tree water status and osmotic potential on VOC emissions is discussed. 
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INTRODUCTION 

Soils are one of the largest carbon stocks on Earth and thus, even small increases in soil carbon stock have 

the potential to reduce atmospheric carbon considerably and mitigate climate change (Minasny et al., 2017). 

Since 1970s the amount of soil organic carbon (SOC) in Finnish agricultural lands has decreased due to 

intensive agricultural management practices (Heikkinen et al., 2013). Changing and developing new 
agricultural practices that would improve carbon sequestration to soils has large potential to mitigate climate 

change (Paustian et al., 2016). In order to verify that the agricultural management practices are improving 

carbon sequestration, a reliable measurement and verification system is required. Satellite-based remote 
sensing is an essential component of this system, since it provides a measurement approach to extend 

relevant information to regional scales and areas lacking accurate in situ measurement systems, such as eddy 

covariance towers. SOC can be estimated using remote sensing from bare soil reflectance or indirectly by 

observing vegetation status and photosynthesis and estimating sequestered carbon through coupled soil-
vegetation-atmosphere-transfer models. This study presents our preliminary results of using Sentinel-2 

optical satellite data from FMI’s two study sites, Qvidja and Ruukki, to produce timeseries of vegetation 

status through growing season in 2018 and 2019.  

METHODS 

Sentinel-2 is a constellation of two optical multispectral satellites, S2A (launched in 2015) and S2B 
(launched in 2017), with temporal resolution of 5 days in the equator and approximately 3 days in Finland. 

Sentinel-2 satellites have 13 spectral bands ranging from 444 to 2202 nm with spatial resolutions of 10, 20 

or 60 m (visible to near infrared (497 – 865 nm), covered with 10 and 20 m resolution (Drusch et al., 2012).  

A workflow for downloading and computing vegetation parameters for area of interest (AOI) has been 

implemented. The AOI is given as a polygon (e.g. shapefile) and the satellite images containing the AOI is 

downloaded from ESA’s SciHub service or FMI’s Finhub. Readily atmospherically corrected level 2 (L2A) 
bottom-of-atmosphere (BOA) reflectance data is downloaded if it is available. If not, then level 1 (L1C) 

top-of-atmosphere (TOA) reflectance is downloaded and atmospherically corrected to L2A using sen2cor 

atmospheric correction software. L2A data is then resampled to 10 m resolution and smaller part containing 

the AOI is cropped from the main image. After that, quality metrics (percentage of shadow and cloud pixels) 
and multiple vegetation indices, such NDVI (normalized difference vegetation index), are computed for the 

AOI. In addition, Biophysical processor, available in ESA’s SNAP toolbox, is used to retrieve LAI (leaf 

area index), fapar (fraction of absorbed photosynthetically active radiation (PAR)), canopy chlorophyll 
content, canopy water content and fractional vegetation cover (FCV).  Bad quality data is filtered out using 

the quality metrics. 
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FMI studies greenhouse gas (GHG) exchange, carbon cycling and other climate impacts at two agricultural 

study sites in Finland–one in Qvidja, Parainen (60.29550°N, 22°39281°E) and the other in Ruukki, Siikajoki 

(64.68399°N, 25.10632°E). Qvdja is on a mineral soil whereas Ruukki on a peat soil. Qvidja site has had 
an operational eddy covariance tower since spring 2018 and Ruukki since June 2019. In addition to the eddy 

covariance measurements, both sites have had extensive field measurements (e.g. GHG chamber 

measurements, LAI, chlorophyll, biomass, vegetation height, species composition, soil moisture and 
temperature) conducted during 2019. At both sites, forage grass was grown on the fields, while at Ruukki 

also barley was grown in NE direction from the eddy covariance tower. Effect of species mixtures, 

fertilization and cutting heights to carbon sequestration are investigated at both sites.  

RESULTS AND DISCUSSION 

Figure 1 presents LAI, fapar and NDVI timeseries for Qvidja site in 2018 and 2019 after filtering out low 

quality data caused by cloudiness. Summer of 2018 was very dry compared to 2019, which is seen as smaller 
LAI, fapar and NDVI during midsummer. The start of growing season and the timing of cuttings are visible 

in both years. In 2018, the yield of the second harvest was left on the field which is visible as no remarkable 

decrease is observed in LAI, fapar and NDVI. In 2018, the grass growth continued until the end of 
November, but unfortunately the period from beginning of October to the end of November was cloudy 

during Sentinel-2 overpasses and therefore no good quality satellite data is available. 

 
Figure 1. Sentinel-2 LAI, fapar and NDVI timeseries of Qvidja eddy covariance field of 2018 and 2019.  

Error bars present standard deviation of the pixels within the polygon. The vertical lines mark the timing 

of the cuttings. 

The timeseries of year 2019 for one grass and barley block at Ruukki site is presented in Figure 2. So far, 
data has been available throughout the whole growing season except for one remarkable gap in the end of 

August. LAI, fapar, and NDVI all show higher values compared to Qvidja site. NDVI and fapar seem to get 

saturated and LAI is at the maximum limits of the used algorithm at June and August. These features require 

further consideration and possible improvements to the retrieval methods. 
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Figure 2. Sentinel-2 LAI, fapar and NDVI timeseries of Ruukki field in 2019.  Error bars present standard 

deviation of the pixels within the polygon. The vertical lines mark the timing of the cuttings. 

High revisit time and high spatial resolution of Sentinel-2 enables monitoring of individual fields during the 

growing season and observing changes in LAI, fapar, greenness and thus potentially photosynthetic activity. 
Next, the satellite-based measurements will be compared to field measurements and estimates of other 

approaches and linked to eddy covariance tower measurements and estimates of changes in SOC. 
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INTRODUCTION

Measurements of atmospheric variables such as meteorology, trace gas, and aerosol concentrations are
typically performed at ground-based fixed-location stations. The surroundings of these stations are often
categorized by subjective criteria using several methods, which can be varying between different studies
(e.g. Fleming et al., 2012). Spatial representativeness of an atmospheric measurement site is one important
aspect that needs to be understood when interpreting the measurement data obtained from the site, and
extending this data to a wider area surrounding the site.

In this study we aim to develop a general framework of analyzing and describing the variability and
representativeness of a given measurement location in terms of land-cover types, level of anthropogenic
influence, and emission sources of trace gases and aerosols. We apply this framework for more than 30
measurement sites providing long-term observations of aerosol number size-distributions recently
analyzed by Nieminen et al. (2018).

MATERIAL AND METHODS

The airmass back-trajectories were calculated using the HYSPLIT Langrangian transport model developed
by NOAA (Stein et al., 2015). The 96-hour transport routes of airmasses arriving at 100 m above ground
level to each of the stations were calculated with one hour time intervals over a 14 year period (2005–
2018). We concentrated the analyses to airmasses which have resided within the boundary layer, as these
airmasses are those that are most influenced by emissions at the ground-level. Frequency maps of
airmasses passing over 1o×1o grid boxes were calculated by combining the transport routes of all the
trajectories arriving to each station over the studied period. An example of the airmass source areas is
shown in Figure 1 for the University of Helsinki SMEAR II station in Hyytiälä, Finland. In order to
characterize the land-cover in these airmass source areas, we utilized the openly available datasets from
the European Space Agency’s Climate Change Initiative (CCI; https://www.esa-landcover-cci.org/). The
CCI database provides detailed information of the land-use based on satellite imagery from European
Space Agency. Furthermore, the anthropogenic influence in the airmass source areas was estimated based
on the population density data compiled by the NASA Socioeconomic Data and Applications Center
(http://sedac.ciesin.columbia.edu/).

RESULTS

We categorized the source area types of each station using k-means cluster analysis. For the land-cover
data, six was the optimal number of clusters, and in the case of population density five clusters. The land-
cover type clusters and population density clusters generally corresponded to each other, i.e. stations with
low population densities in their airmass source areas also were surrounded by e.g. forests or water, as
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opposed to urban areas or farming land. The categorization of the airmass source areas will be further
refined by including information of emission rates of trace gases and particulate matter.

Figure 1. Characterization of the airmass source area for the SMEAR II station in Hyytiälä, Finland. The
colorscale represents the number of individual airmass trajectories passing over 1o×1o grid cell during

years 2005–2006. Only those airmasses staying inside the planetary boundary layer have been taken into
account.
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INTRODUCTION 

Stable isotopic composition (13C/12C-ratio, denoted as δ13C) of peat is the product of δ13C of carbon dioxide 
(CO2) source, vegetation type (vascular plants vs. bryophytes) and of aerobic and anaerobic degradation. In 
general, the lighter 12C is preferred over the heavier 13C in aerobic biological processes. Therefore, respired 
CO2 tends to be depleted in 13C while remaining peat carbon is enriched in 13C.  
 
Climate change is expected to affect northern peatlands (Gorham, 1991). Drying enables increased aerobic 
decomposition of formerly anaerobic peat, hence, increase of CO2 emission, while methane) emissions may 
decrease. Furthermore, water-level drawdown gradually leads to changes in vegetation type, thus, possibly 
modifying δ13C values of peat. 

Drainage for forestry involves permanent lowering of the water table, thus leading to somewhat similar 
situation as expected due to climate change. Prerequisites for changes in hydrology to result in observable 
changes in δ13C values of bulk peat are major changes in processes and concomitant carbon flows. Drainage 
of peatlands leads to altered carbon dynamics and usually also to increased carbon loss (Simola et al. 2012, 
Pitkänen et al., 2013, Krüger et al. 2016). Indeed, the δ13C values of bulk peat have been used to study 
human impact on peatlands (Esmeijer-Liu et al., 2012; Krüger et al., 2014, 2015, 2016, Nykänen et al. 
2018). 

We studied 37 years earlier drained Rahesuo bog in Eastern Finland comparing adjacent drained and 
undrained parts. This abstract is based on an article under review (Nykänen et al., submitted). In submitted 
MS, besides δ13C, also C% and N% were studied, but here only δ13C results are discussed. In addition to 
descriptive comparison of δ13C values, also quantitative expression of changes is used.    

 

METHODS 

The analyzed samples are from study of Pitkänen et al. (2013). Two complete peat profiles from the 
undrained and from the 1971 drained sites were sampled from the same original Sphagnum hollow pattern 
in 2009. In this nutrient poor bog, the difference in vegetation was clear, as was the subsidence (30 cm) and 
water table decrease on drained site compared to the undrained site.  

Peat samples were analysed with a Vario Pyro Cube coupled with an Isoprime 100 (Elementar, Germany). 
Stable isotope composition (δ13C) was expressed in the delta notation as a ‰ deviation of the heavy-to-light 
isotope abundance ratio in the sample from that of a standard, Vienna PD pelemnite. The results are reported 
relative to the standard scale. Here, δ13C of lost C was calculated based on mass balance change of 12C and 
13C of synchronous ash layers in the peat column. 
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RESULTS AND DISCUSSION 

 

Similarly as in this study, the original study showed that the drained site had lost carbon (Pitkänen et. 2013). 
In general, drainage increased peat δ13C values in the uppermost layers, as a difference to the Lakkasuo bog, 
where δ13C values of the uppermost layers were similar on undrained and drained sites (Nykänen et al. 
2018). This difference followed from differences in carbon storage: in Rahesuo bog, loss of carbon was 
clear, while on Lakkasuo bog, effects of drainage on carbon balance were small. Calculation based on 12C 
and 13C storage change, showed that lost carbon was 13C-depleted compared to peat δ13C values on undrained 
site (Fig. 1). Thus, δ13C value integrating carbon loss during 37 years of drainage is in line with straight 
measurements of respired CO2 carbon isotopic composition compared to values in source material (Ågren 
et al. 1996). This supports earlier studies showing that respiration increases in drained peatlands (Silvola et 
al. 1996).  
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Figure 1. Mass weighted δ13C value of lost carbon compared to the original peat δ13C values (Average ± S.E. for peat) 
over synchronous layers found from undrained and drained sites of Rahesuo.  

 

CONCLUSIONS 

Drainage - induced peat loss increased δ13C values of the uppermost layers of the drained peatland site. 
The lost carbon was 13C-depleted compared to original peat. Similarly, as carbon balance can be calculated 
between undrained and drained pairs of originally similar peat profiles, also δ13C values based on 
measured 12C and 13C mass profiles can be used to track changes in carbon cycle.  
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INTRODUCTION 

The problems faced by the world’s food production are convoluted and complicated. Due to a changing 

climate, the problems are expected to get worse in the future, even though the growing global population 

requires the food production to grow as well (Beddington et al 2012). Agricultural production in the world has 

grown steadily in the last century, partly because of a better availability of micro- and macronutrients for 

plants, which the plants require for growth. It has been noted that the lack of these nutrients leads to changes 

in the photochemical apparatus, including the PSII photochemistry in the plant (Larbi et al. 2006, Cigler et al. 

2010), as well as causes reduced growth for plants. Plant nutrient availability can be facilitated with 

fertilization, but using too much fertilizer has the risk of causing eutrophication. 

Potato is one of the most important food plants after cereals and it is grown all over the world on different 

scales (Scott 1985). Due to its naturally high carbohydrate content, potato forms the basis of the diet in many 

parts of the world (Scott et al 2000, Thiele et al 2010).  

Chlorophyll fluorescence is used to monitor stress in plants with non-invasive means. Fluorescence can be 

used to follow the photosynthetic parameters of a plant and to draw conclusions on those parameters on the 

well-being of the plant (eg. Maxwell & Johnson, 2000). Fluorescence can be measured from multiple different 

scales, starting from the molecular scale, to the canopy scale from UAV’s, all the way to the landscape scale 

from satellites. Chlorophyll fluorescence is emitted from the leaf between 640 and 850 nm and it has two 

peaks, at 680nm and 740nm. In addition to chlorophyll fluorescence, reflectance indices, such as NDVI (Rouse 

et al 1974) and PRI (Gamon et al 1992) are also used to monitor plant health status by looking at leaf reflectance 

values, which is affected by changes in leaf pigment content and structure. The objective of this study was to 

recognize the macro- and micronutrients that can be efficiently and reliably measured with optical signals at 

leaf level and later on to link those measurements with remote sensing measurements done with drones. 

 

METHODS 

The field research was conducted in May – September of 2018 in Helsinki, Finland. The potatoes were planted 

at the end of May and were irrigated in the following weeks regularly. The plants were fertilized with two 

fertilizers: YaraMila and YaraBela Suomensalpietari (Yara, Norway). The fertilization was done prior to the 

plants sprouting, by hand in the beginning of June with four different fertilizer treatments (see Table 1).  

Spectral fluorescence of the leaves was measured in laboratory conditions, where the leaves could be measured 

in standardized conditions. A shoot was first cut from the potato plant and was kept partly under water, from 
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the shoot a single leaf was taken so that the pedicel was kept under water at all times, until the actual 

measurement was made. The leaves were illuminated with a white LED-light source MS-602 (Magicshine 

Technology LLC, China) and measured with a USB-2000 spectrometer (Ocean Optics Inc., United States) 

connected to a laptop. Between the light source and the leaf, an optical filter was used to block out incoming 

light from under 650-nanometer wavelength. The leaves were held flat on a dark, opaque surface, under a fiber 

holder, which held the BIF200-VIS-NIR (Ocean Optics Inc., United States) at a fixed 2 cm distance and 90-

degree angle from the leaf. Before the measurement the leaves were dark adapted for 10 minutes, after which 

a three minute measurement was made to record each leaf’s steady state fluorescence. The fluorescence 

measurement was made with a 30 ms integration time with averaging over five measurements. The reflectance 

measurements were made with the same setup that the fluorescence measurements were made with, but without 

the optical filter blocking any incoming light. A Spectralon (Labsphere Inc., United States) white panel was 

used to gain a reference for the reflectance measurements.  

Two or three leaves from each plant were picked during the three measurement points to be stored in plastic 

tubes, first frozen in liquid nitrogen and later on in a – 80 °C freezer. 200-300 milligrams from each tube was 

taken to be analyzed for nutrient content in an iCAP 6000 mass spectrometer (Thermo Fischer Scientific, 

USA). Extra leaves were picked for pigment analysis, frozen as with the nutrient measurements and later 

analyzed with a spectrometer (Shimadzu UV-1800, Shimadzu Corporation, Japan). 

 

 

 

 

 

 

 

 

 

Table 1. Nutrient contents of different treatments in kg per hectare. 

 

CONCLUSIONS 

Fluorescence ratios derived from the two fluorescence peaks at around 680nm and 735nm were found to be a 

useful tool detect Phosphorus (R2 = 0,504) and Magnesium (R2 = 0,637) changes in potato leaves. Fluorescence 

emission around the 680nm peak was also useful in detecting plant Magnesium and Sulphur level changes.  

Nutrient doses kg/ha in treatements 

  N1A1 N2A0 N2A1 N2A2 

N 32,5 65,00 65,00 65,00 

P 13,59 0 13,59 27,18 

K 53,18 2,41 54,39 106,36 

Mg 4,73 2,41 5,93 9,45 

S 29,55 9,63 34,36 59,09 

B 0,15 0,05 0,17 0,30 

Cu 0,09 0 0,09 0,18 

Fe 0,24 0 0,24 0,47 

Mn 0,74 0 0,74 1,48 

Mo 0,01 0 0,01 0,01 

Zn 0,12 0 0,12 0,24 
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From the reflectance observations NDVI and PRI vegetation indices were unrelated to leaf nutrient changes in 

this field experiment. However, the green Normalized Difference Vegetation Index, gNDVI (Gitelson et al. 

1996), was able to detect changes in the Phosphorus, Magnesium and Nitrogen (Figure 1) content of the leaves. 

The gNDVI, which is calculated as R780- R550/R780 + R550 (R being the normalized reflectance at the 

indicated wavelength), is especially sensitive to changes in the green spectral region. Magnesium has been 

shown to increase the nitrogen uptake efficiency of a plant (Grzebisz 2013), increase the leaf area and dry 

matter production of potato plants (Cao & Tibbits, 1992), as well as being an important macronutrient 

contributing to the overall health of the plant (Huber & Jones 2013). The results seem to indicate that changes 

in macronutrients linked to the chlorophyll cycle in the leaves, such as Nitrogen and Magnesium, are easier to 

detect with optical signals. 

 

We are planning on continuing the research by comparing these leaf level results with drone level 

measurements that were done simultaneously on the same test site. The aim is to recognize those optical signals 

that can possibly be detected on both the leaf level and on the canopy scale. 
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Figure 1. Demonstration of the relationship between measured variables. Blue and red colors 

indicate high correlation coefficients between two datasets, white squares represent non-

significant correlations (p>0,01). 
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INTRODUCTION

Aerosols play a key role in the global radiative balance of the earth. Their number concentration, size distri-
bution (SD) and chemical composition affect their ability to scatter and absorb solar radiation as well as the
formation, properties and lifetimes of clouds (Pachauri et al., 2014; Stocker,2014, IPCC). The same prop-
erties determine how particles enter the human lung and cause various public health problems (Guerreiro
et al., 2016). To quantify these effects, we need to be able to determine the rates of the key microphysical
processes, aerosol formation and growth, from measurements of aerosol SD evolution.

We propose to apply a method stemming from the Bayesian framework, namely the Extended Kalman
Smoother (EKS) (Kaipio and Somersalo, 2006), to estimate parameters such as growth, loss and nucleation
rates along with their uncertainties from SD data. In the following, we consider the case of an aerosol system
approaching steady state in order to demonstrate that the method works and gives reliable estimates.

METHODS

So far, new particle formation and growth rates have been analyzed with rather simple regression or balance
equation approach suffering from potentially crude approximations and permitting no proper estimation of
the uncertainties (overview of typical methods in (Kulmala et al., 2012)). As a consequence, it is likely that
there are, in the estimated quantities, significant uncertainties which are usually not quantified. It has been
shown in (Kürten et al., 2018) that the difference between estimations resulting from a sophisticated aerosol
model and a “traditional” simple method can be as large as a factor of ten.

The inverse problem framework —the mathematical framework that allows for estimation of quantities,
e.g. particle size density, from convoluted and noisy data, e.g. number concentration from SMPS — have
only rarely been used in aerosol settings. Lehtinen et al. (Lehtinen et al., 2004) used a least squares
minimization to infer the aerosol microphysical parameters from measured data; this method was later
improved by Verheggen et al. (Verheggen and Mozurkewich, 2006) and Kuang et al. (2012) (Kuang et al.,
2012). Henze et al. (2004) (Henze et al., 2004) and Sandu et al. (Sandu et al., 2005) used the method of
adjoint equations to estimate parameters, such as condensation rates, from particle size distributions. None
of the aforementioned studies address the matter of uncertainty quantification.

There are, however, many other studies on closely related problems. Unknown coefficients have been esti-
mated for e.g. Fokker-Planck equations (Banks et al., 1993), age-structured population dynamics (Rundell,
1993) as well as algal and phytoplankton aggregation (Ackleh et al., 2018). The only progress in apply-
ing statistical inverse methodology to aerosol size distribution dynamics are, to our knowledge, parameter
estimation in aggregation-fragmentation models (Bortz et al., 2015), to better estimate the size distribution
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evolution from measurements using Kalman filtering by (Viskari et al., 2012) and estimation of evaporation
rates using Markov Chain Monte-Carlo method by Kupiainen-Määttä (Kupiainen-Määttä, 2016).

Our method is designed to estimate the parameters of the General Dynamic Equation (GDE) for aerosols in
general. However, for the sake of clarity (and without loss of generality) we consider the GDE without the
explicit coagulation terms — the loss by coagulation on the background particles may be interpreted as part
of the linear losses. Hence, we consider the following GDE:

∂n

∂t
+
∂gn

∂d
= −λn, t ∈ [0,∞), d ∈ [d?, d∞] (1)

g(d?, t)n(d?, t) = J(t) (2)

g(d∞, t)n(d∞, t) = 0 (3)

where the Particle Size Density (PSD) is denoted n, the time t and the particle diameter d. The parameters
are: the growth rate g(d, t), the linear losses λ(d, t) (e.g. wall losses, loss by coagulation on the background
particles) and the nucleation rate J(t). The growth rate g and the nucleation rate J are linked by the relation
in eq. (2) — boundary condition — which states that the rate of apparition of new particles at size d?

— potentially a critical size — is treated as a flux of particle coming in the size range of the considered
particles. Similarly, we consider that the outward flux at size d∞ (3) — flux a particle lost because they
grow bigger than the biggest considered size d∞ — is set to 0 — this assumption can always be met by
putting d∞ to a numerical value large enough. Our goal is to estimate the aforementioned parameters along
with their uncertainties — or at least a reliable estimation — from time series of number concentrations data
such as provided by an SMPS. Furthermore, we consider that the linear loss rate is known and its relative
uncertainty is about 10% — it may be changed at will. Our method relies on the EKS which requires an
evolution model for each quantity to be estimated and a measurement model (i.e. a mapping from the density
n to the number concentrations).

To that endeavor, the GDE needs to be discretized, both in time and size, which can be achieved in various
ways, but we choose the Finite Difference for its simplicity and somewhat satisfying accuracy — even
though it can become an issue when dealing with time step length that reflects the time difference between
to consecutive measurements.

The estimation takes advantage of a few known constraints regarding the parameters, i.e. the positivity, the
correlation in size of the growth rate and the “slow” time evolution of each parameter. The time-and-size-
smoothness are carried by the surrogate evolution models and the positivity is enforced by a parameteriza-
tions of the parameters. For instance, g is not directly estimated, but a surrogate variable x is, and the growth
rate is formed as, e.g., g = log (1 + ex). The discrete evolution model of x — required by the EKS — is
not known per se, we use a stochastic process instead. This stochastic process is so designed to account for
the a priori of “slow” time evolution and size correlation.

The measurement model for each channel of the device is taken as a simple integration of the density n
which is then corrupted by a counting noise, i.e. Poisson distributed. Considering the ith output yi of the
device, we have:

yi =
1

V
Poisson

(
V

∆t

∫ t0+∆t

t0

∫

R
ψi(s)n(s, t)dsdt

)
(4)

where ψi is the efficiency of the ith channel, ∆t is the measurement time and V the volume of the sample.
In the following we consider Gaussian efficiency functions when simulating data and gate function in the
estimation method.

RESULTS

In order to prove that our method works, we use simulated data for which the values of the parameters are
known — referred to as the Ground Truth (GT). The data are simulated by running the discretized GDE
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((1)-(3)) with a very fine resolution in time and size and then applying the measurement model (4), so that
we control all the parameters, even the measurement noise — V and ∆t in (4). Here, we only consider a
case with a good signal to noise ratio (SNR), see fig. 1 upper left panel. The results (estimates with their
uncertainties) are shown in fig. 1 lower panels and fig. 2, and the simulated density using the estimated
parameters is depicted in fig. 1 upper right panel. The two curves shown in each figure are, the filter
estimates in blue (knowing only the past data) and the smoother estimates in orange (knowing the whole
dataset). The trust region that gives the uncertainties is defined as the highest probability region with a
probability of ' 0.7.

The nucleation rate given by the smoother is fairly well estimated at almost all points in time, except for the
final instants because the filter estimates are rather not precise. The effect of the smoother is clearly visible
in this case: it forces the estimates to come closer to the GT and reduces the uncertainties because it uses
more data than the filter.

The growth rate (GR) estimates show the same trend, the smoother gives better results than the filter. Two
features of the EKS come to light in fig. 2. The first is the a priori information given to the algorithm, i.e.
the estimated GR is smooth in size because of the size correlation born by the evolution model of the GR.
The second (also visible in the lower left panel of fig. 1) is that the algorithm will not produce more than it
can. Indeed, upon inspection, it is clear that the estimation of the GR is reliable where there is a significant
amount of information (where the PSD values are big enough, and therefore the local SNR is good) and not
reliable where the data do not contain information — in which case, the algorithm outputs only the a priori
it has been given.
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Figure 1: Estimation of the parameters of the GDE for aerosols from a simulated transition to steady state
data with good SNR value. The data are shown in the upper left panel, and the reconstruction using the
estimated parameters is in the upper right panel. In the lower panels are shown the growth rate (left) and the
nucleation rate (right).
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Figure 2: The growth rate estimations at 4 different instants in time: 45 min, 1h7min, 1h52min and 2h8min.

CONCLUSIONS

The foremost conclusion is that we have successfully apply the EKS to the problem of estimating the pa-
rameters of the GDE from relevant data for the first time (to the best of our knowledge).

The algorithm depends on a few tuning parameters that haven’t been mentioned so far because their choices
are almost completely automated. Indeed, the only important parameter to give the algorithm are the char-
acteristic times for the nucleation and growth rate variation — set to 600s in this case — and the rough
expected amplitude of the same parameters. Because the results depend on the choice of those parameters,
it is a good practice to simulate the density using the estimated parameters and compare to the data for
quality control.

In order to fully validate our method, it remains to apply it to measured data — which we are most willing
to do. We foresee that a few points could raise concern when applying to measured data:

1 The time step used in the simulated data is unrealistically small so that 1) both the discretized model
and the dataset have the same, and 2) the model does not diverge. The method is easily modified to
accommodate for bigger time steps without modifying the time step of the discretized model. The
solution lies in the measurement model used in the EKS — some iterations will use data (therefore a
non-null measurement operator) and the rest will not.

2 The method assumes that the nucleation happens at the smallest measured size and therefore, in this
version, only the apparent nucleation rate is estimated. However, the method can be modified to
estimate the nucleation rate at any size. Note that doing so will increase the uncertainties in the
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nucleation rate because the estimates relies more on the model than the data contrary to the case
introduced here.

3 The measurement model used in this paper is a coarse approximation of the measurement device
used in the simulation, therefore, it increases the uncertainty in the estimates — a better measurement
model would improve results.

4 The discretization method is one of the least precise and not really well suited for handling the bound-
ary conditions; using a method such as the Finite Elements Method would most likely benefit the
results.

5 The evolution models of the parameters are all assumed — based on realistic assumptions. More
realistic models would most likely produce better results.
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INTRODUCTION 

Understanding the way in which ice forms is of great importance to many fields of science.  
Pure water droplets in the atmosphere can remain in the liquid phase to nearly -40 C. Crystallization of ice 
in the atmosphere therefore typically occurs in the presence of aerosol particles, such as mineral dust, soot 
or organic particles. These ice nucleating particles (INPs) trigger heterogeneous ice nucleation at clearly 
higher temperatures. Therefore, a better understanding of how the various types of aerosol particles 
present in the atmosphere affect ice nucleation (IN) in clouds would be an important advance in the field 
of atmospheric science. 
 
Experiments have shown in great detail what is the IN activity of different types of compounds, and 
recently also clarified the importance of small surface features such as surface defects. The molecular-
scale processes responsible for ice nucleation are still not well known, however, and difficulties in atomic-
scale characterization of complex and imperfect surfaces means that a full understanding of these 
processes from solely experimental evidence is still a distant goal. In recent years, several computational 
studies have been published on heterogeneous ice nucleation, advancing our understanding of the details 
of ice nucleation in many materials. The role of defects is starting to become clearer, and recently 
simulations showed enhanced ice nucleation efficiency in confined geometry such as wedges or pits (Bi, 
Cao and Li, 2017).  
 
 

METHODS 

We are studying the effect of water confinement on ice nucleation at both low-temperature and high-
temperature regimes by utilizing the monatomic water model (Molinero and Moore, 2009) and the 
TIP4P/Ice (Abascal et al., 2005) all-atom water model for unbiased molecular dynamics (MD) simulations, 
where a system including a defected surface, such as pyramidal pits, steps or surface cracks in silicon and 
silver iodide, immersed in water, is cooled continuously below the melting point over tens of nanoseconds 
of simulation time and crystallization is followed.  

To capture the details of the rare stochastic events of ice nucleation, it is necessary to simulate relatively 
large systems over long time scales, and therefore classical interaction potentials are used. We utilize 
different types of water – silicon interaction potentials, both to cover different surface treatments and to how 
strongly ice nucleation activity is dependent on the potentials. Unbiased MD is an ideal method to study 
physical pathways of ice formation from disordered water requiring collective molecular movement, and 
we utilize the LAMMPS MD code in NVT ensemble, with periodic boundary conditions, with a few nm 
thick vacuum layer on top of an open water surface to allow the water density to change during freezing. 
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Figure 1. (left) Ice nucleation at the bottom of a wedge-shaped crack in AgI, at an unusually high 
nucleation temperature of -4 ºC. (right) Comparison of ice growth by potential energy shows that ice 
growth in a wedge-shaped crack progresses similarly to a flat AgI (0001) surface at clearly higher 
temperatures. 

 

Figure 2. Freezing temperature for different silicon surfaces: a clear 12.9 ºC increase in freezing 
temperature is seen in a pit system, compared to the (111) surface. Enhanced activity in pits is seen in 
experiments as well. 
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CONCLUSIONS 

Results show that water confinement in nanometer scale defects increases ice nucleation activity of 
surfaces in both low-temperature and high-temperature regimes. Different crystallographic faces of AgI 
show differences in ice nucleation activity, with β-AgI (0001) showing the highest activity, causing ice 
nucleation at high temperatures. By generating wedge-shaped structures with β-AgI (0001) surface as one 
of the two side walls, we obtained a structure that shows even higher ice nucleation activity than planar β-
AgI (0001) surfaces. 
Results of simulations on pyramidal pits on Si (100) surfaces (Fig. 2), an experimentally realizable system, 
show a clear (ΔT > 10 ºC) enhancement of ice nucleation compared to flat Si (100) or Si (111) surfaces, in 
agreement with initial experimental findings of preference of ice to nucleate at these sites. To study the 
statistical variation of the freezing temperatures in the systems, we calculate as our results the mean and 
the standard error of mean from three calculations for each system, and results show small variation due to 
relatively slow cooling rate in simulations. Simulations with truncated pyramidal pits show that the 
enhancement of ice nucleation is not dependent on atomic sharpness of pits.  
 
Understanding the enhanced activity in these kind of highly IN active surface features may enable 
characterization of ice nucleation active sites on some atmospheric particles, and lead to designs of new 
artificial materials optimized for cloud seeding applications, freezing water at temperatures even higher 
than with the most active natural particles or bacteria.  
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TRANSPORT 

 

INTRODUCTION 

The pathogen Dutch elm disease (DED) has been intensively studied in the past decades because of the tree 

mortality it has caused in elm trees in Europe and North America (Brasier, 2000). DED causes desiccation in 

the water transporting tissue (Urban and Dvorak, 2014, Beier et al., 2017) and wilting of elm trees. It is 

vectored by elm specific bark beetles that bore through the tree bark, and simultaneously introduce the 

pathogen on the surface of the water transporting sapwood. Connection of tree resistance with the tree water 

transport under conditions of varying water availability remain under investigation. Our aim was to study the 

relations behind the declining tree water transport and DED infection, and gain understanding of how varying 

water availability affect these relations. 

METHODS 

We conducted an experiment with DED (Ophiostoma novo-ulmi) in 3-year old field elm saplings (Ulmus 

minor) to investigate the loss in stem hydraulic conductivity with the tree gas exchange measurements in trees 

under dry and moist conditions. The study was conducted in a greenhouse in the Göttingen University facilities 

in Germany during the late spring 2019. Elm saplings were allocated into three treatments: untreated control, 

wounded control and infected trees in dry and control sites. Trees were watered twice a week during the 

experiment with 200 ml and 400 ml increment of water to dry and moist sites, respectively, at each watering. 

The watering treatment was monitored with soil moisture measurements. We measured the stem water 

transport including the hydraulic conductivity and relative water content from sampled trees, and the leaf gas 

exchange (Li 6800, Li-Cor, US) with photosynthetic rate and stomatal conductance twice a week during four 

weeks after the inoculation treatment of DED. In the leaf gas exchange measurements, we used constant 800 

µmol m-2 s-1 light and controlled CO2 conditions in the chamber. 
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Figure 1. Stem relative water content in Ophiostoma novo-ulmi infected and control Ulmus minor trees in 

moist and dry sites. 

CONCLUSIONS 

The preliminary results indicated decrease in water potential and stem relative water content (Fig. 1) in infected 

trees compared to the control trees, especially in the dry site. No clear difference in the leaf gas exchange was 

observed between the treatments. Local wilting symptoms were observed in the canopy of the infected trees. 

The wilting symptoms in tree canopy may occur rapidly, and therefore, the infection may be observed mainly 

locally at the site of infection. The lowered stem relative content observed in our study indicates to such local 

response to the infection. The data analysis is ongoing, and further analyses will be conducted on the xylem 

sap properties of the treatments and the level of the infection. 
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INTRODUCTION

Methane (CH4) is the second strongest anthropogenic greenhouse gas responsible for ~20 % of the global
warming (IPCC, 2013). Recent research has shown that plants can emit CH4 under aerobic conditions, and
may constitute a relevant source of atmospheric CH4 (Keppler et al., 2006). These non-microbial emissions
originate from the foliage, and they have been recorded from plants exposed to e.g. drought and temperature
stress (Qaderi & Reid, 2009). In addition, it has been observed that UV-induced generation of reactive
oxygen species (ROS) can lead to the production of CH4 from plant cell wall polysaccharides such as pectins
(McLeod et al., 2008). The physiological drivers and controls over aerobic CH4 emissions, however, remain
largely unknown.

Little is known about the contribution of boreal forests to CH4 emissions, yet trees have also been identified
as a possible source of CH4 (Carmichael et al., 2014). Earlier, CH4 emissions from trees were thought to be
solely of microbial origin, since trees can act as conduits for soil-produced CH4 (Pangala et al., 2014; Rice
et al., 2010; Rusch & Rennenberg, 1998) and CH4 can be produced within the tree stems by methanogens
(Li et al., 2019; Yip et al., 2019). Additionally, different tree species seem to act differently regarding tree
canopy CH4 fluxes: Scots pine (Pinus sylvestris L). shoots emit CH4 (Halmeenmäki et al., 2017; Machacova
et al., 2016), whereas Norway spruce (Picea abies (L.) H. Karst.) has been observed consuming CH4

(Sundqvist et al., 2015). Another conifer, Japanese larch (Larix kaempferi (Lamb.) Carr.), has also been
shown to emit CH4 (Itaoka et al., 2007).

So far, no continuous measurements of CH4 fluxes have been conducted on tree shoots. Information on
diurnal and seasonal variations in the fluxes together with environmental variables are critically needed to
estimate the contribution of boreal forests to global CH4 emissions. To fill these knowledge gaps, we will
perform high-frequency measurements of shoot CH4 fluxes focusing on three coniferous tree species: Scots
pine, Norway spruce and Siberian larch (Larix sibirica Ledeb.), all of which are dominant tree species in
boreal forests. Specifically, we address the following research questions: 1) Are the CH4 fluxes of different
boreal tree species subject to temporal variability showing diurnal and seasonal patterns? 2) Do the observed
fluxes differ between the studied tree species? 3) How do increasing temperatures affect the fluxes?

METHODS

Our work takes advantage of a recently developed enclosure chamber system placed in a climate controlled
growth cabinet (Pihlatie et al., 2019). Environmental parameters, such as light, temperature, and relative
humidity, are regulated inside the growth chamber. Typical diurnal cycles are simulated and temperature
stress will be applied by altering these factors. The growth cabinet is divided into separate shoot and root
compartments, and CH4, H2O and CO2 fluxes from different compartments are measured at high temporal
resolution (10 min) by an online gas analyzer. In addition, photosynthetic rate and stomatal conductance are
measured to identify possible physiological processes that covary with aerobic CH4 emissions.
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The experiments on diel cycles have already been performed with Scots pine. The seedlings were purchased
from a commercial tree nursery where the seedlings were grown in pots containing commercial peat-based
soil. The purchased seedlings were 2 years old, and initially, their height ranged from 40 to 60 cm. Three
visibly healthy seedlings were chosen as replicates. One seedling was placed in the growth cabinet at a time
for 11 days. The experimental period consisted of an adjustment period of 17 h and two different light
programs of 5 d with the following conditions: temperature 10 °C and relative humidity of 40 %. The
photoperiod of the first light program was 12 h including gradually changing lighting conditions between
the day and night to simulate dawn and dusk. During the second 5-d light program, the photoperiod was 12
h with abrupt changes between light and darkness. In addition, similar preliminary experiments have been
conducted with Siberian larch.

The seasonality of shoot fluxes will be studied by performing these experiments throughout the year, and
some preliminary tests with Scots pine and Siberian larch have already been carried out. The shoot fluxes of
Scots pine have been measured during and after the growing season in May, June and September. Siberian
larch, instead, has been studied after the growing season in October. In addition, the seedlings will be exposed
to increased temperatures to reveal the stress-induced responses in the CH4 fluxes.

RESULTS

Initial results suggest that the CH4 emissions from the shoots of Scots pine increase with increasing
photosynthetically active radiation (PAR). Respectively, the opposite effect occurred when the PAR value
decreased, yet a lag in the emissions was observed after the lights had turned off. Regarding seasonality,
positive fluxes have been measured during the growing season with Scots pine. No fluxes were observed in
September after the growing season. Additionally, zero fluxes were measured with Siberian larch based on
the preliminary tests after the growing season.

CONCLUSIONS

Our results so far suggest that diurnal cycles of CH4 emissions from Scots Pine shoots are induced by changes
in PAR and photosynthesis rates. We also have initial results in support of seasonal changes in the
relationship between light and CH4 emissions.
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INTRODUCTION

Classically atmospheric measurements are done at fixed locations with in-situ sensors (e.g. sonic
anemometers, gas analysers, thermometers) or remotely with remote sensing methods (e.g. radars,
lidars, sodars). In-situ sensors provide continuous temporal measurements, whereas remote sensing
methods can be used to acquire large scale spatial details. However, these two established groups
of measurement techniques provide information at clearly different scales and the scales do not
fully overlap. Moreover, interesting flow phenomena take place in locations where remote sensing
techniques are not possible (e.g. within forest canopies or street canyons). Hence there is a clear
need to bridge the scales between these two groups of techniques and to find new ways to study
the spatial details of the flow in complicated locations, such as within forests or cities.

Distributed temperature sensing (DTS) measurements provide the possibility to observe spatio-
temporal details of the atmospheric flow at temporal scales starting from 1 Hz frequency and
spatial scales ranging between 10−1...103 m. The DTS technique utilises fibre-optic cables as sensing
elements and observations of local temperature along the cable are based on Raman scattering of a
light pulse travelling in the fibre-optic cable (Selker et al., 2006; Tyler et al., 2009; Thomas et al.,
2012). The DTS instrument connected to the cable resolves the temperature along the cable which
can be freely distributed in the measurement domain, e.g. up and down a measurement tower,
horisontally within forest or as a net above a street canyon. Depending on the configuration, the
measurements can then be used to obtain e.g. detailed vertical profiles, two- or three-dimensional
structures of the flow.

In this study DTS measurements made within and above boreal forest during summer 2019 are
analysed. The measurements are validated against more traditional measurements with 3D sonic
anemometers and a first-look on the observed spatial flow patterns is provided.

METHODS

The DTS measurements were conducted at the SMEAR II station located in central Finland (61◦

51’ N, 24◦ 17’ E, 181 m a.s.l). Forest canopy is located roughly between 10 and 17 m above the
ground and below 10 m relative open trunk space exists. During the first part of the campaign

512



(June-July 2019), fibre-optic cable was attached to the tall tower at the site providing detailed
temperature profiles between 2 and 120 m above the ground. During the second part (August-
October 2019) the cable was suspended between two towers at several heights providing detailed
vertical and horizontal information of temperature variability within the forest.

The DTS instrument (Ultima-S, Silixa ltd., UK) and calibration baths were located in a wooden
cabin. The instrument was sampling with 1 Hz and 0.127 m resolution along the cable. Single-core,
thin (outer diameter 0.9 mm) aramid reinforced multimode fibre-optic cable (AFL, US) was used.
The measurements were run either in double-ended (first part of the campaign) or single-ended
(second part) mode and the DTS data were processed following either van de Giesen et al. (2012)
or Hausner et al. (2011), respectively.

RESULTS
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Figure 1: Upper plot: 30-min example time series of the DTS data (shown with color) measured
in the tall mast at the SMEAR II site. The arrows show the turbulent fluctuations of wind
measured with 3D sonic anemometers. Up and down arrow directions denote positive and negative
vertical wind speed fluctuations, respectively, left and right mean positive and negative horisontal
wind speed fluctuations, respectively. Bottom plot: Comparison of temperature perturbation (T-
mean(T)) time series measured at 27 m height. Values for the stability parameter and mean wind
speed measured at 27 m height are shown at the top of the figure.

During the first part of the measurement campaign the fibre-optic cable was attached to the tall
mast providing detailed vertical profiles of air temperature and atmospheric mixing between forest
floor and 120 m above the ground. Figure 1 shows an example of the data from one 30-min daytime
period at the end of June 2019. The air was unstably stratified and wind speed was relatively low
during this example period. Large coherent patterns are evident in the top plot. These patterns
are the large turbulent eddies that typically dominate the surface layer turbulent transport. The
largest eddies span from the forest floor through the canopy up to 120 m height and above, meaning
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that the whole 120 m high air column was fully coupled. As expected, the eddy sizes scale with
height, meaning the only the largest eddies reach the highest measurement heights.

In fig. 1 the high temperatures (yellow and green colors) match with upward vertical air motions
(arrows pointing upwards) and low temperatures with downward motions, as expected since the
vertical turbulent heat flux was directed upwards during this 30-min period. The temperature
perturbations measured with DTS and EC systems agree well (bottom plot, fig. 1). Both of these
findings suggest that the DTS setup was able to resolve the dominant eddies.
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Figure 2: Evolution of two dimensional temperature field within the boreal forest at 27.8.2019
during approximately one minute period (between 01:57:19 and 01:58:05). Color shows the air
temperature measured with DTS and interpolated to evenly spaced grid and the lines highlight the
maxima in temperature vertical gradient. During the shown period the air was stably stratified
due to radiative cooling of the surface.

Figure 2 shows an example of evolution of two-dimensional temperature field within the boreal forest
at night during stably stratified situation. The four subplots show a wave passing the measurement
domain at 10...15 m above the ground. The strong vertical gradient in temperature decouples the
surface from the air above and turbulence is non-existent.

CONCLUSIONS

The vertical and horizontal DTS measurements were able to resolve fine-scale spatial details of
the flow within and above the boreal forest in unstable, as well as strongly stable situation. The
measurement technique opens up a new view on the spatial details of atmospheric mixing that have
typically been unreachable with conventional measurement techniques. The DTS measurements
will be combined with EC gas flux measurements in order to get a better understanding on the
flow processes controlling ecosystem-atmosphere gas exchange.
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INTRODUCTION

Secondary organic aerosol (SOA) contributes a major fraction of tropospheric aerosol worldwide
(Zhang et al., 2007; Jimenez et al., 2009). Still, the detailed formation mechanisms of SOA have
remained elusive, despite intensive research efforts (Hallquist et al., 2009). SOA forms from the gas
to particle conversion of volatile organic compounds, or their oxidation products (VOC). Recently,
a new group of oxidation products of VOC was discovered: this group, highly oxygenated organic
compounds (HOM), has been proposed to be efficient in forming SOA, and to contribute to a large
fraction of SOA globally (Ehn et al., 2014; Bianchi et al., 2019). These compounds form rapidly
in the oxidation of many VOC, and are thought to be of very low volatility. This low volatility
enables them to take part in SOA formation, and even in new particle formation (NPF) (Kirkby
et al., 2016). However, while we know that HOM are of low volatility, the exact volatilities are
still shrouded by mystery, with different estimates disagreeing by up to ten orders of magnitude
(Kurtén et al., 2016). Still, to assess the exact role of HOM in aerosol formation, more precise
knowledge of their volatilities would be needed (Bianchi et al., 2019). We present a laboratory
study, supported by box modelling, to investigate the volatilities of HOM formed in the ozonolysis
of α-pinene, the most abundant monoterpene emitted by boreal forests. Our results, in review and
expected to be published soon, indicate that HOM volatilities are in between previous estimates,
and help to narrow down the uncertainties around them (Peräkylä et al., 2019).

METHODS

We conducted a series of laboratory experiments in the COALA smog chamber at the University
of Helsinki. We continuously injected α-pinene and ozone to the two cubic metre teflon chamber
to form HOM, while simultaneously sampling the HOM formed using a nitrate chemical ionization
mass spectrometer (CI-APi-TOF, Jokinen et al., 2012). In some experiments we also injected
nitrogen dioxide, which was photolysed with LED lights to form nitric oxide, to form organic
nitrates in addition to the non-nitrate HOM. In addition to the gaseous precursors, we also injected
ammonium sulfate seed particles to the chamber. Any compounds of low enough volatility will
condense on the seed particles, decreasing their gas phase concentration: in contrast, more volatile
products evaporate fast enough back to the gas phase, so that their concentration is unaffected.
This allowed us to determine the volatilities of HOM based on their behaviour upon seed injection.
The experiments were supported by modelling using the ADCHAM model (Roldin et al., 2014,
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2019), allowing us to determine the exact relationship between the volatility of a compound, and
its behaviour upon seed injection.

RESULTS

As expected, we found that the volatility of HOM decreases with increasing molecular mass. How-
ever, this decrease was not monotonic, and organic nitrates of comparable volatility had a higher
mass compared to non-nitrates. This can be explained in terms of the relatively high mass of the
nitrate functional group. HOM monomers were found to belong mainly to low volatility organic
compounds (LVOC, Donahue et al., 2012), with a minor fraction being semi-volatile. HOM dimers
were of low, or more probably of extremely low volatility: however, our method cannot readily dis-
tinguish between the two. We were able to parametrize the volatility of a compound based on its
elemental composition. We found that HOM formed in the ozonolysis of α-pinene are less volatile
compared to the predictions of Kurtén et al. (2016), but more volatile than predicted by Bianchi
et al. (2019). The dependence of volatility on the oxygen number in the molecule was similar to
Kurtén et al. (2016).

The results may not be directly generalizable to systems other than α-pinene ozonolysis, but the
general method should be applicable to a broad range of different conditions. The results can help
in future studies to assess the exact role of HOM in particle formation.
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INTRODUCTION

Through natural  as  well  as  anthropogenic  sources,  large  amounts  of  volatile  organic  compounds  are
constantly emitted to the atmosphere. Autoxidation, most likely involving intramolecular H abstraction by
peroxy radicals and subsequent O2 addition, can quickly transform VOCs to much less volatile species
upon initial oxidation (Ehn et al. 2014). Species formed that way on the one hand impact the particulate
matter and CCN number (e.g. by contributing to CCN activation or by increasing new particle formation)
or, on the other hand, affect air quality and thus health (e.g.: according to WHO (2016) particulate matter
causes  millions  of  premature  deaths  each  year;  further,  toxic  species,  such  as  epoxides  from  the
degradation of alkylbenzenes (Yu and Jeffries, 1996) are formed in the gas phase).  Thus investigating the
HOM formation is the key in determining its effect on atmospheric processes and assessing its impact on
air quality and climate.

METHODS

To approach the complex issue of atmospheric HOM formation and its effects, we develop near explicit
gas phase chemistry codes (Type I & II) simulating the peroxy chemistry and couple it to MCMv3.1
(http://mcm.leeds.ac.uk/MCM)  which  describes  the  tropospheric  degradation  of  VOCs.  Unfortunately,
experimental data for comparison, produced by means of mass spectrometry, provide only information on
the atomic composition of the determined species. However, in order to create a chemical mechanism we
aim to close this gap by considering theoretical findings. The huge number of possible reactions does not
allow to investigate them one by one. Thus, rate constants determined by means of quantum chemical
calculations are available for key reactions only. Structure activity relationships (SAR) allow to determine
many of the needed coefficients (Vereecken et al., 2018). As SAR do not cover all types of molecules and
reaction classes, a deterministic construction of a peroxy mechanism is not possible yet. In order to use the
information available and still come up with codes that predict HOM formation, we decided to construct
two different model types. 

The first is a near explicit but still lumped code (Type I) aiming to reproduce experimentally determined
data (i.e. mass spectra, chemical or mass yields, respectively). Reactions considered are listed in table 1
and described in detail by Roldin et al., (2019). The present set of equations distinguishes between peroxy
radicals, alkoxy radicals, closed shell monomers and dimers, respectively. They allow to produce 94 % of
the experimentally determined mass peaks for OH oxidation of benzene making up 99 % of the number
concentration of detected molecules (experimental data from Molteni et al., 2018). Note that it does not
account for species other than HOM (as defined by Bianchi et al., 2019).

While the above described code is  very efficient  in predicting the atomic composition of the species
formed, it does not fully keep track of the molecular structure and functional groups. However, this kind
of information determines the species properties. It can be obtained by knowing the reaction path of a
given molecule. Thus we are developing a Type II mechanism that aims to consider all known relevant
reactions in order to assess the isomeric distribution. Then, we assign rate constants that are obtained from
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literature (experiments, quantum chemical calculations for key reactions, SARs). The starting point for the
Type II code in the case of benzene is depicted in Fig. 1.

Table 1.  List of reactions considered by Type I code. R1, R2, R5 and R6 describe reactions peroxy
radicals can undergo. R2 and R3 describe alkoxy reactions. Detailed information can be found elsewhere

(Roldin et al., 2019).

Figure 1. First reactions considered for type II chemistry code.

The next step is to test the two types of the code against experimental data. Type I code can be tested
against data obtained from chemical ionization atmospheric pressure time of flight mass spectrometers
(CI-api-ToF). However, note that these instruments have limited detection efficiencies that mainly depend
on the (typically  unknown) chemical  structure  of  all  isomers  of  a  given atomic composition and the
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clustering  ions  (Hyttinen  et  al.,  2018).  Thus,  direct  comparison  of  the  modeled  results  to  those
experimental data has to be done with caution. Type II chemical code can be used to estimate the detection
efficiency of the formed species by the CI-api-ToF. Further, its results form the basis to calculate the
properties  (including estimates  on  toxicity)  of  the  individual  isomers  by  applying  group contribution
methods  (e.g.:  SIMPOL)  or  quantum  chemistry  based  calculations  (e.g.:  COSMO-RT).  Results  are
subsequently applied to simulate chamber experiments considering seed particles using chamber model
ADCham (Roldin et al., 2014). That way the Type II code can be tested indirectly. 

In  order  to  see  the  effects  of  HOM  formation  from precursors  related  to  anthropogenic  activity  on
atmospheric processes, the codes will be integrated in the chemistry transport model SOSAA (Boy et al.,
2011) and applied for SORPES station in China and potentially other stations showing anthropogenic
influence.  

CONCLUSIONS

Understanding the formation of HOM is crucial for the explanation of secondary aerosol loads in the
atmosphere.  It  has  been  shown very  recently  that  neglecting  this  process  may result  in  considerable
underestimation of organic aerosol mass (Xavier et al., 2019). Further, HOM may play an important role
in the understanding of climate change (Roldin et al., 2019). Unfortunately, the scientific basis for fully
understanding  HOM  chemistry  is  not  yet  complete.  There  are  unresolved  questions  on  both,  the
experimental and the theoretical side (e.g.: how to correctly interpret the results from CI-api-ToF; how to
determine the isomeric composition or the most relevant reaction paths, respectively).

The present work aims to use the currently available knowledge on HOM for constructing models. That
way, potential effects of HOM on climate and air quality can be assessed even though the topic is not fully
understood. Simulation results may trigger new experiments or theoretical studies and can help to predict
the impact of the findings. 
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INTRODUCTION

The total loss rate the hydroxyl radical (OH) in the atmosphere, also known as total OH reactivity,
is an important indicator of the oxidation capacity of the atmosphere at a given place and time.
High OH reactivity values signify a short OH lifetime due to a large amount of one or several
chemical compounds reacting with OH.

Early measurements of total OH reactivity were used to investigate missing OH sinks in photo-
chemical models (Kovacs and Brune, 2001). Since, total OH reactivity measurements have been
conducted in various environments (see the review by Yang et al., 2016). By comparing the exper-
imentally measured total OH reactivity with the calculated OH reactivity derived from the known
chemical composition, it becomes possible to estimate how well the atmospheric chemistry is under-
stood at the sampling location. Any difference between the total measured OH reactivity and the
calculated one corresponds to missing reactivity. Di Carlo et al. (2004) first reported high missing
reactivity values in a forested environment. The missing reactivity was temperature-dependent,
which indicated possible unknown primary biogenic emissions. Sinha et al. (2010) and Nölscher
et al. (2012) identified large fractions of missing reactivity in the boral forest as well (up to 89%).

To our knowledge, only a couple of peer-reviewed studies attempting to assess directly the fraction of
missing primary biogenic emissions using total OH reactivity measurements have been published.
Kim et al. (2011) found no significant missing reactivity from the emissions of four deciduous
tree species over a few summer days only, however. Contrastingly, Nölscher et al. (2013) found
that the missing OH reactivity from Norway spruce emissions increased between spring and late
summer/autumn from 15–27% to 70–84%.

In the present study, we further investigate the possible contribution of unidentified biogenic pri-
mary emissions to OH reactivity. The emissions from two tree species typical of the Finnish boreal
forest, birch (Betula pubescens) and Norway spruce (Picea abies) were investigated in situ with gas
chromatography coupled to mass spectrometry (GC/MS) to retrieve their chemical composition
and with the Comparative Reactivity Method (CRM; Sinha et al., 2008) to measure the total OH
reactivity of the emissions.

METHODS

The study took place from May to August 2019 at the SMEAR II station in Hyytiälä, Finland
(Hari and Kulmala, 2005). Two branch enclosures were placed around branches of the two studied
trees — a birch and a spruce — close to the measurement container containing the instrumentation.
The enclosures consist of ca. 6-liter cylinders made of transparent Teflon attached to the branch on
one side and to a Teflon frame equipped with inlet and outlet ports on the other side as described
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by Hakola et al. (2006). The measurements alternated between the two enclosures. During each
measurement periods, one enclosure was flushed by zero air provided by a commercial generator
(HPZA-7000, Parker Balston, Lancaster, NY, U.S.A.) at about 4–6 l min−1. The branch enclosures
were not entirely tight and operated at a slight overpressure to avoid contamination from ambient
air. The relative humidity (RH) and the temperature in the enclosure were monitored and the
Photosynthetically Active Radiation (PAR) was measured with a sensor placed on top of the
enclosure frame. Total OH reactivity measurements were performed with the instrument described
by Praplan et al. (2017) and an online GC/MS method (described in Hellén et al., 2018) was used
to identify and quantify isoprene, 2-methyl-3-butenol (MBO), mono-, sesqui- and di-terpenes. Here
we present results from two distinct periods: 4–26 June and 8 July – 12 August.

During the June period, the CRM instrument was sampling every 20 minutes for 10 minutes ca.
315 ml min−1 from the branch enclosure through a heated Teflon line (ca. 10 m length, i.d. 1/8”).
A second heated Teflon line of roughly the same length was used to provide ca. 1.5 l min−1 to the
CRM instrument to produce its own ”internal” zero air by removing reactive compounds from the
sampled air using a heated catalyst. The CRM instrument alternated every 10 minutes between
direct measurement of air sampled from the enclosure and this same air stripped from reactive
species (”internal” zero air) in order to measure the total OH reactivity from the difference in
pyrrole signal. Pyrrole is the compound added to the sampled air to monitor the OH reactivity.
From this second line, the GC/MS was also sampling about 40 ml min−1 every hour for 30 minutes
(or 45 minutes after 8 August) and a nitrogen oxide (NOx) analyzer (Model 42i-TL, Thermo
Scientific, Waltham, MA, U.S.A.) was also sampling ca. 0.4 l min−1 to monitor NOx production
from the commerical zero air generator.

The correction for the presence of NO is described in Praplan et al. (2017). The change in pyrrole
signal is expressed as a function of the concentration of NO in the reactor: d·[NO]2 + e·[NO].
The updated values for d and e as average values of regression coefficients for various experimental
conditions used in this study are -2.1e-3 and 0.43 respectively.

During the second period, no ”internal” zero air was used in the CRM instrument, but instead
zero air produced from the commercial generator directly as to remove any need to correct for the
NOx interference. No change was made to the first sampling line from which the CRM sample
was taken. During this period, however, the GC/MS subsample (at 40 ml min−1) was taken from
another Teflon line (ca. 13.5 m length, 3/8” i.d., unheated) with a main 5 l min−1 make-up flow.
The NOx analyzer was no longer used.

CONCLUSIONS

From a technical point-of-view, using the experimentally derived correction for the presence of NO
in the sampled air is shown to be satisfactory (June period). Nevertheless, using the same zero air
for CRM zero air measurements and flush the branch enclosure simplify the CRM instrumentation
setup for total OH reactivity measurement from emissions.

An overview of prelimnary results for the measured and calculated OH reactivity from the present
study is shown in Fig. 1. Note that these values correspond to the measured and calculated OH
reactivity from the branch enclosure and have not been normalized. In addition keep in mind that
the GC/MS dataset has not been fully processed yet.

The reactivity from emissions of both birch and spruce had higher reactive emissions in June
compared to July and August. The OH reactivity follows a clear diurnal pattern in June with a daily
maximum in the afternoon. These maximum peak values are higher than the calculated reactivity
when available. Night time values (close to zero) are in better agreement. Earlier studies at the
site (Sinha et al., 2010; Nölscher et al., 2012; Praplan et al., 2019) found a large fraction of missing
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Figure 1: Preliminary results for the OH reactivity measured from birch and spruce in branch
enclosures for in situ conditions at SMEAR II (Hyytiälä, Finland).

reactivity and the present study seem to indicate that it stems from unknown primary vegetation
emissions, at least during the early summer period. Even including reactive sesquiterpenes and
diterpenes that were not measured in earlier studies do not reduce the fraction of missing reactivity
significantly. In August only a short period of a few days of GC/MS measurements is currently
available for comparison, so that it is difficult to generalise but then there is a better agreement
with low measured OH reactivity values.

The comparison between the calculated and measured OH reactivity, however, remains a com-
plicated exercise, especially with the inclusion of sesqui- and diterpenes and oxidation products,
whose reaction rate coefficients with OH are unknown. Estimation based on structure-activity-
realtionship were used (US EPA. 2019. Estimation Programs Interface SuiteTM for Microsoft R©
Windows, v 4.11. United States Environmental Protection Agency, Washington, DC, USA.), which
might differ a lot from real experimental values. Therefore, in the future, experimentally derived
reaction rate coefficients of sesquiterpenes and diterpenes and their reaction products would benefit
this type of study. In addition the presented preliminary measured OH reactivity acquired with the
CRM instrument has not been corrected for deviation from the pseudo-first-order kinetics inside
the reactor. This correction will also affect the final measured OH reactivity values.
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INTRODUCTION 

 

Atmospheric aerosols (particles and the surrounding gas medium) in general have effect on human health 

and on climate (Nel, 2005; IPCC, 2013). They can scatter and absorb solar radiation, and act as cloud 

condensation nuclei (CCN), and regulate cloud properties (Rosenfeld et al., 2008; Clement et al., 2009). 

Aerosol particles are also counted as pollution deteriorating air quality (Nel, 2005). A large fraction (up to 

90%) of atmospheric sub-micrometre particle mass consists of organic compounds (Jimenez et al., 2009). 

 

Due to the complexity of the biogenic volatile organic compound (BVOC) mixtures emitted by trees and 

other plants, α-pinene has often been used for simplicity as a reference compound for boreal forest emitted 

BVOCs. The aim of this study was to look at some of the physical and chemical properties of secondary 

organic aerosol (SOA) formed from α-pinene, and compare them to SOA formed from a BVOC mix taken 

from real plants, specifically Scots pines. Main focus was on the chemical composition of the particles, 

and their hygroscopicity. 

 

METHODS 

 

All the experiments were conducted at the labs of University of Eastern Finland. The experiment 

campaign consisted of two main parts: BVOC collection, and chamber studies. The first phase was 

conducted by selecting five healthy pines (Pinus sylvestris), and bringing them into the lab, where each 

pine was placed in a separate Teflon bag (dimensions 24” by 39”), which was then sealed around the trunk 

to stop BVOCs from leaking out. Airflow was introduced to each bag simultaneously, filling them with 

purified air. Two separate methods of collection were used: continuous and short-term. In short-term 

method, the bags were filled and then left sealed for 5-8 hours, and then all the air from the bags was 

filtered through the Tenax tubes. In the continuous method, air was circulating constantly into and out of 

the bags and through the Tenax tubes, up to several days in total. To analyse the actual sampled BVOC 

mix, three Tenax tubes were analysed with a gas chromatography mass spectrometer (GC-MS) 

immediately after collection.  

 

The main part of the experiments was conducted in a 10 m3 Teflon chamber, which was operated as a 

batch reactor (Figure 1). The chamber was filled with humidified air (45% relative humidity at 22 °C). In 

the cases of photochemical experiments, H2O2 was added as OH precursor, and butanol-D9 was added as a 

tracer for OH. After target conditions were reached in the chamber, selected VOC (α-pinene or real plant 

BVOC mix) was added, and ozone injected to begin the reactions. In photochemical experiments 

UV-lights were turned on to signal the start of the experiments. Experiments lasted on average six hours. 
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Figure 1. Schematic presentation of the experiment chamber set-up. The chamber was operated in a batch 

reactor mode. Two inlets were used, one for the main humidified flow, and another for VOCs, ozone, and 

seed. For sampling, there were two separate sample lines out of the chamber, one for particles and another 

for gas phase.  

 

Five experiments were conducted in total, four with α-pinene as a precursor, and one real plant reference. 

With α-pinene both ozonolysis and low NOX photochemical conditions were probed, while the real plant 

experiment was in ozone regime only. 

 

The two main instruments used in this study were the Filter Inlet for Gas and Aerosols, (FIGAERO-CIMS, 

Aerodyne Research Inc., USA and Tofwerk AG, Thun, Switzerland, see Lopez-Hilfiker et al., 2014) for 

analysing the chemical composition of the particles, and hygroscopic tandem differential mobility analyser 

(HTDMA, custom made, described in Väisänen et al., 2016) to measure the hygroscopicity of the 

particles.  

 

Supporting instruments included a high sensitivity proton-transfer-reaction time-of-flight mass 

spectrometer (PTR-MS, Ionicon) to measure VOC concentrations during chamber experiment, aerosol 

mass spectrometer (AMS, Aerodyne Research Inc., USA) to get information on particle composition and 

organic fraction, scanning mobility particle sizer (SMPS, TSI Incorporated, USA) for particle size 

distribution and number concentration, and ozone monitor (TE49i, Thermo Fischer Scientific). 

 

RESULTS 

 

During real plant BVOC collection, and during early stages of each experiment, Tenax samples were 

taken to further study the BVOC profile and concentrations reached. These samples were analysed by GC-

MS. A set of Tenax samples were analysed immediately after collection, and an identical set was stored 

and analysed several weeks later. This was done to probe into possible degradation of the BVOCs during 

storage time. Table 1 shows BVOC profile for a fresh BVOC sample (left), and the equivalent stored 

sample BVOC profile (on the right). As can be seen. there have been some losses during the storage, but 

the overall BVOC profile remains quite similar.  
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Table 1. Example on how longer storage times are not degrading the BVOCs in the samples.  

 

 

Storage time of the real plant BVOC used for the experiments was shorter than the storage time for the 

comparison samples. For this reason we are confident that as only minimal degradation was observed 

between the fresh and stored BVOC sample, there was negligible degradation happening in the BVOC 

samples used in the experiments as well.  

 

Tenax samples were collected from each experiment to study the actual precursor BVOC profile and 

concentrations of said experiments. Comparing the analysed samples reveals that the BVOC profiles were 

highly comparable with each other, meaning that it was possible to perform real plant SOA formation 

experiments with near identical precursor conditions (Table 2). The BVOC profile differs somewhat from 

those collected during the collection period (see Table 1), but there are several possible reasons for this. 

The samples used for BVOC profile analysis during collection were taken over very short period (15 

minutes or less) and should be considered as point measurements, whereas the samples used to desorb 

BVOC into the chamber for the experiments were collected over several hours to over several days. It is 

possible that the BVOC profile emitted by the plants was changing during the total collection period. 

Another possibility is that the collection efficiency of the Tenax tube is different for different compounds 

when there is high deposition on the filter. It is also possible that the desorption efficiency is not the same 

for all compounds, although this seems unlikely, as the Tenax tubes were heated to a 200°C for 15 minutes 

during desorption into the chamber.  

 

BVOC Experiment 1 

concentration 

ng 

% Experiment 2 

concentration 

ng 

% Experiment 3 

concentration 

ng 

% 

a-Pinene 23,59 30,7 30,3 29,0 30,0 29,3 

Camphene 4,53 5,9 5,5 5,2 6,2 6,1 

Sabinene 0,74 1,0 1,0 0,9 1,0 0,9 

b-Pinene 2,11 2,7 3,3 3,2 2,8 2,7 

b-Myrcene 22,79 29,7 34,5 33,1 31,1 30,4 

3-Carene 16,97 22,1 20,4 19,5 22,4 21,9 

d-Limonene 4,47 5,8 7,1 6,7 7,0 6,9 

1,8-Cineole  0,0  0  0 

g-Terpinene  0,0  0  0 

Terpinolene 0,51 0,7 0,7 0,6 0,7 0,7 

 

Table 2. Comparison between BVOC concentration and profiles at the beginning of experiments.  

 

CONCLUSIONS 

 

α-pinene was seen to be the major monoterpene compound emitted by the pines, and sampled into the 

Tenax tubes. Other major VOC observed were 3-carene, and in smaller concentrations limonene and 

BVOC Fresh 

concentration/ng 

Fresh 

% 

Stored concentration/ng Stored 

% 

α-Pinene 437,6 51,2 362,2 46,1 

Camphene 50,4 5,9 55,4 7,0 

Sabinene 6,4 0,8 8,4 1,1 

β-Pinene 81,7 9,6 71,6 9,1 

β-Myrcene 119,7 140 115,9 14,7 

3-Carene 113,7 13,3 108,3 13,8 

Δ-Limonene 16,4 1,9 17,3 2,2 

1,8-Cineole 8,4 1,0 8,7 1,1 

γ-Terpinene 1,5 0,2 0,8 0,1 

Terpinole 2,7 0,3 1,9 0,2 
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camphene. The real plant BVOC precursor starting conditions were consistent and comparable over 

several experiments.  
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INTRODUCTION

While boreal forest soils generally act as consumers of the greenhouse gas methane (CH4), this may change
when the soil gets flooded. During years of high precipitation, catchment-scale upland soil CH4 emissions
can potentially be greater than emissions originating from a more constant source, pristine peatlands (Lohila
et al., 2016). This phenomenon may become more common in the northern latitudes, as extreme
precipitation events are predicted to increase with the ongoing climate warming, (Lehtonen et al., 2014).

To get a full understanding of the CH4 dynamics of boreal forest soils, the related processes need to be
examined in more detail. In the end, soil net CH4 emissions are driven by the activity of two microbial
groups; methanogenic archaea and methanotrophic bacteria. Methanogens thrive in submerged soils, such
as peatlands. Yet, potential CH4 production has been detected in a wide range of dry upland soils as well
(Megonigal, and Guenther, 2008; Angel et al., 2012), which could explain the strong increase in CH4

emissions during wetter seasons. However, analysis of the actual methanogen populations present in upland
soils, and especially in the boreal forests, is still scarce. Aerobic methanotrophs are present both in the
upland soils and in the surface layers of submerged areas. Many of them have adapted to use either
atmospheric CH4 concentrations (high-affinity oxidation) or in situ-formed high concentrations (low-
affinity oxidation), but an increasing number of species are known to utilize CH4 in a wide range of
concentrations (Ho et al., 2019; Tweit et al., 2019). Thus, the methanotrophic community structure could
be used as an indicator on how the upland soil is able to adapt to and mitigate the potential increases of in
situ CH4 production.

In addition to soil moisture and the directly related variable, gas diffusion, CH4 cycling organisms are
controlled e.g. by soil pH, temperature and organic matter content/quality, but the effects often vary between
methanogens and methanotrophs (Nazaries et al., 2013). Also, interactions with other soil biota (Ho et al.,
2016; Juottonen et al., 2017) and vegetation (Halmeenmäki et al., 2017) need to be considered when
evaluating soil CH4 processes.

We studied the potential CH4 turnover and the related microbial communities on a northern boreal
catchment, where wet-season induced CH4 emission increase from the upland soil has been demonstrated
(Lohila et al., 2016). Study sites were set along a gradient from an upland forest to drained peatland forests
and finally to a pristine peatland, thus enabling the estimation of CH4 dynamics in sites with varying degrees
of upland/peatland properties. As well as the spatial approach (location within the gradient, soil depth), we
looked at the temporal variation within the growing season.
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METHODS

The studied Pallaslompolo catchment area is located in Pallas in Northern Finland. We sampled seven sites
on a gradient starting from a forest hilltop (Kenttärova, 67° 59.237′N, 24°14.579′E, 347 m asl) and lowering
down to the pristine peatland (Lompolojänkä, 67°59.835′N, 24°12.546′E, 269 m asl) (Figure 1). Sampling
included three to four soil layers, which were based on horizons (podzolic soils) or taken by 10 cm intervals
(peatland sites). Samples were gathered three times during 2019: soon after the snow melt (early June),
during the most active growing season (July) and in the end of the growing season (early September), leading
to > 300 soil samples in total. Vegetation composition and water table levels were followed throughout the
season, as were the soil CH4 fluxes (measured in the UPFORMET project lead by A. Lohila).

Potential CH4 production and oxidation were measured from fresh samples with a laboratory incubation
setup in either anoxic (N2 headspace) or aerobic conditions, respectively. Production measurements lasted
for 30-43 days with weekly gas samplings. Potential CH4 oxidation was measured in two different
concentrations (10 ppm for the high-affinity and 10 000 ppm for the low-affinity oxidation); both
incubations lasted for four days with 1-2 daily gas samplings. Gas samples were analysed with a flame
ionization detector (FID)-equipped gas chromatograph and the production/oxidation rates were calculated
based on the increase/decrease in the CH4 concentration.  General microbial communities and the
methanogenic and methanotrophic community members will be analysed from the most active soil layers
by high-throughput sequencing of the 16S rRNA gene and the functional genes mcrA and pmoA,
respectively. Soil chemistry (pH, C/N etc.) is analysed from separate subsamples.

Figure 1. Map of the study sites (dark grey spheres) on the Pallaslompolo catchment.

PRELIMINARY RESULTS AND CONCLUSIONS

Based on the preliminary results from the data analysed thus far, in the upland forest sites, CH4 production
was generally highest in the organic layer. Likewise, within the drained peatland forest sites, highest
production occurred in the surface layers with the highest content of fresh organic substrates. Excluding the
pristine peatland, oxidation potentials did not change between the sites. Pristine peatland displayed
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significantly higher production and low-affinity oxidation potentials than other sites. In general, low-affinity
oxidation showed an increase from June to July, possibly reflecting an increase in the in situ CH4 production.

This study enables a detailed view on the biological processes behind the soil CH4 fluxes. Due to the
inclusion of variable forest/peatland types, it will be useful in the modelling of catchment-scale CH4

dynamics. In addition, our results will be utilized to estimate the role of soil CH4 production in the CH4 flux
of spruce and birch trees growing on the same sites (also followed during the same season).
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INTRODUCTION

Natural wetlands are a significant source of atmospheric methane (CH4) that is produced in the anoxic
conditions prevailing in waterlogged wetland soils. After being produced, CH4 can escape from the soil,
either by diffusion in soil pores or gas-conducting tissue common in wetland plants, or by ebullition. CH4

can also be oxidized to CO2 by microbes. In boreal peatlands, CH4 emissions are typically highest during
the growing season e.g. because of input of fresh carbon from growing vegetation and warm temperatures
favouring fast decomposition of soil organic matter and methanogenesis. However, nongrowing season
emissions have been observed to comprise a significant fraction (up to tens of percent) of annual total on
some peatlands (Treat at al., 2018). Especially in the end of winter, during snowmelt and soil thaw, high
and highly variable CH4 fluxes have been observed (Comas et al., 2008; Gazovic et al., 2010). In order to
reproduce these patterns in  CH4 emission estimates,  realistic descriptions  of  wintertime processes  are
necessary in peatland models.

HIMMELI (HelsinkI Model of MEthane buiLd-up and emIssion for peatlands) describes a layered peat
column, simulates microbial and transport processes that control CH4 (and CO2 and O2) fluxes between
peat and the atmosphere, and outputs the fluxes (Raivonen et al., 2017; Peltola et al., 2018; Susiluoto et
al., 2018). It needs the source of CH4, i.e., rate of anoxic soil respiration, as input from outside and is thus
driven with e.g. outputs of a biosphere model. We are using HIMMELI with JSBACH, the land surface
component of the MPI Earth System Model (Kleinen et al., 2019).

The first version of HIMMELI (v1.0) did not simulate actual effects of ice or possible snow cover on the
processes. CH4 has been obseved to get trapped and accumulate in peat when the upper peat layer freezes,
and CH4 emissions to increase after snowmelt (Melloh and Crill, 1996; Comas et al., 2008; Mastepanov et
al.  2013). Measurements by Tokida  et al. (2007) indicated that the high release of CH4 they observed
during soil thaw consisted mainly of bubble-form CH4 (ebullition). They also observed that when snow
cover was present,  CH4 emissions were close to zero.  The aim of this work is  a simple but  working
implementation of the hindering effect of ice on gas transport in HIMMELI. For the development and
testing we utilize observational data from Halssiaapa, a peatland measurement site in northern Finland
(Dinsmore et al., 2017).

METHODS

The JSBACH version we use includes peatlands, in particular, implementation of peatland hydrology and
YASSO soil carbon model modified for anoxic conditions (Kleinen et al., 2019). JSBACH is forced with
meteorological data, and of its output variables we use soil temperature and soil ice content (of all soil
layers),  snow depth,  water table level,  leaf  area index,  and rate of anoxic soil  respiration for driving
HIMMELI.
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In the original HIMMELI, rates of microbial processes already depend on temperature (Raivonen et al.,
2017) and so does the rate of anoxic respiration provided by JSBACH. Therefore, so far we have not
added specifically ice-related constraints on them but the starting point of model development has been to
improve the description of gas transport in winter or whenever the soil is frozen. Utilizing measurements
of  e.g.  ground  frost  depth,  soil  temperatures,  snow depth  and  CH4 fluxes  from  Halssiaapa,  we  are
searching for  a  parameterization that  describes well  in what  conditions soil  ice  and snow hinder  gas
transport (foremost transport by ebullition and plant transport).

PRELIMINARY RESULTS

The  work  is  still  underway.  Comparison  of  the  first  test  model  runs  and  observational  data  from
Halssiaapa indicate that JSBACH can simulate timing of ground frost relatively well but it overestimates
frost depth as well as dropping of topsoil temperatures in wintertime. The simulated start of soil thaw
seems to coincide well with start of measured CH4 emissions and our first tentative parameterization of
how ice controls gas transport also seems promising, however, so far the simulated spring burst of CH4

after thaw is too strong. The next step is to analyze what are the reasons for the high spring emissions and
continue  model  development  based  on  that.  In  addition,  we  will  study  also  CO 2 fluxes  and  their
relationship between vegetation phenology simulated by JSBACH and observed at the site (Linkosalmi et
al., 2016).
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INTRODUCTION 

Remotely measured Sun-induced fluorescence (SIF) has been shown to reveal strong 

correlation with gross primary productivity (GPP, gross carbon flux from the atmosphere into the plants) 

(Sun et al., 2017). This relationship varies, however, among the biomes, canopy structures, temporal scales 

and presence of stress (Guanter et al., 2012), as well as with retrieval wavelength. The correlation strength 

can be influenced by environmental conditions and thus by the plants photosynthetic activity (photochemical 

quenching, PQ) and non-photochemical quenching (NPQ) (Damm et al., 2015; Van der Tol, Verhoef, & 

Rosema, 2009). Nevertheless, SIF has been successfully used in improving global carbon cycle assessments 

and in refining dynamic vegetation models (Yang et al., 2015). SIF - remotely measured from towers, 

aircrafts or satellites - is retrieved within discrete, narrow Fraunhofer or atmospheric absorption bands 

(Meroni et al., 2009). Fortunately, the continuous fluorescence (F) spectrum (i.e. 650 - 850 nm) can be 

measured in vivo at leaf-level. At leaf-level, steady-state F varies across species, canopy light gradients or 

in response to various stressors. The sum of leaves-level variations will then determine the top-of-canopy 

SIF retrieval. Consequently, an accurate definition of factors that might control the F variation at leaf-level, 

allow a precise interpretation of remotely-acquired SIF (Magney et al., 2019). That, in turn, will potentially 

improve the accuracy of global carbon cycle assessments and help in refining the dynamic vegetation models 

via data assimilation schemes.  

During winter, photosynthesis is inhibited by freezing stress (Lundmark, Hedén, & Hällgren, 
1988) of exposure to potentially high light levels and low temperature. Plants experiencing an imbalance 

between light absorption and its utilization via photochemistry, develop mechanisms for photo-protection 

(Merry, Jerrard, Frebault, & Verhoeven, 2017). Then during spring, plants enforce a recovery of 

photosynthesis. The process of recovery is dependent on increasing amount of light as well as on a (delayed) 
effect of air temperature rise (Pelkonen & Hari, 1980), with its rate varying among species (Matsubara, 

Gilmore, Ball, Anderson, & Osmond, 2002).  

Boreal forests play a significant role in the global carbon fluxes (Thurner et al., 2014) and 

are predicted to react sharply to global warming (Lenton et al., 2008). A proper understanding of the global 

carbon cycle - fluorescence relationship is particularly important in mid-to-high latitude ecosystems 

(Walther et al., 2016). This is, however, unachievable without defining ties between F and environmental 

factors. Therefore, simultaneous measurements of multiple variables and their spatiotemporal variation are 

needed to provide a complete picture of photosynthesis within a canopy. Despite many complications, the 
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seasonal photosynthesis recovery studies in the field – like the one presented here - constitute an essential 

component in the interpretation of remotely sensed terrestrial vegetation F from space.  

 

METHODS 

During “Fluorescence Across Space and Time” (FAST) campaign, carried out at SMEAR-II 

Hyytiälä Forest Station, Southern Finland, we examined the fluorescence (F) variation at leaf-level for five 

months of spring recovery period (year 2017). Both pulse-modulated (PAM2500®, Walz, Effeltrich, 

Germany) and spectral (Optical Chamber, (Rajewicz, Atherton, Alonso, & Porcar-Castell, 2019)) F were 

measured. For spectral F, we acquired analysis at both ambient and 77 Kelvin temperature. In addition, we 

measured leaf reflectance (Optical Chamber), absorption (Integrating Sphere), photosynthetic assimilation 

(GFS3000®) and pigments concentrations. In order to fully illustrate the boreal forest ecosystem, five boreal 

species were examined: two conifer trees, Pinus silvestris and Picea abies; one broadleaf tree, Betula 

Pendula; and two shrubs, Vaccinium vitis-idaea and Vaccinium myrtillus. Samples (of trees) were acquired 

from two different heights (top and low) to address the variability in F across light regimes present within a 

forest canopy profile. The light environment (PAR regime) of the sampled canopy positions was estimated 

using Digital Hemispherical photography (Hemisfer®, WLS, Birmensdorf, Switzerland).  

 

The main aim of FAST campaign was to establish the set of controls that determines the F 

signal emitted by different species, at different canopy height and during the process of spring recovery of 

photosynthesis. We examined how the combination of environmental (light, temperature), structural 

(species-specific leaf morphology), biochemical (pigments composition) and physiological (non-

photochemical quenching, photosynthetic activity) factors might reflect the spatiotemporal dynamics in the 

intensity and shape of F spectra. Here we present the preliminary results of correlating the F observations 

with accompanying leaf-level measurements.  

RESULTS & CONCLUSIONS 

The set of fluorescence controls depends on species and, notably, also on the position within 
the canopy profile. At the same time, different sets of variables showed high correlations with ambient and 

77K spectral F (represented by red peak, far-red peak, and ratio between the peaks). The detailed reason 

why different variables correlate with ambient and 77K spectral F (data not shown) needs further analysis, 

but surely has to do with the blockage of photosynthesis in frozen leaves.   

We performed principal component analysis (PCA), both for separate species (data not 

shown) and for the whole dataset (results included in Figure 1). As predicted, different results were obtained 

for analyzed species, but in all cases the results were in good correspondence with previous studies (e.g. 
Magney et al., 2019). First principal component (PC1) explained 99.87% of variance of F spectra across the 

spring recovery of lingonberry, 99.89% of low canopy pine, 99.85% of top canopy pine, and 99.92% of both 

position spruce (data not shown). When considering the complete FAST dataset (Figure 1), the PC1 
(explaining 99.9% of variance on F spectra) revealed strong correlations with: zeaxanthins, both 

PAM2500® and GFS3000® sustained NPQ and FvFm, as well as Vcmax and A1200 and temperature.  
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Figure 1. Pearson correlation (r) matrix between key variables measured in FAST campaign for all 

species, including results of principal component analysis (PC1-4, marked in yellow).  The r value is 
indicated as colour, with positive correlations in blue and negative correlations in red.  

We show that the combination of biochemical (pigments composition), 

physiological/functional (NPQ, photosynthetic activity, gas assimilation) and environmental factors might 
reflect the spatiotemporal dynamics in the intensity and shape of F spectra. Although further analysis is still 

needed, we suggest that the set of ecosystem characteristics, which influence the ultimate optical behavior 

of leaves, is a species-specific feature. Importantly, the light environment (or position within the canopy 
profile) also plays a crucial role in defining the fluorescence signal of leaves. 
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INTRODUCTION

Hurricane Ophelia was a category 3 hurricane which underwent extratropical transition and made
landfall in Europe as an exceptionally strong post-tropical cyclone in October 2017. Tropical
cyclones, such as Hurricane Ophelia, are generally driven by the latent heat release in the deep,
moist convection, while extratropical cyclones, in turn, develop primarily from the meridional
temperature and moisture gradients at mid-latitudes. Because post-tropical storms hitting Europe
are projected to become more frequent (e.g. Haarsma et al., 2013), understanding the relative
importance of different forcing mechanisms on transitioning tropical cyclones is of great importance.
In this study, the contributions of different forcing terms affecting Ophelia’s transformation from
a hurricane to a mid-latitude cyclone are analysed, with focus primarily on the transition and
extratropical phases of the storm.

METHODS

To diagnose the effects of different atmospheric physical processes on the evolution of Ophelia,
we have developed software that uses OpenIFS model output and a system consisting of a gen-
eralized omega equation and vorticity equation. By using these two equations, the atmospheric
vertical motion and vorticity tendency are separated into the contributions from different physical
processes: vorticity advection, thermal advection, friction, diabatic heating, and the imbalance
between the temperature and vorticity tendencies. For more information about the decomposition
of atmospheric vertical motion, see Rantanen et al. (2017).

Furthermore, the effect of diabatic heating on the cyclone evolution was studied in more detail. This
was done by decomposing the total diabatic heating into separate subcomponents which originate
from different model parametrization schemes, such as convection scheme, microphysics scheme and
radiation scheme. The effect of these model schemes on atmospheric vertical motion and vorticity
tendency was studied separately.

RESULTS

Vorticity advection, which is often considered an important forcing for the development of mid-
latitude cyclones, was found to play a small role in the re-intensification of Ophelia as an extra-
tropical storm. This was because the low-level convergent circulation transported air with low
cyclonic vorticity towards the center of the storm, reducing thus the vorticity maximum associated
with Ophelia. Instead, our results show that diabatic heating was the dominant forcing in both
the tropical and extratropical phases of Ophelia. Warm air advection from subtropics was found
to enhance the cyclone intensity particularly during the transition period, but cold air advection
during the extratropical phase had an opposite effect.
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We found that the temperature tendency due to the convection scheme was the dominant forcing for
the vorticity tendency in the cyclone centre during the tropical phase, but as Ophelia transformed
into a mid-latitude cyclone, the microphysics temperature tendency, presumably dominated by
large-scale condensation, gradually increased becoming the dominant forcing once the transition
was complete. Temperature tendencies caused by other diabatic processes, such as radiation, surface
processes, vertical diffusion, and gravity wave drag, were found to be negligible in the development
of the storm.

Figure 1: Time series of vorticity tendencies caused by different forcing terms. The values have
been averaged over the 900–800-hPa layer and over a circular area with a 1.5◦ radius centred on
the centre of the low-level cyclone. All values are 12-hour moving averages. Figure adapted from
Rantanen et al. (2019).

CONCLUSIONS

Our analysis shows that cloud diabatic processes were crucial for the post-tropical intensification
of Ophelia when it struck Ireland in October 2017. The leading forcing of diabatic heating aligns
well with the earlier research (e.g. Azad and Sorteberg, 2009) regarding on the influence of diabatic
processes in the evolution of ex-hurricanes. It is known that the effect of diabatic heating can be
sensitive to the model resolution (e.g. Willison et al., 2013), and therefore, our result demonstrates
the importance of high-resolution climate model simulations when attempting to estimate the future
projections of post-tropical storms.

We also showed that our diagnostic method can be used to assess the effect of various atmospheric
forcing terms for the evolution of post-tropical storms. However, several caveats were identified
when applying the tool for the tropical phase of Ophelia (see Rantanen et al., 2019). For this
reason, we suggest to use the tool only for extratropics and synoptic-scale weather systems in the
future studies.
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INTRODUCTION 

While pure water will only freeze homogeneously at temperatures below -38 ºC, the presence of seed 
particles can drastically reduce the supercooling needed to trigger the phase transition. This heterogeneous 
ice nucleation is ubiquitous in nature and plays an important role in cloud formation, where mineral dust 
and organic material can serve as ice nucleation particles. Small particles of silver iodide (AgI) are known 
to have excellent ice nucleating capabilities and have been used in rain seeding applications (Vonnegut, 
1947, Marcolli et al., 2016). It is widely believed that the silver terminated (0001) surface of β-AgI acts as 
a template for the basal plane of hexagonal ice. However, the (0001) surface of ionic crystals with the 
wurtzite structure is polar and intrinsically unstable. If such a surface is exposed by the crystal, it will 
therefore exhibit reconstructions and defects. In the present study, we use atomistic molecular dynamics 
simulations to study how the presence of reconstructions on AgI (0001) surfaces, that cancel the surface 
dipole, affects the rates and mechanism of heterogeneous ice nucleation at moderate supercooling. 

METHODS 

Ice nucleation on silver iodide has been studied extensively using atomistic molecular dynamics 
simulations, due to its importance in rain seeding applications, but also because it is a rare example of a 
system where induction times, i.e. the average time it takes for a critical nucleus of ice to appear, are short 
enough that the ice nucleation can be studied directly, even at very moderate undercooling. This excellent 
ice nucleation ability was only observed on the silver-terminated (0001) surface of silver iodide in the 
wurtzite structure (Zielke et al., 2014). In fact, this surface has the same hexagonal geometry as the basal 
plane of ice Ih, with a lattice mismatch of less than 3%, as shown in Figure 1. Not surprisingly, it is 
commonly believed that patches of Ag-terminated (0001) surfaces on silver iodide particles must be 
responsible for their ice nucleation activity. However, this is somewhat problematic because the (0001) 
surface has an intrinsic dipole moment, which makes it unstable and likely to exhibit defects and/or 
reconstructions, which would certainly reduce its ice nucleating ability. This has been investigated in 
recent computational studies of AgI (0001) surfaces exhibiting defects such as vacancies, step edges, 
terraces or pits (Roudsari et al., 2019, Prerna et al., 2019). These simulations found that while point 
defects had no influence on the nucleation and growth rates, step edges, terraces and pits could reduce the 
nucleation rate by up to an order of magnitude. The proposed mechanism is that the defect reduces the 
perfect surface area available for the formation of a critical nucleus, and that the reduction in nucleation 
rate is proportional to the reduction in perfect surface area available for nucleation. In these studies, the 
effect of the surface dipole has either been ignored (Prerna et al., 2019), or the dipole field has been 
canceled by placing a mirror image of the surface slab in the simulation box (Roudsari et al., 2019). In 
another recent computational study by Sayer and Cox (2019), it was argued that ions present in the liquid 
could locally compensate the surface charge by forming an electrostatic double layer and alleviate the 
dipole issue as well. In any case, it is clear that the polar nature of the (0001) surface needs to be 
addressed properly, and ice nucleation needs to be studied on more realistic surface models. 
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Figure 1. Top view of the (0001) surface of β-AgI (a) and the basal plane of ice Ih (b). Silver, iodine, 
oxygen and hydrogen atoms are colored in cyan, magenta, red and white, respectively. The hexagonal 
surface unit cells are indicated by a black line, and the lattice constant a is specified. The β-AgI crystal 
exposing a (0001) surface seen along the [210] direction (c). Layers of positively charged silver (Ag+) and 
negatively charged iodide ions (I−) alternate along the [001] direction, creating a dipole across the crystal. 

 

The issue of the intrinsic surface dipole is encountered in all surfaces of type 3 according to Tasker’s 
classification (Tasker, 1979), such as ionic crystals with the wurtzite structure, due to the presence of 
layers of alternating electric charge in the crystal, along the direction perpendicular to the surface (see 
Figure 1). Not surprisingly, several studies have investigated crystal geometries that will reduce or cancel 
the dipole and stabilize the crystal structure (Li et al., 2015). In a particularly relevant study by Mora-Fonz 
et al. (2017), surface reconstructions of the (0001) surface of ZnO, which has the same wurtzite structure 
as AgI, have been shown to greatly reduce the surface dipole. Following a similar approach, we have 
constructed nine surfaces of AgI exhibiting different reconstruction involving 5×5 surface unit cells, 
depicted in Figure 2. In these systems, 6 Ag+ ions have been moved from the surface layer to the bottom 
of the crystal slab, which effectively cancels the dipole moment across the crystal with a thickness of 8 
bilayers. In addition, up to 13 AgI ion pairs have also been moved to the bottom of the crystal slab, to 
produce nine different surface geometries. In a first step, an energy minimization is performed on a 2×2 
supercell of the (5×5) reconstructed surfaces using the LAMMPS code (Plimpton, 1995). Here, the 
interactions between Ag+ and I− ions are described by the potential of Rains et al. (1991). Then, water is 
added to the surface to create a film of approximately 30 Å thickness. The water volume is separated by 
~60 Å of vacuum from the periodic image of the crystal slab along z, to minimize the effect of spurious 
interactions. Water molecules are described by the TIP4P/ice potential (Abascal et al., 2005), which 
reproduces the experimental melting point and the coexistence line between water and ice Ih. Water 
molecules interact with the AgI crystal using the potential of Hale and Kiefer (1980). To avoid dissolution 
of the mineral, the positions of Ag+ and I− ions are fixed to the relaxed positions in the dry surface. 
Molecular dynamics simulations are carried out with a velocity Verlet integrator using a time step of 1 fs, 
and a Nosé-Hoover thermostat of chain length 5 is used to keep a constant temperature of 253 K, 
corresponding to 20º C undercooling. Lennard-Jones and real-space electrostatic interactions are cut off at 
8.5 Å and the PPPM scheme is used to calculate long-range electrostatics.  

CONCLUSIONS 

We have been able to build models of (5×5) reconstructed AgI (0001) surfaces that greatly reduce the 
dipole moment. These surfaces are far more realistic than the perfect surfaces, or surfaces with defects, 
which have been considered in previous atomistic simulations of heterogeneous ice nucleation on silver 
iodide. The remaining dipole moment is small enough not to cause any spurious alignment of water 
molecules far away from the interface, which means that the simulation setup does not require any 
artificial constructs to compensate the surface dipole moment, such as a mirror image geometry or the 
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placement of additional point charges in the simulation box. Preliminary molecular dynamics simulations 
at a temperature of 253 K (-20 ºC) indicate that the ice nucleation rate on these surfaces is significantly 
lower compared to simulations using any kind of variation of the perfect (0001) surface, where induction 
times are easily accessible to unbiased molecular dynamics. Accurate determination of the nucleation rates 
on the more realistic reconstructed surfaces presented here however will require a more sophisticated 
approach, such as seeded molecular dynamics (Pedevilla et al., 2018), or advanced sampling techniques 
such as forward flux sampling (Sosso et al., 2016), which have been successfully used on other 
atmospherically relevant surfaces.  

 

Figure 2. Left: top views of nine (5x5) reconstructed AgI (0001) surfaces. Ag+ and I− ions in the top 
bilayer are colored in cyan and magenta, respectively, the remaining ions in the crystal are shown in light 
gray. The number of Ag+ ions remaining in the surface layer is indicated below each image. Right: 
Snapshot of an ice nucleation simulation, showing the reconstructed AgI surface in contact with a film of 
liquid water.  
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INTRODUCTION 

Trees are a major source of volatile organic compounds (VOCs), but the research on tree VOC 

emissions is strongly concentrated on emissions from foliage whereas tree stems as VOC sources are 

not well understood. In boreal Scots pine forest, under unstressed conditions, monoterpene emissions 

from tree stems contribute approximately 2% to the total ecosystem monoterpene emissions (Vanhatalo 

et al. 2019). While this is a small contribution, left unaccounted it can bias emission sums calculated 

over long periods and limit our understanding on, for example, tree signalling. Considering the role of 

stem VOC emissions in the ecosystem functioning and the total emissions requires better understanding 

on the drivers and dynamics of stem VOC emissions. Here, we studied the environmental variables and 

physiological processes that could affect the emissions and emission potentials of monoterpenes, 

methanol and acetaldehyde from Scots pine stem (Pinus sylvestris) in a boreal forest.  

   

METHODS 

The stem VOC emissions were using steady-state and dynamics stem chambers. The concentrations of 

methanol, acetaldehyde and monoterpenes in the chamber air were quantified with proton-transfer-

reaction mass-spectrometer (IONICON, Innsbruck, Austria), and CO2 and H2O concentrations with Li-

840 A analyser (Li-Cor, Lincoln, NE, USA). We used data from 2015 and 2017, from June to August. 

Each year, a different tree stem was measured at the height of 12 or 15 meters.  

As the VOC emissions from stem are temperature-dependent (Rissanen et al. 2016, Vanhatalo et al. 

2019, Staudt et al. 2019), we used Guenther (1993) temperature normalisation with a semi-flexible 

temperature impact to acquire emission potentials at 30˚C. We calculated the daily mean values of the 

emission potentials and explanatory variables: ambient relative humidity, soil water content, xylem 

diameter as a proxy for water potential in tree, stem CO2 efflux and cambial growth rate, and conducted 

a lag-analysis (cross-correlation) to capture instant and lagged correlations between the emission 

potentials and explanatory variables. We also detrended the data by subtracting a 15-day moving mean 

from the daily mean values, and calculated the cross-correlations also with the detrended variables.  
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Figure 1: Temperature-dependence of methanol, 

acetaldehyde and monoterpene emissions from 

Scots pine stem in July 2015, Hyytiälä, Finland 

 

 

 

 

 

 

 

 

RESULTS 

We found that the daily mean emission potentials of monoterpenes, methanol and acetaldehyde were 

correlated with soil water content and the rate of cambial growth of stem. Detrended monoterpene 

emissions correlated with the soil water content without a detectable time lag (Figure 2 a). In the 

correlations between detrended methanol emission potential and soil water content, there was a lag of 

two to five days (Figure 2 b), and in the correlation between acetaldehyde emission potential and soil 

water content, a lag of two to four days (Figure 2 c). These time lags corresponded to the three to five 

days transport time of water from the tree base to the top stem where the stem chambers were installed. 

The transport times for the different trees were calculated from the mean transpiration rates and the tree 

dimensions (not shown). The correspondence between the lag time and the transport time indicates that 

the emission of acetaldehyde and methanol from the pine stem are affected by their transport in xylem 

sap. 

Longer lags in the range of seven to ten days were found between the cambial growth rates and emission 

potentials of monoterpenes, and detrended emission potentials of methanol and acetaldehyde (Figure 2 

d-f). These lags correspond approximately to the offset between the start of cell elongation phase of 

cambial growth and the start of cell wall formation phase of cambial growth  detected in Norway spruce 

(Picea abies), in corresponding conditions (Jyske et al. 2012). Thus, the cell wall formation or other 

growth-related metabolism also increased production or release of VOCs from the stem.  
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Figure 2:  The correlations between daily mean soil water content (SWC) and temperature normalised 

daily mean a) monoterpene emission potential (E0), b) methanol emission potential with a lag of 3 and 

5 days and c) acetaldehyde emission potential with a lag of 4 days; and daily mean cambial growth rate 

and temperature normalised daily mean d) monoterpene emission potential with a lag of 7–10 days, e) 

methanol emission potential with a lag of 7 days and f) acetaldehyde emission potential with a lag of 

8–10 days. Monoterpene, methanol and acetaldehyde emissions measured from Scots pine stems in 

June–August 2015 (green) and 2017 (orange). “de” after x-axis label indicates that the data on emission 

potential and explanatory variable was detrended. For the presentation purposes, data from different 

years was normalised.  

 

 

CONCLUSIONS 

We found that despite the strong temperature control over the emissions of monoterpenes, methanol 

and acetaldehyde from Scots pine stem, relatively small changes in water availability and the metabolic 

activity of the stem could affect their emission potentials. Thus, large changes in water availability 

could be expected to cause considerable deviations in the stem VOC emission dynamics. In addition, if 

with dedicated laboratory studies we are able to separate the effects of growth and transport on the 

emissions of methanol and acetaldehyde, these could be used as non-invasive signals of the processes 

taking place within the stem.  
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INTRODUCTION

The presence of a seed particle can drastically reduce the supercooling needed for freezing water
compared to homogeneous nucleation. This heterogeneous ice nucleation is ubiquitous in nature
and plays an important role in cloud formation. (Murray et al, 2012).

Silver iodide (AgI) particles are very effective INPs, used for rain seeding, and they have been
studied both experimentally and computationally, focusing on ice nucleation on flat AgI surfaces
(Zielke et al., 2014), AgI disks and plates (Zielke et al., 2016), the effect of surface charge distribution
(Glatz and Sapna 2016), as well as water adsorption in slit-like AgI pores. In ambient conditions,
both AgI crystals with the wurtzite structure (β-AgI) and the zincblende structure (γ-AgI) are
stable. Previous simulations have found that ice could nucleate at the silver terminated (001) and
(111) surfaces of γ-AgI, and the silver-terminated (0001) surface of β-AgI(Zielke et al., 2014). The
ice nucleating ability of AgI has been attributed to the (0001) surface of β-AgI acting as a very
good template for the basal plane of hexagonal ice (ice Ih) or the equivalent (111) plane of cubic
ice (ice Ic)(Zielke et al., 2016), with a lattice mismatch of approximately 2%.

In this work, we use molecular dynamics (MD) simulations to study the effect of defects, such as
vacancies, step edges, terraces and pits, on ice nucleation on AgI (0001) surfaces.

METHODS

Several force fields have been fitted to reproduce bulk crystal structures and the phase diagram of
silver iodide (AgI) (Rains et al., 1991, Niu et al., 2018). However, the perfect (0001)-terminated
AgI slab has an intrinsic dipole moment and none of these force fields yields a stable surface. In
previous ice nucleation simulations, atoms in the AgI surface have therefore either been fixed to
bulk positions, or constrained by a spring potential. In the present work, all AgI surfaces considered
are bulk-terminated and atoms are completely fixed at the positions of an ideal wurtzite crystal
with lattice constants a = 4.58 Å and c = 7.50 Å.

The silver and iodide ions only interact with the water molecules, described by the TIP4P/Ice
model. It reproduces the properties of bulk liquid water very well, and yields the correct melting
point and coexistence curve between water and ice I at low pressures (Abas and Vega, 2005). The
interactions between Ag+ and I− ions and TIP4P/Ice water molecules are described by the potential
of Hale and Kiefer (Hale and Kiefer, 1980). The ions carry a point charge and a Lennard-Jones
interaction with the oxygen atom of water, OW. All molecular dynamics (MD) simulations were
performed using the GROMACS software version 5 (Berendsen et al., 1995).

To quantify the effectiveness of the different systems for ice nucleation, we calculate nucleation rates
at T = 263 K following the procedure presented by Cox et al.(Cox et al., 2015). By monitoring
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the size of the largest ice cluster in the system using the CHILL+ algorithm(Nguyen et al., 2015),
the induction time is found, which is defined as the time when the ice cluster starts growing
monotonously. For each system, 10 individual NVT simulations are started with different initial
configurations and velocities of the water molecules. The induction times observed are used to
calculate the probability Pliq(t) of an ensemble of systems to be still in the liquid state after
time t. As the temperature is 10 ◦C below the melting point, we expect the probability to decay
exponentially. We fit the data using the equation

Pliq(t) = exp[−(Rt)γ ], (1)

where R shows the decay rate, equal to the nucleation rate, and the exponent γ is a second fitting
parameter, as illustrated in Figure 1.

The nucleation rates obtained for the different surfaces are shown in Table 1. The standard errors
were obtained from the least squares error of the fit using Eq. 1. The surface with a double vacancy
and the perfect surface exhibit the highest nucleation rates with values of 3.89 × 1023 m−2s−1

and 3.86 × 1023 m−2s−1, respectively. Surfaces with a single Ag vacancy show almost the same
nucleation rate (3.75× 1023 m−2s−1). The nucleation rates on surfaces with point defects are very
similar to the rate on the perfect surface. The two step edges considered affect the nucleation rate
with different severity, leading to rates of 0.47× 1023 m−2s−1 and 1.06× 1023 m−2s−1 for the step
edge along [001] and [210] directions, respectively. Finally, nucleation rates of 1.41× 1023 m−2s−1

and 1.09× 1023 m−2s−1 were observed for the surface with a terrace, or a pit, respectively.

These results are quite surprising, as for many surfaces ice nucleation rates are enhanced by the
presence of defects. Here, however, the perfect surface is an excellent template for ice growth, due
to the very small lattice mismatch between AgI (0001) and the basal plane, and all extended defects
considered in this work reduce the nucleation rate.

Figure 1: Obtaining ice nucleation rates on different AgI (0001) surfaces from fitting the induction
times for ice nucleation in 10 independent molecular dynamics simulations at T = 263 K.
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System Nucleation rate (×1023 m−2 s−1)

Perfect surface 3.86 ± 0.13
Single vacancy 3.75 ± 0.12
Double vacancy 3.89 ± 0.23
Step edge [100] 1.06 ± 0.04
Step edge [210] 0.47 ± 0.05
Terrace 1.41 ± 0.12
Pit 1.09 ± 0.06

Table 1: Ice nucleation rates and uncertainties on different AgI (0001) surfaces with defects at
T=263 K

To better understand the ice nucleation mechanism at the silver iodide surface and, in particular,
how the presence of defects affects the possibility to form a critical nucleus at the interface, we
compare the hydration layer structure at the perfect surface and around the step edge along the
[210] direction. As can be seen in Figure 2a, the pattern of the first hydration layer is perturbed
by the presence of the step edge. In order to quantify the spatial extent of the hydration layer
perturbation around the step edge and link it to the observed nucleation rate, we have calculated
the average deviation of first hydration layer water molecule oxygen from its ideal position, as
a function of the position along x, the direction perpendicular to the step edge (see Figure 2b).
Combining the information about the spatial extent of hydration layer perturbation due to the
presence of a defect with the average radius of the initial ice clusters at nucleation sites on the
surfaces (rc ∼ 10.3 Å) allows us to build a very simple model to predict the reduction in nucleation
rate compared to the perfect surface, based solely on the surface area excluded for the formation
of a critical nucleus around a defect with a certain geometry. As can be seen in Figure 2c, these
predicted nucleation rates agree surprisingly well with the nucleation rates obtained from molecular
dynamics simulations.

CONCLUSIONS

In this work, we studied the effect of surface defects on the heterogeneous nucleation of ice at the
(0001) surface of β-AgI using atomistic molecular dynamics simulations at T = 263 K. The presence
of defects reduces both the nucleation rate and the growth rate, with a clear correlation between the
dimensionality of the defects and the severity of the reduction: while single and double vacancies
have no significant effect, the presence of step edges, terraces and pits reduces nucleation and growth
rates by up to an order of magnitude. However, it is important to note that even surfaces with these
last three defect types still exhibit good ice nucleation abilities at very moderate undercooling.

The simulation results show that the β-AgI (0001) surface enhances the formation of a critical
nucleus by enforcing its hexagonal structure to the first hydration layer. On the perfect surface,
water molecule oxygen atoms in the first hydration layer are hexagonally arranged around the
protruding silver ion in the surface. In the proximity of defects such as a step edge, there are
significant deviations from these ideal positions, hindering the formation of critical ice nuclei. A
very simple model, where the nucleation rate on the perfect surface is scaled by the fraction of
surface area available for nucleation, excluding the area around the defects, gives good agreement
with the nucleation rates obtained from molecular dynamics simulations of the different surfaces
with defects.
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Figure 2: (a) Water oxygen atom density map projection in the xz plane over the AgI (0001) surface
with a step edge along [210]. The number density is expressed in units of the equilibrium water
density at T = 263 K, ρ0 ≈ 0.032 Å−3, shown in blue. Surface Ag+ and I− ions are colored in
silver and pink, respectively. (b) Disturbance of the water patterning in the first hydration layer
with respect to the surface lattice, over the perfect surface (red line) and a surface with a step
edge along [210] (blue line). (c) Ice nucleation rates obtained by scaling the nucleation rate on the
perfect surface by the fraction of surface area exhibiting perfect water patterning (colored circles),
compared to nucleation rates obtained from molecular dynamics simulations on the respective
non-ideal surface (black line).
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INTRODUCTION 

Aerial drones, also called unmanned aerial vehicles, remotely piloted aircraft systems or simply drones, have 

become very popular over the last decade. Among others, aerial drones can be used as carriers for air sampling 

systems, analyzers and sensors, replacing or complementing the traditional ways to sample at high altitudes such 

as airships, aircrafts, tethered balloons and meteorological towers (Ruiz-Jimenez, et al., 2019). 

A wide variety of sensors and sampling systems have been attached to aerial drones to provide continuous 

monitoring of different parameters and concentration values related to individual compounds in the samples. 
Different miniaturized air sampling (MAS) techniques, including solid phase microextraction (SPME) Arrow and 

in-tube extraction (ITEX), have been developed to provide reliable sampling for environmental applications.  

SPME Arrow, a passive sampling technique, consists of a steel rod coated with a larger volume of extraction 

sorbent than traditional SPME fibers, improving the detection limits of the method. SPME Arrow design protects 

the sorbent, minimizing unfavorable influences and analyte losses during desorption step. In addition, SPME 

Arrow allows the exclusive collection of gas phase compounds.  

ITEX system, an active sampling technique designed as a two-part stainless steel needle attached to a pumping 

system, was developed to provide high sampling performance. However, unlike SPME Arrow, ITEX needs a pump 

for the collection of the analytes on the sorbent and an external heater to facilitate thermal desorption to the GC 

system. Using ITEX is possible to collect both gas phase compounds and aerosol particles. Accessories such as, 

filters and traps attached to ITEX system, allow also the collection of gas phase compounds and/or prevent the 

samples from undesirable chemical reactions. This kind of approach is not feasible for SPME Arrow using the 

configuration developed in this research. However, the use of a dynamic air sampling system by SPME Arrow 

would help to control its sampling variables (Barreira et. al. 2018). 

Quality Control (QC)/Quality Assurance (QA) in the laboratory is the crucial step before field sampling by the 

MAS systems. The laboratory designed sampling conditions should be as close as possible to the real working 

atmosphere which can reduce the sampling and detection errors and also save the sampling time. For SPME Arrow 

sampler, selection of the most selective coating towards targeted analytes and optimal sampling time are essential. 

For ITEX sampler, the key point is to optimize the total sampling volume in advance to ensure its quantitative 

property (without breakthrough). Since multiple samplers were placed on the aerial drone for simultaneous 
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sampling, the variations between each sampler should be minimized. When a short/long term storage of samplers 

is needed before analysis, the storage conditions, e.g. temperature and time length, should be taken into 

consideration to avoid any analyte losses (Lan et al. 2019 a). 

The potential applicability of an aerial drone as a carrier for new miniaturized air sampling systems, such as SPME 

Arrow and ITEX, was evaluated in this research after assessment of QC/QA.  These sampling techniques help to 

overcome problems encountered in traditional sampling techniques, such as SPME fiber or thermal desorption 

tube (TDT). Different experimental approaches, based on the use of sampling accessories were developed for the 

evaluation of the sampler performance. The effect of vertical displacements of the drone during the sampling was 

also evaluated to allow the almost simultaneous air sampling at different altitudes, making possible the 

development of low-cost vertical profile studies. Finally, an aerial drone, furnished with both, ITEX and SPME 

Arrow sampling systems, was used for the simultaneous collection of air samples in difficult access places. 

 

METHODS 

Air samples were collected by a sampler, consisting of a remote controlled drone Geodrone X4L, with dimensions 

58 x 58 x 37 cm and a total weight of 2 kg, (Videodrone, Finland) furnished with a drone box, which allows the 

simultaneous sampling on multiple ITEX and SPME Arrow systems. Drone box device involved four SPME 

Arrow holders with remote controlled opening/closing system and two sampling pumps. The total weight of drone 

box including the pumps was about 1.4 kg, which allowed a total flight time close to 35 min. Free frequencies of 

the aerial drone remote controller were used to switch on/off the ITEX pumps and opening/close the SPME 

holders. 

Samples collected by SPME Arrow and ITEX were analyzed by thermal desorption gas chromatography- mass 

spectrometry (Agilent Technologies). The chromatograph was furnished with a GL Sciences (Eindhoven, The 

Netherlands) InertCap for Amines (30 m x 0.25 mm i.d., no information was provided for the film thickness) fused 

silica column coupled with a 3-m deactivated retention gap (i.d. 0.53 mm, Agilent). 

Samplers included laboratory made MCM-41-, commercial poly(dimethylsiloxane)/divinylbenzene 

(PDMS/DVB)-SPME Arrows and laboratory-made polyacrylonitrile-ITEX. For each type of sampler, three 

devices were prepared in the laboratory or ordered from manufacturer in a batch. They were therefore used for 

testing reproducibility, equilibrium time, breakthrough volume, and storage time under the same sampling 

conditions. Nine chemicals representing very, medium, and low volatile organic compounds (VOCs) were placed 

in a permeation system to form a constant gas flow for dynamic sampling. An extra permeation system for internal 

standard (ISTD) was also constructed. An independent ISTD addition step before air sampling minimized the 

variations between each sampling. 

The applicability of aerial drone as a carrier for miniaturized air sampling systems was evaluated in three different 

campaigns. The first one was carried from the 22nd to 26th of October 2018 at the SMEAR II station (Station For 

Measuring Ecosystem–Atmosphere Relations). The second one took place also at SMEAR II station from the 1st 

to 12th of July 2019. The last was done at Qvidia site (60°17'42.6"N 22°23'32.3"E) from 24th of July 2019 10th 

of September 2019. 

CONCLUSIONS 

Accessories, such as filters and traps for ITEX system, allowed the collection of gas phase compounds and/or to 

prevent the samples from undesirable chemical reactions.  

The use of a trap for aerosol particles decreased the number of detected compounds in comparison with the raw 

experiments. Similar trend was found for the sum of the relative peak areas (∑RPA). Filters, used as traps for 
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aerosol particles, removed gas phase compounds from air samples by adsorption on the filter surface or on the 

particles retained on the filters.  

The use of water traps reveal similar results, in terms of number of compounds and ∑RPA values, than aerosol 

traps. However, the comparison between them revealed that most of the compounds present in the samples were 

different. The low number of compounds in the sample can be explained by the design of the water trap, similar 

to a filter. In addition, differences in the composition of the samples collected with water trap or filter can be 

explained by the drying capacity of the Mg(ClO4)2, which is able to retain water molecules on its surface and 

therefore most of the water soluble compounds, such as acids and nitrogen containing compounds.  

It was expected that an ozone trap should provide only a relatively small extra effect on the sample composition 

considering that gas phase and aerosol particles were collected by the ITEX system. However, clear differences 

were detected in comparison with the samples collected without accessories, most probably due to the fact that 

ozone trap is able to remove ozone from the air sample, thus protecting compounds from oxidation during 

sampling. More and different compounds, most of them oxidized, were found in the case of samples collected 

without ozone trap. 

The use of fast vertical drone movements and the remote control of the multiple sampling systems allowed the 

almost simultaneous air sampling at different altitudes, making the development of low-cost vertical profile studies 

possible. Similar trend was observed in the case of drone vertical displacement for ITEX and SPME Arrow 

sampling systems. Namely, the number of compounds detected in the samples and their relative peak area values 

decreased with the sampling altitude. These results are in good agreement with the values found in the literature 

for VOCs vertical profile distribution. 

A proper quality assurance/quality control (QA/QC), was developed to assure reliable and quantitative (or at least 

semiquantitative) analytical information. By using the ISTD, the reproducibility of Arrow-to-Arrow and ITEX-to-

ITEX can be clearly improved. The SPME Arrow systems were tested with several sampling times to elucidate 

the extraction kinetic. Laboratory-made MCM-41-SPME Arrow provided faster sampling kinetics than that of 

commercial PDMS/DVB/SPME Arrow owing to its thinner coating thickness. Laboratory-made MCM-41-SPME 

Arrow was especially suitable for sampling of basic VOCs while commercial PDMS/DVB-SPME Arrow was 

excellent for aromatic compounds. Therefore, the combination of these two Arrows in the same flight can provide 

a more comprehensive view of the VOCs composition in the air. The laboratory-made PAN-ITEX showed a good 

agreement with our previous publication (Lan et al. 2019b) and no obvious breakthrough occurred for all of the 

VOCs under testing. The storage time of SPME Arrow and ITEX systems was only tested in a limited time at three 

different temperatures. For more practical applications (according to our campaigns), a longer storage time test is 

needed and has been processed in our most recent study.  
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INTRODUCTION 

Primary biological aerosol particles (PBAPs) play an important role in the atmosphere by affecting cloud and 

precipitation formation processes by acting as cloud and ice nuclei. In addition, the contribution of pollen, plant 

fragments, spores, bacteria, algae and viruses from multiple sources to the composition of PBAPs is well-known 

(Morris, et al., 2011). The elucidation of PBAPs chemical and microbial composition is nowadays a relevant topic 

in the atmospheric chemistry field (Okuljar et al., 2019). Chemical tracers, saccharides and amino acids, have been 

traditionally used for the determination of particles of biological origin. However, this approach fails to identify 

the different species involved in the aerosol particle composition. In this way, the use molecular genetic analysis 

techniques, such as quantitative polymerase chain reaction (qPCR) or next-generation sequencing (NGS), is 

mandatory for the elucidation of these species (Helin et al., 2017). 

The expansion of computer methods allows to researchers the use of machine learning (ML) techniques, a branch 

of artificial intelligence, to clarify environmental issues. According to the datasets used for the development of the 

models ML techniques can be classified into two broad categories unsupervised ML, input data without labeled 

responses, and supervised ML, input attributes (independent variables) and a target attribute (dependent variable). 

The latter can be further classified into two main categories; classification and regression. In regression output 

variable takes continuous values while in classification output variable takes class labels (Smola et al., 2008).  

In this study, 84 size-segregated aerosol samples from four particle size fractions (< 1.0 1–2.5 µm, 2.5–10 µm and 

> 10 µm) were collected at SMEAR II station in autumn 2017. Free amino acids (19) and saccharides (8) were 

analyzed in aerosol samples by liquid chromatography-mass spectrometry (LC-MS). In addition, DNA present in 

the aerosol samples was extracted and amplified to evaluate the concentration and size distribution variation of 

bacteria, pseudomonas and fungi. Multiple linear regression, a simple machine learning tool, was used to evaluate: 

1) the effect of gas phase VOCs on the microbiological composition of the aerosol particles; and 2), the effect of 

the microbiological composition, total amount of bacteria, pseudomonas and fungi, on the chemical profile of the 
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aerosol particles. Seasonal and size influence on primary biological aerosol particles emission was also evaluated 

by machine learning approaches such as, discriminant analysis and neural network, using as input data the chemical 

and microbiological composition of the particles.  

 

 

METHODS 

84 aerosol samples were collected at SMEAR II station in autumn 2017 (4.09.2017-22.11.2017) using a Dekati 

PM10 impactor for the sampling of four particle size fractions (< 1.0, 1–2.5 µm, 2.5–10 µm and > 10 µm). After 

ultrasound-assisted extraction, using an aqueous solution containing 0.1 % of formic acid as extractant, an Agilent 

1260 Infinity HPLC furnished with a SeQuant ZIC-cHILIC column (150 x 2.1 mm, particle size 3 mm, 100 Å, 

MERCK, Darmstadt, Germany), coupled to an Agilent 6420 electrospray ionization triple quadrupole mass 

spectrometer (Agilent Technologies, USA) was employed for the determination of free saccharides (inositol, 

sucrose, fructose, mannose, D-arabitol, D-mannitol, 1,6-anhydro-b-D-Glucose and D(+)-trehalose dehydrate) and 

amino acids (L-alanine (Ala), L-aspartic acid (Asp), L-glutamic acid (Glu), L-glutamine (Gln), L-glycine (Gly), 

L-isoleucine (Iso), L-leucine (Leu), L-lysine (Lys), L-methionine (Met), L-phenylalanine (Phe), L-proline (Pro), 

L-threonine (Thr), L-thryptophan (Try), L-tyrosine (Tyr), L-valine (Val), L-arginine (Arg), L-histidine (His), L-

asparagine (Asn) and L-serine (Ser)). All the compounds were analyzed in MS/MS mode, with the exception of 

levoglucosan, analyzed by single ion monitoring. Total nucleic acids were extracted from the collection filters 

with a commercial DNA extraction kit (PowerWater DNA Isolation Kit, MoBio Laboratories, USA), following 

the procedure developed in our previous paper (Helin et al. 2017). The bacterial and fungal DNA amounts of the 

filter samples were quantified with qPCR using target-specific primer pairs, Eub338F and Eub518R, and FF390 

and FR1. Genus-specific primers, Eub338F and PseudoR, were utilized to detect the bacteria belonging to the 

genus Pseudomonas. In both cases, chemical and microbiological parameters, results were normalized by the total 

amount of sampled air.  

Multiple linear regression, a very simple machine learning tool, was used to elucidate the effect of gas phase VOCs 

on the microbiological composition of the aerosol particles. The amount of the different microbiological agents, 

expressed as number of genes copies/m3, were used as dependent variables. 13 VOCs such as methanol (m/z = 

33), acetonitrile (m/z = 42), ethanol (m/z = 47), acetone (m/z = 59), acetic acid (m/z = 61) isoprene (m/z = 69), 

butenal (m/z = 71), 2-butanone (m/z = 73), benzene (m/z = 79), α-pinene fragment (m/z = 81), 2‐methyl‐3‐buten‐

2‐ol (m/z = 87), toluene (m/z = 93) and α-pinene (m/z = 137), were used as independent variables. In all the cases 

the number of samples used for the development of the models were over 19.  

The effect of the microbiological species on the chemical composition of the aerosol particles was also evaluated 

by multiple regression analysis. As response variable (dependent variable) the concentration of bacteria, 

pseudomonas and fungi in the PBAP samples were used. The concentration of the different amino acids (19) and 

sugars (8) present in the aerosol particles were used as independent variables. 

Size influence and seasonal differences on primary biological aerosol particles emission were evaluated by 

machine learning approaches such as, discriminant analysis and neural network, using the chemical and 

microbiological composition of the particles as input data. 84 samples were evaluated in this study. 

Cluster analysis was used to establish seasonal differences using as reference a database containing 41 

meteorological and environmental parameters. 
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CONCLUSIONS 

It was possible to find a correlation between the VOCs gas phase emission and their presence in the aerosol 

particles of different microorganisms. Individual MLR models were developed for the different particle sizes based 

on potential variations in the microorganism species present in the samples. Explained variance of the models was 

over 92.0% in all the cases. The limited number of samples used in the models development could affect their 

reliability. Additional samples should be included in the models in order to confirm the results.  

It was not possible to find a single correlation trend between the aerosol particle size and their microbiological 

composition. Up to three different trends were found for pseudomonas, fungi–bacteria and total amount of DNA 

in the samples. Discriminant analysis was able to provide correct classification of 85.0 % of the samples. The use 

of neural network for the classification of the samples allowed the correct classification of 78.5 % of the samples.  

The enormous variety of microorganisms made the elucidation of their contribution to the chemical composition 

of the aerosol particles difficult. Different MLR models should be developed for the different particle sizes and 

microorganism. Explained variance of the developed MLR models was over 94.8% in all the cases. Relevant 

information about the different developed models, including the number of samples used in the model 

development, the explained variance (EV) and the variables with a statistical influence can be found in Table 1. 

Finally, it was found a clear relationship between the environmental and meteorological variables and the 

microbiological and chemical composition of the aerosol particles. Groups obtained from the cluster analysis of 

the meteorological and environmental variables were used for the classification of the PBAPs using their chemical 

and microbiological composition as input data. Discriminant analysis was able to provide correct classification of 

85.7 % of the samples. The use of neural network for the classification of the samples allowed the correct 

classification of 78.6 % of the samples. 

 

Table 1. Multiple linear regression models for the evaluation of the microbiological species contribution to the 

aerosol particles composition. 

PM (µm) Microorganism N EV 

(%) 

Variables (+)* Variables (–)* 

< 1.0 Bacteria 20 96.2 Ala, Manni, Tyr Glu, Ile, Leu, Thr 

 Pseudomonas 20 94.8 Fruct, Arab, Arg, Ala Glu, Gln, Ser, Phe 

 Fungi 19 83.8 Arab, Fruct, Manni, Pro Ala, Levo, Arg 

1–2.5 Bacteria 20 99.7 Thr, Pro, Ala Suc, Glu, His 

 Pseudomonas 20 99.5 Suc, Threh, Fruct, Arg Manno, Ala, Glu Phe 

 Fungi 19 98.3 Suc, Manni, Arg, Pro Fruct, Arab, Phe 

2.5–10 Bacteria 19 95.5 Ser, Manni. Pro, Suc, Trp 

 Pseudomonas 20 99.7 Levog, Asn, Ala, Arg Thr, Fruct, Val, Manno 

 Fungi 20 98.3 Manno, Inno, Arab Arg 

> 10 Bacteria 19 99.1 Ala, Manni, Tyr Glu, Ile, Leu, Thr 

 Pseudomonas 19 99.9 Ala, Manni, Manno, Trp, Ser Fruct, Ile, Leu, Arg, Suc 

 Fungi 19 99.3 Ile, Leu, Pro Thr, Manno, Lys 

* p value < 0.05 for the regression coefficient. Mannitol (Manni), Fructose (Fruct), arabitol (Arab), threhalose 

(Threh), levoglucosan (Levog), mannose (Manno), inositol (Inno) and sucrose (Suc). 
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INTRODUCTION 

Icing is an atmospheric process where ice accumulates on surfaces of any kind. While couple of different 

icing processes exists, the most interesting related to atmospheric aerosol studies is in-cloud icing. This 

icing process can be caused either by liquid rain drops or cloud droplets. The most important differences 

between the two are droplet concentration and size.  

Icing can cause damage to structures or financial losses. For example, wind energy power plants might 

have unplanned shutdown or flights might get delayed/cancelled. With well-structured forecasting models 

these kinds of unplanned events could be avoided. 

Current forecasting models typically have simplified representation of droplets due to the lack of reliable 

measurement data for verifying the models (Makkonen et al., 2010). The size distributions with typical 

droplet size are the most important parameters that are needed for reliable icing forecasts.  

METHODS 

We have studied cloud droplet properties and icing conditions for several years at the Puijo measurement 

station (306 m a.s.l. and 224 m above the surrounding lake level) located in Kuopio, Finland (Leskinen et 

al., 2009). In addition to Puijo measurement station, Finnish Meteorological Institute is running another 

measurement station, Vehmasmäki, which is focused for mast measurements. At the Vehmasmäki site 

there is a 318 m high mast equipped with meteorological instrumentation at various heights including 

icing measurements started in 2016 at two different levels (115 m and 272 m). The icing data (see Figure 

1) can be linked to the meteorological conditions as well as the profile measurements of wind, aerosols 

and water vapour located on the site.  
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Figure 1: Occurance of icing events at Puijo measurement station, measured with an icing detector 

The main focus of the study is to investigate connection between aerosol particles and cloud 

microphysical properties, meteorology and icing rate. The study includes several icing detectors (on/off 

and accumulation speed), cloud droplet probe (CDP), aerosol size distributions, and meteorological 

instruments for air temperature and wind speed/direction. Beyond, cloud modelling tools with explicit 

description of aerosol and cloud microphysics will be employed to support the data analysis (Tonttila et 

al., 2017). 

 
Figure 2. Calculated icing rate by icing model for cylinders in a simulated low level cloud. 

RESULTS 

Preliminary results show difference between measured and modelled icing rates (figure 3). While the main 

focus is on qualitative differences caused by aerosol, the comparison of absolute icing rate values show 

similarities. While the measured icing rate is about 2 to 4 times higher than modelled one, the ratio of 

measurement altitudes is about the same, 5 to 6. This confirms that relative changes between different 

altitudes behave similarly in modelled as well as in measured data. 

 
Figure 2. Preliminary comparison of measured and modelled icing rates at Kuopio Vehmasmäki station. The 

measured icing rate is from 2.2 to 4.5 times higher than modelled one. 
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INTRODUCTION 

Warming of the climate is generally assumed to stimulate the photosynthetic production in the boreal region 
(Jansson et al. 2008, Briceno-Elizondo et al. 2006), however, drought periods may become prevalent during 

growing seasons and unpredictably affect belowground carbon processes of plants and soil. Studies have 

indicated that the most common tree species in Finland, Scots pine (Pinus sylvestris L.), would benefit from 
the changes in the climate (Reich and Oleksyn 2008, Kellomäki et al. 2008). How the warmer climate and 

drought periods affect to tree growth and their ability to bind atmospheric carbon in future, would require a 

holistic view on whole tree actions including also understanding in the belowground processes, not only 
more easily measureable aboveground processes. 

Soil respiration (CO2 efflux) is a sum of maintenance and growth respiration of roots and emissions from 

root-associated microbes, such as mycorrhizal fungi (i.e. autotrophic root respiration), and from 
decomposition of soil organic matter by non-symbiotic microbes, such as saprophytic fungi (i.e. 

heterotrophic respiration). Roots are in direct contact with the soil; consequently, measuring carbon fluxes 

of roots and soil microbes, such as mycorrhizal fungi, has been challenging. In order to study these processes 
under field conditions, the emissions from various sources should be separated. However, this far, the 

measuring respiration of roots might be biased due to the methodological disturbance with the tight 
interaction these processes have in undisturbed soils.  

Our aim was to separate different components of forest floor respiration and to study the seasonal dynamics 

in mature Scots pine stand in the field. Dynamics were followed in growing seasons of moister and colder 

year 2017 and warmer and dryer year 2018 (Fig. 1A, B).  

METHODS 

The experiment was conducted in middle-aged Scots pine stand at SMEARII located near Hyytiälä forestry 

field station in southern Finland. Trenching plots were established in June 2017. First a trench was dug 
around the plot and all the roots, mainly of tree and dwarf shrubs, were cut. A mesh fabric with pore size of 

1 µm (which enables water and nutrients to flow in) was installed around the plot to prevent new root growth 

into the plot. After installation the trench around the plot was re-filled. Soil inside the plot was left 

untouched, but ground vegetation was removed. All roots were left intact on control plots, but ground 

vegetation was removed.  

Soil temperature and moisture were regularly measured at all plots with iButton (Maxim Integrated, San 

Jose, CA, USA) and moisture content (SWC) profile with HH2 moisture meter and PR2 soil moisture profile 
probe (Delta-T Devices, Cambridge, UK). Decomposition rate of cut roots in each plot was determined 

using root litter bags. Soil respiration (CO2 efflux) from trenched plots and nontrenched controls was 

measured using dark chamber, where air was circulated with a pump. Chamber was put on permanently 
installed collar and CO2 concentration in the chamber was measured with infra-red absorption sensor 

(GMP343, Vaisala Oyj, Finland) every 5 seconds for 30 minutes. The chamber and the flux calculations are 

described in Pumpanen et al. (2015). Air temperature was monitored in chamber. 
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Respiration from excised roots was measured in ambient air temperature in an aluminium bag with air 

circulation system and a CO2 sensor (GMP343, Vaisala). Root samples for incubation were dig from soil, 

cut from coarse roots as a hole with root tips, and cleaned by hands. Samples were put in aluminium bag as 
soon as possible after cutting to prevent major decrease in CO2 emissions. Bag was sealed, emptied from air 

and filled with 500 ml ambient air. CO2 concentration in the bag was measured every 5 seconds and during 

15 minutes in total. The flux (μg s-1) was calculated from the increase in CO2 concentration inside the bag. 
After incubation, root samples were photographed (in 2018), put into 15 ml Eppendorf tubes and kept in 

cold for approximately an hour before using microwave (1 minute, 600 W) in order to stop enzymatic 

activity. The samples were kept in freezer (-18 °C) before freeze-drying (SciQuip Ltd, Merrington, UK) for 

three days (72 hours) and re-weighting (dry weight). Root respiration from excised roots was upscaled per 

area using pine root (<5 mm) biomass and growth dynamics studied at SMEARII.  

Respiration from trenched plots was assumed to contain only heterotrophic respiration as all autotrophic 
plants were removed. Autotrophic respiration was calculated as a difference between mean respiration from 

control (hetero- and autotrophic respiration) and trenched plots (heterotrophic respiration). 

PRELIMINARY RESULTS AND DISCUSSION 

Temperatures in spring and during the summer were considerably higher in year 2018 comparted to 2017 

(Fig. 1A). The thermal time (i.e. the effective temperature sum, degree-day, °Cd), calculated as the sum of 

the daily average temperatures above 5 °C from the days, when the average temperature was more than 5 

°C, was 1610 °Cd in 2018, which was also higher compared to 1030 °Cd in 2017. 

The year 2017 was evenly moist, while in 2018 SWC in SMEARII station decreased low during the summer 

(Fig. 1B). Mean SWC in trenched plots was higher in 2018 compared to continuously measured SWC at 
SMEARII station. Similar difference was not seen in 2017. Mean SWC in control plots (data not shown) 

was comparable with SWC at SMEARII station in both years. Higher SWC in trenched plots is mostly due 

to lack of tree roots up taking water from the plots, and this has probably effect on soil respiration rate.  

Hetero- and autotrophic respirations were highest when temperature was highest, but lower SWC may have 

restricted respiration rate in 2018 (Fig. 1C, D). Heterotrophic respiration was slightly higher compared to 

autotrophic root respiration, however, heterotrophic respiration presented here contains additional CO2 

emissions from decaying residual roots and due to higher soil moisture, which should be taken into account 
in final results. Autotrophic root respiration from incubated root samples was comparable to autotrophic 

respiration calculated as a difference between control and trenching, in middle of the growing season, but 

not in the end or beginning. The differences may be caused by different temperature during the 
measurements as incubated samples are dug from soil and incubated in air temperature, which was probably 

higher than soil temperature. Also diffusion of CO2 from soil may be slower when the soil is frozen or cold. 
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Figure 1. Daily mean temperature (T) in the air (black) and soil A-horizon in orange (A), soil-water 
content (SWC) in the A-horizon at the SMEARII station and in trenching plots in pink ± standard error 

(SE) in black (B), autotrophic respiration calculated as difference (between control and trenching) in black 

and mean incubated root respiration and red ± SE in black (C), and mean heterotrophic respiration in 

purple ± SE in black (D) at the SMEARII station during the study years 2017 and 2018. 

 

571



 

ACKNOWLEDGEMENTS 

Kone Foundation, the University of Helsinki Funds and Finnish Centre of Excellence Programme by the 
Academy of Finland (grant no.307331) are acknowledged for financial support. We thank Henri Jokinen 

and Anna Tuovinen for help of construction of experimental plots in SMEARII, and Anna Tuovinen with 

the CO2 flux and soil moisture measurements. 

REFERENCES 

Briceno-Elizondo, E., Garcia-Gonzalo, J., Peltola, H. & Kellomaki, S. Carbon stocks and timber yield in 

two boreal forest ecosystems under current and changing climatic conditions subjected to varying 

management regimes. Environmental Science & Policy 9, 237-252 (2006). 
Jansson, P., Svensson, M., Kleja, D. B. & Gustafsson, D. Simulated climate change impacts on fluxes of 

carbon in Norway spruce ecosystems along a climatic transect in Sweden. Biogeochemistry 89, 81-

94 (2008). 
Kellomäki, S., Peltola, H., Nuutinen, T., Korhonen, K. T. & Strandman, H. Sensitivity of managed boreal 

forests in Finland to climate change, with implications for adaptive management. Philosophical 

Transactions of the Royal Society B - Biological Sciences 363, 2341-2351 (2008). 
Pumpanen, J., Kulmala L., Linden, A., Kolari, P., Nikinmaa, E. & Hari P. Seasonal dynamics of 

autotrophic respiration in boreal forest soil estimated by continuous chamber measurements. 

Boreal Environment Research 20: 637-650 (2015). 

Reich, P. B. & Oleksyn, J. Climate warming will reduce growth and survival of Scots pine except in the 
far north. Ecology Letters 11, 588-597 (2008). 

 

 

572



FAAR abstract instructions and template  
Please read carefully -  the text contains instructions for abstract preparation 

THE EFFECT OF ATMOSPHERIC CIRCULATION ON RECENT TEMPERATURE CHANGES 

IN FINLAND 

J. RÄISÄNEN1  

11Institute for Atmospheric and Earth System Research / Physics, Faculty of Science, FI-00014 University 

of Helsinki, Finland 

Keywords:  climate change, temperature, atmospheric circulation, Finland. 

INTRODUCTION 

Weather conditions vary substantially from year to year. For example, the summer in one year might be cool 

and rainy, that in the following year warm and dry. At extratropical latitudes, most of this interannual 

variability is caused by variations in the atmospheric circulation. This circulation-induced variability is so 

large that, even though it partly cancels out in longer-term averages, it may also have a non-negligible impact 

on climate changes observed during a period of several decades (Deser et al. 2012). Thus, isolating the effect 

of atmospheric circulation may help to better delineate the underlying long-term anthropogenic climate 

change that would have occurred without the change in circulation (Saffioti et al. 2016). Obviously, changes 

in circulation might also occur as part of long-term anthropogenic climate change, but climate model 

simulations suggest that their effect should be secondary for temperature change (e.g., Saffioti et al. 2017). 

Here, we study the effect of atmospheric circulation change on temperature change in Finland in the years 

1979-2018. Expanding on a method presented by Parker (2009), we use an approach that infers the 

circulation-related temperature variations on the point of origin of 1-to-7-day air parcel back trajectories 

arriving in Finland. The current research was reported in more depth in Räisänen (2019). 

METHODS 

Two datasets are used: daily mean surface air (2 m) temperatures from the European Climate Assessment 

& Dataset gridded E-OBS dataset version 19.0e (Haylock et al. 2008), and horizontal wind components and 

vertical motion () from the ERA-Interim reanalysis (Dee et al. 2011). The E-OBS data are averaged over 

two 1° latitude × 2° longitude boxes: one in southern (61°-62°N, 23°-25°E) and the other one in northern 

Finland (67°-68°N, 26°-28°E). The ERA-Interim data have a higher native resolution but were reduced to a 

50 hPa vertical and 2.5° × 2.5° horizontal grid to cut down the data volume. This study covers the years 

1979-2018.  

Back-trajectories ending in the centres of the two study areas (61.5°N, 24°E and 67.5°N, 27°E) are 

calculated four times per day (00, 06, 12 and 18 UTC), at 10-minute timestep using linear interpolation of 

wind and vertical motion in latitude, longitude, pressure and time. This is done for trajectories ending at 7 

pressure levels (1000, 925, … 550 hPa) and extending 1 to 7 days back in time. For each day, the coordinates 

of the four trajectories are averaged before relating them to the daily mean temperature anomaly in the E-

OBS data set.  

The dependence of temperature on the coordinates of the trajectory origin is estimated using regression 

analysis. First, the coordinates are transformed to a rotated grid in which the centre of the target area in 

southern or northern Finland is at (0°N,0°E). Then the coefficients in the linear regression equation  

∆𝑇𝑑𝑎𝑦 = 𝑎0 + ∑ 𝑎𝑖
𝑁
𝑖=1 𝑓𝑖 + 𝜀        (1) 

are determined using the least squares method. Here ∆𝑇𝑑𝑎𝑦 is the anomaly in daily mean temperature relative 

to the 40-year (1979-2018) mean for the same day, and N = 19 is the number of predictors. The predictors 

are first- (x, y, z), second- (x2, y2, z2, xy, xz, yz) and third-order (x3, y3, z3, x2y, xy2, x2z, y2z, xz2, yz2, xyz) 
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functions of x, y and z, which are defined as follows: 𝑥 = sin(∆𝜆) cos(∆𝜑), 𝑦 = sin(∆𝜑), and 𝑧 = ∆𝑝, 

where ∆𝜆, ∆𝜑 and ∆𝑝 are the longitude, latitude and pressure difference between the trajectory end and start 

points in the rotated grid. These formulations ensure that x and y increase nearly linearly with distance for 

short trajectories while simultaneously avoiding spuriously large far-field values and discontinuities that 

would result from using 𝜆 and 𝜑 directly. The coefficients a0…aN are estimated separately for each 12 

calendar months. 

An initial estimate for the monthly circulation-related temperature anomaly (∆𝑇1) is obtained by averaging 

the daily values from (1). However, the resulting monthly mean temperature residuals (ΔT-∆𝑇1) have 

systematic positive correlation with this initial circulation-related anomaly (Räisänen 2019). In other words, 

temperature is more sensitive to atmospheric circulation on monthly than daily time scales. To account for 

this, linear regression  

∆𝑇2 = 𝑏0 + 𝑏1∆𝑇1 + 𝜀         (2) 

is used to rescale the monthly mean temperature anomalies. 

The time span of the trajectory (between 24 and 168 hours) and the end level (between 550 and 1000 hPa) 

are both somewhat arbitrary choices. In general, medium-long (72-96 h) trajectories ending at mid-levels 

(700-850 hPa) are found to give the smallest regression residuals, but this dependence is not very sharp. 

Therefore, a final estimate for the circulation-related monthly temperature anomaly is calculated as 

∆𝑇3 = 𝑐0 + 𝑐1〈∆𝑇2〉 + 𝜀         (3) 

where the brackets indicate averaging over all the 49 alternatives (7 time spans, 7 end levels). 

In all cases, the regression coefficients were calculated separately for each year, using only the data for the 

other 39 years. Thus, the predicted temperature anomalies are not affected by the observed temperature 

anomaly in the same year. Furthermore, the predictor and predictand time series were linearly detrended 

when deriving the regression coefficients. These procedures serve to minimize both artificial skill in the 

regression and the aliasing between circulation-related anomalies and non-circulation-related climate 

change. 

 

RESULTS 

As an example, Figure 1 compares the observed and circulation-related anomalies in December mean 

temperature in northern Finland, chosen for this illustration because of the particularly large observed 

warming in this case. Interannual variability in December is large and well captured by the trajectory 

method. The variance of the residual time series (grey line) is only 15% of that of the observed series, and 

this ratio decreases to 14% when both time series are detrended to eliminate the effect of climate change. 

Thus, 86% of the detrended variance of December mean temperature in northern Finland is explained by 

the origin of the trajectories. As averaged over all 12 months, 81% of the detrended variance of monthly 

mean temperatures is explained by this method in both southern and northern Finland. 
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Figure 1. Temperature anomalies in December in northern Finland. The red line shows the observed 

anomaly, the blue line the anomaly predicted by Eqs. (1)-(3), and the grey line their difference. Linear 

trend lines and the corresponding 39-year temperature changes (in parentheses) are also included. 

 

Figure 2. Trends in monthly mean temperature from 1979 to 2018 in (a, c) southern and (b, d) northern 

Finland. In (a) and (b), the red bars show the observed temperature trends and the blue bars the best- 

estimate circulation-related trends (Eq. 3). In (c) and (d), the residual trends are given. The 5-95% error 

bars for the circulation-related trends and the residual trends are derived from interannual variability, as 

detailed in Räisänen (2019). Reproduced from Räisänen (2019).  
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The observed temperature trends in Finland in 1979-2018 varied from month to month, with generally 

smaller warming in summer than in winter (red bars in Fig. 2a-b). In particular, June mean temperatures 

decreased slightly in southern Finland and remained nearly constant in northern Finland. There was also a 

distinct local minimum in warming in October in southern Finland, between larger warming in September 

and November. By contrast, a sharp maximum in warming occurred in December particularly in northern 

Finland. 

Many of these apparent irregularities in the seasonal cycle of warming are explained by atmospheric 

circulation (blue bars in Fig. 2a-b). Most notably, the lack of warming in June is due to a negative 

contribution of circulation change that, if acting alone, would have cooled the June mean temperature by 

about 1.6ºC in southern and 2.2ºC in northern Finland. Circulation changes also distinctly reduced the 

warming in southern Finland in October, while amplifying the warming in November and December in both 

of the two study areas. 

The lower part of Fig. 2 shows the residual trends not explained by circulation change. In both areas, the 

annual cycle of the residual warming is much smoother than that of the observed warming. However, there 

is still a large contrast between larger warming in winter and smaller warming in summer and early fall. The 

residual trends in southern Finland vary from 1.2°C in July to 3.9°C in January, and those in northern Finland 

from 1.3°C in October to 4.2°C in February. 

Although changes in atmospheric circulation have substantially modified the temperature trends in 

individual months, their effect largely cancels out in the annual average. The residual trends in the annual 

mean temperature between 1979 and 2018 (2.0°C and 2.5°C in southern and northern Finland, respectively) 

are therefore very near the corresponding observed trends (1.9°C and 2.7°C). Thus, climate in Finland has 

warmed substantially during the past four decades and this is not explained by changes in atmospheric 

circulation. 
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INTRODUCTION

Clouds can greatly affect local radiation balance at the surface. Any changes in cloud cover and
properties due to climate change, could thus cause a considerable climatic feedback (Boucher et al.,
2013). As any atmospheric process, cloud formation is deeply intertwined with processes taking
place at the surface. The COntinental Biosphere-Aerosol-Clouds-Climate (COBACC) feedback loop
(Kulmala et al., 2014) describes the complicated web of responses that CO2 increase may drive in
biosphere productivity, aerosol population and clouds; and ergo, the feedback that will eventually
affect the energy balance and temperature at the surface. The boreal forest covers vast areas
of the land mass in the northern hemisphere. It is a source of both secondary aerosol (Tunved
et al., 2006) and water vapour (Zagirova et al., 2019), which are the essential components in cloud
formation; aerosol particles grown large enough act as Cloud Condensation Nuclei (CCN), and thus
enable droplet formation from the available water vapour. In our study, the aim is to observe the
evolution of the factors related to cloud formation, resulting from an air mass transport over the
Fennoscandian boreal forest. Eventually, we examine if an observable response can be detected in
clouds as a result, as well as in accumulated precipitation.

METHODS

The analysis utilised 96-hour long HYSPLIT (Stein et al., 2015) back trajectories of air masses
arriving to SMEAR II station in Hyytiälä (61◦10′N, 24◦17′E, 170m a.s.l.), , Finland, between years
2006 and 2016. To minimise anthropogenic contamination, we investigated only air masses that
were either westerly, northerly or anything in between. We named this the ’Clean sector’, as it is
mostly covered by forests and has no large cities or other industrial sites of significant size in this
context. Thus, only air masses traversing land areas north from 61◦N and west from 30◦W, were
accepted, whereas trajectories from continental and eastern Europe were disregarded. Furthermore,
we only considered the growing season i.e. months from April to September, as we wished to focus
on months with active vegetation. For every trajectory, we calculated the Time (of travel) over Land
(ToL). As the considered land areas are mostly covered by the boreal forest, we used this quantity
as an indicator for the influence the forests had on the air mass. Simultaneous measurements of both
in-situ and remote-sensed variables were compared to the ToL, to seek out any emerging trends. The
in-situ observations of meteorological quantities and aerosol number concentrations were acquired
from continuous measurements in Hyytiälä. Analysed cloud properties on the other hand, were
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from open access satellite data products produced by NASA. They were based on measurements
with the satellites MODIS Terra and Aqua.

CONCLUSIONS

The analysis presents further evidence of the boreal forest being a source of cloud condensation
nuclei. Air masses with short transport times over the boreal forest are on average characterised
by an aerosol profile of smaller particles, but the fraction of particles in the CCN size range grows
when the exposure to the boreal forest is longer. However, the resulting positive trend between
absolute number concentration of CCN and ToL only lasts until 60 hours at most, after which
CCN concentration is stable and does not increase with added ToL.

The results also indicate that the boreal forest supplies water into the atmosphere. Specific humidity
was higher in air masses with longer ToL. Temperature showed a similar trend and is thus likely to
facilitate the increased uptake of water vapour, as relative humidity varied only little with different
boreal transport times. The added atmospheric water vapour might also influence precipitation.
Although most precipitation falls with relatively low ToL values that are associated with fronts,
any rain that does fall at longer ToLs is likely to lead to a higher overall accumulation.

The higher CCN concentration and humidity at the surface might translate into altered cloud
properties. A modest response in cloud optical thickness (COT) was observed, as the observed
values were on average higher with longer ToLs. In a further examination in an attempt to unveil
any potential Twomey effect (Twomey, 1977), we compared COT to simultaneous observations
of liquid water path (LWP) and CCN. COT however only showed correlation with LWP, while
remained largely unaffected by variation in CCN concentration. Weaker response to CCN is however
expected, and it is likely the relatively small variation in the observed number concentrations is
not enough to have a clear effect.
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INTRODUCTION

Atmospheric aerosols are liquid or solid particles suspended in the air and affect human life in
many ways. They influence the radiative budget indirectly by acting as cloud condensation nuclei
(CCN) and affect the microphysical properties of clouds and thereby their lifetime, albedo and
precipitation efficiency (Curtius, 2009; Haywood, 2000). Furthermore, aerosol particles can scatter
and absorb shortwave and longwave radiation, resulting in a direct radiative forcing (Lohmann,
2005). Even though aerosol particles have been investigated thoroughly, large uncertainties remain
in understanding their direct and indirect effect on the climate.
There are many natural and anthropogenic sources of aerosol particles, which can emit particles
into the atmosphere. Besides this primary aerosol formation, there is also the secondary aerosol
formation, whereby new particle formation (NPF) is a key process. Small clusters and molecules
grow in size and form a critical cluster, which subsequently grows to a detectable size ( Kulmala,
2004; Kulmala, 2013). These clusters can either be electrically charged or neutral. According to
Merikanto et al. 2010, 40 to 70% of cloud condensation nuclei are formed from nucleated particles.
Since theses newly formed particles are just 1 to 3nm big, it is challenging for many instruments
to detect them. The neutral air ion spectrometer (NAIS) is able to detect charged clusters but
can’t detect neutral particles of that size. The particle size magnifier (PSM) can detect these small
particles also in neutral conditions and in very small concentrations (Vanhanen 2011).

METHODS

In the cloud chamber in CERN (Conseil Européen pour la Recherche Nucléaire) experiments are
being conducted under controlled atmospheric conditions to better understand the NPF mecha-
nisms and aerosol-cloud interactions. The CLOUD (Cosmics Leaving OUtdoor Droplets) project
uses a 26m3 stainless steel chamber which is surrounded by analysing equipment, that continuously
extract samples from within the chamber. It is also the first experiment to reach the ultralow con-
tamination levels necessary to qualitatively analyse aerosol nucleation and growth under precisely
controlled conditions. Since 2006, when the CLOUD experiments started, 12 series of nucleation
experiments have been performed at CERN. These experiments have brought valuable knowledge
and important new findings.
The University of Helsinki provides Particle Size Magnifiers to study the NPF and the subsequent
growth in the CLOUD chamber. The PSM is an aerosol pre-conditioner that grows aerosol parti-
cles as small as 1 nm to a size which can be detected by a CPC. Inside the saturator clean air is
heated and exposed to diethylene glycol, which vaporises to the flow. Afterwards the flow is led
to the cooled mixing part where it is turbulently mixed with the aerosol flow. Due to the cooling
the diethylene glycol reaches supersaturation and starts to condense on the particles. After the
mixing part, the sample flow is led through a cooled growth tube, where the condensing diethylene
glycol causes the particles to grow. The particles are now big enough to be detected by the CPC
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(Vanhanen 2011).
The PSM is the only instrument that can detect neutral concentrations of sub 3nm particles in the
CLOUD chamber. Therefore, its data is important for the calculation of the formation rates and
needs to be analysed carefully. During the CLOUD campaigns, new particle formation from dif-
ferent precursor vapours was studied under marine, biogenic and anthropogenic conditions. Since
the PSM cut-off diameter is dependent on the chemical composition of the particles, the correct
cut-off diameter needs to be found for every chemical system (Kangasluoma 2014). This was done
by using the neutral air ion spectrometer (NAIS), which can measure the charged clusters and is
not dependent on chemical composition. This data will be systematically analysed to determine
the cut-off diameter for different chemical compounds, like sulphuric acid, iodic acid and organic
particles. Additionally, laboratory experiments are conducted to verify the findings.

Figure 1: The PSM cut-off was compared to the NAIS cutoff for different chemical systems. On the
left an example for an inorganic run with iodine and on the right an organic run with alphapinene
and isoprene is shown.

CONCLUSIONS

The preliminary results show, that in the pure inorganic systems, the PSM agrees with the NAIS,
whereas in the organic systems, the PSM classifies the particles as smaller as they are. Therefore a
cut-off shift of +0.3nm is needed for pure organic systems to adjust the size. systems with organic
and inorganic mixtures were also analysed and a cut-off shift of +0.15nm was determined.
Due to dedicated data analysis of past CLOUD campaigns, the cut-off diameter for pure organic
samples as well as mixtures of organic and inorganic samples will be determined, which can be used
for chamber experiments as well as for field studies.
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INTRODUCTION

The characterization of the structure of non-stationary, noisy fluctuations in a time series, e.g.,
the time series of the velocity components or temperature in turbulent flows, is a problem of
central importance in fluid dynamics, nonequilibrium statistical mechanics, atmospheric physics
and climate science. Over the past few decades, a variety of statistical techniques, like detrended
fluctuation analysis (DFA), have been used to reveal intricate, multiscaling properties of such time
series. We present an analysis of velocity and temperature time series, which have been obtained
by measurements over the canopy of Hyytiälä Forest in Finland.

In our study we use (a) DFA, (b) multifractal detrended fluctuation analysis (MFDFA) (Kantelhardt
et al., 2002), a generalization of DFA, and (c) the recently developed multiscale multifractal analysis
(MMA) (Gieraltowski et al., 2012; Zeng et al., 2016), which is an extension of MFDFA. These
methods allow us to characterize the rich hierarchy or multifractality of the dynamics of the time
series of the velocity components and the temperature. In particular, we can clearly distinguish
these time series from white noise and the signals that display simple, monofractal, scaling with
a single exponent (also called the Hurst exponent). It is useful to recall that monofractal scaling
is predicted for fluid turbulence at the level of the Kolmogorov’s phenomenological approach of
1941 (K41); experiments and direct numerical simulations suggest that three-dimensional (3D)
fluid turbulence must be characterised by a hierarchy of exponents for it is truly multifractal.

MEASUREMENTS

The wind-speed and the air temperature time series have been measured in the atmospheric surface
layer above Hyytiälä forest, in Southern Finland, at the SMEAR II station (61◦51’ N, 24◦17’ E),
which is 181m above the mean sea level. This is a boreal coniferous forest that has Scots pine
trees, with an average height of 17m. The measurements, which we present here, have been carried
out with three-dimensional (3D) sonic anemometers at heights of 23.3m and 33m with sampling
frequencies of 10Hz. Our MFDFA and MMA studies have been carried for 30-minute traces that
have been obtained in the summers of 2015 and 2016.
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Figure 1: MFDFA results for the Hurst exponents h(q) the singularity spectra f(α) for the temperature
and all three components of the velocity for the measurements at heights of 23.3 m (top panel) and 33 m
(bottom panel)

METHODS

Multifractal Detrended Fluctuation Analysis (MFDFA):

In the MFDFA (Kantelhardt et al., 2002), the time series is partitioned into intervals of length s
and the averaged order-q fluctuation function Fq(s) is calculated (we refer the reader to Ref. (Kan-
telhardt et al., 2002) for the exact formula for Fq(s)). The scaling exponent of Fq(s) is h(q); this is
the q-dependent Hurst exponent that measures the degree of multifractality. The singularity spec-
trum f(α) is the Legendre transform of the classical multifractal scaling exponent τ(q) ≡ qh(q)−1,
i.e., f(α) = qα− τ(q), where α = τ ′(q).

Multiscale Multifractal Analysis (MMA):

The multiscale multifractal analysis (MMA) consists of calculating the local scaling of Fq(s) to
obtain the local Hurst exponent, h(q, s). For a stationary monofractal time series, this does not
contain any extra information. But when Fq(s) shows a scale-dependent differential scaling, which
is often the case, it contains a much richer structure as it reflects the behaviour of fluctuations of
all amplitudes. We obtain the local Hurst exponent hq(s) and study it especially in the small-,
medium-, and large-s ranges 16 . s . 50, 150 . s . 200, and 500 . s.

We have built on the routines outlined in Ref. (Ihlen et al., 2012) for our MFDFA and MMA.
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Figure 2: Hurst surface h(q, s) at z = 23.3m

RESULTS

Illustrative plots of our MFDFA results for the Hurst exponents h(q) the singularity spectra f(α) for
the temperature and all three components of the velocity are given in Fig. 1 for the measurements
at heights of 23.3 m (top panel) and 33 m (bottom panel). The widths of the f(α) multifractal
spectra is a clear measure of this multifractality; the difference between these spectra, for different
components of the velocity, characterises the anisotropy of this flow. By comparing the plots in the
top and bottom panels, we see that the multifractality decreases with an increase in the height, at
which we measure the velocity and temperature fields.

In Figs. 2 and 3 we show, respectively, for the measurements at heights of 23.3m and 33m, plots
of h(q, s) versus q and s. We see that h(q, s) decreases as q and s increase; a section through these
plots, with a fixed value of s, yield plots that are similar to those of h(q) in Fig. 1.

CONCLUSIONS

We present an analysis of multifractality of velocity and temperature fields that have been measured,
at different heights, over the canopy of Hyytiälä Forest in Finland. In particular, we carry out a
detailed study of velocity and temperature time series by using MFDFA and MMA. Results from
both these methods are consistent, as they must be; but, of course, the MMA results contain
more information because they account for the dependence of the multifractality in the scale s. A
detailed examination of our results will be published elsewhere.
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Figure 3: Hurst surface h(q, s) for z = 33m
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INTRODUCTION

Embolism formation and its potential run away spreading through the plant vascular system has received a
lot of attention in the recent years, as it appears central to the observed drought-induced mortality of trees.
However, the tree ability to recover from such embolism has received less attention. In particular,  the tree
ability to refill embolsim causes by drought or freezing stress is under debate in the last recent years. This

debate has been fuelled by the discovery that some earlier method used to assess tree embolsim and
refilling ability were prones to artefact (e.g., Wheeler et al. 2013). And if or when refilling happens, the

mechanisms allowing it remains unknow despite several hypothesis (Nardini et al. 2011).

However, our recent studies have nonetheless shown that silver birch (Betula pendula) might be able to
refill (Salmon et al. 2018), and hypothesised that it might be related to its abilty to pressurised sap in the

spring prior to budbusrt (Hölttä et al. 2018). These earlier studies let to two hypothesis about the
mechanisms involved in the refilling process: 1) the phloem in the living bark plays a role in initiating the

refilling; 2) the refilling process is an activate process involving energy cost for the tree, which are
supplied by the stored starch and non-structural carbohydrates. 

We conducted an experiment to test these two hypothesis and further explore the mechanims underlying
birch refilling ability.

METHODS

Branches of silver birch were sampled at the greenhouse of the university of Helsinki, Viikki campus. The
sampled branches were longer than70cm and without divisions. The sample was let to bench dry until

fully embolsied and not conductive., with a water potential (Ψ) lower than -3 MPa (Choat et al. 2012)) lower than -3 MPa (Choat et al. 2012) as
controlled by water potential measurement of a 10 cm subsample with a pressure chamber. The samples

were divided in two subsamples of more than 30cm length to avoid open vessels artefacts. One subsample
was peeled of its bark, phloem and cambium and wrap with PTFE tap to limit evaporation and avoid

leakage during the refilling experiment.

For each subsample, hydraulic recovery was induced with a small hydraulic positive pressure  provided by
a water column attached to the upper end of the branches held vertically on a stand. The amount of water

flowing through each subsample was recoreded with balances to measured the restauration of the
hydraulic conductivity.

After each measurments, a 5 to 10cm piece was cut from the subsamples and used to measured non-
structural carbohydrates and starch concentrations. The cut piece was frozen in liquid nitrogen to stop
enzymatic activity, dried and ground to powder and stored until analyses.The procedure continue with
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shorten sub-samples until the branches stopped being able to refill or became too short for futher
measurments (I.e after a maximum of three refilling attempts).

We also measured the osmolality of the first drop of sap coming out of the refilling branches to assess
whether refilling might have happen by loading sugars in the xylem to osmotically draw water from

surrounding cells.

CONCLUSIONS

Figure 1: Amount of water conducted through a branch of silver birch as a function of time since the 
branches was put in contact with water per successive runs of embolism and refilling (1, 2 and 3) for sub-
samples with the living bark intact (“bark”, red) or with the living bark removed (“no bark”, blue).

The preliminary results show the presence of living bark originally allows the studied branches to restore
conductivity faster than the branches on which living bark at been removed (Fig. 1, panel 1). The refilling
ability of branches with living bark clearly decline with the number of refilling events (compare runs 1, 2

and 3), eventually becoming smaller than that of the branches without bark.

The osmolality of the sap after refilling is not sufficient to explain the refilling through sugar loadings in
the embolised xylem.

On-going measurments of non-strucutral carbohydrates and starch are expected to shed furhter light on the
potential mechansisms underlying this differences between treatments as well as improve our

understanding of the  mechansisms underlying silver birch refilling ability.

589



ACKNOWLEDGEMENTS

Funding from Academy of Finland: Academy professors project of Timo Vesala (#312571).

REFERENCES

Choat B., Jansen S., Brodribb T.J., Cochard H., Delzon S., Bhaskar R., Bucci S.J.,  Field T.S., Gleason 
S.M., Hacke U.G. et al. (2012). Global convergence in the  vulnerability of forests to drought. 
Nature 491: 752–756

Hölttä, T., Dominguez, M., Salmon, Y., Aalto, J., Vanhatalo, A., Bäck, J. and A. Lintunen (2018). Water
relations in silver birch during springtime. How is sap pressurized? Plant Biology, 20: 834-847.

Nardini, A., Lo Gullo, M.A., and Salleo, S. (2011). Refilling embolized xylem conduits: Is it a matter of 
phloem unloading? Plant Sciences. 180, 604-611.

Salmon, Y., Lintunen, A.,  Lindfors, L. Suhonen, H., Sevanto, S., Vesala, T. and T. Hölttä (2018). Silver 
birch ability to refill fully embolised xylem conduits under tension. Acta Horticulturae, 1222, 67-
73.

Wheeler JK, Huggett BA, Tofte AN, Rockwell FE, Holbrook NM (2013) Cutting xylem under tension or 
supersaturated with gas can generate PLC and the appearance of rapid recovery from embolism. 
Plant Cell and Environment, 36, 1938-1949

590



PARTICIPATORY CLIMATE COMMUNICATION PLATFORM: SERVICE FOR CITIZENS 
AND RESEARCHERS 

M.A. SANTALA1, R. MAKKONEN2,1 

1Institute for Atmospheric and Earth System Research, University of Helsinki, Finland.  
2Finnish Meteorological Institute, Helsinki, Finland.  

 

Keywords:  CLIMATE COMMUNICATION, CLIMATE EDUCATION, CITIZEN SCIENCE, SOCIAL 
MEDIA. 

INTRODUCTION 

Media coverage of climate change is higher than ever in Finland (Nikkanen, 2017), however the public 
confidence in climate science is lacking (Harmanen and Mervaala, 2017; Hallamaa, 2018; Ilmastobarometri, 
2019; Cook et al., 2013), and the voice of scientists is drowning in public debate (Lehtonen and Cantell, 
2015). This Master's thesis (Santala, 2019) is a case study that provides an approach to promote climate 
science and communication by social media. Interaction supports phenomenon-based learning (Lehtonen ja 
Cantell, 2015), providing interdisciplinary and user-friendly climate change information that is easily 
applicable to everyday life. Dialogue enables meeting the citizens needs and motives, which increases the 
impact of communication (Jylhä, 2016; Sturgis and Allum, 2004; Wilcox, 2012). In particular, personal 
face-to-face interaction enhances participants' commitment, sense of belonging and stability of results 
(Broockman and Kalla, 2016; Cook and Overpeck, 2018; Pina et al., 2017). 

METHODS 

The study provides information on why interactive climate communication and citizen science have good 
potential to promote climate science and increase the public trust in it. The thesis demonstrates by use cases 
and communication and education theories, how the social media based approach increases understanding 
of climate system and climate change, as well as climate science and its research methods. The focus of the 
study is the interactive climate communication platform (Kysyilmastosta.fi) involving citizens and 
researchers, and enabling direct and reciprocal online communication between them. In addition to the web 
service, the package also includes citizen science workshops where citizens participate in the design and 
planning of research projects.  

Online communication principle for the web service is that citizens ask climate related questions and 
researchers answer to them. The web service and its materials are open to all, so the web site can serve as a 
data bank for citizens, while researchers can find new research questions from there. The material consisting 
of citizens’ questions also serves research and development of climate education. Students attending climate 
change courses (e.g. Climate.now) post questions on the web service, and those questions will be used for 
mapping students’ expectations, development points of the course and the impact of climate education. 

DISCUSSION 

The web service provides researchers an easy channel to present their research and make their voice heard 
in the public debate. In current network society, presence in social media and public debate are crucial for 
influencing public perceptions (Castells, 2010). By listening to citizens, researchers are able produce 
information that benefits the society (Juholin, 2006). This social media based approach supports 
intersectoral collaboration that is required for climate research as well as climate change mitigation and 
adaptation (Hilden et al., 2016). The whole service package is scalable to international level and therefore 
has the potential to promote international cooperation as well. 
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INTRODUCTION

In new particle formation molecular clusters form from atmospheric vapours by condensation and/or
chemical reactions, thus, the presence of suitable low-volatility vapours is crucial for new particle formation.
In favourable conditions the clusters can grow into larger particle sizes and act as cloud condensation nuclei.
New measurement techniques have enabled the on-site measurements for low-volatility compounds but due
to the expenses and high maintenance of the measurements, despite their importance these low-volatile
compounds have not been comprehensively measured.

Atmospheric Pressure interface Time of Flight Mass Spectrometry (APi-TOF-MS) is a versatile tool to study
atmospheric ions (Junninen et al. 2010) and, when coupled with chemical ionization, also vapours (Jokinen
et al. 2012). A selective ionization method is needed to separate the compounds of interest from the complex
gas mixture and the selectivity of the chemical ionization method can be altered by using different reagent
ions. Often it is not possible to measure all the compounds of interest with only one reagent ion chemistry
which means that there is a need for measuring with multiple ion chemistries simultaneously, but having
several mass spectrometers at a same measurement site may not be feasible due to their high expense. We
have developed a new chemical ionization inlet which enables fast switching between several reagent ion
chemistries and also allows the measurement of ambient ions without contaminating the inlet with reagent
vapours.

METHODS

We have measured ambient ion and low-volatility vapour concentrations using Multi-scheme chemical
IONization Inlet (MION, Rissanen et al. 2019) combined with APi-TOF-MS at SMEAR II station (Station
for Measuring Ecosystem-Atmosphere Relations, Hyytiälä, southern Finland) starting from November
2018. In these measurements we have used a measurement cycle with two reagent ions: nitrate and bromide.
In addition we have measured the ambient ions and done regular zero measurements. The measurement
cycle consist of 8 minutes chemical ionization with nitrate ion, 8 minutes chemical ionization with bromide
ion followed by 10 minutes of ambient ion measurements and 4 minutes zero measurements. Ion filter was
used during the chemical ionization modes to ensure measurements of only neutral vapours and molecular
clusters. The reagent ion signals during the measurement cycle are shown in Figure 1.
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Figure 1. The reagent ion signals during two measurement cycles. We can see that the switching from one
mode to another happens very fast and no memory effect from previous mode can be seen.

RESULTS

The new inlet has functioned well in continuous measurements without any sign of reagent (HNO3 or
CH2Br2) contamination in other modes. Examples of mass spectra of different modes can be seen in Figure
2.

Figure 2. Examples of the mass spectrum of each mode measured at SMEAR II station.
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Ambient ion mode is highest in sensitivity and we can detect charged molecular clusters with it. The zero
mode shows that the observed ions are not formed in the inlet. With Br-CIMS we can detect HO2 radical,
sulphuric acid and least oxidized organic compounds while with NO3-CIMS we can detect sulphuric acid,
iodic acid, methane sulfonic acid and highest oxidized organic compounds.

We have long term measurements with another NO3-CI-APi-TOF using inlet that is described by Eisele and
Tanner (1993) at SMEAR II station at 35 m altitude. We have compared MION NO3-mode results with
those and found good agreement (example of sulphuric acid concentrations is shown in figure 3.). The
MION measurement are done at ground level so some variation in concentrations is due to the altitude
difference.

Figure 3. Comparison on sulphuric acid concentrations measured with Eisele-inlet at 35 m altitude and
MION inlet at ground level (March –July 2019).

CONCLUSIONS AND OUTLOOK

We have measured ions, vapours and molecular clusters with MION-inlet in Boreal forest for 11 months.
We have compared the results with another NO3-CI-APi-TOF at the site and found good agreement with
the concentrations. The instruments are measuring at different altitudes and some intercomparison with them
at same altitude would be needed to understand the variation in concentration levels. More data analysis is
needed to identify the organic compounds measured with Br-mode.

ACKNOWLEDGEMENTS

All the researchers contributing to the Hyytiälä long term measurements and Hyytiälä personnel are
acknowledged for their help in conducting the measurements. We thank the tofTools team for providing
tools for mass spectrometry data analysis. This work was supported by the Centre of Excellence program of
the Academy of Finland (project 272041) and the Advanced Grant program of the European Research
Council (project 227463).

596



REFERENCES

Eisele F. and Tanner D. (1993) Measurement of the gas phase concentration of H2SO4 and methane sulfonic
acid and estimates of H2SO4 production and loss in the atmosphere, J. Geophys Rev.98, 9001-9010.

Jokinen, T., Sipilä, M., Junninen, H., Ehn, M., Lönn, G., Hakala, J., Petäjä, T., Mauldin, R. L., Kulmala, M.
and Worsnop, D. R. (2012) Atmospheric sulphuric acid and neutral cluster measurements using CI-APi-
TOF, Atmos. Chem. Phys., 12, 4117–4125.

Junninen, H., Ehn, M., Petäjä, T., Luosujärvi, L., Kotiaho, T., Kostiainen, R., Rohner, U., Gonin, M., Fuhrer,
K., Kulmala, M. and Worsnop, D. R. (2010) A high-resolution mass spectrometer to measure
atmospheric ion composition Atmos. Meas. Tech., 3,1039–1053.

Rissanen, M. P., Mikkilä, J. Iyer, S. and Hakala, J. (2019) Multi-scheme chemical ionization inlet (MION)
for fast switching of reagent ion chemistry in atm,ospheric pressure chemical ionization mass
spectrometry (CIMS) applications, Atmos. Meas. Tech. Discuss., in review.

597



VOC FLUXES FROM A BOREAL FOREST MEASURED BY VOCUS PTR-TOF:  

A FIRST LOOK 

 

S. SCHALLHART1, H. LI2, P. A. RANTALA2, F. BIANCHI2, M. EHN2, H. HELLÉN1 

1Finnish Meteorological Institute, P.O. Box 503, 00101 Helsinki, Finland 

2Institute for Atmospheric and Earth System Research INAR / Physics, Faculty of Science, University of 

Helsinki, Finland. 

Keywords:   VOCs, VOCUS PTR-TOF, EDDY COVARIANCE, FLUXE, SMEAR II, 

SESQUITERPENES. 

INTRODUCTION 

Volatile organic compounds (VOCs) play important roles in the biosphere and the atmosphere. Plants use 

them to communicate or as remedy for various kinds of stress. Released to the atmosphere, these VOCs are 

major participants in atmospheric chemistry and are important for the air quality as well as for aerosol 

formation and climate. Measuring VOCs can be very challenging, as their number is estimated to be well 

over 106 different molecules (Goldstein and Galbally, 2016), which can be present in very low 

concentrations. This is caused partly by their reactivity, where one emitted compound can lead to a cascade 

of oxidation products, which all have their respective properties (e.g. life-time, volatility, ozone formation 

potential). To understand atmospheric chemistry, it is crucial to know the exchange between the biosphere 

and the atmosphere. 

The SMEAR II station in Hyytiälä, Finland, has a long history of VOC emission and flux measurements. 

The first flux measurements were conducted in 1998 (Rinne et al., 2000), using the gradient method and 

offline samples, which were analysed in the laboratory. This method uses two simultaneous measurements 

of VOCs with a vertical displacement, which need to be analysed exactly the same way, so that there is no 

difference in treatment of the samples. However, for this method empirical transfer coefficients need to be 

calculated. Other emission measurements in Hyytiälä used branch chambers (e.g. Tarvainen et al., 2005; 

Hakola et al., 2006). This method has low instrumental requirements, as the measured concentrations are 

quite high and the analyser can be slow. It excels in finding emission mechanisms of a branch, however, 

enclosing a branch can disturb it and alter the emissions. Also, it is unclear how representative one branch 

is when upscaling the emissions to forest scale (Acton et al., 2017). Another way to measure direct fluxes, 

i.e. without empirical coefficients, is eddy covariance (EC). The method is used to calculate ecosystem 

exchange using high frequency measurements. This is very challenging for the instruments, as whole VOC 

spectra must be measured with 10 Hz time resolution. In Schallhart et al. (2018) EC VOC fluxes were 

measured using a Proton Transfer Reaction-Time Of Flight (PTR-TOF 8000; Ionicon Analytik GmbH) mass 

spectrometer. Overall, the exchange of 25 different VOCs was measured, but especially compounds with 

higher masses, like sesquiterpenes, which were measured in branch chambers, could not be seen. The used 

instrument seemed not sensitive enough, and the wall losses in the setup too high. 

METHODS 

We will present the first results of EC flux measurements using a VOCUS PTR-TOF (Tofwerk AG; 

Krechmer et al., 2018). Compared to the PTR-TOF 8000 in Schallhart et al. (2018) the sensitivity should be 

approximately 100 times higher. Also the mass resolution (
∆𝑚

𝑚
) is three times higher in the VOCUS, which 

makes the identification of multiple peaks easier. To reduce the losses in the inlet system, the instrument 

was lifted to a container mounted atop of a tower, which allowed to shorten the inlet tubing drastically (Fig. 
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1). Also all inlet flows were increased, to shorten the time the air has to interact with the walls inside the 

inlet tubing. Overall, the inlet in Schallhart et al. (2018) was 20 m long pumped with 20 L min-1, while the 

new setup has a 3 m inlet, flushed with over 200 L min-1. The measurements were done during a 2 week 

window and are used as proof of concept for the campaign next year.  

Figure 1. 3D-anemometer with part of the 3 m inlet tube. In the background the main source of the 

emissions (forest) can be seen. 

In summer 2020, we plan to have VOC fluxes (VOCUS PTR), speciated VOC concentrations (GC-MS) and 

OH reactivity (Comparative Reactivity Method; Sinha et al., 2008) measured next to each other, to 

investigate the sesquiterpene fluxes and their influence to the OH reactivity.  

CONCLUSIONS 

At the moment the data is still being processed, which is challenging, as the VOCUS PTR records over 

45 GB of data per day. Therefore the fitting of the VOC spectra to get time series of the individual 

compounds is very time intensive. The VOC spectra look very promising, as clear peaks of sesquiterpenes 

can be seen in the 30 min averaged spectra (Fig. 2) and the first flux results will be soon available. 

Figure 2. Mass spectrum from the 30.09.2019 at 12:00 (30 min averaged) showing the protonated 

sesquiterpene peak at 205.195 Th and its isotope at 206.198 Th. 
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INTRODUCTION

Atmospheric carbon dioxide is the raw material of photosynthesis. The pathway of a carbon dioxide
molecule from ambient air to a glucose molecule is most commonly divided into three subprocesses: 1)
the flux of CO2 into the leaf intercellular airspaces through stomata, 2) the flux of CO2 from intercellular
airspaces to chloroplasts and 3) the conversion of CO2 to glucose in Calvin cycle. There are two stable
isotopes of carbon in atmosphere, more abundant 12C with a small share of 13C. All these three processes
discriminate against the heavier 13C, i.e. the ratio 13C / 12C decreases during the pathway. The final ratio of
13C and 12C in sugars depends on environmental conditions and tree characteristics.

Stomatal resistance, which controls the first subprocess, has been widely studied. Mesophyll resistance that
controls the rate of the CO2 flux from intercellular airspaces into the chloroplasts was for a long time
considered negligible and oppositely, its inverse, mesophyll conductance (gm), was considered infinite. This
is, however, not the case: mesophyll resistance may strongly limit carbon flux to chloroplasts (Ogée et al.
2018) and it is denoted as one of the most important missing factors from terrestrial biosphere models
(Rogers et al. 2017). Mesophyll conductance cannot be directly measured. However, if we know the rate of
stomatal diffusion of carbon as well as the assimilation rate and furthermore, we know the discrimination
rates related to all three fluxes, we can infer gm from the isotopic ratio of assimilates.

From leaves, part of the photosynthates is transported to other tree organs. Thus, the isotopic composition
of the carbon (δ13C) in e.g. phloem theoretically reflects the isotopic composition of newly photosynthesized
sugars of the whole canopy with a time delay (Ubierna & Marshall 2011). Therefore, phloem δ13C coupled
with sapflow data can further be used for estimating photosynthesis.

We formulated a dynamic model that describes the photosynthesis of 12C and 13C, taking into account
isotopic fractionation related to stomatal conductance (gs), gm and Rubisco activity as well as mitochondrial
respiration and photorespiration. Thereafter the model describes the transportation of the photosynthesized
sugars down the phloem. For describing gm, we formulated seven equations based on factors known to affect
the flow rate of carbon inside the leaves. We used gas exchange measurements conducted in Rosinedal
experimental forest in northern Sweden in 2017 to parameterize the model and used concurrent carbon
isotope measurements from nine days to compare modelled gm with measurement based gm. Our specific
aims were:

1. To see the effect of our different gm descriptions on the δ13C of photosynthates and
furthermore to compare the predicted gm with measurement driven gm estimates.
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2. To study the within day and within summer variation of the δ13C of photosynthates and its
responses to variations in weather conditions.

3. To predict δ13C measured from phloem extracts with environmental data during summer
2018

METHODS

Half-hourly values of air temperature, PAR radiation, relative humidity and ambient CO2 concentration
were measured during years 2017 and 2018 in the Rodinedalsheden experimental site. The site is a 100 year
old Scots pine forest located in northern Sweden. CO2 and H2O exchange of one year old shoots was
continuously measured with shoot cuvettes during growing season 2017. Furthermore, δ13C of net
photosynthesis was calculated for nine sunny days during the summer 2017. In addition, we took phloem
samples from three trees during growing season 2018 with 2-4 week intervals and analyzed the δ13C of the
phloem extracts (for further information, see Stangl et al. 2019).

To study our hypotheses, we formulated a dynamic model. The state variables of the model are carbon in
leaf intercellular airspaces (Ci,l), carbon in chloroplasts (Cc,l) and carbon in needle sugar pool (Cs,l), (mol m-

2(leaf)) (Fig. 1). The rates of the changes of the state variables (mol m-2 s-1), are defined with CO2

concentrations or concentration differences in the pools and commonly used environmental responses of
photosynthesis rate, stomatal conductance and respiration.

Fig 1. Model structure

Mesophyll conductance is described with seven different equation options (Table 1)

Table 1 mesophyll conductance (mol m-2 s-1) equations.

Equation Affecting factors

Option 1* ( ) = +
( )

( ) − ∗ ( ) Photosynthesis rate, Cc, water availability

Option 2* ( ) = +
( )

( )− ∗( )
Photosynthesis rate, Cc
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Option 3+
( ) = + ( ) Temperature, light environment

Option 4+
( ) = + ( ) ( ) Temperature, light environment, water availability

Option 5*+
( ) = +

( )
( )− ∗( ) ( ) Photosynthesis rate, Cc, temperature

Option 6 = , Constant gm

Option 7 = , Constant gm

 is the residual mesophyll conductance, a2 is a parameter, A12 is photosynthesis rate (mol m-2 s-1), Cc is
the is mesophyll conductance at 25 °C, rW, rT and rI are the effects of water, temperature and light
environment (unitless), respectively (eqs x, x and x). The value of rI varies over canopy layers but is
constant over time. ,  is constant with value derived from the measurements by Stangl et al. (2019). ,

is higher constant approximately leading to =
*Based on Dewar et al. (2017)
+Based on Sun et al. (2014)

After photosynthesis, the model describes the mixing of the photosynthesized sugars with the sugar pool in
needles. From leaves, sugars are transported with a constant rate to stem and roots via phloem where they
get mixed with the existing phloem sugar pool.

The model was parameterized with net photosynthesis and gs measurements in 2017. We analysed the
importance of the non-steady-state structure of the model compared with the commonly used steady-state
assumption. Furthermore, we analysed the sensitivity of the model results to certain respiration related
parameters.

RESULTS

Different gm descriptions (Table 1) resulted in different kinds of daily patterns of mesophyll conductance
(Fig 2a) and furthermore in different δ13C of the new photosynthates (Fig 2b). The degree of differences
depended on the weather conditions. The relationship between net photosynthesis and gm / gs was very
different with different gm options (Fig 2c). The form of the modelled relationship resembled that found in
measurements of Stangl et al. (2019) with gm options 1 and 2 whereas the other options led to an opposite
form.

The daily pattern of the modelled δ13C of the new photosynthates resembled that of measured except for
early morning and late evening (Fig 2d).

The model was able to reproduce the strong drought effect in the isotopic composition of phloem sugars
detected during summer 2018 (Fig. 3).

The modelled δ13C level was sensitive to used discrimination parameters of mitochondrial and
photorespiration. However, the day to day variations in sugar δ13C values were similar with different
parameter combinations. The non-steady-state-structure seemed to be important at low flux conditions, i.e.
in the morning and evening.
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Figure 2. A) Mesophyll conductance during seven days with different descriptions, B) Resulting daily
photosynthesis weighted δ13C of photosynthates, C) Relationship between net photosynthesis and gm/gs. D)

Daily pattern of half-hourly δ13C of photosynthates.
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Figure 3. Measured and modelled isotopic composition of phloem soluble sugars from breast height
during summer 2018.

CONCLUSIONS

The in-depth understanding of gm and how it varies daily or seasonally requires knowledge about how
environmental factors affect it. As measuring gm is difficult, especially under field conditions, model
inspection provides us with a mean to study different hypotheses related to factors affecting gm. We found
that the options that related gm to photosynthesis rate and CO2 concentration in chloroplasts produced
patterns that most closely resembled measured ones. There were significant daily variations in the modelled
δ13C of sugars caused by varying weather conditions. Furthermore, we succeeded in predicting the seasonal
variation in phloem δ13C in 2018 based on measured weather input data.
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INTRODUCTION 

Ambient concentrations of airborne particulate matter (PM) have been shown in many studies to be large 

factor in increasing the cardiorespiratory mortality and morbidity (Landis, Norris et al. 2001, Pope 1996, 

Schwartz, Dockery et al. 1996). Shipping is a large source of PM emissions and other air quality problems 

including ground-level ozone and Sulphur emission in breathing air while nearly 70 % of all maritime 

emissions are produced within 400 km from coastlines. Problems are mostly located around heavily 

trafficked shipping lanes and harbor areas, but ozone and aerosol precursor emissions can be transported 

even several hundreds of kilometers inland. (Eyring, Isaksen et al. 2010) While shipping emission cause 

many negative health effects, they also have an impact on climate. Sulphur dioxide (SO2) from shipping 

causes cooling effects by particles and altering reflectivity of clouds. This results to emissions produced by 

shipping to strengthen the negative radiative forcing (RF) of clouds. The cooling effect of negative radiative 

forcing outweighs climate warming effects of carbon dioxide (CO2) and other greenhouse gasses produced 

by shipping. As a result, shipping has overall cooling effect on climate. (Eyring, Isaksen et al. 2010, 

Fuglestvedt, Berntsen et al. 2009) 

Shipping emissions have long been mostly unregulated until   2nd November the International Convention 

for the Prevention of Pollution from Ships (MARPOL) was initiated by the International Maritime 

Organization (IMO). The convention was modified in 1978. These regulations aiming to reduce nitrous 

oxides (NOx), Sulphur oxides (SOx) and particulate matter from marine engines. These regulations have 

been effective since May 19th, 2005. Additional restrictions have been presented by some nations and for 

specific delicate areas. For example, Sulphur Emission Control Areas (SECAs) have been set in Baltic Sea, 

the North Sea area, the North American region, and the United States Caribbean Sea areas. In SECA areas 

the fuel Sulphur content is limited to 0,1% in mass from beginning of 2015. (Chu Van, Ramirez et al. 2019)  

Global maximum Sulphur content in fuel has been limited from 4,5% to 3,5% in 2012 and in 2020 or 

alternatively in 2025 the amount Sulphur in marine fuels is going to be restricted to 0.5%. In SECAs the 

limits have been stricter being 1,5% between June 2006 and June 2010, 1.0% between July 2010 and 

December 2014 and 0.1% from beginning of January 2015. (Antturi, Hänninen et al. 2016).  

This work focuses on the effect of Sulphur restrictions implemented in beginning of July 2010 and January 

2015 on marine atmospheric air quality. Restrictions effect on particle size number distributions (NSD) as 

well as total effect on concentrations in the Baltic sea SECA area are discussed. The overall effect of 

shipping emissions to marine atmospheric air quality and comparability of emission measurements made 

from atmospheric air to direct emission measurements are also discussed. I didn’t take part in any of the 

measurements used in this work, but only used the data produced by Finnish Metrological Institute in Utö’s 

air quality measurement site. 

METHODS 
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Measurement data used in this thesis was measured at Utö Atmospheric and Marine research Station located 

on a small island Utö belonging to Finland. Utö is located in the Archipelago Sea in Baltic Sea Utö’s 

coordinates are (59º 46'50N, 21º 22'23E). 

Data processing in this study was based on pieces of MATLAB code made earlier by other personnel at 

Finnish Meteorological Institute for other projects. For producing end results these codes needed 

modification. Differential Mobility Particle Sizer (DMPS) data together with, weather and Automatic 

Identification System (AIS) data were analysed.  

AIS data was used for estimating shipping routes around Utö and evaluating types of ships passing by the 

island. Shipping routes around Utö in 400 km2 area are presented in following figure. 

 

Figure 1. Large vessels with International Maritime Organization (IMO) numbers during time period of 2007-2016 

are marked with white dots. Black lines are used for identifying harbor sector, red lines for identifying nearby shipping 

lines sector and blue lines for identifying distant shipping lines sector. Sector limits are the angle limits for wind during 

the plume in order to classify the plume to be from the current sector. 

It can be seen from the figure that there is a busy shipping line on the western side of the island 

approximately 1-2 km from the coastline and there is almost no shipping activity on western side of island. 

Sectors marked in figure were chosen so that they would resemble plumes coming from different distances. 

DMPS data was used for identifying plumes arriving to measurement station from different wind directions. 

Ship plumes were found from the measurement data as in article Kivekäs, Massling et al. (2014). the used 

criteria for identifying plumes was that the peak particle number concentration (Ne) had to be at least 500 

#/cm3 above or peak to background ratio (RNe) 1,5 times the current background concentration. The 
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background concentration was defined as a 25th percentile values of sliding window of width of 40 

consecutive measurements. Total number of valid plumes found using this method in time the period of 

11.1.2007-31.12.2016 was 42322. Found plumes were divided into three categories: harbor, nearby shipping 

lane and distant shipping lanes sectors according to their arrival wind directions. For the plumes their 

number size distributions (NSD) were calculated and their total effect on atmospheric particle number 

concentrations were evaluated. These properties were analysed separately for each sector and plume 

restriction period 

In the following figure, the average particle number size distributions (NSD) of plumes arriving from distant 

shipping lanes sector as well as their geometric standard deviations are presented. The NSDs have been 

normalized to total concentrations of 1000 #/cm3. 

 

Figure 2. Average normalized particle number size distributions (NSD) and their geometric standard deviations during 

different sulphur restriction periods from distant shipping lanes sector. 

The implementation of first sulphur content restriction in marine fuels from 1.50% to 1.00% has almost no 

effect on NSD or peak diameter. The second larger restriction from 1.00% to 0.10% in fuel sulphur content 

has a clear effect on the NSD sifting the of peak size from 48nm to 42 nm, also increasing the relative 

number of particles smaller than 35 nm in diameter and decreasing relative number of particles in size range 

35-150nm.  

 

 

 

608



 

In next figure the yearly contributions of plumes to total particle number concentrations have been presented. 

Also average contributions during different sulphur restriction periods and restriction changes have been 

marked to figure. 

 

Figure 3. Contributions of plumes to total particle concentrations. Blue bars are yearly contributions and orange lines 

are the averages for different sulphur restriction periods. Black vertical line is the first sulphur restriction in beginning 

of July 2010 and the red vertical line is the second sulphur restriction in beginning of January 2015. 

Plume contributions to total particle number concentrations have dropped after each of the sulphur 

restrictions indicating the effectiveness of lowering sulphur content in marine fuels. Similar values for plume 

contributions to total particle concentrations in areas near shipping lanes have earlier been reported by  

Kivekäs, Massling et al. (2014). 

CONCLUSIONS 

Marine fuel sulphur content restrictions have had a clear effect on particle emissions of ships. Reduced 

amount of sulphur content in fuel especially after the sulphur content restriction from 1.00% to 0.10% has 

led to lowered average particle size of plumes as well as total concentrations during plumes.  

ACKNOWLEDGEMENTS 

Academy of Finland Center of Excellence program (project number 272041), European Union’s Horizon 

2020 research and innovation programmes under grant agreement No 654109 (ACTRIS-2), No 814893 

(SCIPPER). 

 

609



 

REFERENCES 

Antturi, J., Hänninen, O., Jalkanen, J., Johansson, L., Prank, M., Sofiev, M. and Ollikainen M., 2016. 

Costs and benefits of low-sulphur fuel standard for Baltic Sea shipping. Journal of Environmental 

Management, 184(Pt 2), pp. 431-440. 

Chu Van, T., Ramirez, J., Rainey, T., Ristovski, Z. and Brown, R.J., 2019. Global impacts of recent IMO 

regulations on marine fuel oil refining processes and ship emissions. Transportation Research Part 

D, 70, pp. 123-134. 

Eyring, V., Isaksen, I.S.A., Berntsen, T., Collins, W.J., Corbett, J.J., Endresen, O., Grainger, R.G., 

Moldanova, J., Schlager, H. and Stevenson, D.S., 2010. Transport impacts on atmosphere and 

climate: Shipping. Atmospheric Environment, 44(37), pp. 4735-4771. 

Fuglestvedt, J., Berntsen, T., Eyring, V., Isaksen, I., Lee, D.S. and Sausen, R., 2009. Shipping Emissions: 

From Cooling to Warming of Climate—and Reducing Impacts on Health. Environmental science 

& technology, 43(24), pp. 9057-9062. 

Kivekäs, N., Massling, A., Grythe, H., Lange, R., Rusnak, V., Carreno, S., Skov, H., Swietlicki, E., 

Nguyen, Q.T., Glasius, M. and Kristensson, A., 2014. Contribution of ship traffic to aerosol 

particle concentrations downwind of a major shipping lane. Atmospheric Chemistry and Physics, 

14(16), pp. 8255-8267. 

Landis, M.S., Norris, G.A., Williams, R.W. and Weinstein, J.P., 2001. Personal exposures to PM 2.5 mass 

and trace elements in Baltimore, MD, USA. Atmospheric Environment, 35(36), pp. 6511-6524. 

Pope, C.A., 1996. Adverse health effects of air pollutants in a nonsmoking population. Toxicology, 

111(1), pp. 149-155. 

Schwartz J., Dockery, D.W. and Neas, L.M., 1996. Is daily mortality associated specifically with fine 

particles? Journal of the Air & Waste Management Association (1995), 46(10), pp. 927. 

 

 

  

610



Identification of molecular cluster evaporation rates, enthalpies and entropies by
Monte Carlo method

A. Shcherbacheva1, T. Balehowsky2, T. Olenius3, T. Helin4, J. Kubečka1, M. Laine5, H.
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INTRODUCTION

Recent advances in instrumentation have enabled detection and quantification of ionic clusters
containing between one and some tens of molecules which are formed in the gas phase from precursor
vapours with ppt-level concentrations. Although individual cluster concentrations can be measured
by modern instruments, the individual rates of molecular-scale processes have not been directly
measured. Simulations for cluster populations which incorporate collision and evaporation rates
of the clusters (such as Becker-Döring models) have been shown to provide some quantitative
agreement with experimental data.

However, different quantum chemistry methods give considerably discrepant values for the evapora-
tion rates, leading to ambiguity for the true evaporation rates of the clusters. In this paper we treat
the rates as unknown parameters and explore the following problem: given the measured cluster
concentrations, determine the evaporation rates that reproduce the data with sufficient degree of
accuracy, assuming that the collision probabilities are known.

We address the problem via Bayesian parameter estimation using a Markov chain Monte Carlo
(MCMC) algorithm. In particular, we create synthetic cluster concentration data for a set of
neutral sulphuric acid and ammonia clusters. We use two different procedures to determine the
evaporation rates. First, evaporation rates are treated as constants which we aim to determine from
time-dependent cluster concentrations measured before the system has attained a steady state. We
are able to identify a subset of the rates with this information. Second, the evaporation rates are
represented as functions of temperature, depending on cluster formation enthalpies and entropies
which in this case are the free parameters. This enables us to use multiple data sets at different
temperatures. It also reduces the number of unknown parameters, as multiple evaporation rates
depend on the same cluster formation enthalpy and entropy parameters. In this setting, we success-
fully identified the thermodynamic parameters from steady-state cluster concentrations measured at
two different temperatures under varying concentrations of sulphuric acid and ammonia monomers.
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METHODS

1 SIMULATION METHODS

The kinetics of cluster formation is described by Becker-Döring equations (see (Hingant and
Yvinec(2017)), (?)), which model cluster birth and death which arises from collisions of the smaller
clusters into larger ones and evaporations from the bigger clusters into smaller ones. Precisely,
labelling the clusters by i ∈ {1, 2, . . . , N}, the time derivative of the ith cluster concentration Ci is
governed by

dCi
dt = 1

2

∑
j<i

βi,(i−j)CiC(i−j) +
∑
j
γi+j→i,jCi+j −

∑
j
βi,jCiCj − 1

2

∑
j<i

γi→j,i−jCi +Qi − Si, (1)

where βi,j is the collision coefficient of clusters i with j, and γi+j→i,j is the evaporation coefficient
of cluster i + j into clusters i and j. The loss term Si represents losses of different types, (see
(?), (?)), and Qi stands for external sources.

We now specify the quantity and type of sources and sinks included in our studies. We assume that
the concentration of ammonia monomers is constant, while sulphuric acid monomers are supplied
to the system at a constant rate comprising 6.3×104 cm−3s−1. This settings are selected to imitate
the conditions inside of the CLOUD chamber, (see (Kirkby et al.(2011)), (Kürten et al.(2015))).
Further, we include wall losses arising from clusters sticking on the walls of the experimental
chamber (see (Kürten et al.(2015))). These wall losses are parametrized by the size of the cluster

Swall,i = 10−12/(2ri + 0.3× 10−9) s−1, (2)

where ri is the mass radius of the cluster (in cm). From Equation 11, wall loss rates decease with
cluster size; in practise it also varies with respect to cluster position in the chamber and time. We
neglect any uncertainties attributed to the wall losses. However, we do account for dilution losses,
with size-independent value comprising Si = 9.6× 10−5s−1, which had previously been determined
in the CLOUD chamber, (see (Kirkby et al.(2011)), (Kürten et al.(2015))).

Let T denote the temperature of the system of molecular clusters. Using classical kinetic gas theory,
the collision rates βi,j in Equation 10 obey

βi,j =
√
T

(
3

4π

)1/6 [
6kB

(
1

mi
+

1

mj

)]1/2 (
V

1/3
i + V

1/3
j

)2
, (3)

where mi and Vi are respectively the mass and volume of cluster i, and kB is Boltzmann’s constant.
Further we assume that the masses and volumes are temperature-independent.

The cluster evaporation rates γi+j→i,j in Equation 10 are given by the expression

γi+j→i,j = βi,j
Pref

kBT
exp

(
∆Gi+j −∆Gi −∆Gj

kBT

)
, (4)

where Pref is the reference pressure and ∆Gi is the Gibbs free energy of formation for cluster i.
We may further describe the ith Gibbs free energy in terms of the cluster formation enthalpy ∆Hi

and entropy ∆Si:
∆Gi = ∆Hi − T∆Si. (5)

1.1 Generation of synthetic data

For demonstration purposes, we consider a system of neutral sulphuric acid and ammonia clusters.
In this case, the coefficients (such as cluster recombination coefficient, ionization rates, etc.) specif-
ically associated with charged clusters and their interactions are unnecessary, and so in the neutral

612



case we isolate the problem of determining the evaporation rate coefficients. Below we summarize
in Table 5 the 16 cluster types included in our study. To save computational time, we consider
only the stable clusters which are detected via mass spectrometric measurements, as they do not
evaporate before entering the ToF 1, (see (Kirkby et al.(2011)), (Schobesberger et al.(2015)), (Elm
and Kristensen(2017)), (Yu et al.(2018))). Further, we address varying concentrations of ammonia
monomers and the constant source of sulphuric acid monomer, summarized in the Table 6.

Synthetic concentration data for such neutral clusters were generated by the following method.

The evaporation rate coefficients computed in (Olenius et al.(2013b)), the associated collision rates
as determined by Equations 12-13, the wall losses calculated by Equation 11, and dilution losses
of (Si = 9.6× 10−5s−1), are substituted in to the ACDC ACDC algorithm (McGrath et al.(2012)),
which computes the first-order non-linear, ordinary differential system of cluster concentrations as
given by 10. Similarly to the earlier paper (Kupiainen-Määttä(2016)), we then integrate the system
produced by ACDC using the Fortran ordinary differential equation solver VODE ((N. Brown
et al.(1989))). A detailed description of this program was published in (McGrath et al.(2012)). We
note that unlike in (Kupiainen-Määttä(2016)), the system is considered at various temperatures in
this paper.

Two data sets were generated. First, time evolution of the concentrations Ci(t) is computed for
time values less than the time at which the system has attained the steady state. The maximum
time we run is 60 minutes in the above model configurations. In this case, it is assumed that the
concentrations for all the clusters are measured under constant temperature with time resolution
comprising 1.5 minutes, which comprises overall 41 transient concentration measurements for each
of the cluster types i.

Secondly, we solve for time-independent steady-state concentrations for all the cluster types for two
temperatures comprising 278 K and 292 K. In both data configurations, the steady-state cluster
concentrations are calculated as the average of the concentrations determined for time instances
t1 := 50 min and t2 := 60. The measure of how close the system has reached to the steady state
is monitored by a convergence parameter, which is the ratio of the concentrations at times t2 and
t1, taken in each case for the cluster for which this ratio deviated most from unity, (Kupiainen-
Määttä(2016)).

In both data settings, the simulation outputs are amended with the measurement errors sampled
from a multivariate, non-correlated, Gaussian distribution, where the variance of the distribution
depends on cluster type i, temperature T and time instance t. While a simplification of noise
characteristics of the real data obtained from a mass or ion spectrometer, we impose that the
standard deviation of the noise comprises 0.001% of the original concentration.

Note that apart from generation of synthetic data, we apply the ACDC as a kinematic model of
cluster population in the MCMC simulations. The ACDC outputs are compared to the synthetic
measurements and explained in Section 2.2.

1.2 Markov chain Monte-Carlo simulations

The evaporation rate coefficients γi+j→i,j appearing in the ACDC simulation of 10 are treated
as unknown parameters. Our purpose is to determine all the parameter sets that reproduce the
synthetic data within their noise level (which is known). We do this using Markov Chain Monte
Carlo (MCMC) sampling.

The MCMC approach computes a posterior probability density function of the parameters as point-
wise likelihood approximations across the parameter space. The algorithm samples the candidate

1Time-of-flight mass spectrometer
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Table 1: Neutral molecular clusters included into model system. The first column indicates the
number of sulphuric acid molecules, the second column stands for the number of ammonia in the
cluster.

Number of H2SO4 molecules Number of NH3 molecules

0 1
1 0-1
2 0-2
3 1-3
4 2-5
5 3-5

Table 2: Monomer concentrations used in simulations

[H2SO4] monomers (in cm−3) [NH3] monomers (in ppt)

1e + 7 35
5e + 7 61.875
1e + 8 88.75
- 115.625
- 142.5
- 169.375
- 196.25
- 223.125
- 250
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Table 3: Domain limitations for two data settings under consideration imposed to exclude non-
physical parameters in parameter identification procedure.

Data settings Estimated parameters Minimal value Maximal value

Data setting 1 Base 10 logarithms of -12 12
evaporation rates

Data setting 2 Cluster formation -400 0
enthalpies and entropies

Table 4: Additional domain limitations for the data setting 2 from Table 7 (identification of cluster
formation enthalpies and entropies), where the cluster formation enthalpy of the i-th cluster is
denoted by ∆Hi and the symbols A and N stand for ammonia and sulphuric acid, respectively.

∆H2A > ∆H2A1N ∆H3A2N > ∆H4A2N

∆H1A1N > ∆H2A1N ∆H4A2N > ∆H4A3N

∆H2A1N > ∆H3A1N ∆H4A3N > ∆H4A4N

∆H2A2N > ∆H3A2N ∆H4A4N > ∆H5A5N

∆H3A1N > ∆H3A2N ∆H4A4N > ∆H4A5N

parameter points from a predefined proposal distribution, and then either accept or reject it, ac-
cording to how closely the output model fits the data. The fundamental technique is the Metropolis
algorithm (Metropolis et al.(1953)). The sets of parameters which produce cluster concentrations
within the allotted noise level of the data are kept in the sampled distribution. Finally, the approx-
imation of the posterior distribution is constructed from the retained parameter sets. We remark
that to create a reliable sample from the underlying parameter distribution, many different param-
eter combinations must be tested; that is, the length of the MCMC chain must be large enough (
(Haario et al.(1999)), (Haario et al.(2001))). In both our studies, the MCMC chain length typically
comprised 3 million samples. The MCMC acceptance probabilities (defined below) in each of the
cases were about 88.0%, which a typical level of acceptance since the “forward” ACDC model (in
which the rate coefficients are known) is deterministic.

In this paper we employ a variant of the Metropolis algorithm which is more efficient at parameter
sampling when the parameter space is large (Haario et al.(2006)). This variant is called the Delayed
Rejection Adaptive Metropolis (DRAM), introduced in (Haario et al.(2006)). We briefly explain
our approach below.

First, an initial prior distribution for the parameter values θ (represented in array form) is chosen
and set to be the proposed “true” distribution from which possible parameters are sampled. In our
case, we chose the flat prior, but impose some domain restrictions for sampling from this prior to
exclude unphysical parameters (see Tables 7-8).

We emphasize that there are currently no theoretical principles or experimental results which in-
dicate possible restrictions for even the order of magnitude of the evaporation rates. However, we
assume that the evaporation rates with orders of magnitude less than 10−10cm−3 are irrelevant in
practise, since such an evaporation event is highly improbable, and it is very likely that instead
the cluster will grow further by collisions. Similarly, when the evaporation rate is of the order of
magnitude more than 10+10cm−3, it is reasonable to expect that the cluster will most certainly
evaporate before it has a chance to grow further. With these assumptions, the prior distribution
of the evaporation rates spans over several orders of magnitude, and the base 10 logarithm of
evaporation rates was sampled from the range of -12 to 12.
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Figure 1: Schematic representation of the study methods.

Further, observe that the sampled parameters of the posterior distribution represent the model
evaluations which produce values within the noise level of 0.001% of the data concentrations for
each of the respective cluster types.

An outline of the above procedure is illustrated in Figure 2 below.

We next explicitly describe what Cexp and θ (which give the acceptance probability in the expression
?? represent in the two study cases.

In the first study, the free parameters θ represent the evaporation rates. The data Cexp is either
the time-independent steady-state or transient cluster concentrations measured at temperature 278
K.

In the second study, we use Equations 13 and 14 to express the evaporation rates as functions of
thermodynamic data, parametrized by temperature:

γi+j→i,j = f(T, {∆Hk,∆Sk}k∈{i+j,i,j}). (6)

In 15, we set T = 278 K or T = 292 K. We emphasize that the rates γi+j→i,j now depend on
temperature and six parameters: the cluster formation enthalpy ∆Hi+j and entropy ∆Si+j of the
evaporating cluster i + j, and the formation enthalpies ∆Hi,∆Hj and entropies ∆Si,∆Sj of the
clusters i and j respectively. In this setting θ represents the array of quantities ∆Hi+j , ∆Si+j ,
∆Hi, ∆Hj , ∆Si, ∆Sj with i+ j ∈ {1, 2, . . . , 16}.
At either temperature T = 278 K or T = 292 K, the smaller clusters for certain combinations of
ammonia and sulphuric acid may arise from the evaporation of several larger clusters. This implies
that several of the pairs ∆Hi,∆Si appear in expression 15 for the evaporation rates of different
cluster types. Additionally, the Gibbs formation free energies of monomers are fixed to be zero, and
their associated enthalpies and entropies do not vary in our simulations. This imposes additional
constraints on possible parameter values. One can calculate that of the 39 evaporations that are
are involved in the dynamics of the neutral cluster system under consideration, only 28 distinct
entropy and enthalpy rates appear. Consequently, in this case the number of free parameters has
been reduced from 39 to 28. This information is summarized in Table 7. Moreover, from this table
one can see that the entropy and enthalpy values lie within two orders of magnitude. This feature
of the entropies and enthalpies has the effect of reducing the stiffness of the differential system 10
(computed via ACDC) which allows for easier integration via VODE.

For the setting above, the data Cexp are the time-independent steady-state cluster concentrations
measured at temperature 278 K or 292 K.
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1.2.1 Likelihood, data and cost function

The likelihood of observing the data Cexp given the parameter values θ is

p(Cexp|θ) =
1

(2π)nout/2
exp(−1

2
SSsum(θ)), (7)

where nout is the number of measurements and SSsum(θ) is the cost function. We elucidate the cost
function below. In our first study in which simulations are conducted with time-dependent data,
the number of measurements is nout = 27 ∗ (Nc ∗Nt + 1), where Nc = 16 is the number of cluster
types whose concentrations are measured and Nt = 41 is the number of time-step measurements
available for each of the cluster types. As explained in Section 2.1, after each VODE integration,
a convergence coefficient is computed from the steady-state cluster concentrations to ensure that
the system has attained the steady-state.

In our first study, the parameter fit to the data was evaluated by the sum of squared residuals of
the model outputs Cmod and the measurements, Cexp. Since concentrations of molecular clusters
span a large range (from 10−5 to 109 particles per cm3), the sum of squared residuals, (or cost
function) normalizes the residuals by the measurement error variance. In this manner, we avoid
fitting mainly the high values of the concentration. Precisely,

SSsum =

Nc∑

i=1

Nt∑

j=1

(Cexp,i(tj)− Cmod,i(tj))
2

σ2ji
. (8)

Note that the standard deviation σji is matched separately for each cluster type and every time
instance. Here we assume that the instrument is capable of detecting all the cluster types repre-
sented in the system at arbitrary small levels of concentration. This simplification was considered
in order to illustrate the proposed approach.

When parameter estimation is conducted with steady-state cluster concentrations (as is considered
in our second study), we use the following cost function:

SSsum =

Nc∑

i=1

NT∑

j=1

(Cexp,i(Tj)− Cmod,i(Tj))
2

σ2ji
. (9)

Now NT denotes the number of steady state configurations at different temperatures (not times!)
and Tj stands for the measured temperature. In this study, the number of measurements for the
likelihood given by Equation 16 is nout = 4 ∗ (Nc ∗NT + 1) (again Nc = 16 cluster types).

2 RESULTS

2.1 Identification of the evaporation rate coefficients from steady-state and
transient data

First, we generate synthetic steady-state data by the method in Section 3.1, for varying initial
ammonia monomer concentrations, previously summarized in Table 6; the sulphuric acid monomer
is supplied to the system at a constant rate comprising 6.3335 × 104 at the temperature T = 278
K. As an output, we obtain the concentrations for all cluster types considered (listed earlier in
Table 5), measured when the system has attained the steady-state. A graphical representation of
the data set is given below in Figure 3.
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2.2 Estimating enthalpies and entropies from steady-state concentration mea-
surements

In this section we describe another method for regularizing our problem of estimating evaporation
rates from steady-state concentration data. We will determine the cluster formation enthalpies
and entropies from two sets of synthetic, steady-state cluster concentrations, now measured at two
temperatures: 278 and 292 K. This data set is plotted in Figures 3 and ??.

We also write the evaporation rate parameters as functions of the cluster formation enthalpies and
entropies, parametrized by the temperature (either 278K or 292 K). By re-expresssing our unknown
evaporation parameters in this way, the number of free parameters in our problem reduces from
39 to 28, as many evaporation rates are determined by the same sets of thermodynamic data.The
cluster formation enthalpy and entropy are our new free parameters, which now take values within
same order of magnitude of 102 (kcal mol−1 and cal K−1 mol−1 for cluster formation enthalpy
and entropy, respectively). We will demonstrate that these changes plus the extended data set
transforms our parameter identification problem from an ill-posed problem to a well-posed one.
We use synthetic steady-state cluster concentrations generated for two temperatures to recover the
thermodynamic parameters. This is done to improve the identification by using the temperature
dependence of the Gibbs free energies (and the evaporation rates).

From our MCMC simulations, we see that the formation enthalpies and entropies of the molecular
clusters exhibit strong correlations; these correlations are captured in Figures ??, ??-??. Strong
correlations are observed between formation enthalpies (enthalpies) of the clusters containing same
number of ammonia molecules larger then 2, except the case of

(
H2SO2

)
5

(
NH3

)
5
. Since our

parameters are strongly correlated, we may alternatively consider just cluster formation enthalpies
or the ratios of cluster formation entropies and enthalpies as our free parameters.

Notice that the evaporation rates calculated from a posterior distribution of sampled thermo-
dynamic parameters for the temperature 278 K are close to the baseline values from (Ortega
et al.(2012)) used for generation of the synthetic data and their variances are less than one order
of magnitude, see Figures ??-??.

3 SIMULATION METHODS

The kinetics of cluster formation is described by Becker-Döring equations (see (Hingant and
Yvinec(2017)), (?)), which model cluster birth and death which arises from collisions of the smaller
clusters into larger ones and evaporations from the bigger clusters into smaller ones. Precisely,
labelling the clusters by i ∈ {1, 2, . . . , N}, the time derivative of the ith cluster concentration Ci is
governed by

dCi
dt = 1

2

∑
j<i

βi,(i−j)CiC(i−j) +
∑
j
γi+j→i,jCi+j −

∑
j
βi,jCiCj − 1

2

∑
j<i

γi→j,i−jCi +Qi − Si, (10)

where βi,j is the collision coefficient of clusters i with j, and γi+j→i,j is the evaporation coefficient
of cluster i + j into clusters i and j. The loss term Si represents losses of different types, (see
(?), (?)), and Qi stands for external sources.

We now specify the quantity and type of sources and sinks included in our studies. We assume that
the concentration of ammonia monomers is constant, while sulphuric acid monomers are supplied
to the system at a constant rate comprising 6.3×104 cm−3s−1. This settings are selected to imitate
the conditions inside of the CLOUD chamber, (see (Kirkby et al.(2011)), (Kürten et al.(2015))).
Further, we include wall losses arising from clusters sticking on the walls of the experimental
chamber (see (Kürten et al.(2015))). These wall losses are parametrized by the size of the cluster

Swall,i = 10−12/(2ri + 0.3× 10−9) s−1, (11)
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where ri is the mass radius of the cluster (in cm). From Equation 11, wall loss rates decease with
cluster size; in practise it also varies with respect to cluster position in the chamber and time. We
neglect any uncertainties attributed to the wall losses. However, we do account for dilution losses,
with size-independent value comprising Si = 9.6× 10−5s−1, which had previously been determined
in the CLOUD chamber, (see (Kirkby et al.(2011)), (Kürten et al.(2015))).

Let T denote the temperature of the system of molecular clusters. Using classical kinetic gas theory,
the collision rates βi,j in Equation 10 obey

βi,j =
√
T

(
3

4π

)1/6 [
6kB

(
1

mi
+

1

mj

)]1/2 (
V

1/3
i + V

1/3
j

)2
, (12)

where mi and Vi are respectively the mass and volume of cluster i, and kB is Boltzmann’s constant.
Further we assume that the masses and volumes are temperature-independent.

The cluster evaporation rates γi+j→i,j in Equation 10 are given by the expression

γi+j→i,j = βi,j
Pref

kBT
exp

(
∆Gi+j −∆Gi −∆Gj

kBT

)
, (13)

where Pref is the reference pressure and ∆Gi is the Gibbs free energy of formation for cluster i.
We may further describe the ith Gibbs free energy in terms of the cluster formation enthalpy ∆Hi

and entropy ∆Si:
∆Gi = ∆Hi − T∆Si. (14)

3.1 Generation of synthetic data

For demonstration purposes, we consider a system of neutral sulphuric acid and ammonia clusters.
In this case, the coefficients (such as cluster recombination coefficient, ionization rates, etc.) specif-
ically associated with charged clusters and their interactions are unnecessary, and so in the neutral
case we isolate the problem of determining the evaporation rate coefficients. Below we summarize
in Table 5 the 16 cluster types included in our study. To save computational time, we consider
only the stable clusters which are detected via mass spectrometric measurements, as they do not
evaporate before entering the ToF 2, (see (Kirkby et al.(2011)), (Schobesberger et al.(2015)), (Elm
and Kristensen(2017)), (Yu et al.(2018))). Further, we address varying concentrations of ammonia
monomers and the constant source of sulphuric acid monomer, summarized in the Table 6.

Synthetic concentration data for such neutral clusters were generated by the following method.

The evaporation rate coefficients computed in (Olenius et al.(2013b)), the associated collision rates
as determined by Equations 12-13, the wall losses calculated by Equation 11, and dilution losses
of (Si = 9.6× 10−5s−1), are substituted in to the ACDC ACDC algorithm (McGrath et al.(2012)),
which computes the first-order non-linear, ordinary differential system of cluster concentrations as
given by 10. Similarly to the earlier paper (Kupiainen-Määttä(2016)), we then integrate the system
produced by ACDC using the Fortran ordinary differential equation solver VODE ((N. Brown
et al.(1989))). A detailed description of this program was published in (McGrath et al.(2012)). We
note that unlike in (Kupiainen-Määttä(2016)), the system is considered at various temperatures in
this paper.

Two data sets were generated. First, time evolution of the concentrations Ci(t) is computed for
time values less than the time at which the system has attained the steady state. The maximum
time we run is 60 minutes in the above model configurations. In this case, it is assumed that the

2Time-of-flight mass spectrometer
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Table 5: Neutral molecular clusters included into model system. The first column indicates the
number of sulphuric acid molecules, the second column stands for the number of ammonia in the
cluster.

Number of H2SO4 molecules Number of NH3 molecules

0 1
1 0-1
2 0-2
3 1-3
4 2-5
5 3-5

Table 6: Monomer concentrations used in simulations

[H2SO4] monomers (in cm−3) [NH3] monomers (in ppt)

1e + 7 35
5e + 7 61.875
1e + 8 88.75
- 115.625
- 142.5
- 169.375
- 196.25
- 223.125
- 250

concentrations for all the clusters are measured under constant temperature with time resolution
comprising 1.5 minutes, which comprises overall 41 transient concentration measurements for each
of the cluster types i.

Secondly, we solve for time-independent steady-state concentrations for all the cluster types for two
temperatures comprising 278 K and 292 K. In both data configurations, the steady-state cluster
concentrations are calculated as the average of the concentrations determined for time instances
t1 := 50 min and t2 := 60. The measure of how close the system has reached to the steady state
is monitored by a convergence parameter, which is the ratio of the concentrations at times t2 and
t1, taken in each case for the cluster for which this ratio deviated most from unity, (Kupiainen-
Määttä(2016)).

In both data settings, the simulation outputs are amended with the measurement errors sampled
from a multivariate, non-correlated, Gaussian distribution, where the variance of the distribution
depends on cluster type i, temperature T and time instance t. While a simplification of noise
characteristics of the real data obtained from a mass or ion spectrometer, we impose that the
standard deviation of the noise comprises 0.001% of the original concentration.

Note that apart from generation of synthetic data, we apply the ACDC as a kinematic model of
cluster population in the MCMC simulations. The ACDC outputs are compared to the synthetic
measurements and explained in Section 2.2.
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Table 7: Domain limitations for two data settings under consideration imposed to exclude non-
physical parameters in parameter identification procedure.

Data settings Estimated parameters Minimal value Maximal value

Data setting 1 Base 10 logarithms of -12 12
evaporation rates

Data setting 2 Cluster formation -400 0
enthalpies and entropies

3.2 Markov chain Monte-Carlo simulations

The evaporation rate coefficients γi+j→i,j appearing in the ACDC simulation of 10 are treated
as unknown parameters. Our purpose is to determine all the parameter sets that reproduce the
synthetic data within their noise level (which is known). We do this using Markov Chain Monte
Carlo (MCMC) sampling.

The MCMC approach computes a posterior probability density function of the parameters as point-
wise likelihood approximations across the parameter space. The algorithm samples the candidate
parameter points from a predefined proposal distribution, and then either accept or reject it, ac-
cording to how closely the output model fits the data. The fundamental technique is the Metropolis
algorithm (Metropolis et al.(1953)). The sets of parameters which produce cluster concentrations
within the allotted noise level of the data are kept in the sampled distribution. Finally, the approx-
imation of the posterior distribution is constructed from the retained parameter sets. We remark
that to create a reliable sample from the underlying parameter distribution, many different param-
eter combinations must be tested; that is, the length of the MCMC chain must be large enough (
(Haario et al.(1999)), (Haario et al.(2001))). In both our studies, the MCMC chain length typically
comprised 3 million samples. The MCMC acceptance probabilities (defined below) in each of the
cases were about 88.0%, which a typical level of acceptance since the “forward” ACDC model (in
which the rate coefficients are known) is deterministic.

In this paper we employ a variant of the Metropolis algorithm which is more efficient at parameter
sampling when the parameter space is large (Haario et al.(2006)). This variant is called the Delayed
Rejection Adaptive Metropolis (DRAM), introduced in (Haario et al.(2006)). We briefly explain
our approach below.

First, an initial prior distribution for the parameter values θ (represented in array form) is chosen
and set to be the proposed “true” distribution from which possible parameters are sampled. In our
case, we chose the flat prior, but impose some domain restrictions for sampling from this prior to
exclude unphysical parameters (see Tables 7-8).

We emphasize that there are currently no theoretical principles or experimental results which in-
dicate possible restrictions for even the order of magnitude of the evaporation rates. However, we
assume that the evaporation rates with orders of magnitude less than 10−10cm−3 are irrelevant in
practise, since such an evaporation event is highly improbable, and it is very likely that instead
the cluster will grow further by collisions. Similarly, when the evaporation rate is of the order of
magnitude more than 10+10cm−3, it is reasonable to expect that the cluster will most certainly
evaporate before it has a chance to grow further. With these assumptions, the prior distribution
of the evaporation rates spans over several orders of magnitude, and the base 10 logarithm of
evaporation rates was sampled from the range of -12 to 12.

An outline of the above procedure is illustrated in Figure 2 below.

We next explicitly describe what Cexp and θ (which give the acceptance probability in the expression
?? represent in the two study cases.
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Table 8: Additional domain limitations for the data setting 2 from Table 7 (identification of cluster
formation enthalpies and entropies), where the cluster formation enthalpy of the i-th cluster is
denoted by ∆Hi and the symbols A and N stand for ammonia and sulphuric acid, respectively.

∆H2A > ∆H2A1N ∆H3A2N > ∆H4A2N

∆H1A1N > ∆H2A1N ∆H4A2N > ∆H4A3N

∆H2A1N > ∆H3A1N ∆H4A3N > ∆H4A4N

∆H2A2N > ∆H3A2N ∆H4A4N > ∆H5A5N

∆H3A1N > ∆H3A2N ∆H4A4N > ∆H4A5N

Figure 2: Schematic representation of the study methods.
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In the first study, the free parameters θ represent the evaporation rates. The data Cexp is either
the time-independent steady-state or transient cluster concentrations measured at temperature 278
K.

In the second study, we use Equations 13 and 14 to express the evaporation rates as functions of
thermodynamic data, parametrized by temperature:

γi+j→i,j = f(T, {∆Hk,∆Sk}k∈{i+j,i,j}). (15)

In 15, we set T = 278 K or T = 292 K. We emphasize that the rates γi+j→i,j now depend on
temperature and six parameters: the cluster formation enthalpy ∆Hi+j and entropy ∆Si+j of the
evaporating cluster i + j, and the formation enthalpies ∆Hi,∆Hj and entropies ∆Si,∆Sj of the
clusters i and j respectively. In this setting θ represents the array of quantities ∆Hi+j , ∆Si+j ,
∆Hi, ∆Hj , ∆Si, ∆Sj with i+ j ∈ {1, 2, . . . , 16}.
At either temperature T = 278 K or T = 292 K, the smaller clusters for certain combinations of
ammonia and sulphuric acid may arise from the evaporation of several larger clusters. This implies
that several of the pairs ∆Hi,∆Si appear in expression 15 for the evaporation rates of different
cluster types. Additionally, the Gibbs formation free energies of monomers are fixed to be zero, and
their associated enthalpies and entropies do not vary in our simulations. This imposes additional
constraints on possible parameter values. One can calculate that of the 39 evaporations that are
are involved in the dynamics of the neutral cluster system under consideration, only 28 distinct
entropy and enthalpy rates appear. Consequently, in this case the number of free parameters has
been reduced from 39 to 28. This information is summarized in Table 7. Moreover, from this table
one can see that the entropy and enthalpy values lie within two orders of magnitude. This feature
of the entropies and enthalpies has the effect of reducing the stiffness of the differential system 10
(computed via ACDC) which allows for easier integration via VODE.

For the setting above, the data Cexp are the time-independent steady-state cluster concentrations
measured at temperature 278 K or 292 K.

3.2.1 Likelihood, data and cost function

The likelihood of observing the data Cexp given the parameter values θ is

p(Cexp|θ) =
1

(2π)nout/2
exp(−1

2
SSsum(θ)), (16)

where nout is the number of measurements and SSsum(θ) is the cost function. We elucidate the cost
function below. In our first study in which simulations are conducted with time-dependent data,
the number of measurements is nout = 27 ∗ (Nc ∗Nt + 1), where Nc = 16 is the number of cluster
types whose concentrations are measured and Nt = 41 is the number of time-step measurements
available for each of the cluster types. As explained in Section 2.1, after each VODE integration,
a convergence coefficient is computed from the steady-state cluster concentrations to ensure that
the system has attained the steady-state.

In our first study, the parameter fit to the data was evaluated by the sum of squared residuals of
the model outputs Cmod and the measurements, Cexp. Since concentrations of molecular clusters
span a large range (from 10−5 to 109 particles per cm3), the sum of squared residuals, (or cost
function) normalizes the residuals by the measurement error variance. In this manner, we avoid
fitting mainly the high values of the concentration. Precisely,

SSsum =

Nc∑

i=1

Nt∑

j=1

(Cexp,i(tj)− Cmod,i(tj))
2

σ2ji
. (17)

623



Note that the standard deviation σji is matched separately for each cluster type and every time
instance. Here we assume that the instrument is capable of detecting all the cluster types repre-
sented in the system at arbitrary small levels of concentration. This simplification was considered
in order to illustrate the proposed approach.

When parameter estimation is conducted with steady-state cluster concentrations (as is considered
in our second study), we use the following cost function:

SSsum =

Nc∑

i=1

NT∑

j=1

(Cexp,i(Tj)− Cmod,i(Tj))
2

σ2ji
. (18)

Now NT denotes the number of steady state configurations at different temperatures (not times!)
and Tj stands for the measured temperature. In this study, the number of measurements for the
likelihood given by Equation 16 is nout = 4 ∗ (Nc ∗NT + 1) (again Nc = 16 cluster types).

4 RESULTS

4.1 Identification of the evaporation rate coefficients from steady-state and
transient data

First, we generate synthetic steady-state data by the method in Section 3.1, for varying initial
ammonia monomer concentrations, previously summarized in Table 6; the sulphuric acid monomer
is supplied to the system at a constant rate comprising 6.3335 × 104 at the temperature T = 278
K. As an output, we obtain the concentrations for all cluster types considered (listed earlier in
Table 5), measured when the system has attained the steady-state. A graphical representation of
the data set is given below in Figure 3.

4.2 Estimating enthalpies and entropies from steady-state concentration mea-
surements

In this section we describe another method for regularizing our problem of estimating evaporation
rates from steady-state concentration data. We will determine the cluster formation enthalpies
and entropies from two sets of synthetic, steady-state cluster concentrations, now measured at two
temperatures: 278 and 292 K. This data set is plotted in Figures 3 and ??.

We also write the evaporation rate parameters as functions of the cluster formation enthalpies and
entropies, parametrized by the temperature (either 278K or 292 K). By re-expresssing our unknown
evaporation parameters in this way, the number of free parameters in our problem reduces from
39 to 28, as many evaporation rates are determined by the same sets of thermodynamic data.The
cluster formation enthalpy and entropy are our new free parameters, which now take values within
same order of magnitude of 102 (kcal mol−1 and cal K−1 mol−1 for cluster formation enthalpy
and entropy, respectively). We will demonstrate that these changes plus the extended data set
transforms our parameter identification problem from an ill-posed problem to a well-posed one.
We use synthetic steady-state cluster concentrations generated for two temperatures to recover the
thermodynamic parameters. This is done to improve the identification by using the temperature
dependence of the Gibbs free energies (and the evaporation rates).

For each temperature choice, we use the methods described in Section 2 to obtain synthetic steady-
state cluster concentration data. We summarize this data in Table 6; the data sets are plotted
in Figure 3 for 278 K and ?? for 292 K. Three MCMC runs were conducted to average the bias
attributed to random noise added to the data, as discussed in the previous section. An example of
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Figure 3: Steady-state cluster concentrations for the clusters containing sulphuric acid and a varying number
of ammonia molecules as a function of the number of acid molecules for [NH3] concentrations comprising
(a) 5 ppt, (b) 35 ppt, (c) 100 ppt and (d) 200 ppt at temperature T=278 K. The concentrations have been
amended with multivariate non-correlated Gaussian noise with standard deviation comprising 0.001% of the
original cluster concentration. The source of sulphuric acid monomers is [H2SO4] = 6.3335× 104 s−1 in each
of the simulations.
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Figure 4: Comparison of 95 % confidence intervals (orange box plots) of base 10 logarithms of the
evaporation rates determined from (a)-(b) steady-state and (c)-(d) time-dependent synthetic data
measured at temperature 278 K. In reactions ”A” stands for H2SO4 and ”N” for NH3. Here blue
asterisks denote the baseline values used for creating the synthetic data (borrowed from (Ortega
et al.(2012))).
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one of the sampled chains is illustrated in Figure ??. It can be seen that all the chains are bounded,
with the exception of the formation enthalpy and entropy of the biggest cluster (

(
H2SO2

)
5

(
NH3

)
5
).

Next we consider the one-dimensional marginal posterior distributions of free parameters build
from the stationary parts of the three sampled chains merged together, see Figure ??. It can be
seen that for all the clusters except

(
H2SO2

)
5

(
NH3

)
5

the estimated formation enthalpies vary at
most by 1 kcal mol−1, while the variance for the formation entropies is less than 1 cal K−1 mol−1.
The estimated free parameters together with the baseline quantum chemistry-based values from
(Ortega et al.(2012)) used for generation of the synthetic data are summarized in Table ??.

From our MCMC simulations, we see that the formation enthalpies and entropies of the molecular
clusters exhibit strong correlations Notice that the evaporation rates calculated from a posterior
distribution of sampled thermodynamic parameters for the temperature 278 K are close to the
baseline values from (Ortega et al.(2012)) used for generation of the synthetic data and their
variances are less than one order of magnitude.

CONCLUSIONS

In this paper we studied two proposed computational scenarios for the determination of evaporation
rates of molecular clusters from concentration measurements. We generated several sets of synthetic
data for the purpose of parameter identification.

In the first scenario, we sought to determine the cluster evaporation rates from both steady-state
and time-dependent cluster concentration data. Due to the mathematical stiffness of the ordinary
differential equations describing the time evolution of the cluster concentrations, we were only able
to identify a subset of the free parameters (evaporation rates) from the available data. This stiffness
originates from the vastly different timescales of some of the key evaporation rates.

In the second scenario, we used steady-state concentration data for two different temperatures.
We introduced a reparametrization expressing the evaporation rates in terms of cluster formation
enthalpies and entropies, and temperature. This reduced the number of parameters we sought
to identify. It also lessened the stiffness of the system, as the cluster formation enthalpies and
entropies for our system have comparable orders of magnitude. We demonstrated that steady-
state concentration data at two different temperatures could be used to determine all the unknown
formation enthalpies and entropies, and thus the evaporation rates, to within acceptable accuracy.

The approach presented here can also be applied to infer evaporation rates from mass spectromet-
ric measurements of molecular cluster concentrations. This naturally requires accounting for the
process of charging neutral clusters, with its associated uncertainties. A clear conclusion of our
proof-of-concept study is that steady-state data at different temperatures is more useful for de-
termining evaporation rates than time-dependent data at a single temperature. Determining very
low (below 10−5 s−1) evaporation rates may also require additional measurements at low vapor
concentrations, which naturally require longer timescales to reach a steady state.
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INTRODUCTION 

Dimethyl sulphide (DMS) produced by organisms from oceans is the main natural source of the 

sulphur to Earth’s atmosphere. The production of sulphate from the oxidation of dimethyl sulphide 

(DMS) was proposed as precursor for sulphur-containing aerosols in the marine condition1. In the 

gas-phase, the initial oxidation process starts from OH addition and OH abstraction, accompanying 

with the reaction of the HO2, RO2, NO, and isomerization, the final production leads to sulphuric 

acid (H2SO4), methanesulfonic acid (MSA: CH3SO3H), dimethyl sulfoxide (DMSO: CH3S(O)CH3) 

and so on2. Out of all final products, MSA and especially SA play role in the new particle formation 

and growth. CLOUD chamber and flow tube experiments were conducted to measure the yields of 

MSA and SA from the oxidation of DMS, since it is not easy to perform field measurement where 

the sole source of SO2 is the atmospheric oxidation of DMS. Once we know the effect of NOx, 

temperature and OH radicals to the yields of MSA and SA from the oxidation of DMS, we can 

explain more for the oxidation process and polish the MCM (Master Chemical Mechanisms) model 

3. 

METHODS 

CLOUD chamber is the cleanest chamber in the world, where we can simulate the atmosphere 

conditions with high precicion. In the CLOUD chamber, the gases are mixed well and the reaction 

time is long enough for the atmospherically relevant oxidation process. The inner diameter of the 

flow tube is 222 mm and length is 3500 mm and the reaction time around 5 minutes. Therefore, 

flow tube experiment can provide us more information about initial steps of oxidation process. 
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CONCLUSIONS 

We first focused on the effect of NOx in SA and MSA yields. Based on the results from the 

CLOUD chamber, the ratio of MSA and SA changed with changing concentration of NOx, although 

the effect was small. The flow tube experiment (Figure 1b) indicate that the increase of NOx will 

promote more SA, which imply the relationship between the NOx concentration and SA yield. 

Besides, temperature diplodocus (keep all the gases constant, only change temperature) also suggest 

that the importance of isomerization in the initial step of the oxidation process. 

 

                                   a                                                                 b 

Figure 1 The effect of the NOx on the yield of MSA and SA (a: CLOUD chamber experiment, there 

are three conditions with different concentration of NOx, O3 and DMS b: flow tube results, in these 

experiments the concentration of NOx is the only changed parameter)  
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INTRODUCTION 

Today’s largest environmental threat is air pollution. According to WHO approximately 3 million deaths 

were caused by exposure to outdoor air pollution in 2012 (WHO, 2016). Air pollution affects human health 

by increasing both morbidity and mortality cases all around the world. The premature deaths triggered by 

air pollution are most often related to stroke, lung cancer, heart disease, chronic obstructive pulmonary 

disease and children’s acute respiratory infections.  

Air quality index (AQI) describes air quality situation at a specific time and place. It usually takes into 

account several air pollutants including particulate matter and different gases. AQI is calculated for each of 
these pollutants separately based on limit values (Hewings, 2001). The air pollutant with the highest index 

value determines the actual AQI. The pollutants included in the AQI and the limit values vary between 

countries. In Finland AQI consists of particulate matter (PM2.5 and PM10), ozone (O3), carbon monoxide 

(CO), nitrogen dioxide (NO2) and sulphur dioxide (SO2) (HSY, 2017). 

This study aims to evaluate the development of air quality in Helsinki, Finland during the last 23 years. We 

investigate the variations of several air pollutants and AQI at different monitoring stations. Our aim is to 

evaluate how the parameters contributing to air quality have changed during the last 23 years and compare 

the changes between different monitoring stations.  

DATA COLLECTION AND METHODS 

The measurement data is collected from seven monitoring stations around Helsinki metropolitan area 

between years 1996 and 2018. Helsinki metropolitan includes the cities of Helsinki, Espoo, Vantaa and 

Kauniainen. The monitoring stations are operated by Helsinki region Environmental Services Authority. 

The measurement periods and measured variables vary between the stations. Different types of 

environments are covered by the monitoring sites including busy traffic sites, areas with active wood 

burning, background and urban background stations.   

Time series and statistical analysis were conducted for each pollutant separately. We calculated hourly, 
daily, monthly and yearly averaged concentrations and compared them to Finnish national guideline limits 

and guidelines given by World Health Organisation (WHO).  
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Air quality index was evaluated in a similar manner at each monitoring stations as the individual parameters. 

Based on the hourly and monthly averaged values we investigated who the contribution to AQI by air 

pollutants vary by hour of the day and seasons. The comparison of AQI at the different monitoring stations 

can be tricky since the measured parameters may vary between stations.  

 

PRELIMINARY RESULTS 

Table 1 shows the yearly averaged PM2.5 mass concentration at the seven monitoring sites. Based on the 

slopes the yearly mean values seem to be decreasing at all of the monitoring sites as the slopes vary between 

-0.327 and -0.136. The red values in table indicate the years when the guideline limit of 10 µg/m3 set by 

WHO was exceeded. In Kallio, Mannerheimintie and Vallila monitoring stations yearly mean has exceeded 

the WHO guideline multiple times. All of these stations are located in a proximity of busy road. The number 

of years when the WHO limit value is exceeded has decreased at all of the stations.  

Table 1 Yearly averaged PM2.5 mass concentration [µg/m3] at the different monitoring stations. Two last 

rows represent the slope and 95 % confidence interval for the yearly averaged values. The values in red 

exceed the WHO guideline limit [10 µg/m3] for the yearly mean. The horizontal line indicates that there is 

no data available for the specific year.  

       

  Kallio Leppävaara Luukki Mäkelänkatu Mannerheimintie Tikkurila Vallila Vartiokylä 

1996  -  -  -  -  -  - -  - 

1997  -  -  -  -  -  - 11.154  - 

1998  -  -  -  -  -  - 12.519  - 

1999 11.645  -  -  -  -  - 13.226  - 

2000 9.154  -  -  -  -  - 9.866  - 

2001 9.406  -  -  -  -  - 10.569  - 

2002 10.182  -  -  -  -  - 11.640  - 

2003 10.549  - -  -  -  - 11.351  - 

2004 9.246  - 9.340  - -  -  -  - 

2005 10.346  - 11.175  - 12.126  -  -  - 

2006 10.285  - 8.542  - 11.125  -  -  - 

2007 9.040  - 5.405  - 9.789  -  -  - 

2008 8.618 - 7.388  - 9.561   - - 

2009 8.267 7.678 7.287  - 9.999 7.854  - 7.364 

2010 9.021 8.778 8.790  - 11.231 9.350  - 8.105 

2011 7.805 8.902 7.902  - 10.197 8.033  - 7.416 

2012 7.499 7.842 7.260  - 8.806 7.123  - 6.597 

2013 7.050 7.244 6.604  - 8.736 7.154  - 6.897 

2014 8.189 8.068 7.641 - 10.187 8.424  - 9.772 

2015 5.658 6.150 6.266 8.102 6.922 5.855  - 7.046 

2016 6.100 6.236 5.837 8.485 7.432 7.133  - 5.919 

2017 5.159 5.586 4.669 6.234 6.311 5.814  - 5.556 

2018 6.805 7.064 5.939 7.840 8.409 7.403  - 7.219 

Slope -0.261 -0.275 -0.268 -0.304 -0.327 -0.217 -0.136 -0.136 

95 % CI  0.064  0.173 0.146 0.995 0.135 0.201 0.453 0.256 
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Figure 1 represents the hourly averaged AQI at Kallio monitoring station. The black line represents 

official AQI and the coloured lines AQI calculated for the individual air pollutants. Carbon monoxide 

which is included in the Finnish AQI is not measured in Kallio. Based on the Figure air quality is typically 

good in Kallio throughout the day. The highest AQI values are attributed to ozone. The AQI calculated for 

ozone varies between 32 and 41 with lowest values measured during morning peak. PM2.5, PM10 and NO2 

show the opposite pattern as they peak during the morning rush hour. The contribution of SO2 to AQI is 

very small during all hours the day. 

 

Figure 1 Hourly averaged air quality index at the Kallio monitoring site. The black line represents the 

actual AQI. The lines with different colours represent the AQI calculated for the individual air pollutants 

(PM2.5, PM10, O3, SO2 and NO2) based on the Finnish national limit values.  The colours on the back 

represent the index classes. Green is good (below 50), yellow is satisfactory (50-75) and orange is 

moderate (75-100). 
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INTRODUCTION

Extra-tropical cyclones (also referred to as mid-latitude cyclones) are a fundamental part of the
atmospheric circulation in the mid-latitudes as they are responsible for a major amount of the
poleward transport of heat, moisture and momentum. Extra-tropical cyclones are the source of most
of the day-to-day weather variability in the mid-latitudes and climatologically they are responsible
for over 70% of precipitation in the mid-latitudes (Hawcroft et al., 2012). Intense extra-tropical
cyclones can cause heavy rain or snow which can result in floods and travel disruption. Furthermore,
extra-tropical cyclones can be associated with strong winds which can fell trees, down power lines
and damage other infrastructure. Most insured losses over Europe are related to winter storm
events such as extra-tropical cyclones. Thus, it is important to know how the weather associated
with these systems will change in the future as the climate warms. The aim of this study is to
quantify how the structure of extra-tropical cyclones, in particular precipitation, will change with
warming.

METHOD

We adopt an idealising modelling approach as it is anticipated that results from these highly
controlled simulations will be easier to understand and explain than results from complex, fully
coupled climate model simulations. We use OpenIFS, a state-of-the-art global numerical prediction
model, and configure this model as an aqua-planet. Thus in the simulations the Earth’s surface is
an uniform ocean surface. The sea surface temperatures (SSTs) are fixed in time and are specified
to be uniform in the zonal direction. In the meridional direction, the SSTs have a maximum value
of 27◦C at the equator and decrease to 0◦C at 60◦N following the QObs function of (Neale and
Hoskins, 2000). The aqua-planet configurations has a diurnal cycle but no seasonal cycle; perpetual
Spring equinox conditions are prescribed.

We perform two experiments: a control experiment (CNTL) and a warm experiment in which the
SSTs are uniformly warmed by 4K (SST4). Both experiments are run for a total of 11 years. The
first year is discarded to ensure that the model has spun up into a balanced state. Both aquaplanet
simulations are run at T159 resolution (approximate grid spacing of 1.125 degrees / 125 km) and
with 60 model levels.

In both numerical experiments, extra-tropical cyclones are tracked using an objective cyclone iden-
tification and tracking algorithm, TRACK (Hodges, 1994; Hodges, 1995). Extra-tropical cyclones
are identified as localised maxima in the 850-hPa relative vorticity truncated to T42 spectral reso-
lution based on 6 hourly output from OpenIFS. The tracks are filtered to remove any that are short
lived (less than 48 hours), are stationary (do not move at least 1000 km) or are tropical cyclones
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(remain south of 20◦N). From these cyclone tracks we obtain information of the genesis and lysis
latitudes, the maximum vorticity and track duration. We then use the cyclone tracks as the basis
for creating cyclone composites of the strongest (in terms of the 850-hPa relative vorticity) 200
extra-tropical cyclones in both the CNTL and SST4 experiment. Cyclone composites essentially
show the average or typical structure of a pre-selected subgroup of extra-tropical cyclones. This
means that results are much more generic compared to results obtained from case studies which
examine much fewer cyclones.

CONCLUSIONS

A total of 3581 extra-tropical cyclones are identified in the CNTL simulation whereas in the SST4
simulation there are 3462 – a decrease of 3.3% which is not statistically significant. The median
maximum vorticity of extra-tropical cyclones in CNTL is 5.94 × 10 −5 s−1 which is slightly larger
than that found in the SST4 experiment (5.75 × 10 −5 s−1). A two-sided student t-test shows that
these mean values are not statistically significantly different and a Wilcoxon rank sum test shows
that the median maximum intensities between the CNTL and SST4 are not statistically significantly
different. In contrast, a one tailed F-test applied to the maximum vorticity distributions shows
that the maximum vorticity distribution in the SST4 experiment has a larger variance than in the
CNTL experiment. Thus, the average intensity of extra-tropical cyclones does not change with
warming but there are more stronger, and more weak cyclones in the SST4 experiment than in
CNTL.

The median genesis and lysis regions are found to move poleward with warming, which is associated
with a poleward shift of the eddy-driven jet (not shown). The median genesis region moves 2 degrees
polewards from 44.2◦N to 46.2◦N and the median lysis region moves poleward by 1.9 degrees from
51.4◦N to 53.3◦N. These changes are found to be statistically significant at the 95% confidence level
in a two-sided student t-test.

Cyclone composites of mean sea level pressure, total column water vapour, relative vorticity, 900–
700-hPa layer averaged potential vorticity, total, large-scale and convective precipitation and ver-
tical velocity were created at different offset times relative to the time of maximum vorticity (t =
0 h). Composites of the total, large-scale and convective precipitation in the CNTL valid at -48,
-24 and 0 hours are shown in Figure 1 as contours and the change due to warming (SST4 - CNTL)
is shown by the shading. Large-scale stratiform precipitation is calculated from the cloud scheme
whereas the convective precipitation is produced by the convection scheme.

In the CNTL experiment, at all offset times, the maximum in the total precipitation occurs down-
stream and poleward of the cyclone centre. At t =-48 h, the total precipitation has the largest
values in the warm sector of the cyclone and near the warm front (Fig. 1a). Twenty-four hours
later, at t =-24 h, (Fig. 1d) the total precipitation in the CNTL simulation has a more distinct
comma shape, covers a larger area, extends south of the cyclone centre along the cold front and
is slightly heavier than at t =-48 h. At the time of maximum intensity, t =0 h, the total pre-
cipitation has rotated cyclonically around the cyclone centre (Fig. 1g) and the maximum values
have decreased compared to during the intensification stage. The effect of warming on the total
precipitation is a large increase at all offets times. Nowhere in the cyclone composite is there are
decrease in precipitation. The maximum absolute increases are 2.5, 3.5 and 2.0 mm (6 h)−1 at
t =-48 hr, t =-24 h, and the time of maximum vorticity (t =0 hr) respectively which corresponds
to relative increases of up to almost 50%. The maximum increase in the total precipitation is not
co-located with the maximum in the CNTL simulation indicating that the spatial structure of the
composite cyclone changes with warming.

In CNTL, the large-scale precipitation (Fig. 1b, e, h) contributes more to the total precipitation
than the convective precipitation (Fig. 1c, f, i) particularly at t =-24 h and the time of maxi-
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mum intensity (t =0 h). The exception is in the equatorward parts of the warm sector, where the
temperature and moisture content are higher, where the convective precipitation is larger and of
equal magnitude to the large-scale precipitation. At all offset times, the large-scale precipitation
increases with warming in the warm frontal region, poleward of the maximum in the CNTL simula-
tion. This spatial pattern is very similar to that observed for the total precipitation meaning that
the resolved precipitation is leading to the poleward shift in the total precipitation with warming.
In contrast, the convective precipitation, which increases by almost 50%, has the largest increases
co-located with the maximum in the control simulation, meaning that the position of convective
precipitation relative to the cyclone centre does not change with warming. Further results can be
found in (Sinclair et al., 2019).
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Figure 1: Composites of total precipitation (a,d,g), large-scale precipitation (b,e,h) and convective
precipitation (c,f,i) in the CNTL simulation (black contours) and the difference between SST4 and
control (shading). Panels a-c are valid 48 hours before the time of maximum intensity, panels
d-f are valid 24 hours before the time of maximum intensity and panels g-i are valid at the time
of maximum intensity. All composites are of the strongest 200 extra-tropical cyclones in each
experiment.
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INTRODUCTION 

Secondary organic aerosols affect the climate and weather of the Earth by scattering solar radiation and 

acting as cloud condensation nuclei. They can be formed from volatile organic compounds emitted by forests 

after undergoing chemical reactions in the atmosphere. One example of them is Alpha-Pinene. The aim of 

this research is to get one step closer to understanding of the behavior of secondary organic aerosols in the 

atmosphere. 

Alpha-Pinene (𝐶10𝐻16) is a monoterpene emitted by vegetation and its low volatile oxidation products are 

important source for secondary organic aerosols (SOA) in the atmosphere (e.g. Ehn et al., 2014). Like all 

aerosols in the atmosphere, also SOAs have an impact to the formation of clouds and to the scattering of 

light. These are important reasons to understand better the formation of SOA. Because of the significant 

amount of Alpha-Pinene in the atmosphere, we investigated the oxidation products of Alpha-Pinene. 

Alpha-Pinene was oxidized by ozone and the formed neutral molecules and clusters, were charged via 

electrospray ionization (ESI). We studied the oxidation products of Alpha-Pinene and electrical mobilities 

with a combination of Differential Mobility Analyzer and time-of-flight mass spectrometer (DMA-MS). We 

used several different solutions in the electrospray ionization to compare if the charger ion affects the 

charging efficiency and mobilities of compounds. Based on the measured mass spectrum, the chemical 

composition of the oxidation products was determined. MS data combined with the mobility analysis, gives 

the mobility spectrum for each of the identified compounds.  

METHODS 

In our setup we used parallel plate DMA (SEADM; Fernández de la Mora et al. (2006)) coupled with 

APITOF-MS (Tofwerk AG; Junninen et al. (2010)) and a flow tube system. A DMA can be used to measure 

the electrical mobility of the molecule or cluster and mass spectrometer to measure the mass of those 

clusters. The DMA had resolving power around 40-50 with the used configuration.  

The electrospray solution is sprayed through a thin capillary (40μm ID) into the chamber through which 

neutral sample is passed through. Particles that are charged by reagent ions are led into the DMA via narrow 

inlet slit. In the DMA, particle-free sheath flow is moving at velocity U and an electric field, in orthogonal 

direction compared to sheath flow. The electrostatic force on charged particles is causing them to traverse 

(electrophoresis) across the sheath flow (Figure 1). 

By changing the strength of the electric field, we can vary the mean mobility of the compound detected at 

the sampling slit. Compounds with the largest mobility are detected with smaller voltages. During a specific 

measurement, sheath flow and the width of the DMA chamber ∆ are constant and the voltage is scanned 

over certain voltage range. Because the strength of the electric field is 𝐸 =  
𝑉𝐷𝑀𝐴

∆
 we get at voltage 𝑉𝐷𝑀𝐴 the 

mobility 𝑍 =  
𝑈 ∆2

𝐿 𝑉𝐷𝑀𝐴
 . The sample flow is split directly at DMA’s outlet into the electrometer and MS. The 

interface between the two instruments is optimized for high transmission. Mass spectrum is recorded for 
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every DMA voltage setting. With the mobility and mass spectrum information we can detect the chemical 

composition of the cluster and the mobility of the cluster with certain mass (J. F. de la Mora 2009).  

 

 

Figure 1. Graph of DMA chamber. Sheath gas flows at velocity U when charged particles come to sheath 

from inlet slit. Compound are detected at sampling slit (J. F. de la Mora 2009).  

 

Sheath flow is usually used some non-reacting gas. In our measurements we used 𝑁2. Instruments were 

calibrated using Tetra-Heptyl-Ammonium-Bromide in positive mode.  

 

We prepared a setup to oxidize Alpha-Pinene in gas phase (Figure 2). Alpha-Pinene was evaporated into a 

carrier gas flow with known constant rate which was federated with syringe pump. To make sure it 

evaporates we used warming resistor before Alpha-Pinene was lead to the flow tube. The temperature of the 

warming resistor was 50 degrees. To oxidize Alpha-Pinene we used ozone produced with UV-light. 

Synthetic air was lead to ozone generator, where ozone is formed, and then further to the mixing tube. The 

oxidation products are detected by charging them with ions sprayed from the electrospray solution and then 

directed into the DMA chamber. Charged clusters drift to an electric field in the sheath flow and after that 

to the mass spectrometer where their mass is specified based on their flight time. 

We produced charger ions from four different salts dissolved in methanol. As a solute we used 𝑁𝑎𝑁𝑂3, 

𝑁𝑎𝐼, 𝐿𝑖𝐶𝑙 and 𝐶𝐻3𝐶𝑂2𝐾 all charged in positive and negative mode. Therefore, the positive ions we used 

were 𝑁𝑎+, 𝐾+ and 𝐿𝑖+, negative ones were 𝑁𝑂3
−, 𝐼−, 𝐶𝑙− and 𝐶𝐻3𝐶𝑂2

−.  

To make analysis a bit easier we tried to optimize the concentration of the electrospray solution in the way 

that multiple charging was minimized. Solvent of about 2 mM turned out to be diluted enough to produce 

mainly singly charged clusters.  
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Figure 2. Graph of the setup. Ozone and Alpha-Pinene are led to the flow tube and then charged by ions 

sprayed from electrospray solution. In the DMA the electrical mobility of the clusters is measured and 

then the mass is determined in the MS.  

RESULTS 

Alpha-Pinene oxidation products of oxidation state 𝐶10𝐻16𝑂2−7 were detected with almost all charger ions. 

Also, other products were detected, for example 𝐶10𝐻18𝑂2 and compositions with odd amount of carbon for 

instance 𝐶7𝐻12𝑂𝑥 and 𝐶9𝐻16𝑂𝑥. In the positive mode, much more clusters are detected than in the negative 

mode. Also we were observing a lot of cluster fragmentation in the mass spectrometer after mobility analysis 

in the measurements in the positive mode. Because of this, the measurements made in the negative mode 

were easier to analyze so we concentrated to examine them.  

The inverse mobility spectrum of the compound 𝐶10𝐻16𝑂3 charged by negative reagent ions is depicted in 

figure 3. As we can see the charger ion affect the mobility of the cluster. The intensities of the peaks are not 

normalized so the intensities are not comparable. Still we can notice that 𝐶2𝐻3𝑂2
− is hardly charged by 

𝐶10𝐻16𝑂3 but with all other negative ions the signal is strong enough that we can analyze the mobility 

spectrum.  

For the cluster charged with 𝐼−, there is just one mobility peak whereas with 𝑁𝑂3
− there is two and molecule 

charged by 𝐶𝑙− has three mobility peaks. One explanation to the multiple peaks is that some bigger cluster 

is fragmented after the mobility analysis and the latter mobility peaks in the spectrum are actually the signal 

of this cluster with larger mass. If a larger parent ion fragments, the signal appears in the mass of the 

fragment, but the mobility corresponds to the parent ion. In our measurements there are many clusters that 

have multiple peaks in the mobility spectrums. This makes the analysis of the data quite difficult. In the 

future, we are planning to optimize the measurements to decrease the fragmentations.  
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Figure 3. Mobility spectrum of the 𝐶10𝐻16𝑂3 charged by negative charger ions.  

 

Mobility also can provide information on the structure of the compound. One cluster can have multiple 

peaks if it has multiple different structures. In this kind of case, the mobility peaks does not differ from each 

other as much as in the figure 3 but we have managed to detect them based on the mobility data. In some 

mobility spectrums the shape of peak seems to have two peaks inside it. These peaks are quite wide and we 

are able to fit two peaks with the expected resolution of DMA (Figure 4). This supports the theory that there 

exists multiple structures of the clusters. These initial measurements are not made with the most optimal 

settings because of instrumental problems related to the sheath flow laminarity. This was reducing the 

resolving power of the DMA from the maximum value it is capable in the most optimal condition. 

 

Figure 4. The compounds 𝐶10𝐻16𝑂7𝐶2𝐻3𝑂2
− and 𝐶10𝐻16𝑂6𝑁𝑂3

− seem to have two different kind of 

structures based on the mobility spectrum. 
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CONCLUSIONS 

We detected almost the same oxidation products of Alpha-Pinene with every charger ion that we use. We 

did not detect as high oxidation states as expected based on other studies (e.g. Jordan et al., 2016). We were 

able to measure the electrical mobilities of the oxidation products. Based on this mobility information, we 

concluded that some products can form different structures. In this measurement we could not determine 

these structures but potentially in future they can be clarified by modelling.  
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INTRODUCTION 

New particle formation (NPF) by gas-to-particle conversion is a global phenomenon, which has an influence 

on the global climate (Gordon et al., 2017) and can also affect air pollution (Guo et al., 2014). The decisive 

step for new particle formation are molecular cluster formation and their subsequent growth, as the small 

clusters are highly diffusive and therefore vulnerable to scavenging loss by larger pre-existing particles 

(Pierce and Adams, 2007). The dynamics in the size-range below 10 nm therefore crucially influence the 

occurrence and importance of NPF in the atmosphere.  

However, our abilities to access this size-range with precision measurements of the particle size-distribution 

are still limited and subject to large uncertainties (Kangasluoma and Kontkanen, 2017). This results in 

difficulties in disentangling the effects of condensational growth, coagulation and different sources/sinks in 

the sub-10 nm range. As a consequence, the uncertainties in the size-distribution measurements also 

accumulate into derived parameters, such as nucleation and cluster growth rates. This, in turn, directly 

influences the input in global climate models. An improved assessment of sub-10 nm particle size-

distributions is thus required to understand NPF in e.g. urban environments, where high cluster and pre-

existing aerosol concentrations are measured (Kulmala et al., 2017).  

Sub-10 nm size-distributions mostly rely on condensation particle counters (CPCs) either used in a CPC-

battery design (Kangasluoma et al., 2014) or within an electrical mobility spectrometer, where particles are 

first size-classified in a differential mobility analyser (Jiang et al., 2011). The particle concentration 

measurement uncertainties mainly arise from low particle counting statistics, from chemical composition 

dependent variation in the lowest threshold diameter of the used CPCs, from unknown charging probabilities 

in the sub-3 nm size range and data inversion simplifications (Kangasluoma and Kontkanen, 2017).  

METHODS 

Here we present some of the most recent advances and ideas in reducing the above described uncertainties. 

The different approaches in measuring sub-10 nm size distributions result in different advantages and 

disadvantages of different applied instruments. While, e.g. the particle size magnifier in scanning mode 

(Vanhanen et al., 2011) achieves high counting statistics as it does not rely on particle charging, its size-

resolving power as well as its systematic uncertainty in particle sizing are much lower compared to mobility 

spectrometers. Combining the information of several available instruments within a combined inversion 

(e.g. Fiebig et al., 2005) should provide a possibility in exploiting the benefits of each applied instrument. 

Moreover, such an inversion would also reduce the error due to data inversion simplifications as described 

by Kangasluoma and Kontkanen (2017). 

Datasets where sub-10 nm size-distributions are measured by a complementary, array of state-of-the-art 

sizing instruments are thus key in advancing our understanding of NPF. We explore the potential of such 

datasets in Figure 1, where size-distribution measurements at the CERN CLOUD experiment are shown. 

The resulting instrument-by-instrument inverted size-distributions show discrepancies of up to a factor of 

10, depending on the conditions of the experiment (iodic acid or anthropogenic vapour driven NPF).  
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Figure 1. Sub-10 nm particle size-distribution measurements from several instruments at the CERN 

CLOUD experiment during different type of experiments (i.e. different chemical composition of the 

measured particles).  

Besides from a combining instrument inversion approach, also the uncertainties in CPC counting 

efficiencies and charging probabilities need to be reduced. The development of CPCs which offer high 

counting statistics and minimal particle seed composition dependence should be a major focus within the 

next years. Here results from a tuned butanol CPC (Barmpounis et al., 2018) seem to be promising. 

Moreover, measuring and stabilizing bipolar particle charging efficiencies under challenging ambient 

conditions could greatly reduce the uncertainties in sub-10 nm size-distribution measurements. The addition 

of charge carrying vapours to the ion atmosphere inside the used charger (Mäkelä et al., 1996) could be 

valuable, as the ion mobility distribution inside the charger is stabilized, which should enable the reliable 

application of laboratory performed charging efficiency measurements to ambient datasets. By modifying 

the mobility distribution inside the charger also the charging efficiency can be altered and possibly pushed 

towards higher values, generally increasing the counting statistics of mobility spectrometers (Tigges et al., 

2015). 

CONCLUSIONS 

Altogether, the proposed new methods can yield more reliable insights into sub-10 nm size-distributions 

compared to previous measurements. Datasets from SMEAR III, Helsinki and Beijing University of 

Chemical Technology are expected to be analysed and improved by the above methods. First results of 

simulated datasets and laboratory experiments confirm the method’s high potential for improving sub-10 

nm size-distribution retrieval. Combined with novel tools for analysing particle growth rates (Pichelstorfer 

et al., 2018), this could yield unprecedented insights into the dynamics of the sub-10 nm regime, identifying 

possible drivers of NPF in urban areas (Kulmala et al., 2017).  
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INTRODUCTION

Atmospheric aerosols are the largest source of uncertainty for climate models and in order to
diminish these uncertainties it is vital to understand the sources and formation pathways of sub-3nm
particles. It is estimated that up to 60% of atmospheric aerosols are formed in the atmosphere from
condensing vapors and thus gas-to-particle conversion plays a significant role in the dynamics of
aerosol concentrations in the atmosphere (Merikanto et al., 2009). Sulphuric acid plays a significant
role in atmospheric new particle formation (Sipilä et al., 2010) and the growth of new particle in the
atmosphere. Studies also indicate that when sulphuric acid is stabilized by a base, the formation
rate of new particles in enhanced (Kirkby et al., 2011). In addition, biogenic new particle formation
has been observed to occur at rural areas in which highly oxygenated organic vapours (Bianchi et al.,
2019) act as the condensing vapors needed for particle growth (Rose et al., 2018).

In this study, the longest available time series of sub-3nm particle concentrations measured by
the Particle Size Magnifier (Vanhanen et al., 2011) along with measurements of aerosol precursor
molecule concentrations were investigated. The available dataset was analyzed for its implications
on atmospheric regional new particle formation and concentrations of sub-3nm particles.

METHODS

Four years of data from the Hyytiälä SMEAR II station in Finland was analyzed to investigate po-
tential links between precursor vapors and sub-3nm particles. A time series analysis was performed
on the sub-3nm particle size distribution measurements measured by the Particle Size Magnifier
(Kontkanen et al., 2017) and aerosol precursor molecule measurements by the CI-APi-ToF (Jokinen
et al., 2012) to study seasonal variability, diurnal patterns, data quality and relevant correlations
between condensing gases and nanoparticles. The seasons were defined as spring being March-May,
summer as June-August, autumn as September-November and winter as December-February. The
time series were compared both with all available data points and with only new particle forma-
tion event times. The event times were determined by an automatic event classification algorithm
described in Dada et al (2018).
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RESULTS

The diurnal patterns of the concentrations of sub-3nm particles in three size classes during all four
seasons are shown in Figure 1. The diurnal patterns show distinct differences, with much higher
concentrations of 1.3-1.7 nm particles in spring than during other seasons. Springtime 1.15-1.3 nm
particle concentrations show two maxima, one around midday and one in the evening. Summer-
time concentrations are higher than during other seasons for 1.15-1.3 nm particle concentrations.
Summertime 1.15-1.3 nm particle concentrations also exhibit two maxima similar to spring, with
one around midday and one in the evening. The 1.3-1.7 nm and 1.7-2.5 nm particle concentrations
remain relatively stable throughout summer, autumn and winter. Autumntime 1.15-1.3 nm parti-
cle concentrations rise throughout the day, showing a maximum just after sunset and wintertime
1.15-1.3 nm particle concentrations show only one maximum, centered around midday.

Figure 1: The diurnal cycles of sub-3nm particle concentrations for each season. The yellow lines
are 1.15-1.3 nm particle concentrations, red lines are 1.3-1.7 nm particle concentrations and blue
lines are 1.7-2.5 nm concentrations.

Sub-3nm particle concentrations were also compared to the measured concentrations of atmo-
spheric aerosol precursor molecules during daytime (10:00-14:00) atmospheric new particle forma-
tion events. The best correlations for 1.15-1.3 nm, 1.3-1.7 nm and 1.7-2.5 nm particle concentra-
tions are presented in Figure 2. Highly oxygenated organic molecule (HOM) dimer concentrations
correlate well with particle concentrations in all size ranges. Sulphuric acid and HOM dimer con-
centrations multiplied together correlate the best with the 1.7-2.5 nm particle concentration.
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Figure 2: The best correlations between particle concentrations in each size range and aerosol
precursor molecule concentrations. The correlations presented are logarithmic. The correlations
are shown at the top left of each graph with the symbol R. The data includes all available data
points from 2014 to 2018 during daytime (10:00-14:00) regional NPF events when sub-3nm particle
concentration and aerosol precursor molecule data are available.

CONCLUSIONS

The analysis of the PSM time series shows clear seasonal differences for sub-3nm particle concentra-
tions. Higher springtime concentrations of 1.3-1.7 nm underline the increased frequency of regional
new particle formation events in spring. The correlation analysis with aerosol precursor molecules
shows that HOM dimers correlate very well with sub-3nm particle concentrations and appear to
play an important role in the formation and growth of the smallest atmospheric aerosol particles.
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 INTRODUCTION  

Light-absorbing aerosol (LAA), such as black carbon (BC) and mineral dust, are constituents that 

modulate the Earth’s radiative balance. Once deposited onto a snow surface, LAA will alter the 

reflectance occurring at the surface, and ultimately lead to an accelerated and increased snowmelt. This 

has been observed in different regions such as the Rockies in the U.S., The European Alps, and most 

notably High Mountain Asia (HMA; Skiles et al., 2018). HGA contains the most amount of snow and ice 

outside of the poles, and is especially susceptible due to the close proximity of large emission sources of 

LAA (Gertler et al., 2016). 

Different measurement techniques collect the LAA in a snow sample onto filters through filtration. In 

this work, we focus on measurements of the filters with the thermal-optical method (TOM), coupled with 

additional transmittance measurements, in order to examine the LAA species present on the filter. Here 

specifically, we evaluate micro quartz filters optical behavior when sampling BC particles in an airborne 

and liquid phase in a set of laboratory experiments. 

 

METHODS 

Soot (used as a proxy for BC) aerosol were deposited onto filters by blowing collected soot through a 

series of tubing into a cylindrical chamber, where a sample inlet fed two PSAPs (Particle Soot Absorption 

Photometer) for the airborne tests. The same blowing system was utilized for the liquid tests, however, 

the outlet pipe was submerged into a 20 L contained filled with MQ-water. From this solution, different 

amounts of liquid were filtered. The filters were thereafter measured with a PSAP and TOM.   

 

CONCLUSIONS 

From our experiments we determined the multiple-scattering correction factor (Cref), a commonly used 

correction factor in absorption measurements, for the quartz filter to be 3.41 ± 0.03 at λ=530 nm. 

Moreover, in Fig. 1 it is shown how the filters optically behave differently depending on how the aerosol 

were deposited onto the filter. In the airborne phase, the slope is half of the slope of the particles mixed 

in water. When the liquid solution was treated in an ultrasonic bath before filtration the slope was further 
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elevated. The difference in slope is mostly likely an effect of the penetration depth of the soot particles 

in the filter and have further implications for ambient field samples (e.g. Svensson et al. 2018). 

 

Figure 1. Linear regressions of transmittance-corrected optical depth fτ(λ=530 nm) vs. EC of the soot 

particles blown into the mixing chamber (Air), into water (Liquid) and blown into water and treated in 

the ultrasonic bath (Liq_sonic). The regressions were calculated by forcing offset to 0. 
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INTRODUCTION

A significant fraction of assimilated carbon is emitted back to the atmosphere in the form of a variety of
biogenic volatile organic compounds (BVOCs). These BVOCs serve many ecological functions (see e.g.
Holopainen,  2004)  and  play  important  roles  in  atmospheric  processes,  including  in  the  formation
(Donahue  et al.,  2013; Kulmala  et al.,  2014; Riccobono  et al.,  2014; Schobesberger et  al.,  2013) and
growth (Ehn et al., 2014; Riipinen et al., 2012) of atmospheric aerosol particles. The emissions of BVOCs
to the atmosphere are predicted by different biogenic emission models, with MEGAN (Guenther  et al.,
2006, 2012) being the most popular. Traditionally, these models have utilised emission potentials derived
from enclosure  measurements  of  mature  foliage.  As  more  and more  studies  have  illustrated  that  the
emissions of VOCs depend on leaf age (e.g. Guenther et al., 1991; Monson et al., 1994; Goldstein et al.,
1998; Hakola et al., 2001; Petron et al., 2001; Karl et al., 2003; Räisänen et al., 2009; Aalto et al., 2014),
attempts have been made to include this response in models (e.g. Guenther et al., 2006, 2012). However,
since  by  far  most  measurements  have  been  conducted  on  deciduous  isoprene  emitting  species,  the
emission  rates  of  isoprene,  methanol,  2-methyl3-buten-2-ol,  mono-  and  sesquiterpenes  predicted  by
MEGAN are only modulated by the leaf developmental stages of deciduous land cover types (Sindelarova
et al., 2014). Also, it is assumed that leaf age impacts the emission rates of individual BVOCs differently,
but that this dependency is not tree species specific (Guenther  et al., 2012). The emission rates do not
respond to the developmental stages of conifers needles in models, however, measurements show that
growing  Scots  pine  foliage  has  a  much  higher  potential  to  emit  monoterpenes  than  mature  needles
(Räisänen et al., 2009; Aalto et al., 2014). We investigate the importance of including the monoterpene
emissions from new foliage as a function of season, stand age, and tree provenance. We calculate how
much predictions of the emissions of monoterpenes from Finland would increase if the emissions from
new Scots pine foliage would be considered. Finally, we evaluate how our findings impact predictions of
new particle formation and growth. Ultimately we try to answer whether it is worth to include emissions
of monoterpenes from new Scots pine foliage in biogenic emission models? 

METHODS

We utilised several  years  (2009-2011)  of  continuously measured emission rates  of  monoterpenes  and
chamber temperatures described and published in Aalto  et  al. (2014).  The flux of monoterpenes was
measured separately from a new and mature shoot on a 50 year old Scots pine tree at SMEAR II, in
Hyytiälä, southern Finland. In practice, the flux was measured with an automated chamber and detected by
PTR-QMS  (proton  transfer  reaction-quadrupole  mass  spectrometer).  A  detailed  description  of  the
measurement set-up can be found from Aalto et al. (2014). The emission rates were then standardised by
equation 5 in Guenther et al. (1993).

We  used  two  different  Scots  pine  tree  growth  models  to  calculate  the  seasonal  and  yearly
development of Scot pine needles, respectively. The seasonal needle mass growth of a Scots pine stand
growing in the conditions of Hyytiälä was calculated by the CASSIA model (Schiestl-Aalto et al., 2015).

656



Using 5 years of gross primary production data obtained from SMEAR I and II, the results by CASSIA
were further modulated in order to give estimates of the seasonal needle mass development in northern
Finland.  The  yearly  development  of  needle  mass  was  calculated  for  southern  and  northern  Finland,
respectively, by a new simple model that takes total amounts of needle classes present in the stand and
maximum stand needle biomass as input. We considered the amount of needle classes reported by Ťupec
et al. (2015), and maximum stand needle biomass reported by Ilvesniemi and Liu (2001) and Kulmala et
al. (2019).  The model  assumes a typical stocking density, and hence the needle mass development is
assumed to follow a sigmoidal form (e.g. Mäkelä, 1995).

CONCLUSIONS

We conclude that (1) it is vital to account for the emissions of monoterpenes from new Scots pine foliage
until the needles reach maturity, and especially critical during spring. If new Scots pine foliage is not
considered in models, the emissions of monoterpenes from southern Finland is underestimated by ~57%
and ~68%, considering the full growing season and mid April-end May, respectively. The corresponding
values for northern Finland are ~35% and ~47%. (2) The importance of considering the emissions from
growing Scots pine needles decreases with increased stand age, since the fraction of new foliage decreases
with stand age. For example, the error of not considering the emissions from new needles on a 10 year old
Scots pine stand in southern Finland during mid April-end May is ~-81%, whereas it is “only” ~-72% in
the case of a 50 year old stand in similar environmental conditions. (3) It is more important to account for
the  emissions from growing needles  when simulating southern  Finland than northern Finland,  as  the
fraction of new foliage is less in colder environments. For example, the emissions from a 50 year old
Scots  pine  stand in  southern  Finland are  underestimated  by  ~72% during  mid  April-end May if  the
emissions from new foliage are not considered, whereas the underestimation for a 50 year old Scots pine
stand in northern Finland is “only” 47%. (4) Predictions of the emissions of monoterpenes from Finland
would increase by ~20 Gg monoterpenes / year if the emissions from new Scots pine foliage would be
considered. (5) The formation and growth rates of small particles would have the potential to increase by
98-258% and 60-255%, respectively, if the emissions from new Scots pine needles would be included into
emission models. (6) It is absolutely vital to  include emissions of monoterpenes from new Scots pine
foliage in biogenic emission models. 

ACKNOWLEDGEMENTS

This work was supported by the Academy of Finland (no.  307331). D. Taipale was additionally supported
by the Academy of Finland (no. 307957).

REFERENCES

Aalto, J., P. Kolari, P. Hari, V.-M. Kerminen, P. Schiestl-Aalto, H. Aaltonen, J. Levula, E. Siivola, M. 
Kulmala and J. Bäck (2014). New foliage growth is a significant, unaccounted source for volatiles
in boreal evergreen forests, Biogeosciences 11, 1331.

Donahue, N.M., I.K. Ortega, W. Chuang, I. Riipinen, F. Riccobono, S. Schobesberger, J. Dommen, U. 
Baltensperger, M. Kulmala, D.R. Worsnop, H. Vehkamaki (2013). How do organic vapors 
contribute to new-particle formation?, Faraday Discuss 165, 91.

Ehn, M., J.A. Thornton, E. Kleist, M. Sipilä, H. Junninen, I. Pullinen, M. Springer, F. Rubach, R. 
Tillmann, B. Lee, F. Lopez-Hilfiker, S. Andres, I.-H. Acir, M. Rissanen, T. Jokinen, S. 
Schobesberger,  J. Kangasluoma, J. Kontkanen, T. Nieminen, T. Kurtén, L.B. Nielsen, S. 
Jørgensen, H.G. Kjaergaard, M. Canagaratna, M.D. Maso, T. Berndt, T. Petäjä, A. Wahner, V.-M. 
Kerminen, M. Kulmala, D.R. Worsnop, J. Wildt and T.F. Mentel (2014). A large source of low-
volatility secondary organic aerosol, Nature 506, 476.

Goldstein, A., M. Goulden, J.W. Munger, S. Wofsy and C. Geron (1998). Seasonal course of isoprene 
emissions from a midlatitude forest, J Geophys Res 103, 31045.

657



Guenther, A.B., R.K. Monson and R. Fall, R. (1991). Isoprene and monoterpene emission rate variability: 
Observations with eucalyptus and emission rate algorithm development, J Geophys Res-Atmos 96,
10799.

Guenther, A.B., P.R. Zimmerman, P.C. Harley, R.K. Monson, and R. Fall (1993). Isoprene and 
monoterpene emission rate variability: Model evaluations and sensitivity analyses, J Geophys Res
Atmos 98, 12609.

Guenther, A., T. Karl, P. Harley, C. Wiedinmyer, P.I. Palmer and C. Geron (2006). Estimates of global 
terrestrial isoprene emissions using MEGAN (Model of Emissions of Gases and Aerosols from 
Nature), Atmos Chem Phys 6, 3181.

Guenther, A.B., X. Jiang, C.L. Heald, T. Sakulyanontvittaya, T. Duhl, L.K. Emmons and X. Wang (2012). 
The Model of Emissions of Gases and Aerosols from Nature version 2.1 (MEGAN2.1): an 
extended and updated framework for modeling biogenic emissions, Geosci Model Dev 5, 1471.

Hakola, H., T. Laurila, V. Lindfors, H. Hellén, A. Gaman and J. Rinne (2001). Variation of the VOC 
emission rates of birch species during the growing season, Boreal Environ Res 6, 237.

Holopainen, J.K. (2004). Multiple functions of inducible plant volatiles, Trends Plant Sci 9, 529.
Ilvesniemi, H. and C. Liu (2001). Biomass distribution in a young Scots pine stand, Boreal Env Res 6, 3.
Karl, T., A. Guenther, C. Spirig, A. Hansel and R. Fall (2003). Seasonal variation of biogenic VOC 

emissions above a mixed hardwood forest in northern Michigan, Geophys Res Lett 30, 2186.
Kulmala, L., J. Pumpanen, P. Kolari, S. Dengel, F. Berninger, K. Köster, L. Matkala, A. Vanhatalo, T. 

Vesala and J. Bäck (2019). Inter- and intra-annual dynamics of photosynthesis differ between 
forest floor vegetation and tree canopy in a subarctic Scots pine stand, Agric For Meteorol 271, 1.

Kulmala, M., T. Petäjä, M. Ehn, J. Thornton, M. Sipilä, D.R. Worsnop, V.-M. Kerminen (2014). Chemistry
of Atmospheric Nucleation: On the Recent Advances on Precursor Characterization and 
Atmospheric Cluster Composition in Connection with Atmospheric New Particle Formation, 
Annu Rev Phys Chem 65, 21.

Mäkelä, A. (1995). A carbon balance model of growth and self-pruning in trees based on structural 
relationships, FoR Scl 43, 7.

Monson, R., P. Harley, M. Litvak, M. Wildermuth, A. Guenther, P. Zimmerman and R. Fall (1994). 
Environmental and developmental controls over the seasonal pattern of isoprene emission from 
aspen leaves, Oecologia 99, 260.

Petron, G., P. Harley, J. Greenberg and A. Guenther (2001). Seasonal temperature variations influence 
isoprene emission, Geophys Res Lett 28 1707.

Räisänen, T., A. Ryyppö and S. Kellomäki (2009). Monoterpene emission of a boreal Scots pine (Pinus 
sylvestris L.) forest, Agric For Meteorol 149 808.

Riccobono, F., S. Schobesberger, C.E. Scott, J. Dommen, I.K. Ortega, L. Rondo, J. Almeida, A. Amorim, 
F. Bianchi, M. Breitenlechner, A. David, A. Downard, E.M. Dunne, J. Duplissy, S. Ehrhart, R.C. 
Flagan, A. Franchin, A. Hansel, H. Junninen, M. Kajos, H. Keskinen, A. Kupc, A. Kürten, A.N. 
Kvashin,  A. Laaksonen, K. Lehtipalo, V. Makhmutov, S. Mathot, T. Nieminen, A. Onnela, T. 
Petäjä, A.P. Praplan, F.D. Santos, S. Schallhart, J.H. Seinfeld, M. Sipilä, D.V. Spracklen, Y. 
Stozhkov, F. Stratmann, A. Tomé,  G. Tsagkogeorgas, P. Vaattovaara, Y. Viisanen, A. Vrtala, P.E. 
Wagner, E. Weingartner, H. Wex, D. Wimmer, K.S. Carslaw, J. Curtius, N.M. Donahue, J. Kirkby, 
M. Kulmala, D.R. Worsnop and U. Baltensperger (2014). Oxidation Products of Biogenic 
Emissions Contribute to Nucleation of Atmospheric Particles, Science 344, 717.

Riipinen, I., T. Yli-Juuti, J.R. Pierce, T. Petäjä, D.R. Worsnop, M. Kulmala and N.M. Donahue (2012). The
contribution of organics to atmospheric nanoparticle growth, Nature Geoscience 5, 453.

Schiestl-Aalto, P., L. Kulmala, H. Mäkinen, E. Nikinmaa and A. Mäkelä (2015). CASSIA - a dynamic 
model for predicting intra-annual sink demand and interannual growth variation in Scots pine, 
New Phytol 206, 647.

Schobesberger, S., H. Junninen, F. Bianchi, G. Lönn, M. Ehn, K. Lehtipalo, J. Dommen, S. Ehrhart, I.K. 
Ortega, A. Franchin, T. Nieminen, F. Riccobono, M. Hutterli, J. Duplissy, J. Almeida, A. Amorim, 
M. Breitenlechner, A.J. Downard, E.M. Dunne, R.C. Flagan, M. Kajos, H. Keskinen, J. Kirkby, A.
Kupc, A. Kürten, T. Kurtén, A. Laaksonen, S. Mathot, A. Onnela, A.P. Praplan, L Rondo, F.D. 
Santos, S. Schallhart, R. Schnitzhofer, M. Sipilä, A. Tomé, G. Tsagkogeorgas, H. Vehkamäki, D. 

658



Wimmer, U. Baltensperger, K.S. Carslaw, J. Curtius, A. Hansel, T. Petäjä, M. Kulmala, N.M. 
Donahue and D.R. Worsnop (2013). Molecular understanding of atmospheric particle formation 
from sulfuric acid and large oxidized organic molecules, PNAS 110, 17223.

Sindelarova, K., C., Granier, I. Bouarar, A. Guenther, S. Tilmes, T. Stavrakou, J.-F. Müller, U. Kuhn, P. S
tefani and W. Knorr (2014). Global data set of biogenic VOC emissions calculated by the 
MEGAN model over the last 30 years, Atmos Chem Phys 14, 9317.

Ťupek, B., R. Mäkipää, J. Heikkinen, M. Peltoniemi, L. Ukonmaanaho, T. Hokkanen, P. Nöjd, S. 
Nevalainen, M. Lindgren and A. Lehtonen (2015). Foliar turnover rates in Finland - comparing 
estimates from needle-cohort and litterfall-biomass methods, Boreal Environ Res 20, 283.

659



WHILE ART PERFORATES THE WALLS OF DATA SILOS: 
CLIMATE WHIRL ARTS PROGRAM 2013-19 AND BEYOND 

U.K. TAIPALE1, T.S. HAAPOJA2, A. MEYER-BRANDIS3, V. SUONPÄÄ4, P. SÖDERLUND4   

1Institute for Atmospheric and Earth System Research (INAR), Climate Whirl, Department of Physics, 
University of Helsinki, Finland 

2 Parsons Fine Arts and NYU New York, US 

3 Forschungsfloss für Unterirdische Riffologie u.V. (FFUR), Berlin, Germany 

4 IC-98, Sampsantie 40 G 18, 00610 Helsinki, Finland 

Keywords:   ART, CLIMATE WHIRL, HYYTIÄLÄ FORESTRY FIELD STATION 

INTRODUCTION 

In 2013 Climate Whirl  arts program was launched and Art and Science research and activities at 1

University of Helsinki Hyytiälä Forestry Field Station began under its umbrella. The initiative was funded 
by Kone Foundation until the year 2018 and in 2019, Institute for Atmospheric and Earth System Research 
(INAR) decided to continue and integrate the program to the activities of the research unit.  

EARLY STAGES OF CLIMATE WHIRL 

The first cracks on the silo walls were already occasioned by visual artist Terike Haapoja, who in 2008 
approached the station in search for sources of knowledge while doing background research for a series of 
artworks, dealing with the science and scientific grounds behind the mundane processes such as 
decomposition, photosynthesis and cycles of carbon.  

Figure 1-2. Exhale-Inhale, Terike Haapoja, 2008/2013 
Three coffin-sized glass cases, filled with soil and dead leaves. Carbon dioxide that is produced by decomposing is 
measured with CO2 sensors and the level is sonificated. Ventilation fans on both sides open and close in 20 second 
intervals. The ventilation fans function as gills, regulating the CO2 level inside the coffin. As a result the coffin seems 
to slowly inhale and exhale as the CO2 level goes up and down. In biology this process is called ”soil respiration”, as 
the soil seems to ”breath out” carbon dioxide. 

 www.climaterwhirl.fi/en1
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Her well-in-advance studied enquiry and punctual visits to the SMEAR II forestry field station opened 
eyes of some scientists and staff to see the arts as more than a mere diversion and made them eager to 
integrate arts as part of the research done at Hyytiälä Forestry Field Station. In 2013 Haapoja represented 
Finland at Venice Biennale and had a solo show at Nordic Pavilion where the durational sculpture Inhale – 
Exhale and the interactive installation Dialogue were exhibited. Eija Juurola and Toivo Pohja, among 
other scientists were named as scientific advisors of these art installations that were seen by tens of 
thousands of visitors (Haapoja, 2013). 

Figure 3-4. Dialogue, Terike Haapoja 2008/2013 
The installation enables an audible dialogue between breathing and the plants’ photosynthesis process. 

IN SEARCH FOR SOCIETAL IMPACT, BEYOND ACADEMIA 

At the same time, in other scientific research centers, similar initiatives were occurring. Good examples 
are CERN at Geneva, where the arts program of the world´s largest laboratory of particle physics, Arts at 
CERN  was founded in 2011. The program welcomes annually 15-20 artists for 1-3 months curated 2

research residencies. The Joint Research Centre (JRC) of the European Commission celebrated in 2015 
the first Resonances Festival. The Festival has been biannual since then, presenting the work of selected 
artists who had a chance to peer into the research happening in the JRC Science Hubs in Europe and enter 
into a dialogue with scientists in their working environment with very limited access. 

CLIMATE WHIRL ART PROGRAM 2013 -> 
TEA DRINKING, AEROSOLS, VOCs AND THE FOREST GREEN 

The first artist-in-residence at Climate Whirl program, Agnes Meyer-Brandis (DE) was shortlisted and 
later invited to work to Hyytiälä Research Station in 2013. The scientific field station offered a cornucopia 
of impressions and information for her work. Since the research residence at Hyytiälä station (2013-14) 
she has been very focused in the forests, trees, atmospheric phenomena and the science around them. To 
get in contact with other researchers at the forestry field station, she actively looked for communication 
strategies. Designing and building a special table to invite other visitors of the station for a cup of tea with 
her and a tree in a forest were the initial steps for creating a reciprocal trust and curiosity, the grounds for 
any creative interchange of ideas. In 2015, the Permanent Tealemetree Station  was installed in the 3

SMEAR II station in the proximity of measurement equipment. 

 https://arts.cern2

 Tea: a traditional beverage made from steeping the processed leaves, buds in water.  3

Telemetry: the word is derived from Greek roots: tele = remote, and metron = measure.  
Tree: there is no universally recognized precise definition of what a tree is, neither botanically nor in common 
language. (Meyer-Brandis, 2015)
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Aerosols and their influence on the atmosphere and the phenomena of cloud formation were topics Meyer-
Brandis had worked already with before her residence at the SMEAR II station. During 2013-14 she 
developed a “multifunctional tool for the investigation of tiny micro clouds above tea, for communication 
and for tea drinking” (Meyer-Brandis, 2014). This kinetic and cybernetic sculpture was named Teacup 
Tools. Resonating with the GlobalSMEAR  vision of the director of the Centre of Excellence for 4

Atmospheric Sciences, academy professor Markku Kulmala, she also aims at expanding the local network 
of Teacup Tools to a global one (GTN). Her network is meant to go global through public exhibitions at 
cultural venues. By now the Teacup Tools were exhibited in Switzerland, Spain, Austria, Germany and 
Finland. The work was awarded at the Ars Electronica in 2015 with Award of Distinction, in the category 
of Hybrid Art . 5

 

Figure 5. Have a Tea with the Tree and 
Me, Agnes Meyer-Brandis, 2013. @ Agnes 
Meyer-Brandis, VG Bildkunst 2019. 

 GlobalSMEAR, https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research/infrastructure/4

globalsmear

 Prix Ars Electronica 2015,  http://prix2015.aec.at/prixwinner/16815/5
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Continuous tea drinking under trees at Finnish forests might have given inspiration for a series of further 
works, developed during the recent years, such as One Tree ID (2019), which transforms the VOCs 
(Volatile Organic Compound) of a specific tree to a perfume for human use, enabling persons to 
communicate with trees at a biochemical level. The work has been developed in dialogue with reseachers 
at Institute for Biosciences at University Rostock and with a senior perfumer Marc von Ende. (Meyer-
Brandis, 2019) Another long-term project, The Office for Tree Migration (OTM) is a work in progress that 
observes the slow movement of trees in various areas of the Earth, in search for suitable living conditions 
in changing climates. (Meyer-Brandis, 2019) 

Figure 6. Illustration for One Tree ID, Agnes Meyer-Brandis, 2019. @ Agnes Meyer-Brandis, VG Bildkunst 2019. 

POETIC COUNTER-STORY IN AN OLD FOREST 2017-19 

Meanwhile the discussion of the boreal forest management policies and their influence to the global 
climates and economies has been warming up, Finnish artist group IC-98, composed by Patrik Söderlund 
and Visa Suonpää started working with a new art project related to the realms of the Hyytiälä station. 
Their work, which is grounded to the cultural history and visionary conceptual thinking, offers an 
interesting angle to explore the forestry field station – and to wander in a natural forest. The roots of 
Hyytiälä research complex lay in the education of the traditional forest management. Later the focus has 
diversified and the station converted to a field station for a Center of Excellence in Atmospheric Sciences, 
a creative research environment producing data that contributes in understanding the global climate. 

The new artwork by IC-98 (2017-19) is called IÄI. It is a common effort of a workgroup set by Suonpää 
and Söderlund, consisting of three Finnish poets, Henriikka Tavi, Mikael Brygger and Olli-Pekka Tennilä, 
a nature cartographer Jyrki Lehtinen and two crafts persons Andrei Baharev and Kaius Paetau. 
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The Finnish words and syllables, composed by the poets, are carved in 35 different places in the natural 
forest located at the station. Three of them are located at Department of Forest Sciences at Viikki Campus. 
The words can be found on the wooden or stony surfaces of trees, rocks and stones, and their meanings 
guide the visitor or the reader to the sources of the Finnish language and to the manifold cultural meanings 
that forest has had and still has for Finnish people. The work is immersed in the natural environment and 
landscape, in a forest at Hyytiälä. 

!  

Figure 5-6. IÄI, Sielu-Jää,  IC-98, 2017-19 

The work of IC-98 converts the forest to an artwork, huge in size and thought-provoking and sensitising as 
experience, evoking mental linkages from our past as a forest people to our present as part of a global 
capitalist system. The work is multi-dimensional, sensorial experience that is constantly changing due to 
the weather, the time of the day and the season. The visibility ends with the sunset even though the 
“exhibition space” is open 24/7. In addition to the carved words within the wood and university campus, a 
booklet designed by the artists forms part of the whole artwork, that will be published in late 2019. 
   

CONCLUSIONS 

In most of the cases works of art are shown in museums, galleries and in public sphere where the access of 
general public is less restricted than in the scientific research centers and publications. Sometimes art is 
offered generously space in media, that is read or watched by millions of people. Political and economic 
influencers visit art exhibitions and fairs. Art informed by science can be interpreted without having a 
specific PhD in the topic, even though having related studies may reveal several extra layers of the 
artwork. In any case, art needs skillful minds, economic resources and time to become significant and 
though-provoking. 

Sufficiently informed funding bodies enable new and state-of-the-art phenomena to develop. Brave 
funders are trailblazers and trendsetters for sciences and for arts. Institutions in both disciplines should 
seriously estimate the value and impact of the initiatives that have been developed thanks to the external 
funding. Without long-term vision and support from the institutions the impacts remain short-lived.  

Climate Whirl continues in 2019 with an international Open Call for Artists. By the end of the year an 
artist or an artist group will be selected by a jury, composed by scientists and art experts and can begin 
their work at the field station in 2020. An international open call outreaches a global art and cultural 
audience and is a way to communicate about the research done at the Center of Excellence in Atmospheric 
Science to non-scientific crowd. Each artwork created start living its own life in the minds of audiences 
once the works are exhibited and showed up.  
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INTRODUCTION 

Stable isotopes in tree rings (e.g. δ
13

C and δ
18

O) have been proven to be a powerful tool to study the 

impact of climate change on boreal forests, as they can sensitively respond to the changing environment 

where the tree lives (Farquhar et al., 1982, McCarroll and Loader, 2004). However, significant gaps exist 

in our knowledge about how these climatically driven isotopic signals are modified after photosynthesis 

by metabolic processes and isotopic fractionations prior to tree ring formation (Gessler et al., 2014). 

Compound-Specific Isotope Analyses provides us the possibility to examine e.g. reserve effects and post-

photosynthetic fractionation processes by comparing compound-specific δ
13

C in leaves and δ
13

C of tree 

rings (e.g. Rinne et al., 2015a; 2015b). This project on δ
13

C dynamics of individual sugars and starch in 

needles and phloem in response to climatic factors will enhance our understanding of the tree ring isotope 

ratio and will help decipher environmental conditions in retrospect more reliably. 

METHODS 

Scots pine needles were collected 22 times during 2018 from five mature trees in Värriö (SMEAR I, 

northern Finland) and Hyytiälä (SMEAR II, southern Finland). Sugars were extracted from needle powder 

in Milli-Q water at 85°C (Wanek et al., 2001) and purified using sample treatment cartridges (Rinne et al., 

2012). The δ
13

C values of bulk sugars were determined using a EA-IRMS. 

RESULTS 

In both sites, δ
13

C values of both current-year-old (0N) and one-year-old (1N) needle sugars are 

significantly positively correlated with photosynthetically active radiation (PAR) and air temperature (T), 

and negatively correlated with relative humidity during the growing season. δ
13

C values of needle sugars 

correlate best with air T in Värriö (rT_0N=0.85; rT_1N=0.66) but with PAR in Hyytiälä (rPAR_0N=0.83; 

rPAR_1N=0.72), probably indicating different limiting factors in photosynthesis in the two sites. Besides, we 

observed a significant inter-tree difference in absolute δ
13

C values of needle sugars during the growing 

season for Hyytiälä but not for Värriö, which suggests more heterogeneous and competitive growth 

conditions in Hyytiälä. Higher needle sugar concentration in winter was observed in Värriö than in 

Hyytiälä, reflecting higher importance of sugars for frost hardiness in Värriö. 

At the beginning of the growing season, δ
13

C values and concentration of 0N sugars were significantly 

higher than 1N sugars in Hyytiälä, probably indicating use of reserves in 0N. However, no such trends 

were observed in Värriö. During dry periods, although relatively higher δ
13

C values were observed (at the 

end of July in Värriö, at the end of August in Hyytiälä), δ
13

C values correlate well with climate signal (i.e. 

PAR in Hyytiälä, air T in värriö). There was no clear sign of using of reserves during droughts in 2018. 

CONCLUSIONS  
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Our results indicate the potential of using tree-ring δ
13

C data for climate reconstruction in these two sites, 

and provide valuable data for deciphering post-photosynthesis processes prior to tree ring formation, 

which can contribute to a more reliable climate reconstruction model. 
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BACKGROUND 

Methane is one of the three most important greenhouse gases alongside water vapor and carbon dioxide, 
and its atmospheric concentration has notably increased since preindustrial times. Biogenic methane 
production has previously been thought to occur only in anaerobic conditions by methanogenic Archaea 
(Conrad, 2009). Recently it was discovered that plants can also produce methane in an unknown aerobic, 
non-microbial process, deriving from structural or active biochemical compounds within the plant (Althoff 
et al., 2014; Bruhn et al., 2009; Covey & Megonigal, 2018; Lenhart et al., 2015; Martel & Qaderi, 2019; 
McLeod et al., 2008). The actual methane precursor(s) in living plant material, however, have not been 
identified.  

In-vitro experiments have shown that methane can be produced from different compounds including pectins 
(Keppler et al., 2008; McLeod et al., 2008), lignin (Fraser et al., 2015), leaf surface wax (Bruhn et al., 2014), 
and organosulfur compounds like methionine (Lenhart et al., 2015; Martel & Qaderi, 2019). Methane 
emissions from plant material have been demonstrated to be increased by UV-radiation, increasing 
temperatures, wounding of the plant tissues and reactive oxygen species (Bruhn et al., 2009; Keppler et al., 
2006; McLeod et al., 2008; Messenger et al., 2009; Vigano et al., 2008; Wang et al., 2009). Although many 
options have been studied, there are still considerable uncertainties in the precursors and processes involved 
(Covey & Megonigal, 2018).  

Stable isotope pulse-labelling plants with the 13C can be used to trace photosynthetically assimilated carbon 
through plant pools (Olsson & Johnson, 2005). We will utilize this method to investigate the apparent 
turnover time of the methane precursors, and by doing so shed light to the process of origin of the leaf-level 
methane emissions from samplings of Scots pine (Pinus sylvestris).  

METHODS 

Our plan is to pulse-label young saplings of Scots pine with 13C-carbon dioxide after spring recovery and 
bud burst, and to measure the emissions and isotopic composition of methane from shoots for the following 
six to eight weeks. The pulse labelling will be done by enclosing six saplings into a chamber and adding 
99% 13C-carbon dioxide to replace the carbon dioxide fixed by photosynthesis. The carbon dioxide 
concentration of the chamber is measured during the pulse-labelling. The 13C-carbon dioxide addition is 
repeated throughout the day, every time the carbon dioxide concentration inside the chamber drops low 
enough for the photosynthetic rate to slow down. Additional lighting is used to support photosynthesis. 
Control trees are treated with similar pulses of natural abundance 12C-carbon dioxide. 

After labelling, the gas exchange of the saplings will measured online for six to eight weeks. For this 
purpose, we have constructed an experimental system that enables the continuous measuring of the shoot 
methane emissions of six individual trees (Fig.1). Needle samples will be collected regularly throughout the 
measurement period, for quantifying the 13C-content in structural, storage and soluble compounds.  
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Figure 1. The instrumental setup for automatic continuous measuring of the greenhouse gas exchange, 
transpiration and volatile organic compounds (VOCs) from shoots. 

The setup for continuous measurements consists of a novel shoot chamber system capable of replacing fixed 
carbon dioxide, removing transpired water, and cooling the shoot chambers to near ambient temperatures. 
Each sapling has a shoot enclosed into a chamber that is connected to gas analyzers via a switching board. 
The shoot chambers are alternatingly placed (a) in closed loop with a Picarro G2201i cavity ring-down 
spectroscopy (CRDS) isotopic and gas concentration analyzer (to measure carbon dioxide and methane 
concentrations and their 12C- and 13C-isotopes), (b) in a flow-through set-up with a Li-Cor 850 CO2-H2O 
analyzer (to measure photosynthesis and transpiration), or (c) flushed with ambient air. Additionally, we 
will monitor methanol and 13C-methanol emissions by proton transfer reaction mass spectrometer (PTR-
MS), also in flow-through mode.  

The additions of carbon dioxide into the shoot chambers, and the zero air for the PTR-MS measurements, 
are controlled by two mass flow controllers. Each chamber is also equipped with temperature sensors, 
temperature controlled Peltier elements for cooling the chambers, and sensors for measuring 
photosynthetically active radiation (PAR). The system is controlled by a switching board that can be 
programmed to switch the mode assigned to each chamber automatically, at regular intervals. 

EXPECTED RESULTS AND CONCLUSIONS 

The shoot chamber system was constructed during the spring and summer of 2019, and it is currently 
conducting baseline measurements on non-labelled pine saplings. The pulse-labelling and the follow-up 
measurements will be carried out in the spring of 2020.  

As a result of this experiment, we are expecting to be able to determine the time it takes for the 13C to show 
up in the methane emissions from the shoots. We hypothesize that the temporal pattern of the 13C content of 
the emitted methane implicate its precursors: If the 13C content of emitted methane at first increases and 
then decreases rapidly after pulse-labelling (days to hours), methane is likely derived from active metabolic 
processes using recently fixed carbon. To support this, we expect to find a higher 13C content in labile carbon 
compounds such as soluble sugars in the needles sampled within the corresponding time period. 

Respectively, if changes in the 13C-content of methane occur more slowly (over weeks) and the 
corresponding needle samples have a higher 13C content in compounds such as pectins or lignin, we conclude 
that structural compounds are a source of methane. In addition, we are looking if there is a temporal 
correlation in the emissions of 13C-methane and 13C-methanol to find out, if methanol could be a tracer gas 
of methane. Such a finding would also give a hint on the processes involved in the aerobic formation of 
plant-derived methane.  
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INTRODUCTION 

The Volatile Organic Compounds (VOCs) emissions in the air-soil, snow or ocean interface plays a major role 

in the atmospheric oxidation processes, gas to particle conversion and the formation of secondary organic 

aerosols (SOAs). VOCs are capable of forming secondary organic aerosols which constitutes the largest 
fraction of organic aerosol (Hallquist et al, 2009). Recent studies indicate that some VOCs produce low 

volatility vapours through the process of auto-oxidation (Ehn et al., 2014; Crounse et al, 2013; Bianchi et al., 

2019). These low volatility vapours under atmospheric conditions may rapidly form highly oxygenated 
molecules (HOMs).  This also includes the release of BVOCs from the Arctic biosphere which can alter the 

chemical and physical properties of the atmosphere which could lead to either positive or negative climate 

forcing (Arneth et al.,2010). The most abundant VOCs produced on Earth is Isoprene (2‐methyl‐1,3‐butadiene, 

C5H8). Monoterpenes (various C10‐chains) are the second largest group. There are other reactive and less 
reactive biogenic VOCs which are also taken into account while estimating the net emissions from the 

vegetation or soil cover. The highly reactive BVOCs account for the largest uncertainties in the estimations. 

The new particle formation processes may be induced by the BVOC emissions (Kirkby et al., 2016) which 
may lead to increase in CCN (cloud condensation nuclei) and ultimately increase in cloud cover (Paasonen et 

al., 2013). BVOC emissions are  important to study since  they can deplete the hydroxyl radicals via oxidation 

reactions leading to increase in the lifetime of methane in the atmosphere, which could increase the global 
warming potential of methane (Peñuelas and Staudt, 2010). This study was motivated by the lack of data to 

understand the role of VOCs in new particle formation specifically in the Polar Regions is the motivation to 

carry out this study, which is the first of its kind in the Svalbard region which hosts the world’s northernmost 

terrestrial vegetation.  

METHODS 

The measurements were carried out in the European high Arctic site, Ny-Ålesund, Svalbard from 25th June 
2019 to 12th July 2019.The VOCs fluxes from soil, vegetation, snow and ocean surface were measured using 

manual steady-state flow-through flux chambers (Mäki et al., 2017) made from glass which were placed on 

soil collars (Fig.1). Filtered (active carbon trap and MnO2-coated copper net) ambient air was continuously 
pumped (1 L min-11) into the chamber, and the chamber air volume was flushed for 0.5 h before sampling to 

form a steady state chamber. Chamber temperature was measured using a thermometer (Fluke 54II, Fluke, 

WA, USA) from 20–30 cm aboveground. Incoming and outgoing air was sampled for 1.5–2 h using sampling 

flow (0.1 L min-1) through two Tenax TA Carbopack B adsorbent tubes, and the flux was calculated from the 
difference between ingoing and outgoing air. The ambient air VOCs measurements were made through heated 

air inlet line attached to Tenax tube and automated pump system. The Tenax TA–Carbopack-B adsorbent tubes 

were analyzed for various VOCs through a thermal desorption-gas chromatography-mass spectrometer (TD-
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GC-MS).  The fluxes were calculated based on the difference of VOC concentration in the ingoing and 

outgoing air. Hemiterpenes (isoprene and 2-methyl butenol), monoterpenes (α-pinene, camphene, β-pinene, 
∆-3-carene, p-cymene, limonene, and terpinolene), monoterpenoids (bornylacetate ,1.8-cineol and linalool), 

and sesquiterpenes (longicyclene, iso-longifolene, β-farnesene, β-caryophyllene, α-humulene) were quantified 

from the adsorbent tubes. 

 

Figure1: VOCs flux measurements in Ny-Ålesund, Svalbard. 

RESULTS AND CONCLUSION 

It was observed that Isoprene, 𝛼-pinene and linalool were the three most abundant compounds emitted from 
the Arctic biosphere. Results indicate that vegetation including flowers and grasses emit isoprene (9.52µg m-2 

h-1) and tundra (mosses over permafrost soil) emit primarily 2-methyl-3-buten-2-ol (0.46 µg m-2 h-1). The ocean 

surface having the underlying sea weed/algae emit monoterpenoids (linalool flux being the highest, 9.22µg m-

2 h-1). Interestingly the snow cover did not emit isoprene, however when the snow melted in the second week 
of July, the patch of soil exposed emitted 4.45 µg m-2 h-1 of isoprene. Most of the monoterpernes and 

sesquiterpenes emissions which were not detected in the snow cover, showed measurable fluxes after the snow 

melt, indicating the potential underlying soil source. Most of the ambient day measurements of monoterpenes 
and sesquiterpenes showed twice higher concentrations than nighttime except the mean concentration of 

linalool, which was higher during nighttime. Generally high molecular weight isoprenoids are known to be 

less volatile than monoterpenes and sesquiterpenes hence not many studies focus on their emissions. Isoprene 

and MBO fluxes from the soil and grasses correlated well with the chamber temperatures. This observation 
could possibly indicate that a warming of Arctic could increase BVOC emissions leading to more NPF events 

and CCN formation. 

Although the fluxes and ambient concentrations are small yet the study shows that the ecosystem of pristine 

Arctic region has potential sources of BVOCs which needs to be taken into account while deciding on the 

formation pathways of SOA and HOMs in these remote places. Based on this first preliminary study, we will 

be conducting long term experiments in Ny-Ålesund along with HOMs measurements through Atmospheric 
pressure interface-time of flight mass spectrometer, to investigate further on the formation pathways of new 

particles in Arctic atmosphere. 
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INTRODUCTION 

The springtime ozone (O3) destruction in the polar region has been linked to the halogens chemistry like 

the catalytic reactions of bromine and chlorine radicals with O3 (e.g. Simpson et al., 2007; Neuman et al., 

2010). Despite the important roles of halogen in the ozone destruction, the oxidation processes of halogen 

are not fully understood. For instance the initial atmospheric oxidation step of chlorine is well understood, 

but the final oxidation steps leading to the formation of chlorate (ClO3
-
) and perchlorate (ClO4

-
) remain 

unresolved due to the lack of direct evidence of their presence in the atmosphere to date. However, Jaeglé 

et al. (1996) modeled the existence of HClO4 in the stratosphere and concluded that this new species could 

bring to closure the inorganic chlorine budget deficiency made apparent by their in-situ measurements of 

hydrochloric acid (HCl). Study also showed that elevated levels of chlorate and perchlorate were found in 

the Arctic snow, representing a sink for the stratospheric chlorine and being removed via precipitation 

(Furdui and Tomassini, 2010).  

In 2015, we conducted an intensive field measurement at Greenland during the springtime, with the major 

aim of studying the inorganic gas-phase species (i.e. halogen, sulfuric acids, etc.) in the Arctic 

environment, and also to assess their contribution to nucleation mechanisms as well as ozone depletion. In 

this study, we present the first high-resolution ambient data set of gas-phase HClO3 (chloric acid) and 

HClO4 (perchlorate acid), and discuss on their potential formation pathway in the Arctic environment. We 

will further assess their potential roles and fates in the atmosphere. 

 

METHODS 

The field measurement was taken place at the Villum Research Station, Station Nord, located on the in 

high arctic North Greenland (81°36’ N, 16°40’ W). The sampling period was during the spring time from 

February to May of 2015. A state-of-the-art chemical ionization atmospheric pressure interface – time-of-

flight mass spectrometer (CI-APi-TOF) was used in negative ion mode with nitrate ion (NO3
-
) as the 

reagent ion to detect the gas-phase HClO3 and HClO4. Quantum chemical calculation showed that these 

species should be detected efficiently, by clustering with the NO3
-
 and then deprotonated to ClO3

-
 during 

the ionization process in the mass spectrometer. The study was also augmented by other measurements in 

the facility like the ozone and gaseous elemental mercury. We used high-level quantum-chemical methods 

(Saiz-Lopez et al., 2018; 2019) to calculate the Ultriviolet-Visible absorption spectra and cross-section of 

HClO3 and HClO4 in the gas-phase to assess their fates in the atmosphere. 
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Figure 1. Observation of enhanced-level of HClO3 and HClO4 during the ozone depletion events in 

Greenland. Upper panel shows examples of air mass back-trajectories during non-depletion period on 20 

March 2015 and during O3 depletion event on 22 March 2015. 

CONCLUSIONS 

Our study presents the first ambient measurement of HClO3 and HClO4 in the atmosphere. Enhance level 

of HClO3 and HClO4 were measured during the springtime ozone depletion events in the Greenland (see 

Figure 1), with concentration up to 9x10
5
 molecule cm

-3
. Air mass trajectory analysis shows that the air 

during ozone depletion events was confined to near-surface, which is a common phenomenon of Arctic 

ozone depletion events (e.g. Moore et al., 2014). This result indicates that the O3 and surface of sea-

ice/snowpack may play important roles in the formation of HClO3 and HClO4.  In-depth analysis of the 

data is still on-going.  
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INTRODUCTION 

PRELES (PREdict Light-use efficiency, Evapotranspiration and Soil water) is a hybrid ecosystem model 
that predicts daily gross primary production (GPP), evapotranspiration (ET) and soil water (Peltoniemi et 
al., 2015a). The model requires soil characteristics, daily fAPAR and meteorological observations as inputs. 
The GPP predictions are based on a reformulation of the light-use efficiency (LUE) model of Mäkelä et al. 
(2008). The reformulated LUE-based model PRELES has been calibrated and validated in the boreal region 
mainly for coniferous forests (Minunno et al., 2016; Peltoniemi et al., 2012; Peltoniemi et al., 2015b). When 
national inventory and map data were available, PRELES predicted GPP estimates in Finland similar to 
those in the model JSBACH and MODIS GPP product, implying its high reliability in extrapolations and 
regional applications for current boreal forest (Peltoniemi et al., 2015b). Linked with downscaled global 
circulation model projections, PRELES sufficiently predicted boreal forest productivity under climate 
change scenarios with marginal proportions of parametric uncertainty (Kalliokoski, Mäkelä, Fronzek, 
Minunno, & Peltoniemi, 2018). Mäkelä et al. (2008) showed that daily temperature, vapour-pressure deficit 
(VPD) and absorbed PPFD (photosynthetic photon flux density) accounted for most of the daily variation 
in GPP in the model, but unexplained variation remained in the site-specific maximum LUE, which 
correlated linearly with canopy nitrogen (Peltoniemi et al. 2012). When the model was fitted to the data, 
differences between sites could be explained by potential LUE, leaf area and environmental conditions. If 
the resulting model is to be utilized, its ability to extrapolate to conditions outside the original modelling 
sites must be evaluated. Minunno et al. (2016) tested the applicability of PRELES for 10 boreal coniferous 
forests in Fennoscandia and obtained a generic vector of model parameters by multisite calibration. Based 
on a comparison between site-specific and multisite calibration, the generic parameter vector from multisite 
calibration can be reliably used at the regional scale for boreal coniferous forests. Incorporating the 
processes of light saturation, temperature acclimation, VPD stress, and soil water dynamics, PRELES is 
theoretically qualified for monitoring and predicting ecosystem productivity of various forest-climate types, 
but this wide range of applicability has not been tested in warmer climate types, broad-leaved forests or very 
fertile soils.  
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 The objectives of the study were: 1) to test, with additional modules of seasonality and water 
dynamics incorporated, whether the LUE approach could sufficiently explain geographical variations of 
GPP and ET, with respect to contrasting environmental conditions and distinctive forest ecosystems; 2) to 
propose a generic parameter vector for each PFT and to hierarchically quantify the differences among sites 
while fitting the model with pooled data and 3) to quantify the uncertainty in extrapolating to conditions 
outside the original sites.  

MATERIAL AND METHODS 

we evaluated a semi-empirical ecosystem model, PRELES, for various forest types and climate conditions, 
based on eddy covariance data from 55 sites. A Bayesian approach was adopted for model calibration and 
uncertainty quantification. We applied the site-specific calibrations and multisite calibrations to nine plant 
functional types (PFTs) to respectively obtain the site-specific vectors and regional/global generic vectors 
of parameters in PRELES. 

The meteorological and eddy covariance data were maintained and shared by the FLUXNET 
community. Daily meteorological and flux records of 399 site-years from 55 sites (Fig. 1) were selected and 
downloaded from the ‘FLUXNET2015 dataset’, in which half-hourly observations were gap-filled, 
aggregated and transformed to daily records by a standard methodology (Papale et al., 2006; Reichstein et 
al., 2005). 

Statistical calibration of the PRELES model parameters was accomplished in a Bayesian framework 
by inferring the joint posterior probability density distribution of parameters conditioned on observations 
(van Oijen et al., 2005). We implemented two types of calibration: site-specific calibration and multisite 
calibration. The site-specific calibration included 17 parameters and was applied to each site independently. 
For each forest-climate cluster, we proposed a generic vector of parameters by multisite calibration within 
a Bayesian hierarchical modelling approach. 

 

Figure 1. Study sites. DBF = deciduous broad-leaved forest, EBF = evergreen broad-leaved forest, ENF = 
evergreen needle-leaved forest, MF = mixed forest. 

CONCLUSIONS 
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The multisite calibrations performed as accurately as the site-specific calibrations in predicting gross 
primary production (GPP) and evapotranspiration (ET). The combination of plant physiological traits and 
climate patterns generated significant parameter variation across but not within PFTs. Moreover, the 
variations among sites within one PFT could be effectively simulated by simply adjusting the parameter of 
potential light-use efficiency (LUE), implying significant convergence of simulated vegetation processes 
within PFT. The multisite calibrations showed higher reliability than the site-specific calibration in 
extrapolating to environmental conditions outside the original modelling sites. The hierarchical modelling 
of PRELES provides a compromise between satellite-driven LUE and physiologically oriented approaches, 
in both satellite-based monitoring and process-based extrapolating the geographical variation of ecosystem 
productivity. Although measurement errors of eddy covariance and remotely sensed data propagated a 
substantial proportion of uncertainty or potential biases, the results illustrated that PRELES could reliably 
simulate GPP and ET for contrasting forest types on large geographical scales. 

PRELES aims at a compromise between predictive accuracy and model complexity. The 
generalization of ecosystem processes on the one hand makes the model convincing in extrapolating to 
changing environments, and on the other hand makes it convenient to parameterize and apply on large 
geographical scales. The model accurately simulated and explained the seasonal and daily GPP variations 
for most forest-climate types. Thus, PRELES can be a good candidate for mapping forest production and 
quantifying uncertainty on regional to global scales under the background of climate change. The potential 
risk in global applications is that we only calibrated parameters, while the optimal model structure should 
vary as plant traits and environments change. For instance, the modifier of temperature acclimation was 
crucial for boreal and temperate PFTs, but was impractical for tropical forests. A key developmental need 
of PRELES for global application is to sufficiently generalize and quantify the eco-physiological 
distinctions of varying biomes. A more reliable global calibration of PRELES should focus on not only 
adjusting parameters, but also optimizing the PFT-specific model structures. 
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INTRODUCTION 

Nucleation is the limiting step in any first-order phase transitions such as droplet condensation, bubble 
cavitation, crystallisation or cloud formation. During such a transition, a finite amount of latent heat is 
either released or absorbed due to the emergence of a new phase. The standard theoretical approach to 
calculate homogeneous nucleation rates is classical nucleation theory (CNT). Despite of all the extensions 
and adjustments to CNT, the predicted rates differ from the experimental measurements by several orders 
of magnitude. In addition, the presence of a surface of a different material can lower the free energy for 
the formation of a new phase considerably. Since impurities are ubiquitous in nature, the pathway of 
heterogeneous nucleation is often favored in nature.  

Here we study the homogenous nucleation of carbon dioxide (CO2) from the vapour phase by utilizing 
molecular dynamics (MD) simulations. The MD approach is free from assumptions that are made in 
nucleation theories concerning the treatment of equilibrium and idealistic bulk liquid nature of the 
clusters. The condensation of CO2 is a topic of general interest in view of global decarbonization targets, 
e.g. in low-temperature CO2 capture technologies promoting the phase transition of CO2 gas is the crucial 
step. Another motivation for the study is the Martian atmosphere, where the clouds are formed mostly of 
CO2.  

COMPUTATIONAL METHODS 

We utilized the LAMMPS simulation software (Plimpton, 1995) to carry out atomistic molecular 
dynamics (MD) simulations. The Yasuoka-Matsumoto method (Yasuoka and Matsumoto, 1998) was used 
to calculate nucleation rates by studying the growth of many clusters in a large simulation system (see 
Figure 1). In MD simulations, temperature is most often controlled with artificial thermostats such as 
velocity scaling or the Nosé-Hoover method. However, these thermostats are unable to remove the latent 
heat released to the clusters in a physical manner (Halonen et al., 2018). To properly thermalise the 
system, we are using an atmosphere of carrier gas as a heat bath for the CO2 molecules. This approach 
increases the computational effort substantially, but it also brings the simulated system closer to the 
experimental set-up where the thermalisation of the clusters can be incomplete.  

In order to simulate the required time scales of several nanoseconds, we utilise the rigid TraPPE force 
field for CO2 (Potoff and Siepmann, 2001) and a time step of 5 fs to integrate the equations of motion with 
a Velocity verlet scheme. The carrier gas is modelled as argon interacting via a Lennard-Jones potential 
with parameters ε/kB = 119.8 K and σ = 3.405 Å. Interactions between the atoms in the CO2 molecule and 
the carrier gas are obtained from Lorentz-Berthelot mixing rules. A Nosé-Hoover chain thermostat of 
length 3 and a time constant of 0.1 ps was used to keep the temperature of the carrier gas at 75 K. We have 
considered CO2 densities between 5×10−6 Å−3 and 5×10−5 Å−3, corresponding to pressures between 5.2 kPa 
and 52 kPa.  
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CONCLUSIONS 

In addition to the nucleation rates calculated directly from the number of clusters exceeding the threshold 
critical size, the atomistic simulations also enable us to study the structure of the clusters during 
nucleation, which cannot be determined in nucleation experiments. Our simulations indicate that even the 
largest clusters observed during the nucleation (N ≈ 90) have an amorphous structure, even though the 
bath temperature of T = 75 K is substantially lower than the sublimation point of CO2 (Ts = 194.64 K at 
1 bar). Indeed, we observe that cluster temperatures are significantly higher than the bath temperature, as 
latent heat released during nucleation events cannot be removed at the same rate through collisions with 
the carrier gas, as described in non-isothermal nucleation theory (Feder et al., 1966). A snapshot of a 
cluster of size N = 95 and a plot showing C-C radial distribution functions in different clusters, as well as 
bulk crystalline and liquid CO2 is shown in Figure 2.  

 

Figure 1: (a) Snapshot of a CO2 nucleation simulation with 20 000 CO2 molecules. The Argon carrier gas 
atoms are not shown for clarity. (b) Example curves of the number of clusters in the simulation box 
exceeding a certain threshold size n, as a function of time.  

 

 

Figure 2: (a) An example of an over-critical cluster consisting of 95 CO2 molecules. Carbon and oxygen 
atoms are colored in dark gray and red, respectively. (b) Carbon-carbon radial distribution functions in 
over-critical clusters and in crystalline CO2 at 75 K and 1 bar as well as undercooled liquid CO2 at 200 K 
and 1 bar, for comparison.  
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INTRODUCTION

Secondary organic aerosol (SOA) is formed from the oxidation of volatile organic compounds (VOC) and the
subsequent  gas-particle  partitioning  (Hallquist  et  al.,  2009).  A substantial  fraction  of  the  submicrometer
particulate mass is  from SOA  (Jimenez et  al.,  2009).  Due to the multitude of different  VOCs and possible
reaction pathways there exists thousands of different organic compounds in the SOA (Goldstein and Galbally,
2007). Because of the vast amount of different species, it is difficult to estimate the properties of SOA in the
atmosphere and ultimately their impact on climate.

A key quantity in understanding the SOA dynamics in the atmosphere is the volatility of the organic compounds
(Glasius and Goldstein, 2016). The volatility of the compounds in the SOA can be described with a volatility
distribution (VD) where organic compounds are grouped based on their saturation concentration. The different
volatility groups are model compounds in the sense that they do not present any particular compound but rather
are surrogates with set properties.

Isothermal evaporation experiments, where the evaporation of SOA particles is monitored over several hours, are
useful  for directly estimating the VD of  SOA (Tikkanen et al.,  2019; Yli-Juuti  et  al.,  2017). These kind of
measurements are important because the ambient conditions such as relative humidity (RH) and temperature can
be  controlled  during  the  evaporation.  Recently,  Buchholz  et.  al.,  (2019)  showed  that  the  VD can  also  be
estimated from measurements performed with Filter Inlet for Gases and AEROsols (FIGAERO, (Lopez-Hilfiker
et al., 2014) coupled to the Chemical Ionization Mass Spectrometer (CIMS, (Lee et al., 2014). In this work these
two VD are compared.

METHODS

SOA was generated by photo-oxidization and ozonolysis of α-pinene in a Potential Aerosol Mass (PAM; Lambe
et al., 2011) reactor at constant temperature and RH (T=295K, RH=40%). SOA particles with electrical mobility
diameter of 80 nm were selected with a differential mobility analyzer and the gas phase was diluted which
initiated the evaporation of the particles. The monodisperse particles were then directed to a 100 L stainless steel
residence  time  chamber  (RTC)  where  the  evaporation  was  monitored  by  continuous  measurements  of  the
changing (shrinking) particle sizes with a scanning mobility particle sizer (SMPS). The collection of particles
onto a FIGAERO filter was performed at two times, directly after the size selection and 3-4 hours after the
evaporation was initiated. These two samples are labeled fresh and RTC sample, respectively.

The photo-oxidation conditions resulted in an average oxygen-to-carbon O:C ratio of 0.69 (measured with a
High-Resolution Time-of-Flight Aerosol Mass Spectrometer). The temperature in the chamber was 293 K and
the relative humidity (RH) was between 82-83%.

A process model optimization method described in Tikkanen et al., (2019) was used to estimate the VD from the
particle size change data. The goal in the process model optimization is to find a VD that produces particle
shrinkage similar to the measurements, when the VD is used as an input to a process model that describes the
evaporation process. A process model (Liquid-like evaporation model, LLEVAP) that assumes the particles are
in a liquid-like state was used to model the evaporation at the studied conditions (Tikkanen et al., 2019; Yli-Juuti
et al., 2017). The VD was represented with six model compounds with effective saturation mass concentration
C* between 10-3 μgm-3 and 102 μgm-3. A global optimization algorithm was used to search for a set of dry particle
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mole fractions of these model compounds at the start of the evaporation. In the optimization, the mean squared
error  between the  measured  and simulated evaporation curves  was used  as  a  goodness  of  fit  statistic.  The
resulting VD is referred to as VDevap. The molar mass of each model compound was assumed to be 200 gmol -1

and the particle phase density 1200 kgm-3.

The  PMF method  (Paatero  and Tapper,  1994) was  applied  to  estimate  the  VD from the  FIGAERO-CIMS
thermogram data. The application of the method is described in detail in Buchholz et al., (2019). In short, PMF
groups the mass spectrometer data into predefined number of factors. When applying the method to FIGAERO-
CIMS thermogram data, the measurement matrix is explained by the multiplication of two matrices where the
first contains the mass loading profile of each factor and the second contains the mass spectra of the factors. In
this  work,  each  factor  was  interpreted  to  be  a  model  compound  in  a  VD.  Each  model  compound  was
characterized by the relative  amount in  the sample calculated from the relative  signal  strength of the mass
loading  profile  and  the  C*  calculated  from  the  peak  desorption  temperature  (Tmax)  of  each  factor  using  a
calibration with compounds with known C* values. The resulting VD is referred to as VDPMF.  For modeling
purposes,  the  other  properties  of  the  model  compounds  were  set  to  be  the  same as  in  the  process  model
optimization method.

RESULTS

A direct comparison of the VD is challenging due to the fact that the C* values of the two studied VD are not the
same. However, both of the VD can be used as an input to the LLEVAP model and their evaporation profiles can
be compared. Figure 1a shows the measured evaporation at the studied conditions (blue circles) and the best fit
simulation from the process model optimization method (calculated with VD evap, black line).The blue and brown
lines in Fig. 1a show the simulated evaporation calculated with the LLEVAP model using the VDPMF derived
from the fresh and RTC samples as an input.

The simulated evaporation calculated with VDevap fits well to the measured value as is expected since this is the
goal of the process model optimization method. The simulated evaporation calculated with VDPMF is slightly
faster than the measured evaporation suggesting that the two VD are not similar. 

In Fig. 1b the C* values of each model compound / PMF factor in VDPMF is allowed to contain uncertainty which
is constrained by the width of each factor mass loading profile. The C* values are calculated from the 25th and
75th percentiles of the desorption temperature range of each factor in the mass loading profile. Within that range,
the C* value for each factor was then optimized by minimizing the mean squared error between the measured
and simulated evaporation curves similarly to the process model optimization method. The optimized VD is
referred to as the VDPMF,opt.  The simulated evaporation calculated using VDPMF,opt matches well the measured
values showing that the VD estimated with the two methods are similar when the uncertainty in the C * values in
the FIGAERO-CIMS derived VD are taken into account.
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CONCLUSIONS

This work compared the VD estimated with two different measurement methods during isothermal SOA particle
evaporation.  The VD were estimated from isothermal  particle  size  change data  and from FIGAERO-CIMS
measurements. The two VD were found to be similar if the C* values of the PMF factors calculated from the
FIGAERO-CIMS data were allowed to contain uncertainty.

The  results  indicate  that  the  VD derived  from  the  FIGAERO-CIMS measurements  is  consistent  with  the
measured evaporation and that the VDPMF,opt is a good approximation for the volatility of organic compounds in
the SOA.  Furthermore the results obtained in this study open the possibility to quantify other properties by
combining the FIGAERO-CIMS data with the particle size change data and the process model optimization
method since the FIGAERO-CIMS data constrain the VD estimation more than using only the VDevap. Including
the FIGAERO-CIMS thermogram data to VD estimation effectively decreases the search space that needs to be
traversed with the global optimization algorithms.
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INTRODUCTION

Weather  modification,  particularly rain enhancement  via  cloud seeding by  aerosol,  is  an  increasingly
active field of research due to the need to improve water security in many regions across the globe. Water
shortage is a major challenge in arid regions and the problem in general is expected to get worse, given the
present consumption rate and the effects of climate warming. Artificial increase of rainfall by purposely
emitting aerosol particles within clouds has been tested in many field experiments (e.g. Ghate et al., 2007,
Jung et al., 2015; Flossmann et al., 2019), but the scientific basis for understanding the factors controlling
the  seeding  efficacy  is  still  rather  weak.  In  experimental  studies,  this  arises  from  the  problem  of
attribution: it is most often difficult to distinguish the effects of seeding from meteorological variations.
Nevertheless,  if  the seeding proves successful,  it  is in all  likelyhood mainly the result  of the seeding
aerosol boosting the collision growth processes  (Rosenfeld  et  al., 2010). To achieve this, the seeding
particles are required to be sufficiently large, on the order of several micrometers.

Modelling with sophisticated microphysical schemes within cloud resolving frameworks has become a
viable option to study the cloud seeding effects (e.g. Segal et al., 2004;2007). They provide a method to
create  multiple  realizations  of  the  same meteorological  setting and they enable  reproducibility  of  the
results.  In our work, we use the Sectional Aerosol module for Large-Scale Applications (SALSA) aerosol-
cloud  model  coupled  with  the  UCLA Large-Eddy  Simulation  code  (UCLALES),  a.k.a.  UCLALES-
SALSA (Tonttila et al., 2017) to study the cloud seeding efficacy. Our investigation focuses on the use of
hygroscopic seeding particles, which are applied in marine stratocumulus clouds as well as in convective
mixed-phase clouds of intermediate intensity. 

METHODS

The core of UCLALES-SALSA is the widely used UCLALES code (Stevens et al., 2005) for idealized
cloud studies. It holds the typical set of prognostic equations for temperature, moisture variables and wind
components.  The  aerosol  and  cloud  microphysics  are  represented  by  SALSA,  which  describes  the
evolution  of  particle  size  distributions  using  the  bin  approach.  The  size  distributions  and  particle
compositions are resolved for up to 4 particle categories: aerosol, two sets of liquid hydrometeors (cloud
droplets  and  a  separate  regime  for  small  drizzle  and  precipitation)  and  ice.  Condensation  and
collision/collection  processes  are  solved  in  all  bins  of  all  categories.  Cloud  activation  is  determined
directly by modelling the aerosol growth and drizzle formation takes place within the coagulation routines
of the model. For ice, we employ the basic methodology from the P3 scheme (Morrison and Milbrandt,
2015), where the growth of ice particles through vapor deposition and riming is tracked by separate mass
variables.  This  enables  to  simulate  the  ice  particle  properties  and  shape  in  a  physically  flexible  and
computationally efficient way. 

UCLALES-SALSA is very well suited to study the effects of cloud seeding, because its design emphasizes
the tracking of the features of the aerosol size distribution in both the activated and non-activated particle
regimes. This enables a detailed representation of the cloud processing of the aerosol through scavenging
effects and the eventual removal mechanisms, which are essential in order to capture the seeding effect.
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The model reprepsents the seeding emissions either by emission from a moving point source, or by simply
injecting the seeding aerosol to all the grid points instantaneously at a predefined model layer. In our
experiments, we use sea salt aerosol as a proxy for the seeding particle composition. The particles are
assumed  to  occupy  the  diameter  space  between  approximately  1  and  10  μm with  different  number
concentrations depending on the experiment.

In the first part of the current work, we have used our model to investigate the effects of hygroscopic
seeding on warm marine stratocumulus clouds. The setup for the model simulations is based on the results
from a field experiment reported in Jung et al. (2015). This includes the initial temperature and moisture
profiles as well as the ambient aerosol size distribution. 

In the second part, we focus on cumulus convection over the United Arab Emirates (UAE), where the
clouds exhibit a mixed-phase structure, with occasionally and locally occurring strong rain showers. In
this case, the model is initialized using observed aerosol size distributions from the FMI’s instruments
deployed at the UAE during 2018. This comprises both surface-based in-situ measurements as well as
ground-based remote sensing observations. The initial temperature and moisture profiles are created based
on the output from the operational mesoscale forecast model HARMONIE for a case that represents a
tropospheric structure that is often seen in the UAE area in summer conditions.

CONCLUSIONS

Marine stratocumulus

The model results of the seeding experiments in marine stratocumulus highlight the importance of the total
mass of the seeding aerosol released in the cloud layer, both via varying the emission rate as well as the 
seeding strategy. This essentially means, that the seeding aerosol concentration in the diluted plume should
be, according to our results, at least on the order of 0.01 cm-3 in order to yield a considerable increase in 
the precipitation fluxes. Different seeding strategies to obtain this are tested: a moving point emission 
source with a prescribed trajectory across the model domain (corresponding to an aircraft, denoted Seed1 
and Seed2), and directly injecting the seeding aerosol in every grid point in a domain-wide slab at a 
predefined altitude (Seed3). The latter produces the highest diluted concentration of the seeding aerosol in 
our experiments, which translates to the highest increase in the domain mean precipitation flux, as 
compared to the control run (no seeding), as shown in Figure 1.

Figure 1: Domain mean precipitation rate as a function of time since the start of the seeding emission (at 4
hours). Seed1 and Seed2 are experiments with a point emissions source, Seed3 uses a domain-wide slab

emission. CTRL is the control run with no seeding.
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Convective mixed-phase clouds

In the experiments on cumulus convection performed so far we have only employed the domain-wide slab 
seeding emissions. The model generates an ensemble of clouds with tops reaching a maximum height of 
about 6-8 km. The lifetime of the convective cells and therefore also the lifetime of an individual 
precipitation event is rather short, 10-30 minutes. In this case, the most intensive precipitation is formed 
via the cold precipitation process, where riming is a pivotal factor in the mixed-phase part of the clouds. 

Our model experiments suggest, that the effect of hygroscopic seeding via the warm precipitation process 
is very weak in comparison with the overall precipitation rates produced by the strongest cells. Moreover, 
this weak precipitation is most often evaporated before it reaches the ground, due to the rather high cloud 
base heights (3-3.5 km). 

Instead, considering the mixed-phase, the cold precipitation process is closely linked with the riming 
process. Our simulations show, that in suitable conditions, hygroscopic seeding above the melting layer 
may significantly increase the rime fraction of the total ice mass, as shown for an example case in Figure 
2. When this happens, it has the potential to produce at least a transitory increase in the surface 
precipitation. Work is ongoing to identify the conditions which best support a significant increase in rime 
fraction in response to the seeding emission, as well as to provide a more robust estimate of the expected 
increase in the precipitation yield.

Figure 2: Histograms of rime fraction for then control run (blue) and the seeding experiment (orange) in
the mixed phase cumulus case at three altitudes (4950m, 5950m and 6950m). Seeding aerosol is released

close to the lowest sampling altitude.
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INTRODUCTION

Spatial and temporal variations of methane (CH4) emissions in Europe are complex due to a mixture and
collocation of sources. Anthropogenic sources, such as those from industries and agriculture, are still the
main sources of methane in Europe, determining the long-term trend, while emissions from wetlands have
high seasonal and year to year variations, which could potentially change due to global warming and
mitigation policies. In this study, we examine the European CH4 budgets estimated from an atmospheric
inverse model  and their  sensitivity prior flux fields and role of new satellite data for quantifying the
budgets.

METHODS

We estimated European anthropogenic (e.g. fossil  fuels,  agriculture and landfills)  and biospheric (e.g.
wetlands,  peatlands,  mineral  soil)  CH4 emissions for  recent  decades  optimized using Carbon Tracker
Europe-CH4 (CTE-CH4; Tsuruta  et al., 2017) data assimilation system. The emissions for 2000 – 2018
were optimized at 1°x1° (latitude x longitude) horizontal resolution using various sets of observations and
prior  flux  fields.  Observations  we  used  are  1)  surface  atmospheric  CH4 observations  from  global
institutions  as  in  Global  Carbon  Project  (GCP;  Saunois  et  al.,  2019),  ICOS  and  other  individual
collaborators,  and  2)  dry-air  total  column-averaged  mole  CH4 fraction  (XCH4)  data  from  GOSAT
(TANSO-FTS,  NIES  retrieval  v2.80;  Yoshida  et  al.,  2013)  and  3)  XCH4 data  from  Sentinel  5P
(TROPOMI). Prior flux fields used includes anthropogenic, biospheric, fire, termite, geological and ocean
sources. “GCP sets” used estimates from EDGAR v4.3.2 for anthropogenic sources, average from Pouter
et al., 2017 as climatology for biospheric sources, and other sources and soil sinks as in Saunois  et al.,
2019.  Another  sets  used  estimates  from EDGAR v4.2 FT2010 for  anthropogenic  sources,  LPX-Bern
DYPTOP process-model (Stocker et al., 2014) for biospheric sources and soil sinks, and other sources as
in Tsuruta et al., 2019.   

The  inversion  estimates  were  compared  to  data  from the  UNFCCC reports  and  JSBACH-HIMMELI
process-based model  (Reik  et  al.,  2013;  Raivonen  et  al.,  2017),  which were not  used as prior in the
inversions.

CONCLUSIONS

We found that the estimated anthropogenic European CH4 emissions have a decreasing trend for 2000-
2014 in the surface inversion, similarly to those reported to UNFCCC. On the other hand, in the GOSAT
inversion,  we found insignificant  trend in the European emission estimates.  Year to year variation of
biospheric emissions do not fully agree between inversions and JSBACH-HIMMELI. The discrepancies
between inversions are mostly in the seasonal cycle amplitude, where GOSAT inversion show higher
summer maximums. Estimates from JSBACH-HIMMELI start to increase much earlier than the inversion
estimates,  producing  higher  spring  emissions.  Those  show  that  temporal  variation  in  the  biospheric
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emissions are still difficult to constrain by the inversion and therefore, further development is needed from
both top-down and bottom-up sides to come to a collective understanding.

Figure 1. Average monthly European biospheric CH4 fluxes, estimated from process-based models and
inversions using different setups.  Dashed lines are those from process-based models, and solid lines are

estimates from the inverse model.
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INTRODUCTION

New particle formation (NPF) is a commonly observed phenomenon in the atmosphere and its occurrence
depends on the conditions of the surrounding environment (Kerminen et al., 2018).  In theory, NPF events
should not occur in heavily polluted environments due to the high condensation sink (CS) caused by pre-
existing particles (Kulmala et al., 2017). However, NPF events regularly occur in Chinese megacities despite
the high CS (Wu et al., 2007). This can be explained if CS is smaller or the growth rate of particles is larger
than assumed (Kulmala et al., 2017). In this study, we explore the possibility of ineffective heterogeneous
nucleation resulting in the effective condensation sink being lower than expected.

METHODS

Heterogeneous nucleation was investigated based on classical nucleation theory (Lazaridis, 1991; Fletcher, 
1958). We studied how different properties, such as vapour concentration, surface tension or molecular mass,
affect heterogeneous nucleation probability. In addition, we studied heterogeneous nucleation probability of
compounds with properties corresponding to a vapor composed of sulfuric acid and dimethylamine clusters
and to a vapour composed of clusters of low-volatile organic molecules.

We determined contact angles of nucleation that are large enough for heterogeneous nucleation to be
ineffective for all the investigated situations.  This was done by assuming that nucleation probability of 0.5
corresponds to the onset of heterogeneous nucleation and that no heterogeneous nucleation occurs when
nucleation probability is lower than that.

We assumed that CS can be described by heterogeneous nucleation and investigated how large the effective
condensation sink (CSeff) caused by an existing aerosol particle population will be if a certain contact angle
is assumed. In practice this means that we assumed that particles below a certain diameter, determined by
the contact angle and other properties, do not act as a sink because of ineffective heterogeneous nucleation.

To study the impact of ineffective heterogeneous nucleation on CSeff in a Chinese megacity, we used particle
size distribution data measured with a PSD (Particle Size Distribution) system at the measurement station
of Beijing University of Chemical Technology (39°56’31”N, 116°17’50”E, Beijing)  between January 17
and April 1 2018. From this data set, we calculated a median particle number size distribution on NPF event
days between 9:00 and 11:00 a.m.
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RESULTS

We found that heterogeneous nucleation probability depends on the vapour concentration and saturation 
concentration. Heterogenous nucleation is more likely at high vapor concentrations and at low saturation 
concentration. In these conditions, the contact angle needs to be large for heterogeneous nucleation to be 
ineffective and in some cases such a contact angle does not exist at all. Correspondingly, if vapor 
concentration is low and saturation concentration is high, heterogenous nucleation is less likely and a smaller 
contact angle is needed for heterogeneous nucleation to be ineffective. In addition, if the vapor molecules 
have large mass or the vapor has a high surface tension, heterogeneous nucleation probability is low and 
therefore a rather small contact angle is enough for there to be no heterogeneous nucleation. 

Figure 1 shows the ratio of CSeff, calculated for different contact angles of heterogeneous nucleation, to CS 
for a vapor consisting of sulfuric acid and dimethylamine clusters. For a vapor with larger clusters, a smaller 
contact angle is enough to clearly reduce CSeff. Therefore, if a significant fraction of vapours present in the 
atmosphere consists of large molecules or clusters, the effective condensation sink can in theory be 
considerably lower than the predicted condensation sink.

CONCLUSIONS

In this study, we investigated the possibility of ineffective heterogeneous nucleation resulting in the effective 
condensation sink being lower than expected. We found that in theory it is possible that a relatively high 
contact angle of nucleation, caused by chemical properties of the seed particle and the condensing 
compound, significantly reduces the effective condensation sink.  Therefore, ineffective heterogenous 
nucleation is one possible explanation for the unexpected occurrence of NPF events in polluted 
environments.
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Figure 1: Ratio of effective condensation sink (CSeff) to condensation sink (CS) as a function of contact 
angle for a vapor composed of different numbers of sulfuric acid (SA) and dimethylamine (DMA) clusters 
In left panel there is clusters of one or two sulfuric acid molecules and 1-4 dimethylamine molecules. In 
right panel there is clusters of three or four sulfuric acid molecules and 1-4 dimethylamine molecules.
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INTRODUCTION

Numerical  weather  prediction  (NWP)  models  solve  non-linear  differential  equations  in  finite
representation. This usually means that small scale atmospheric processes are not described explicitly by
the model.  Instead,  net  effect  of  these small  sub-grid scale processes is  taken in account  using bulk
equations containing constants that are called closure parameters. Unfortunately, exact values of these
closure  parameters  are  difficult  to  infer,  and  are  always  somewhat  uncertain.  Therefore  maximizing
predictive skill of the model requires some trial-and-error model tuning.

Many do the tuning manually (e.g. Mauritsen et al. 2012) but some have been tuning NWP models using
various different algorithms (e.g. Ollinaho et al. 2013, Ollinaho et al.  2014). However, they have not
studied how do the parameters converge the best. Aksoy et al. (2006) and Schirber et al. (2014) have
studied also the convergence but not as thoroughly as we have done. Here convergence test means tuning
of NWP model towards a known truth. This means that instead of analyses or observations, the reference
data  consists  of  output  of  a  reference  model  run  with  known  fixed  parameter  values.  We  have
concentrated on properties of convergence tests, and based on those convergence tests, we have been
thinking about the best practices to do algorithmic tuning. This abstract will loosely follow what has been
done in Tuppi et al. (2019) that is to be submitted in November 2019.

METHODS

In order to study properties of convergence tests, we need 1. a NWP model, 2. an ensemble prediction
system, 3.  a cost  function and an optimization algorithm. As a NWP model  we use Open Integrated
Forecasting System (OpenIFS) cycle 40R1v1 of European Centre for Medium-Range Weather Forecasts
(ECMWF). OpenIFS has one stochastic physics scheme that is used in here: Stochastically Perturbed
Parametrization Tendencies (SPPT, Palmer et al. 2009). Operational ensemble prediction systems cannot
be  run  outside  operational  centers  so  we  use  OpenEPS  ensemble  prediction  workflow  manager
(https://github.com/pirkkao/OpenEPS)  specifically  designed  for  ensemble  forecasting  experiments  in
research purposes. We decided to use two optimization algorithms for our convergence tests. The first one
is a modified version of the Ensemble Prediction and Parameter Estimation System (EPPES, Järvinen et
al. 2012, Laine et al. 2012). We have added an additional constraint on how fast the distribution mean
value can move in EPPES. This constraint enables us to shorten the memory, and thus make EPPES more
flexible. The other optimization algorithm is Differential Evolution (DE, Shemyakin and Haario 2018).
We  use  two  different  cost  functions  here:  basic  root  mean  squared  error  of  850  hPa  geopotential
(RMSEZ850) and moist total energy norm (ΔEEm,  e.g.  Ehrendorfer et  al.  1999).  For evaluation of the
convergence tests we use kernel representation of fair Continuous Ranked Probability Score (fCRPS, e.g.
Leutbecher 2018). The fact that fCRPS is a fair score is extremely useful since we need to be able to
compare convergence tests which use ensembles of different sizes.

Next we present the parameters and different convergence test set-ups we used. We chose five parameters
from  the  convection  scheme  of  OpenIFS.  The  parameters  are  entrainment  rate  for  deep  convection
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(ENTRORG),  entrainment  rate  multiplier  for  shallow convection  (ENTSHALP),  detrainment  rate  for
penetrative  convection  (DETRPEN),  cloud  water/ice  to  rain/snow conversion  factor  (RPRCON)  and
depth  of  layer  for  shallow  convection  (RDEPTHS).  In  the  most  convergence  tests  we  use  only
ENTRORG and ENTSHALP. ENTRORG and ENTSHALP are always initialized so that they have 10%
too large values relative to the parameter default values used in the control model. Moreover, ENTRORG
and ENTSHALP have large initial uncertainty.

The main focus is on different levels of realism as described in table 1 and level 2 (L2) experiments done
with several forecast length – ensemble size combinations. There are four different levels of realism in
table 1: L0, L1, L2 and L3. First we show the pros and cons of using these different levels of realism.
Then we use one L1 set-up to show why to choose a proper cost function ΔEEm over RMSEZ850. Next
different forecast lengths and ensemble sizes are used in L2 level of realism to demonstrate the most
efficient way to do a convergence test. From these combinations we select a couple of examples and test
how reproducible those tests are. In Tuppi et al. (2019) we discuss quite extensively about the problems
that might be encountered during the convergence tests but here it will be discussed very shortly.

Number of parameters Different initial 
conditions

Stochastic physics 
(SPPT)

Level 0 (L0) 2 No No

Level 1 (L1) 2 Yes No

Level 2 (L2) 2 Yes Yes

Level 3 (L3) 5 Yes Yes

Table 1. Covnergence tests with increasing degree of realism; from idealistic experiments step by step 
towards genuine model tuning.

RESULTS

We  begin  with  discussion  about  which  level  of  realism  to  use.  Figure  1  shows  a  comparison  of
convergence tests done with four different levels of realism as in Table 1. All of the tests converge even
though ENTRORG converges slightly different value than expected in L1, L2 and L3 tests. We think that
L0 tests are too idealistic to indicate how well the optimization method is going to work in genuine model
tuning. L1, L2 and L3 tests lead to relatively similar outcomes. Adding noise to the tests with SPPT and
additional parameters does not provide new insights so already L1 tests provide most of the information
about the convergence.

Comparison of similar convergence tests with the two cost functions RMSEZ850 and ΔEEm (not shown)
shows  that  selection  of  cost  function  does  matter.  For  ENTSHALP,  RMSEZ850  does  not  show
convergence at  all,  and for ENTRORG,  ΔEEm leads to twice as fast convergence as RMSEZ850.  ΔEEm

covers  entire  atmosphere  whereas  RMSEZ850  only  a  single  level.  Moreover,  ΔEEm  includes  more
sensitive variables than RMSEZ850 so it is natural that ΔEEm leads to better convergence.

Figure 2 shows a number of L2 convergence test results for ENTRORG with EPPES as optimizer. Left
panel of Figure 2 shows end results from a number of forecast length – ensemble size combinations. As
blue color means better convergence, one can easily see that the best forecast length for ENTRORG is 24
hours. As ENTSHALP is less sensitive parameter, there is more noise in those results. However, it seems
that also ENTSHALP favors relatively short forecasts of 24 to 48 hours (not shown). In order to see more
clearly which ensemble size works best, we look at the right panel of Figure 2. It takes a closer look at the
best forecast length of 24 hours. Interpretation of the blocks is the same as in the left panel but now there
is number of iterations on the x-axis.  The right panel  shows how fast  the convergence happens with
different ensemble sizes. It is also possible to look at the right panel so that how much sample points have
been used to reach reasonable convergence. As all but those tests with the smallest ensembles seem to
proceed  roughly  equally  fast,  it  means  that  using  large  ensembles  is  meaningless  burning  of
computational resources. The best way to see this is to compare blocks having the same amount of sample
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Figure 1. Comparison of convergence tests with different levels of realism. Left panel shows evolution
of ENTSHALP and right panel ENTRORG respectively. X-axes show running number of ensembles.
Distribution mean values are shown with solid lines and mean ± two times the standard deviation with
dash dotted lines. ∆E m is used as cost function, and the legends refer to different levels of realism
explained in more details in Table 1. Green dots show the parameter default values. All convergence
tests have been done with 48 hour forecasts and 50 ensemble members.

Figure 2. On the left, end results of numerous convergence tests with different forecast lengths and
ensemble sizes measured with fair continuous ranked probability score (fCRPS, see e.g. Leutbecher
2018, equation 6). We have broken the equation to two parts to avoid cancellation. On the right,
evolution of convergence tests when forecast length of 24 hours is used. Number of iterations tells
how many times the optimization algorithm has been called. The parameter used is ENTRORG in
convection scheme of OpenIFS, and the optimization algorithm is EPPES (Järvinen et al. 2012, Laine
et al. 2012). The colorbar is common for both panels. Blue colors denote better convergence.
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points for example 20 iterations and 50 members, and 50 iterations and 20 members. The latter leads to
much better convergence. The best ensemble size is a trade-off between use of computer resources and
stability of the convergence tests. Medium-sized ensembles of ~20 members seem to lead to fast and
stable enough convergence with moderate use of resources.

Left panel of Figure 2 shows also two highlighted blocks. We used those example combinations to study
reproducibility of L1 and L2 convergence tests. Results with L1 level of realism show that both of the
examples are fairly reproducible (not shown). Instead, when SPPT is added for L2 tests, the combination
of  48  hour  forecasts  and  20  member  ensembles  becomes  significantly  more  unstable,  and  is  not
reproducible anymore (not shown). Reproducibility of the better combination of 24 hour forecasts and 26
member ensembles is not affected by the additional noise.

Figure 1 already showed that at least ENTRORG misses convergence to the parameter default value. This
is further emphasized in Figure 3. Figure 3 shows  parameter values at the end of the L2 convergence
tests.  White  color  means  convergence  to  the  default  values  whereas  purple  and green colors  denote
convergence above and below the default values. Both panels of Figure 3 seem systematic but especially
the right panel,  which shows results of ENTRORG. With longer forecasts than 24 hours, ENTRORG
tends to converge below the default value, and with shorter forecasts than 24 hours, slightly above. We
also tested ENTRORG alone with only initial condition perturbations activated, and it seems to behave in
the  similar  way  also  alone.  We think  that  this  happens  because  using  initial  condition  perturbations
enables minimization of the cost function different way than by minimizing the error in parameter values.
It seems that also growth of other perturbations can be minimized with certain parameter values. We are,
however, unsure whether this is a real problem or only a feature of convergence test.

Figure  3.  Mean  values  of  the  parameter  distributions  proposed  by  EPPES  at  the  end  of  the
convergence tests. Mean values of ENTSHALP are on the left and mean values of ENTRORG on the
right. Purple (green) colour means that the final mean values are larger (smaller) than the default
value.

CONCLUSIONS

Here we have summarized the key results of manuscript Tuppi et al. (2019) to be submitted in November
2019. We began with looking at which levels of realism should be chosen. L0 test is a good way to check
that the parameters respond to the chosen cost function. L1 provides information about the behavior when
also other perturbations are present. L2 and L3 were not seen to provide additional information. The only
value in L2 and L3 tests is that if they work, simpler test will work also. We tested two different cost
functions in order to show that the choise really matters. One should choose such a cost function that is
comprehensive and sensible to the parameter variations. We searched for such a set-up that 1. converges
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well, 2. is relatively cheap to run and 3. is reproducible. Medium-sized ensembles of ~20 members and
forecast length of 24 hours meet these criteria the best.  We noticed that  convergece tests have some
intrinsic problems. If other perturbations are applied besides the parameter perturbations, there are several
ways to minimize the cost function so the parameters might not converge to the default values.
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INTRODUCTION

Atmospheric new particle formation (NPF) is an important phenomenon which affects climate and
human heath (Neuberger, 2012; Pöschl, 2005). It has been shown that NPF is affected by many
atmospheric conditions, for example concentrations of sulphuric acid and organic vapors and it has
been observed to occur in all kinds of environments all over the world (Donahue et al., 2013; Kulmala
et al., 2013; Kulmala et al., 2017). Wiedensohler et al. (2019) analyzed new particle formation
in Zotino Tall Tower Observatory (ZOTTO) in Siberian forest and according to their results,
NPF events were significantly less frequent in ZOTTO than for example in Hyytiälä SMEAR II
station. In this work, we used Atmospheric Cluster Dynamics Code (ACDC), parametric equations
for particle growth and formation rate and measurement data from two measurement stations
surrounded by a boreal forest to investigate how concentrations of sulphuric acid and organic
vapors influence new particle formation. In addition, we investigated if temperature or saturation
vapor pressure and surface tension of organic vapor has an effect on new particle formation.

MATERIAL AND METHODS

In this work, we used measurement data from two measurement stations, Hyytiälä SMEAR II (Hari
et al., 2005) and Tomsk Fonovaya station in Siberia (Antonovich et al., 2018). From Hyytiälä, we
used particle number size distributions measured by DMPS (differential mobility particle sizer)
(Aalto et al., 2001) (2017-2018), particle concentrations measured by PSM (particle size magnifier)
(Vanhanen et al., 2011) (2017-2018), number concentrations of sulphuric acid and HOM (highly
oxygenated molecule) compounds (2018) measured by CIMS (Jokinen et al., 2012) and concentra-
tion of sulphur dioxide, as well as measured temperature and relative humidity (2017-2018). From
Tomsk, we used particle number size distributions, sulphur dioxide concentration, radiation (2017-
2018) and condensation sink values calculated from particle size distribution data (2017). We used
mode fitting method to determine growth rates from number size distribution data. (Hussein et
al., 2005) Formation rates were determined from particle size distribution data for both stations.
In Tomsk, calculated condensation sink values were also used.

We used parametric equations to simulate particle growth rates with assumed vapor molecule
masses, saturation vapor pressure and surface tension of organic vapor and temperature (Nieminen
et al., 2010) and we used four different functions to calculate particle formation rate at 1.5 nm
with sulphuric acid and organic vapor concentrations (Paasonen et al., 2010). Finally, we used the
equation from Kerminen and Kulmala (2002) to calculate formation rates of larger particles (3 nm
or 10 nm). With the latter equation, we also calculated particle survival probabilities.

ACDC was used to simulate new particle formation in different conditions. In ACDC, cluster birth-
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death equations are solved explicitly. Evaporation rates are calculated with cluster free energies
obtained from quantum chemistry calculations and smallest clusters are assumed to include sul-
phuric acid and ammonium (McGrath et al., 2012). We changed sulphuric acid and organic vapor
concentrations, and other conditions like temperature, and saturation vapor pressure and surface
tension of organic vapor. For condensation sink, the typical Hyytiälä value 0.001 1/s was used.

RESULTS

In this work, we found that in 2017 and 2018 there were 150 NPF event days in Hyytiälä, during
which growth rates (GR) and formation rates could be determined on 70 days (33 in 2017 and
37 in 2018). In Tomsk, in 2017 and 2018 there were 50 event days (21 in 2017 and 29 in 2018)
when parameters could be calculated. Growth rates and formation rates were determined for all
21 days in 2017. Average growth rates of nucleation mode particles (GR3−25nm) were 2.3 nm/h
in Hyytiälä and 1.7 nm/h in Tomsk, and average formation rates at 3 nm (J3) were 0.28 1/cm3s
in Hyytiälä and 0.24 1/cm3s in Tomsk. We also found that condensation sinks (CS) were around
3 times higher in Tomsk (median 0.0042 1/s) than in Hyytiälä (median 0.0016 1/s). Also sulphur
dioxide concentrations were up to ten times higher in Tomsk during the studied period. In Hyytiälä,
growth rates and formation rates were also calculated for sub-3 nm particles, GR1−2.5nm (average
1.4 nm/h) and J1.5 (average 0.53 1/cm3s).

The simulations were done with both parametric equations and ACDC. With parametric equations,
all four equations for J1.5 were used and sulphuric acid and organic vapor concentrations along with
other conditions were changed to investigate their participation to new particle formation. The com-
parison between different simulations and conditions and measured values of Hyytiälä and Tomsk
are shown in Figure 1. We found that along with sulphuric acid and organic vapor concentrations,
temperature is one of the most important factor influencing new particle formation. The higher the
temperature, the smaller the formation rate. The saturation vapor pressure of organic compound
also has an impact on formation rate: the higher the saturation vapor pressure, the smaller the
formation rate.

In ZOTTO, the particle number size distribution measurements start from 10 nm when in Hyytiälä the
lowest measured size is around 1.5 nm from PSM and 3 nm from DMPS. We estimated particle
survival probabilities in above-mentioned situations and found that larger particle diameter (along
with GR and CS) has a significant impact on particle survival probability during an event.

CONCLUSIONS

The goal of the work was to find explanations for the infrequent new particle formation in Zotino Tall
Tower Observatory by simulating new particle formation in different conditions and by comparing
simulated values to measured parameters in Hyytiälä and Tomsk measuring stations. It is possible
that some conditions in ZOTTO cause NPF events to occur rarely. We found that these conditions
could be different properties of organic compound, such as a lower saturation vapor pressure which
makes formation rates smaller, or higher temperature. In Siberia, day-time temperatures are higher
in summer than in Hyytiälä, and most of the events happen during spring and summer. Therefore
in summer time, temperature could be a probable reason for events being infrequent in Siberia.

We found that condensation sinks are significantly higher in Tomsk than in Hyytiälä and growth
rates are lower in Tomsk. This makes the ratio GR′/CS′ remarkably lower in Tomsk, which affects
the survival probability and can cause events to leave unnoticed. When we also take in account
that in ZOTTO particles are only measured starting from 10 nm, the cluster survival probability
measured in ZOTTO becomes very low. If we estimate the survival probability in Hyytiälä and
Tomsk with typical CS ja GR values and particle diameter of 3 nm and in ZOTTO with typical
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Figure 1: Particle formation rate J3 as a function of (a) sulphuric acid concentration (cacid) and
(b) both sulphuric acid and organic compound concentrations (corg). a) Two simulations with
parametric equations, ACDC simulation and data points for Hyytiälä and Tomsk event days. The
concentration of organic compound is shown with color. b) Four simulations with parametric
equations, ACDC simulations with different temperature, surface tension and saturation vapor
pressure, and Hyytiälä and Tomsk event day data points. In normal conditions, T = 273 K, σ =
0.023 Pa and ps = 10−12 Pa.

Tomsk CS and GR values and particle diameter of 10 nm, we get the probability of 62 % for
Hyytiälä, 20 % for Tomsk and only 6.6 % for ZOTTO. The small cluster survival probability due
to higher CS, lower GR and bigger measured particle diameter can be considered to affect the
frequency of NPF events observed in ZOTTO.
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Hussein, T., Dal Maso, M., Petäjä, T., Koponen, I. K., Paatero, P., Aalto, P., Hämeri, K., and
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INTRODUCTION 
 
Remote sensing measurements provide important information on the vertical structure of the atmosphere, 
which cannot be extracted from surface measurements alone. In aerosol profiling depolarization ratio is a 
valuable parameter as it enables differentiation of non-spherical particles such as dust and volcanic ash 
from spherical droplets. Typically aerosol particle depolarization ratio is measured at wavelengths of 355 
nm and/or 532 nm, though recently also 1064 nm wavelength has been utilised in studying the 
depolarization ratio spectral dependency (e.g. Haarig et al., 2018). Here, utilising 11-month measurement 
campaign at Welgegund, South Africa, we show that Halo Doppler lidars can be used to measure aerosol 
particle depolarization ratio at 1.5 µm wavelength. 
 
 

METHODS 
 
Measurements with a Halo Photonics Stream Line scanning Doppler lidar were carried out at the 
Welgegund measurement station (26.57°S, 26.94°E, 1480 m a.s.l.) from August 2016 to June 2017. Halo 
Photonics Stream Line is an eye-safe 1.5 µm pulsed Doppler lidar with a heterodyne detector (Pearson et 
al., 2009). The lidar was configured to switch between co- and cross-polar channels in vertically pointing 
measurement, yielding depolarization ratio measurements from 90 m above ground. We used a recently-
developed post-processing method (Vakkari et al., 2019) to reduce the instrument noise level so that we 
can utilise signals down to -32 dB. 
 
Welgegund measurement station is extensively equipped for aerosol and trace gas measurements. The 
measurement site is located 100 km west of Johannesburg on a private farm with no local anthropogenic 
sources, but it is frequently impacted by relatively fresh savannah and grassland fire smoke (Vakkari et 
al., 2018). We utilised the ground-based in-situ measurements to identify wind-blown dust, biomass 
burning smoke and industrial aerosols within the mixing layer. 
 
 

RESULTS 
 
We analysed depolarization ratio at liquid cloud base (Fig. 1) during the measurement campaign to 
evaluate the performance of the depolarization channel. On average, the liquid cloud depolarization ratio 
was 1.5 % and we observed no temporal drift. This indicates a constant bleed-through of co-polar 
radiation through the depolarization filter. For wind-blown dust, we observed depolarization ratio ranging 
from 30 to 35 % (Fig. 1). Relatively fresh industrial aerosol cases presented depolarization ratio of 7-12 
%. A case of aged biomass burning smoke had even lower depolarization ratio of approx. 5%, but in this 
case also ambient relative humidity was high (>90%) and hygroscopic growth of the aerosol probably 
contributed to the low depolarization ratio. 
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Figure 1. Vertical profiles of attenuated backscatter (β) and depolarization ratio on 17 November 2016 at 
Welgegund. Cloud base is at 2400 m a.g.l., below that aerosol signal is dominated by wind-blow dust. 

 
 

CONCLUSIONS 
 
Here,  we  have  used  for  the  first  time  a  Halo  Photonics  Stream  Line  Doppler  lidar  to  retrieve  aerosol  
particle depolarization ratio at 1.5 µm wavelength. A combination of in-situ and remote sensing 
measurements at Welgegund, South Africa, show clear differences in the 1.5 µm depolarization ratio for 
different aerosol types, including dust, industrial emissions and biomass burning. 
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INTRODUCTION 

The absorbed energy flux by the light-harvesting antenna complexes of vegetation supplies the 
photosynthetic light reactions with a very high efficiency transfer of quantum energy from one molecule to 
another, until such absorbed energy is efficiently transferred to the reaction centres of photosynthesis. The 
energy transfer is hereby highly regulated by the variable aggregation of pigments in the antenna complexes 
and even actively controlled by the antenna itself  (Krüger and van Grondelle 2017). To control and protect 
themselves and the reaction centres from a potentially harmful solar radiance excess, several regulated 
photoprotection mechanisms are activated at different time scales at the level of these antenna complexes. 
The understanding of these processes of energy regulation from remote sensing are essential to monitor 
plant adaptation strategies to a stressful environment. Under a changing climate, such strategies managing 
an excess of energy in a controlled way can be considered highly beneficial to withstand drought and heat 
extremes. 

The carotenoids and especially the group of xanthophylls are known for their key role in modifying the 
energy absorption and dissipation by the antenna. Under excessive light, chemical and enzymatic 
conversions are triggered, converting the xanthophyll pools, which bind to the antenna and modify the 
absorbance properties of the complexes. The chemical conversions are prompted by an acidifying lumen 
and a further built-up of a pH gradient across the thylakoid membrane (ΔpH). The versatile violaxanthin-
antheraxanthin-zeaxanthin (VAZ) and Lutein epoxide-Lutein (LxL) cycles are two de-epoxidation 
processes under excessive light. The VAZ cycle is ubiquitous in the subkingdom Viridiplantae (which 
includes all organisms from green algae to angiosperms), while the LxL cycle taxonomically restricted being 
present in approximately 60% of plant species analysed thus far (García-Plazaola et al. 2007; Leuenberger 
et al. 2017). Both cycles are known to act upon sudden illumination, but less is known on their quick 
dynamics in vivo and activity for different light-grown plant material.  

METHODS 

High-spectral resolution monitoring of vegetation allows for a higher-detailed observation of dynamic 
absorbance changes, which may occur during the chemical and/or structural changes of the antenna during 
an imposed energy excess. Simultaneous measurements of both upward and downward leaf radiance 
(Lup(λ), Ldw(λ), W m-2 sr-1 nm-1) in a proper set-up with an accuracy of ±1 nm and a resolution of <3 nm 
allow to observe the specific absorbance changes at leaf level (Van Wittenberghe et al. 2019). Excessive 
incoming radiance (>1200umol m-2 s-1) given over the full photosynthetic active radiation (PAR, 400-700 
nm) range was given for an adaptation time of 3 minutes for several tree species. For one of the species 
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(Quercus robur) 2h-dark-adapted shade and sun grown leaves were sampled as two leaf disks of 6 mm 
diameter and exposed to saturating light of approximately 1,600 μmol m-2 s-1 during respectively 1, 10, 20, 
30, 40, 60, 90, 120, 180, 300 and 400 seconds before freezing them immediately in liquid N2 for pigment 
analyses by HPLC. 

RESULTS 

In parallel to the dynamics of chlorophyll fluorescence (ChlF) upon 1Chl* excitation, the absorbance of 
vegetation shows a dynamic light-induced activation effect of the biochemical pigment pool changes related 
to the downregulation of photosynthesis. Upon this excessive light, the absorbance increases with a peak 
around 531 nm caused by the gradual conversion of photoprotective pigments, which attach to the antenna 
and redistribute the absorbed energy in the local environment of the antenna (Figure 1). The spectral changes 
of this absorbance feature show a sigmoidal behaviour saturating around 3 min after light exposure.   

 

Figure 1. The absorbance (A), absorbance change (ΔA) and normalized ΔA of a M. alba leaf during a 3-
min transient under excessive light in the 490-590 nm range 

Quick xanthophyll pool (VAZ, LxL) conversions were analysed for the same time frame of light exposure 
in Q. robur sun and shade grown leaves showing the difference in light response of these pools (Figure 2).  

 

Figure 2. Conversion states of the VAZ and LxL pools during ±5min of excessive light exposure 

The total LxL pool for sun leaves was slightly higher than for shade leaves (78.3±10.0 vs. 70.2±11.0 μmol 
m-2), while the total VAZ pool was clearly higher for sun grown leaves (46.1±9.4 vs. 23.0±3.6 μmol m-2). 
Both pools showed a quick de-epoxidation upon light excess (Figure 2) but sun grown leaves showed a 
quicker and stronger de-epoxidation of the VAZ pool. The conversions took place in the same time span as 
the spectral changes in the 490-590 nm range, as shown by other authors (Gamon et al. 1990; Peguero-Pina 
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et al. 2013). Interestingly, sun leaves showed a quicker and stronger conversion to antheraxanthin within 
the first 30 sec compared to the shade leaves. A higher VAZ/Chl a ratio for sun grown compared to shade 
grown leaves was measured (Figure 3), indicating a stronger relative pool with capacity to quench 1Chl a*.  

 
Figure 3. Xanthophyll and carotene vs. Chl a ratios  

CONCLUSIONS 

Short-term changes in the amount of absorbed sunlight at the leaf level and their link with energy quenching 
are explored in this research, revealing several biochemical and structural mechanisms related to the energy 
distribution under excessive light (Van Wittenberghe et al. 2019). The xanthophyll pools hereby play a 
crucial role in the quenching of 1Chl a*, but their direct role in this energy redistribution has been often 
disputed. Here, sun leaves of Q. robur showed almost a double relative VAZ/Chl a pool ratio compared to 
shade leaves, and fast reactivity of antheraxanthin within 20-30 sec. This quick in vivo conversion and 
reactivity of the Xan pools seems further to support their active role in the quick redistribution of excitation 
energy in the antenna, showing in parallel an absorbance increase in the 490-590 nm region. A good 
quantitative understanding of such mechanisms of energy regulation in plants is essential to better model 
the adaptations of vegetation to changing climate and environmental conditions, and to better predict future 
trends in global vegetation dynamical models. 
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INTRODUCTION 

Mitigation of climate change requires a rapid reduction in greenhouse gas (GHG) emissions but also 

sequestration of large quantities of carbon already in the atmosphere. Land-based measures, the so-called 

natural climate solutions, are considered the most efficient ways to remove and keep CO2 away from the 

atmosphere (Paustian et al., 2016; Griscom et al., 2017; Smith et al., 2019). Climate-smart agriculture, 
afforestation, reforestation and peatland restoration are examples of such methods. To make these actions 

an accredited solution for climate policy, the amount of carbon sequestered must be quantified reliably. 

Measuring soil carbon stock directly is slow, laborious and expensive, and has significant uncertainties due 
to high spatial variability. An alternative is to infer the change in soil carbon stock from greenhouse gas flux 

measurements between ecosystems and the atmosphere using flux chambers or eddy covariance (EC). EC 

measurements provide an area-averaged estimate of such fluxes and do not disturb the target surface. On 
the other hand, flux chambers are in practice the only option for studying spatial variability or different 

small-scale management options, such as fertilizer use and cover crops. 

Finland has a globally high areal proportion of peatlands and as compared to mineral soils, drained peat 
soils experience greater carbon losses. This is due to accelerated decomposition of carbon-rich peat resulting 

from oxic conditions, fertilization and ploughing. Drained peat soils in agricultural use are widely 

considered as hot spots for greenhouse gas emissions but still their climatic impact has been incompletely 
quantified. Thus, we started studying agricultural grassland on peat soil in Ruukki, Siikajoki (64.68399°N, 

25.10632°E) in western Finland in 2019 in order to quantify its climatic impact and to study the possibilities 

to reduce climate impacts via different agricultural management practices. 

MATERIALS AND METHODS 

The site consists of two main fields; the southern field growing a mixture of Phleum pratense and Festuca 

pratensis sown in 2018 and the northern field, which was sown with the same mixture of grasses and barley 
as a cover crop in spring 2019. The depth of the peat layer at the site is 30-70cm. Eddy covariance tower 

located between the fields has provided continuous measurements of the net ecosystem exchange rate of 

carbon dioxide between the atmosphere and the two fields since June 2019. The eddy covariance  
instrumentation consists of a three-axis ultrasonic anemometer uSonic-3 (METEK) and a LI-7200 CO₂/H₂O 

gas analyzer (Li-Cor, Inc) and the measurement height is 2.3m. Supporting meteorological and hydrological 

variables (temperature, rainfall, radiation, soil temperature and volumetric water content) and vegetation 

indices (leaf area index, chlorophyll content) are measured and will later be used for upscaling and gap-
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filling the flux data. In addition, the effects of fertilizer type and timing of fertilization, cutting height and 

biodiversity on GHG fluxes (CO₂, CH₄ and N₂O) were studied on separate experiments using manual 

chambers during the growing season. Light response measurements were conducted using a transparent flux 
chamber accompanied with a Li840 CO₂/H₂O gas analyzer (Li-Cor, Inc).  

 

RESULTS 
 

The eddy covariance CO₂ exchange measurements started in Ruukki in June 2019 and have been running 

continuously aside from two relatively short breaks due to technical difficulties. The wind direction has 

been changing throughout the growing season and therefore the measurements have represented fluxes from 
both the southern field growing grass, and the northern field growing grass with barley as a cover crop (Fig. 

1). The grass has been harvested twice, on 25-27.6.2019 and on 20.8.2019, and the harvests can be clearly 

seen in the eddy covariance data as more positive net ecosystem exchange (NEE) values. The chamber 
measurements will continue until November 2019 and the fluxes will be processed during the winter 2019-

2020. 
 

 

Figure 1. Net ecosystem CO2 exchange (NEE, top panel) and daily mean air temperature and precipitation 

(lower panel) over a barley and grass field in Ruukki peat fields, mid-Finland, since June 2019. 
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INTRODUCTION 

 

Black carbon (BC) has been estimated to be the second most important climate warming pollutant after CO2. 

The recently started 4-year project Novel Assessment of Black Carbon in the Eurasian Arctic: From 

Historical Concentrations and Sources to Future Climate Impacts (NABCEA), 1 September 2016 – 31 

August 2020, funded by the Academy of Finland, will produce new research knowledge on BC emitted 

from increased economic activity in the Arctic, especially flaring associated with oil and gas drilling, 

shipping, and domestic heating by small-scale wood combustion. These are increasing emission sources but 

their effects on Arctic climate change are not well known. The objective of NABCEA is to identify the most 

important BC sources affecting the warming and melting in the Arctic in the recent past, present and the 

future.  The detailed goals of the project are 1) to quantify the contribution of the most important sources, 

especially flaring related to oil drilling, shipping, and wood combustion to the BC observed in the Arctic 

atmosphere, snow and ice in the present time and in the recent past, 2) to quantify the climate forcing of BC 

in the atmosphere and snow, and 3) to estimate how the above-mentioned processes/impacts affect Arctic 

climate during the next 50 years.  

 

Here we present a selection of published results obtained during the first 3 years (2016-2019) of NABCEA. 

 

 

METHODS 

 

The project consists of field and laboratory experiments, analyses of existing field samples, and modeling.  

The five work packages (WP1 – WP5) of the project are depicted schematically in Figure 1.  

 

In WP1, BC analyses will be made for ice core samples collected from glaciers in Svalbard, and lake 

sediment samples from north western Russia (flaring area), Finnish Lapland, and Svalbard to determine past 

BC concentrations and deposition in the Arctic. These data will help in the assessment of past and modeling 

of future climate impacts of BC pollution in the Arctic.  The relative contribution of contemporary biomass 

versus fossil fuel combustion to the BC in the samples will be determined by radiocarbon measurements. 
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Figure 1. Field measurement sites and work packages of the NABCEA project. 

 

An important goal of WP1 is to decipher whether the increase in BC concentrations observed in 1970-2004 

in the Holtedahlfonna ice core (Ruppel et al., 2014) has continued, and whether it is a local signal or can be 

found in other glaciers and/or lake sediments as well. Ruppel et al. (2017) studied the BC deposition trend 

during the last 10 years on the previously studied Holtedahlfonna glacier. For this, a new 14.7m deep firn 

core and a 2.5m thick accumulated winter–spring snow profile were collected from Holtedahlfonna in April 

2015. BC was analysed from the samples as elemental carbon (EC) with the same methodology (thermal–

optical with the EUSAAR 2 protocol) as in Ruppel et al. (2014). In addition, the source of the BC deposited 

at the glacier was investigated using the SILAM model of FMI. Ruppel et al. (2017) found that the firn EC 

concentrations (from 2005 to 2015) are lower than the EC concentrations in the first half of the 1980s in the 

300-year ice core. They also found that the modelled BC deposition at Holtedahlfonna is about a magnitude 

lower than the measured EC deposition in the ice and firn cores (Fig. 2) and that the modelled deposition 

does not show an increasing trend from ca. 2005 to 2015 as indicated by the firn core measurements (Fig. 

2). One of the conclusions of Ruppel et al. (2017) was that precipitation and other meteorological factors 

(such as temperature and cloud phase (liquid, mixed or ice)) are crucial parameters as they drive the 

scavenging of BC, both on site and during the transport of BC to the Arctic. Consequently, it seems 

oversimplified to assume that the BC deposition trend would strictly follow its emission and/or atmospheric 

concentration trends.  

 

 
Figure 2. Modelled BC deposition compared to ice and firn core EC deposition at Holtedahlfonna from 1980 

to 2015; 5-year running averages are included. Adapted from Ruppel et al. (2017). 
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In WP 2, the present BC concentrations in air and snow are determined from ground-based measurements 

at the Pallas-Sodankylä GAW station in Finnish Lapland, and at Tiksi, Yakutsk, in the Russian Siberia in 

cooperation with the Russian Roshydromet and the US NOAA. Snow samples have already been and will 

be collected from several sites in the Arctic: northern Scandinavia, Svalbard, and sites in northern Siberia. 

Samples will be taken in a gradient from near the sources (Yamal Peninsula, in respect of flaring) to the 

background (Tiksi (Siberia), Svalbard). Schmeisser et al. (2018) presented temporal evolution and seasonal 

cycles cycles of aerosol optical properties from six Arctic monitoring stations Alert, Barrow, Pallas, Summit, 

Tiksi, and Zeppelin. Aerosol optical properties were derived from common absorption and scattering 

instruments. An important conclusion was that aerosol optical properties vary widely with season at any 

individual site, and they vary widely from station to station throughout the Arctic. An example of this is the 

seasonal cycle of absorption coefficient at the six stations. This result is means that the Arctic cannot be 

treated as a uniform region. 

 

 
Figure 3.  Monthly averages of of aerosol light absorption coefficient at 550 nm at six Arctic sites: Alert, 

Barrow, Pallas, Summit, Tiksi, and Zeppelin. Adapted from Schmeisser et al. (2018). 

 

Mass absorption coefficients of BC in snow sampled from Finnish Lapland and a Himalayan site were 

determined first by making light transmittance measurements without any corrections (Svensson et al., 

 

 
Figure 4. Reanalysis of regressions of Svensson et al. (2018). a) chimney soot, with the red line showing the 

slope with the two points with the highest EC content are excluded, b) NIST soot, c) field samples from the 

Indian Himalaya, d) field samples from Finnish Lapland. Adapted from Svensson et al. (2019). 
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2018) and then by taking nonlinearities of the transmittance measurements into account (Svensson et al., 

2019). The MACs of field samples from the Indian Himalaya and from Finnish Lapland decreased from 

17.1 ± 0.8 m2 g-1 and 21.5 ± 0.8 m2 g-1  to 7.5 ± 0.4 m2 g-1 and 9.8 ± 0.5 m2 g-1, respectively (Fig 4c and 4d). 

All slopes above are in the range of published MAC of BC. 

 

In WP 3, the evolution of physical properties and chemical composition of BC aerosols emitted from burning 

processes will be studied in laboratory experiments at the University of Eastern Finland (UEF). Two 

experimental campaigns, one for flaring emissions and another for wood combustion emissions will be 

performed during the project. As far as wood combustion is concerned, Savolahti et al. (2019) concluded 

that wood heating is the least climate friendly option of the common heating methods in Finland, when all 

relevant emissions are taken into account. Kortelainen et al. (2019) showed that BC emissions vary during 

the burning in small-scale wood combustion and it is different for different types of wood (Fig. 5). 

 

 
Figure 5. Chemical composition of particulate emissions during small-scale wood combustion, measured by 

SP-AMS. Adapted from Kortelainen et al. (2018). 

 

In WP 4, Finnish Environment Institute (SYKE), in collaboration with the International Institute for Applied 

Systems Analysis (IIASA), will study the emissions and the resulting concentrations of BC in air and snow 

in the current and future Arctic. The scenarios will be done by using the Greenhouse Gas and Air Pollution 

Interactions and Synergies model (GAINS, gains.iiasa.ac.at). Special attention from the Arctic perspective 

will be paid to the emission sectors prioritized in this project.  One of the tasks was to prepare global BC 

emission inventories, including emissions from flaring in oil/gas exploration with an explicit spatial 

allocation (Fig. 6) (Klimont et al., 2018). 

 

 
Figure 6. Global distribution of grids (0.5°×0.5°) for which flaring of associated petroleum gas emissions 

was calculated. Adapted fom Klimont et al. (2017). 
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In WP 5, the current and future BC radiative forcing in an Arctic-wide scale will be estimated by using the 

NorESM climate model, which has a relatively sophisticated treatment of snow and aerosols. Emission 

scenarios developed in WP4 will be employed. This task will be supported by off-line radiation calculations 

and comparison of NorESM results with in situ observations collected in the projected. Räisänen et al. 

(2017) studied the sensitivity of simulated climate to the assumed snow grain shape. Two snow grain shape 

assumptions were considered: spherical snow grains (the default assumption in NorESM) and non-spherical 

snow grains. The primary conclusion from this work is that, especially at high latitudes, the simulated 

climate can be quite sensitive to the assumed snow grain shapes (Fig. 7), and most probably, to the 

parameterization of snow albedo in general. 

 

 
 

Figure 5. (a) Annual-mean surface radiative effect of absorbing aerosols in snow on land in the SPH 

experiment (W m-2). (b) The corresponding differences between the NONSPH and SPH experiments, and 

(c) between the TUNED and SPH experiments. Global land-area mean values are given in the panel titles. 

Hatching indicates differences that exceed the threshold for colour shading (0.02W m-2) but are not 

significant at the 5% level. Adapted from Räisänen et al. (2017).  
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INTRODUCTION 

Atmospheric deep convection is a major source of water vapour in the free-troposphere and a major                
contributor to large-scale circulations due to significant latent heat release. Any process that causes lower               
free-tropospheric warm anomalies may inhibit the formation of deep convection. A recent observational             
study by Virman et al. (2018) suggested that mesoscale convective systems (MCSs) are associated with               
such warming, thus likely being able to regulate the formation of new deep convection. More specifically,                
they hypothesized that warm anomalies form as result of strong evaporation of stratiform precipitation              
associated with MCSs and resulting subsidence warming. Here we conduct idealized simulations of falling              
stratiform precipitation to quantify the temperature structures associated with its evaporation. 

METHODS 

The idealized simulations are conducted with the Weather Research and Forecasting (WRF) model, and              
are initialized with a sounding representing moist tropical atmosphere (Dunion, 2011). In the simulations,              
a large round area (roughly 100 km in radius) of liquid water is added at every timestep at one model level                     
near the zero isotherm, below which the rain is allowed to fall freely. The rain area is at the centre of a                      
1500x1500 km model domain. A double-moment microphysics scheme of Morrison et al. (2009) was              
used. Time step was 15 seconds, horizontal grid spacing 2.5 km, with 65 vertical levels between the                 
surface and model top at 27 km. 

CONCLUSIONS 

After roughly two hours of precipitation, evaporative cooling and subsidence warming result in a cold 
anomaly between roughly 560-750 hPa and a warm anomaly between roughly 750-900 hPa (Figure 1a-c). 
The cold anomaly and the warm anomaly persist throughout the 10 hour long simulations, propagate to the 
environment (Figure 1d-f), and persist even after precipitation has stopped (not shown). The cold and the 
warm anomalies are larger when the initial relative humidity is decreased, due to stronger evaporative 
cooling and resulting stronger subsidence warming (not shown). The simulated temperature structures 
qualitatively resemble those observed after precipitation by Virman et al. (2018).  

The warm anomalies, with magnitudes between 0.7-1.2 K depending on the initial relative humidity, are 
large enough to potentially inhibit the formation of new convection by increasing convective inhibition 
(Raymond et al., 2003). As already suggested by Virman et al., evaporation of stratiform precipitation 
may therefore, at least partly, explain why deep convection is sensitive to the amount of moisture in the 
lower free-troposphere. 
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Figure 1. Vertical cross-sections of temperature anomaly, evaporation and vertical velocity at 2 hours 

(upper panel) and 10 hours (lower panel) into the simulations. Black dotted line indicates the level where 
rain is added and the black solid line is the zero contour. The edge of the round rain area is at roughly 100 

km.  

The dependence of deep convection on the amount of lower free-tropospheric moisture has been studied 
extensively (e.g. Bretherton et al., 2004). However, the underlying mechanisms have not been entirely 
understood and numerical weather prediction and climate models still struggle to represent the occurrence 
of deep convection realistically (Kim et al., 2011; Kim et al., 2018; Bechtold, 2019). The results of this 
study and Virman et al. suggest that in order for deep convection to occur correctly in numerical weather 
prediction and climate models, evaporation of stratiform precipitation and the associated processes should 
be represented realistically in them.  
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INTRODUCTION 

Rivers have a significant role in the lateral transport of carbon from terrestrial ecosystems to the ocean. As 
rivers are generally supersaturated with CO2 with respect to the atmospheric concentration (Raymond et 

al. 2013), their turbulent nature may make them effective emitters of carbon into the atmosphere (Allen 

and Pavelsky 2018). Rivers cover a varying fraction of the total land area. The largest coverages of up to 

2% are found in the boreal zone, Southeast Asia and the Amazon (Allen and Pavelsky 2018). The flux of 

carbon from boreal rivers into the atmosphere is therefore potentially large. 

The eddy covariance (EC) technique enables the direct measurement of turbulent fluxes within the flux 

source area. EC is a robust and widely used method for measuring trace gas and energy fluxes between 

land ecosystems and the atmosphere (Baldocchi 2014). More recently, advances have been made in 
applying EC over lakes but the methodology is not yet as established as on land (Mammarella et al. 2015). 

For rivers however, there exists only one previous campaign where greenhouse gas fluxes were measured 

using the EC method (Huotari et al. 2013). In addition, most of the earlier riverine flux studies, mainly 

conducted with flux chambers, have been carried out in temperate or tropical regions. Consequently, 

fluxes from the boreal rivers form a considerable knowledge gap. 

From June to October 2018, the international KITEX campaign on the river Kitinen was arranged. The 

aim of the campaign was to measure the turbulent greenhouse gas and energy fluxes over a boreal river 

with an EC system throughout the growing season as well as all the essential supporting variables, so that 
a comprehensive view of the river–atmosphere greenhouse gas fluxes and their physical rivers could be 

formed. 

METHODS 

The boreal river Kitinen is located in northern Finland. It is 235 km long and its catchment area is 7 672 

km2. The catchment area comprises mostly of coniferous forest, wetlands and a few low fells. An EC 
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system as well as several other instruments were set up on a floating platform, anchored in the middle of 

the river next to the Tähtelä research station of the Finnish Meteorological Institute (coordinates: 67.37° 

N, 26.62° E). The river is 180 m wide at the experiment site and approximately straight for 0.7 km 

upstream (north-northwest) and 1.1 km downstream (south-southeast). 

On the platform, the turbulent carbon dioxide (CO2) and methane (CH4) fluxes above the river were 

measured. The EC system consisted of a METEK uSonic-3 sonic anemometer, a LI-COR LI-7200 gas 

analyser for measuring the CO2 and H2O concentration and a Picarro G-1301f gas analyser for measuring 
the CH4 concentration. The system was set up at a height of approximately 2 m above the river surface. 

Additionally, the carbon dioxide concentration in the river surface water was measured with Los Gatos 

UGGA and CONTROS HydroC gas analysers, making it possible to calculate the gas exchange 

coefficient for CO2. Other measured parameters included flow velocity, river temperature profile, river 

oxygen concentration, meteorological variables and several others. 

The campaign provided with EC flux data from the 15th of June to the 2nd of October of 2018. The data 

were quality-flagged and wind direction-flagged so that only the good-quality fluxes that originated from 

the river were included in the data analysis. The accepted wind sectors were determined using flux 
footprint analysis. The temporal coverage of the quality and wind direction-flagged data was 34% for the 

CO2 flux and 26% for the CH4 flux. 

RESULTS 

Throughout the campaign, the river was supersaturated with CO2. The aqueous CO2 concentration varied 

between 550 and 1320 ppm. The wind was channeled along the river during approximately half of the 

campaign, making it possible to measure fluxes from the river with EC. 

The mean carbon dioxide flux during the campaign was 0.8 µmol m-2 s-1.The monthly mean flux was 
highest in July. The CO2 flux had a diurnal variation such that the daytime fluxes were smaller than the 

nighttime fluxes. In June, the CO2 flux at around the local noon was slightly negative, or from the 

atmosphere into the river. Apart from that however, the river was a source of carbon dioxide during the 

campaign. 

The mean methane flux during the campaign was 5 nmol m-2 s-1. The monthly mean CH4 flux was also 
highest in July. Unlike the CO2 flux, the CH4 showed no diurnal cycle and the river was a constantly a 

source, although small, of CH4. Both the CO2 and CH4 flux had significant variation, the standard 

deviation being 2.2 µmol m-2 s-1 for the CO2 flux and 15 nmol m-2 s-1 for the CH4 flux. The variability of 

fluxes was higher during nighttime than during daytime. 

The mean gas exchange coefficient k600 was 19 cm h-1. This value is comparable to the one determined by 

Huotari et al. (2013) and the ones revised by Lauerwald et al. (2015). Although there was much scatter in 

the values, the coefficient was slightly and positively correlated with the wind speed except for small wind 
speeds (< 1 m s-1). The gas exchange between the river and the atmosphere therefore increases with an 

increasing wind speed. 

CONCLUSIONS 

The turbulent carbon dioxide and methane fluxes were measured with eddy covariance on the boreal river 

Kitinen during four months of summer and autumn in 2018. The river emitted both CO2 and CH4 

throughout the campaign, except during daytime in June when the river was absorbing CO2. The CO2 flux 
had a diurnal pattern of higher nighttime fluxes whereas the CH4 had no diurnal variation. The gas 

exchange between the river and the atmosphere was increased by increasing wind speed. The measured 
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fluxes were generally small and the variability was high, which is a sign of the many challenges in 

applying the eddy covariance method over water bodies. 
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ABSTRACT 

In the last decade, North China (NC) has been one of the most populated and polluted regions in the world. 
The regional air pollution has had a serious impact on people’s health; thus, all levels of government have 
implemented various pollution prevention measures since 2013. Based on multi-city in situ environmental 
and meteorological data, as well as the meteorological reanalysis dataset from 2013 to 2017, regional 
pollution characteristics and meteorological formation mechanisms were analyzed to provide a more 
comprehensive understanding of the evolution of PM2.5 and O3 in NC.  
The domain-averaged PM2.5 was 79±17 µg m-3 from 2013 to 2017, with a decreasing rate of 10 μg m-3 yr-1. 
Two automatic computer algorithms were established to identify 6 daily regional pollution types (DRPTs) 
and 48 persistent regional pollution events (PRPEs) over NC during 2014-2017. The average PM2.5 
concentration for the Large-Region-Pollution type (including the Large-Moderate-Region-Pollution and 
Large-Severe-Region-Pollution types) was 113±40 µg m-3, and more than half of Large-Region-Pollution 
days and PRPEs occurred in winter. The PRPEs in NC mainly developed from the area south of Hebei. The 
number of Large-Region-Pollution days decreased notably from 2014 to 2017, the annual number of days 
varying between 194 and 97 days, whereas a slight decline was observed in winter. In addition, the averaged 
PM2.5 concentrations and the numbers and durations of the PRPEs decreased. Lamb-Jenkinson weather 
typing was used to reveal the impact of synoptic circulations on PM2.5 across NC. Generally, the 
contributions of the variations in circulation to the reduction in PM2.5 levels over NC between 2013 and 
2017 were 64% and 45% in summer and winter, respectively. The three most highly polluted weather types 
were types C, S and E, with an average PM2.5 concentration of 137±40 µg m-3 in winter. Furthermore, three 
typical circulation dynamics were categorized in the peak stage of the PRPEs, namely, the southerly airflow 
pattern, the northerly airflow pattern and anticyclone pattern; the averaged relative humidity, recirculation 
index, wind speed and boundary layer height were 63%, 0.33, 2.0 m s-1 and 493 m, respectively. 
The domain-averaged maximum daily 8-h running average O3 (MDA8 O3) concentration was 122±11 μg 
m-3, with an increase rate of 7.88 μg m-3 year-1, and the three most polluted months were closely related to 
the variations in the synoptic circulation patterns, which occurred in June (149 μg m-3), May (138 μg m-3) 
and July (132 μg m-3). Twenty-six weather types (merged into 5 weather categories) were objectively 
identified using the Lamb-Jenkinson method. The highly-polluted weather categories included S-W-N 
directions (geostrophic wind direction diverts from south to north), low-pressure related weather types (LP) 
and cyclone type, which the study area controlled by low-pressure center (C), and the corresponding 
domain-averaged MDA8 O3 concentrations were 122, 126 and 128 μg m-3, respectively. Based on the 
frequency and intensity changes of the synoptic circulation patterns, 39.2% of the interannual increase in 
the domain-averaged O3 from 2013 to 2017 was attributed to synoptic changes, and the intensity of the 
synoptic circulation patterns was the dominant factor. Using synoptic classification and local meteorological 
factors, the segmented synoptic-regression approach was established to evaluate and forecasted daily ozone 
variability on an urban scale. The results showed that this method is practical in most cities, and the dominant 
factors are the maximum temperature, southerly winds, relative humidity on the previous day and on the 
same day, and total cloud cover. Overall, 41-63% of the day-to-day variability in the MDA8 O3 
concentrations was due to local meteorological variations in most cities over North China, except for two 
cities: QHD (Qinhuangdao) at 34% and ZZ (Zhengzhou) at 20%.  
An intensive and persistent regional ozone pollution event occurred over eastern China from 25th June to 5th 
July in 2017. During the pollution process, 73 out of 96 selected cities, most of which located in Beijing-
Tianjin-Hebei and its surroundings (BTHS), suffered severe ozone pollution. A north-south contrast ozone 
distribution, with higher ozone (199 ± 33 μg/m3) in BTHS and lower ozone (118 ± 25 μg/m3) in Yangtze 
River Delta (YRD), was found dominated by the position of West Pacific Subtropical High (WPSH) and 
mid-high-latitudes wave activities. In BTHS, the positive anomalies of geopotential height at 500 hPa and 
temperature at surface indicated favorable meteorological conditions for local ozone formation. Prevailing 
northwesterly winds in the mid-high troposphere and warm advection induced by weak southerly winds in 
the low troposphere resulted in low-moderate relative humidity (RH), less cloud cover (TCC), strong solar 
radiation and high temperature at surface. On one hand, deep sinking motion and inversion layer can 
suppress the dispersion of pollutants. On the other hand, O3-rich air in the upper layer was maintained at 
night due to temperature inversion, which facilitated O3 vertical transport to surface in the next day morning 
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due to elevated convection. Generally, temperature, UV radiation, and RH showed good correlations with 
O3 in BHTS, with the rate of 8.51 (μg/m3)/℃ within the temperature range of 20-38℃, 59.54 
(μg/m3)/(MJ/m2) and -1.93 (μg/m3)/%, respectively. The results can provide a better understanding of 
regional O3 pollution and suggestion for air quality control strategies over eastern China. 
Our quantitative exploration of the influence of both synoptic and local meteorological factors on PM2.5 and 
ozone variability will provide a scientific basis for evaluating emission reduction measures that have been 
implemented by the national and local governments to mitigate air pollution in North China, in addition, our 
results imply that additional emission reduction measures should be implemented under unfavorable 
meteorological situations to attain ambient air quality standards in the future. 

Keywords:   North China, PM2.5, Surface O3, Regional pollution events, Identification of regional 
pollution type, Meteorological formation mechanism, Synoptic patterns 
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INTRODUCTION 

Highly oxidized multifunctional organic compounds (HOMs) from oxidation of a-

pinene in the atmosphere can irreversible condense to particles and contribute to 

secondary organic aerosol formation. Recently, the formation of nitryl chloride (ClNO2) 

from heterogeneous reactions, and subsequent photolysis of nitryl chlorine to produce 

chlorine atom is suggested to be extensive in the atmosphere. However, the oxidation 

of monoterpenes such as a-pinene by chlorine radicals has received very little attention, 

and the ability of this reaction to form HOM is completely unstudied.  

METHOD 

Here, chamber experiments were conducted with alpha-pinene and chlorine gas under 

low NO and high NO conditions, respectively. A NO3-based CI-APi-L-TOF was used 

to measure highly oxidized products. Simultaneously, other state-of-the-art instruments 

were used to measure other parameters in the chamber. Clear distributions of monomers 

with 9-10 carbon atoms and dimers with 18-20 carbon atoms were observed under low 

NO conditions. With increased concentration of NO in the chamber, the formation of 

dimers was suppressed due to the competition reactions of peroxy radicals with NO. 

We calculated the HOMs yields from chlorine-initiated oxidation of a-pinene under low 

NO conditions, while the yield at high NO could not be determined because of 

interference from ozone produced from the NOx, which subsequently reacted with a-
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pinene.  

CONCLUSION 

Our study demonstrates that chlorine radical initiated oxidation of alpha-pinene will 

produce low volatility organic compounds, especially these HOMs, which indicates that 

autoxidation processes in chlorine radical oxidation of a-pinene will be important 

Further analysis will provide insights on the expected importance of the studied 

reactions in the atmosphere. 
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INTRODUCTION

Seeding cold clouds with the intent of artificially enhancing rain, producing snow or cloud dispersion,
is worldwide practice. Since the start of cloud seeding operations, several seeding agents have been
experimented on to achieve optimal results. High ice nucleation onset temperature is common
to all seeding agents, but little information on their humidity dependent activity is available. To
investigate the mechanisms how deposition ice nucleation on seeding agents works at water sub-
saturated conditions, we characterize the ice nucleation activity of AgI, PbI2 and Phloroglucinol
experimentally and compare the measurements with current theories.

METHODS

Ice nucleation in the deposition mode is measured using a modified version of SPIN, equipped to
perform experiments down to 213K. By scanning the T-RHi-space above ice saturation up to water
saturation in a broad temperature range, a sample specific map of its ice nucleation activity is
obtained. The maps of ice nucleation activity are compared to theoretically predicted conditions
of ice nucleation from classical nucleation theory of deposition nucleation (Fletcher, 1962), pore
condensation freezing (Marcolli, 2014) and adsorption nucleation theory (Laaksonen and Malila,
2016). Necessary input parameters for these theories are obtained experimentally using the same
samples as for the ice nucleation experiments.

Adsorption isotherms of H2O and N2 on sample powders are measured with a Belsorp-MaxII
instrument and are used to determine Brunauer-Emmett-Teller (BET) surface area and the amount
of adsorbed water as function of saturation ratio (p/p0). Water adsorption isotherms are fitted using
the Frenkel-Halsey-Hill (FHH) equation.

Contact angles are measured using a Drop Shape Analyzer DSA100. Droplets are placed on a
sample covered surface and illuminated from one side. Images of the droplet are recorded on the
opposite side to measure the contact angle. It is assumed that the contact angle between a sample
and a water droplet is similar to the contact angle of an ice germ and the sample.

Results of adsorption and contact angle measurements are used as input parameters to predict the
conditions of ice nucleation. Examples of calculated onset conditions of ice nucleation are shown
in Fig. 1.

Classical nucleation theory allows to calculate the fraction of ice forming particles AF by

AF = 1− exp

[
−K · exp

(
−∆G · fhet(α)

kT

)
A · t

]
(1)
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Figure 1: Theoretical predicted conditions of ice nucleation onset for AgI, PbI2 and Phloroglucinol
using (a) classical nucleation theory (Eq. 1), (b) adsorption nucleation theory (Eq. 2), (c) pore
condensation freezing (Eq. 3). The concept of ice nucleation described by the theory is illustrated
above the corresponding subfigure.

where K is the pre-exponential factor, ∆G is Gibbs free energy, fhet(α) is the contact angle depen-
dent wettening factor, A is surface area of the particle, k is Boltzmann’s constant, T is temperature,
and t is time.

The onset saturation of ice nucleation is derived by the FHH adsorption nucleation theory from

ln(S) = −A ·NB +
2γv

kTrg
(2)

where S denotes onset saturation, A and B are FHH parameters, N the number of adsorbed mono-
layers, γ is surface tension, v is the volume of a water molecule, and rg is the radius of the critical
ice germ. N and rg can be related to the contact angle α and the radius of the adsorbent particle.

Saturation conditions where pores or cavities fill up with water and can freeze by immersion or
homogeneous freezing are derived from

S = exp


 −4γv

D
cos(α) ·RT


 (3)

where D is the pore diameter and R the ideal gas constant.

RESULTS

The experiments show that high onset temperature do not coincide with high activity at low
humidity in all cases. For ice nucleation on 400nm AgI particles, RHi well above ice saturation
is required (see Fig. 2 c). The prediction from pore condensation freezing (Fig. 1 c) matches the
experimental result. However, AgI is not expected to have a porous surface and measurements
of adsorption isotherms confirm the absence of pores. Phloroglucinol and PbI2 nucleate ice at
low RHi with a characteristic increase at the lowest explored temperatures (see Fig. 2 a and b).
This increase is consistent with classical nucleation theory (Fig. 1 b). However, classical nucleation
theory under-predicts the absolute ice activity if contact angles measured in this study are used as
input parameter for the calculation.
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Figure 2: Contour plots of ice active fraction as function of T and RHi of (a) Phloroglucinol, (b)
PbI2 and (c) AgI. High activity is indicated in red colors and low or no activity in blue. Activated
fraction of 1% (indicating ice nucleation onset conditions) are shown as white lines.

CONCLUSIONS

Based on the careful characterization of three cloud seeding agents and the comparison of measured
ice nucleation activity with current theories, it remains undecided by which mechanism ice is
nucleated below water saturation. While there is some agreement between measurements and
theory concerning the dependence of ice nucleation on T, RHi, a quantitative prediction is not
established. Future experiments are directed to determine the substance specific phase state of
adsorbed water, to elucidate the onset of ice nucleation in the sub-saturated regime.
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INTRODUCTION 

Aerosol particles emitted from anthropogenic and natural sources can modulate the formation of ice in 
clouds via heterogeneous ice nucleation (Murray et al., 2012). However, the fundamental understanding of 
ice nucleation is still poor, and many questions in the field remain unresolved (Kanji et al., 2017). 

METHODS 

Here, we investigate the potential of aerosol present in the boreal environment to act as Ice Nucleating 
Particles (INP). The measurements were performed in spring 2018 during the HyIce2018 field campaign, at 
the SMEAR II research station, located in a boreal environment in Southern Finland. The SMEARII station 
provides continuous measurements of many atmospheric and ecosystem variables including aerosol particle 
and gas phase properties. INP concentration was measured using a second-generation Portable Ice 
Nucleation Chamber (PINCii), designed as an upgrade to the PINC (Stetzer et al., 2008). The working 
principle of such Continuous Flow Diffusion Chambers (CFDCs) was originally developed and refined at 
Colorado State University (Rogers et al., 1988).  

CONCLUSIONS 

During the HyIce2018 field campaign, the PINCii measured successfully for seven weeks (21/4/2018 - 
10/6/2018), capturing the later part of the transition period between winter and summer. Machine learning 
methods have been used to analyze the time series and initial results show that INP is strongly correlated 
with particle surface area concentration. Other important factors include inorganic aerosols, biogenic 
particles and Cloud Condensation Nuclei (CCN). Additionally, the travel time that air masses spent over 
land from different source regions was investigated and results suggest that high INP concentrations 
correlate with regional-scale transport. 
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INTRODUCTION

Biogenic Volatile Organic Compounds (BVOCs) are a significant source of Secondary Organic
Aerosols (SOA) but quantifying their aerosol forming potential still remains an active and challenging
task  (Hao  et  al.,  2011).  This  work  presents  the  results  of  SOA mass  loadings  derived  from  model
simulations of BVOCs (isoprene, α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene, limonene and β-pinene, limonene and β-caryophyllene and β-pinene) with the maincaryophyllene and β-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene) with the main
atmospheric oxidants (OH, O3 and NO3) using the zero-pinene, limonene and β-caryophyllene and β-pinene) with the maindimensional model MALTE-pinene, limonene and β-caryophyllene and β-pinene) with the mainBOX (Boy et al.,
2006). We utilize the most common and widely used Master Chemical Mechanism (MCM), an explicit
chemical mechanism detailing the gas phase processes involved in the tropospheric degradation of volatile
organic  compounds  (http://mcm.leeds.ac.uk/MCM)  along  with  the  newly  developed  Peroxy  radical
autoxidation mechanism (PRAM) (Roldin et al., 2019). The aim of this work is to test and compare the
efficacy of a coupled MCM+PRAM  against a standalone MCM, and parametrize the SOA mass yields
(with temperature (258.15 -pinene, limonene and β-caryophyllene and β-pinene) with the main 313.15 K) and NOx  (2.5 -pinene, limonene and β-caryophyllene and β-pinene) with the main7.5 ppb) dependence), keeping in mind the larger
picture of applicability to large scale models (e.g. EC-pinene, limonene and β-caryophyllene and β-pinene) with the mainEARTH, ECHAM etc.).

METHODS

The process is  initiated by extracting the complete mechanism subset  for the interested VOC
species from the MCM website including the molecular weights and SMILES (Simplified Molecular Input
Line  Entry  System),  a  chemical  notation  which  facilitates  the  chemical  structure  to  be  read  by  the
computer. The generated SMILES provide the required molecular information which when fed as an input
to the normal boiling point method (Nannoolal et al., 2004) can be used to estimate the pure liquid vapour
pressures of the organic compounds using the group-pinene, limonene and β-caryophyllene and β-pinene) with the maincontribution method described in Nannoolal et al.
(2008). A newly developed Peroxy radical autooxidation mechanism (PRAM) (Roldin et al., 2019) is then
combined with the  MCM scheme (MCM+PRAM).  To simulate  SOA formation the  PRAM+MCM is
coupled to an aerosol module as the compounds partitioning to the condensed phase vary as a function of
vapour pressure.

The onset of semi or low volatile organic vapour condensation onto the inorganic seed particles
are  determined inside  the aerosol  module,  which is  described e.g.  in  Hermansson et  al.  (2014).  The
motivation is now to evaluate the efficacy of PRAM+MCM scheme in simulating the SOA mass yields
derived from the oxidation of individual precursor BVOCs with the aim to test the temperature and NOx-pinene, limonene and β-caryophyllene and β-pinene) with the main
level dependence. The aim also extends to identify important compounds that contribute to the increasing
SOA yields (i.e. compounds which contribute more than 95 % to SOA mass loadings).  

The simulations performed in this study are aimed to closely resemble an idealized smog chamber
and flow tube without considering the wall losses of gas phase compounds. For the chamber runs the VOC
and oxidants were introduced at the beginning (time, t=0 sec) and allowed to react. The condensation sink
(CS) for the chamber and OFR simulations was set to 0.00067 s-pinene, limonene and β-caryophyllene and β-pinene) with the main1 and 0.067 s-pinene, limonene and β-caryophyllene and β-pinene) with the main1  respectively.  SOA mass
yields obtained using an OFR are sensitive to short residence time used, hence the seed particle surface
area should be chosen in order to overcome the mass yield underestimation  (Ahlberg et al., 2019). CS
sensitivity runs were performed for α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene-pinene, limonene and β-caryophyllene and β-pinene) with the mainO3  to determine the CS for which there are no appreciable
change in mass yields with increasing particle surface.
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The simulation is run for a maximum time of 24 hours and ends when either of the 2 criteria are
satisfied (1) the simulation time reaches the 24-pinene, limonene and β-caryophyllene and β-pinene) with the mainhour mark or (2) 90 % of the initial precursor VOC has
reacted away. In the latter case the simulation is continued for an additional 2 hours to ensure enough time
for the vapors to condense onto the seed particles (ammonium sulfate) and grow. On the contrary the flow
tube  runs  were  simulated  for  100  seconds  ensuring  all  initial  precursor  vapors  were  oxidized.  Seed
particles  were  also  added  in  the  OFR  simulations.  The  oxidant  concentrations  for  the  flow  tube
simulations were higher in comparison to the simulated chamber runs (~2 orders of magnitude larger). The
time step for the chamber and flow tube simulations was set to t=10 s and t =0.1 s respectively. The
oxidant (OH, O3 or NO3) concentrations in both the chamber and flow tube simulation was constant for
each run. The runs performed were oxidant specific i.e. VOCs would be oxidized by only one specific
oxidant at any given time.

CONCLUSIONS

SOA mass yields for ozonolysis of α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene, limonene,  β-pinene, limonene and β-caryophyllene and β-pinene) with the maincaryophyllene and  β-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene were simulated
using  the  coupled  MCM+PRAM  and  standalone  MCM.  In  Fig.  1  the  upper  panel  indicates  the
MCM+PRAM contribution to SOA mass from BVOCs ozonolysis of α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene and limonene (currently
PRAM is only available for ozonolysis of α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene and limonene) and the lower panel shows the ratio of
yields between MCM and MCM+PRAM.  The abscissa depicted on a log scale considers the entire range
of  SOA mass  loading's  from  1-pinene, limonene and β-caryophyllene and β-pinene) with the main8000  µg/m-pinene, limonene and β-caryophyllene and β-pinene) with the main3.  The  yields  obtained  from  using  only  MCM  for  β-pinene, limonene and β-caryophyllene and β-pinene) with the main
caryophyllene  and  β-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene  ozonolysis  is  shown  in  Fig.  2.  The  yields  derived  from  using  coupled
MCM+PRAM are in good agreement with the measured values  (Kristensen et al., 2017; Pathak et al.,
2007), whereas a standalone MCM scheme under-pinene, limonene and β-caryophyllene and β-pinene) with the mainpredicts  mass yields (Chen et al., 2012) .

Figure 1.  The mass yields from the ozonolysis of BVOCs α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene (red heptagon) and limonene (blue crosses)
modelled after chamber (filled symbols) and flow-pinene, limonene and β-caryophyllene and β-pinene) with the maintube settings (open symbols). The figure shows a comparison of
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SOA mass yields obtained from simulations with MCM + PRAM (panel A) and ratio of yields from MCM and
MCM+PRAM (panel B). Currently PRAM is available for ozonolysis of limonene and α-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene.  The clumps are a

result of SOA mass yields for the oxidation of specific oxidant concentration with varying BVOC concentration.

Figure 2.  The mass yields from the ozonolysis of BVOCs β-pinene, limonene and β-caryophyllene and β-pinene) with the mainpinene and β-pinene, limonene and β-caryophyllene and β-pinene) with the maincaryophyllene modelled after chamber
(filled symbols) and flow-pinene, limonene and β-caryophyllene and β-pinene) with the maintube (open symbols) settings. The figure shows a comparison of SOA mass yields obtained
from simulations with only MCM as currently there is no PRAM available for these compounds.  The experimental

values are provided for comparison.
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INTRODUCTION 

Solar-induced chlorophyll fluorescence (SIF) carries information on plant photosynthesis and can provide 

new opportunities for monitoring plant status and function through remote sensing (Porcar-Castell et al., 

2014). 

Previous studies have reported a decrease in SIF in response to water stress (Ač et al., 2015), which has 

been interpreted in terms of a reduction in the quantum efficiency of fluorescence emission Φ𝐹_𝑃𝑆𝐼𝐼 at the 

level of photosystem II (PSII), mediated by the activation of regulatory non-photochemical quenching 

(NPQ) of excitation energy. Importantly, in contrast to woody plants, crops present soft stems and smaller 

water storages, which make them particularly sensitive to turgor loss during water stress. This phenomena 

can induce visible canopy structural changes (such as leaf angle distribution, LAD) that will also affect the 

canopy SIF emission alongside the physiological variation in Φ𝐹_𝑃𝑆𝐼𝐼. In addition, potato leaves and shoots 

present also remarkable circadian cycles thereby adapting themselves to the diurnal changes in 

environmental factors. Since both canopy structural and physiological adjustments can operate 

simultaneously in response to water stress at canopy scale, it still remains unclear to what extend canopy 

structure and physiology affect the dynamics of SIF under water stress and its correlation with 

photosynthesis. 

In this study, we aimed to understand how physiology and canopy structure affect canopy SIF in potato. 

First, we measured diurnal changes in leaf angle distribution (LAD), Φ𝐹_𝑃𝑆𝐼𝐼 , and canopy SIF. Subsequently, 

we used a process-based and radiative transfer model to quantify the relative impact of canopy structure and 

physiology on the SIF diurnal pattern. Lastly, we assess the impact of LAD dynamics on the link between 

SIF and photosynthesis.  

METHODS 

A potato experiment was conducted at the Viikki campus of University of Helsinki experimental field, 

Finland (60°14′N, 25°11′E), in the summer of 2018. And split-plot design with five replicates of potato 

cultivar under drought or irrigated, in a total of 10 plots, were used for the experiment. Experimental data 

including canopy SIF, leaf angle, Φ𝐹_𝑃𝑆𝐼𝐼 and biochemical data, was used to disentangle the effects of LAD 

and Φ𝐹_𝑃𝑆𝐼𝐼 on SIF in the diurnal scale in controlled and stressed plants, where Φ𝐹_𝑃𝑆𝐼𝐼 was estimated from 
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PAM 2500 measurements and LAD obtained from digital photography. The SCOPE (Van der Tol, Verhoef, 

Timmermans, Verhoef, & Su, 2009) model was used as quantitative framework to assess the relative impact 

of different factors. We first retrieved leaf structural and biochemical parameters from measured leaf 

reflectance and transmittance by inverting the Fluspect routine. Afterwards, we produced four types 

scenarios of diurnal SIF using different combination of Φ𝐹_𝑃𝑆𝐼𝐼 and LAD using SCOPE (as Table 1). Finally, 

we analysed the sensitivity of diurnal TOC SIF to LAD and Φ𝐹_𝑃𝑆𝐼𝐼, and how LAD affect TOC SIF by 

comparing four types of simulated SIF. 

 

Variable Fixed Φ𝐹_𝑃𝑆𝐼𝐼 Dynamic Φ𝐹_𝑃𝑆𝐼𝐼 

Fixed  LAD Φ𝐹_𝑃𝑆𝐼𝐼(-), LAD(-) Φ𝐹_𝑃𝑆𝐼𝐼(+), LAD(-) 

Dynamic LAD Φ𝐹_𝑃𝑆𝐼𝐼(-), LAD(+) Φ𝐹_𝑃𝑆𝐼𝐼(+), LAD(+) 

 

Table 1 LAD and Φ𝐹_𝑃𝑆𝐼𝐼 combinations for different simulation scenarios for simulation.  

RESULTS AND CONCLUSIONS 

The results (Figure 1) show that: (i) Compared with SIF under fixed LAD and Φ𝐹_𝑃𝑆𝐼𝐼 during the day, actual 

canopy SIF have different diurnal sensitivity pattern to LAD and Φ𝐹_𝑃𝑆𝐼𝐼 between controlled and stressed. 

LAD and Φ𝐹_𝑃𝑆𝐼𝐼 for controlled have constant contribution to diurnal SIF change compared with SIF under 

fixed LAD and Φ𝐹_𝑃𝑆𝐼𝐼, accounting for 47%-59% and 41%-53%, respectively. For water stressed, their 

contribution to diurnal SIF change are dynamic, ranging from 30% increase to 53% for LAD, while the 

contribution of  Φ𝐹_𝑃𝑆𝐼𝐼 decrease from 70% to 47% from morning to afternoon; (ii) Although not shown 

here, LAD affects SIF through escape probability of SIF and absorbed photosynthetically active radiation 

(APAR), but proximately 80% of LAD total influence is caused by escape probability (𝑓𝑒𝑠𝑐). In conclusion, 

we demonstrate that both canopy structure and NPQ play an important role in diurnal SIF variation. 

Therefore it is critical to consider the effect of canopy structural dynamics on SIF when we use SIF to 

monitor water stress.  
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Figure 1 Sensitivity of diurnal 𝐹760 variation to LAD and Φ𝐹_𝑃𝑆𝐼𝐼 for controlled and stressed.  
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INTRODUCTION 

Gaseous sulphur-containing compounds (mainly sulphur dioxide, SO2) are ubiquitous in urban air. Their 

products (e.g. sulfuric acid) from atmospheric oxidation by OH radicals, ozone and stabilized Criegee 

intermediates play essential roles in urban atmospheric physico-chemical processes (e.g. urban new particle 

formation) (Mauldin et al., 2012; Sipila et al., 2010; Yao et al., 2018). In the atmosphere, during the daytime, 

SO2 are dominantly oxidized by OH radicals to form sulfuric acid, and their intermediate products and 

formation mechanisms are well known (Finlayson-Pitts & Pitts, 2000). The HSO5 molecule is one of the 

intermediate products from the OH- initiated gas-phase oxidation process and its lifetime is short, whereas 

hydrolyzation can increase the lifetime of it (Kurten et al., 2009; Laaksonen et al., 2008). However, in 

ambient air (especially in urban air), the detection of neutral HSO5 is scarce. According to previous work, 

the ozonolysis of SO2 also can lead to sulfuric acid formation. Besides the production of sulfuric acid, other 

sulphur-compounds from ozonolysis of SO2 are still not well known. The SO4 molecule has also been known 

as an atmospheric intermediate from the reaction of sulphur trioxide (SO3) with atomic oxygen (Jacob et al., 

1972; Mckee et al., 1993). Moreover, SO4 has been predicted to be a C2v molecule with a very high electron 

affinity (EA) of 5.28 eV (McKee et al., 1996). Although many laboratory experimental studies have dealt 

with the formation pathways of HSO5 and SO4 and the oxidative capacity of SO4 in solution (Merga et al., 

1994). However, in the ambient air (especially in urban air), due to the limitation of detection methods, their 

gas-phase concentration, properties (e.g. oxidizing capacity) and atmospheric fates remain almost 

completely unknown. In this study, using nitrate-Chemical Ionization - Atmospheric Pressure interface -

Long Time Of Flight - Mass Spectrometry (CI-APi-LTOF), a long-term ambient observation was carried 

out in urban Beijing from November 2018 to May 2019. Combined ambient measurements results with the 

conclusions of our laboratory experiments, atmospheric formation mechanisms of HSO5 and SO4 molecules 

and their roles/fates in atmospheric chemistry processes in polluted urban air were tentatively investigated. 

METHODS 

From November 2018 to May 2019, a long-term ambient observation was conducted at BUCT (Beijing 

University of Chemical Technology) monitoring site (N 33.94, E 116.30) in urban Beijing. Atmospheric 

gaseous sulfuric acid (H2SO4), HSO5, SO4, SO3 and other sulfur-containing compounds were measured by 

nitrate- CI-APi-LTOF. The compounds of HSO5 and SO4 were quantified utilizing the calibration coefficient 

of sulfuric acid monomer. Compared with the energy of H2SO4, the higher energy of HSO5 and SO4 

molecules, could lead to underestimated concentrations. Besides, trace gases including SO2, O3, NOx and 

CO were monitored with a serious of Thermo Scientific gas analyzers (model 42i-TL, 43i-TLE, 48i-TLE, 

and 49i). Meanwhile, meteorological parameters and visibility were measured by a Vaisala weather station. 

Potential Aerosol Mass Reactor (PAM) chamber was used to conduct laboratory experiments to confirm 

and reveal the formation pathways and atmospheric roles and fates of HSO5 and SO4. 
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CONCLUSIONS 

During the whole campaign periods, the diurnal patterns of HSO5 and SO4 are similar with that of sulfuric 

acid monomer in urban Beijing, and during the daytime, the peaks of median concentrations of HSO5 and 

SO4 are ~2 ×105 and ~5 ×104 molecule cm-3, respectively (Figure 1). Furthermore, the mixing ratios of 

HSO5 and SO4 are lower than sulfuric acid monomer concentration. From ambient measurements, it shows 

a positive correlation between HSO5 and SO4 which means these two compounds may derive from the same 

reaction pathway (Figure 2). From laboratory experiments, we can conclude that HSO5 and SO4 can be 

charged by nitrate ions and they can be formed from the ozonolysis of SO2; HSO5 can also be produced 

from the OH-initiated gas-phase oxidation of SO2; HSO5 may have two molecular structures. In addition, 

relative humidity (RH) has no significant effect on HSO5 and SO4 formation. Regarding the SO4 formation 

pathway, SO4 molecules are formed from the reaction between SO3 and O(3P) instead of SO3 and O(1D). 

The oxidative capacity needs further laboratory experiments to reveal. 

 

   

Figure 1. Diurnal pattern of sulfuric acid, HSO5 and SO4 (A) and the relationship between HSO5 and SO4 

(B).  

 

Figure 2. Variation of sulfuric acid monomer, HSO5, SO4, SO3 and  H2O.NO3
- under different reaction 

conditions. The wavelength of the UV light is 253nm which was used to generate OH radicals from the 

photolysis of ozone. 
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INTRODUCTION 

Biogenic secondary organic aerosol (SOA) form a major fraction of aerosol above the boreal forest area. 
Therefore, aerosol radiative forcing can be affected by changes in temperature and consequent changes in 
emissions of volatile organic compounds (VOC) from vegetation. The increasing VOC emissions with 
increasing temperature are expected to lead to enhanced formation of biogenic SOA and increasing organic 
aerosol (OA) mass loadings and aerosol number concentrations. Such changes in aerosol concentrations 
may lead to strengthening of both the direct and indirect aerosol radiative forcing. The increase in particle 
number concentrations and total particle mass concentration with temperature has been observed in previous 
studies (Paasonen et al., 2013; Asmi et al., 2016). However, direct evidence of temperature dependence of 
OA has been lacking and the effect on radiative forcing requires quantification. In this study we combine in 
situ data from the boreal forest site Hyytiälä with remote sensing observations in order to investigate the 
temperature dependence of OA and its effect on aerosol radiative forcing. In this first part we concentrate 
on the observations from measurements at the Hyytiälä site and analyse the temperature dependence of OA 
concentration and aerosol optical depth (AOD). In the second part (Mielonen et al., 2019) we compare the 
temperature dependence of OA to satellite-based observations to investigate the influence of changes in OA 
to cloud properties. 

METHODS 

We use long-term aerosol composition data measured with an Aerosol Chemical Speciation Monitor 
(ACSM) to study the temperature dependence of OA mass loadings. Additionally, we use aerosol size 
distribution data measured with a Differential Mobility Particle Sizer (DMPS) to study the temperature 
dependence of number concentration of particles large enough to act as cloud condensation nuclei. By 
limiting our analyses to two summer months, July and August, each year we aim at isolating the temperature 
dependence of the organic mass loading from the seasonal effects arising from the vegetation growth season. 
The analysis is based on measurements over the years 2012-2018 at Hyytiälä, Southern Finland. This period 
includes two years where the average summer temperature was considerably higher than the current average 
and we use these warm summers as a future projection. 

We use air mass back trajectories calculated with HYSPLIT (Stein et al., 2015) to account for the origin of 
the air masses and the different source regions in the analyses. We use also various in situ measurements of 
atmospheric variables, such as SO2, black carbon and UVB, in order to distinguish the temperature effect 
from effects of anthropogenic emissions, biomass burning and oxidation. 

We accompany the in situ measurements of OA with AERONET sun photometer observations of AOD. We 
analyse the AOD data on basis on monthly mean values and we utilize the AOD measured at two 
wavelengths, 340 nm and 550 nm, in order to gain information about the aerosol size distribution. 
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RESULTS AND CONCLUSIONS 

Our results show that summertime OA concentration increases with temperature. The analysis on the air 
mass source areas as well as SO2, particle phase sulfate and black carbon concentrations indicate that the 
temperature trend in OA is not explained by anthropogenic or biomass burning emissions. Therefore, main 
part of the OA increase with temperature likely originates from enhanced biogenic SOA formation, although 
quantifying the temperature induced changes in OA requires consideration of these other atmospheric 
variables.  

Consistently with the trend in OA, also clear sky AOD over the measurement station increases with 
temperature. The difference between the wavelengths in the increase of AOD with temperature suggest that 
the temperature dependence of AOD comes mainly from smaller particles. Therefore, the temperature 
dependent increase of AOD is likely related to regional sources, rather than long-range transportation. This 
is consistent with the temperature dependence of AOD being driven by the changes in OA and biogenic 
SOA formation. This observation suggests that the enhanced biogenic SOA formation in warmer conditions 
strengthens the aerosol direct radiative effect. 

Number concentration of particles large enough to act as cloud condensation nuclei increases with 
temperature similarly to OA concentration. However, the consequent changes in cloud properties and 
aerosol indirect effect are not straightforward or clear (Mielonen et al., 2019). 
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INTRODUCTION 

The Filter Inlet for Gases and AEROsols, coupled to a Time-of-Flight Chemical Ionization Mass 

Spectrometer (FIGAERO-ToF-CIMS, Lopez-Hilfiker et al., 2014) has been employed in numerous studies 

to investigate the composition and volatility of aerosol particles from both ambient atmosphere and 

laboratory environments. Earlier studies have used syringes to deposit solutions of organic acids or series 

of polyethelyne glycols (PEG) with known saturation vapour pressures (Psat) onto the FIGAERO filter and 

related them to the temperature of peak signal (Tmax) during the FIGAERO heating cycle. (Bannan et al., 

2018; Lopez-Hilfiker et al., 2014; Stark et al., 2017). However, some of these studies have suffered from 

covering a range of only relatively low measured Tmax values (below 100 ºC; for compounds with relatively 

high Psat); and crucially they have produced rather inconsistent results when compared to each other (Fig. 

1), spanning up to 4 orders of magnitude in Psat for a given compound.  

 

Figure 1. Comparison of calibration lines between different previous studies. They used either varieties of organic acids (crosses) 

or PEG compounds (diamonds). 
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In this study we investigate the critical effect of calibration solution concentration on calibration results, i.e. 

on how the solute compounds’ Psat relate to the observed Tmax, and we propose a new method for obtaining 

such calibration based on the atomization of calibration compound solutions. We also investigate the effect 

of different methods on sensitivity calibrations, in which the total measured signal is related to the deposited 

amount of material. 

METHODS 

In the syringe method used by earlier studies, a known amount of compounds in solution are deposited onto 

the FIGAERO filter using a microliter syringe. In the atomizer method, solutions of the same compounds 

are atomized to create aerosol particles, which are then collected onto FIGAERO filter while the aerosol 

size and mass distributions are monitored by an Scanning Mobility Particle Sizer (SMPS) system (TSI Inc.). 

For both methods, compounds are subsequently desorbed from the FIGAERO filter and carried into the 

ToF-CIMS by a nitrogen flow that is gradually heated from room temperature to 200 ºC, i.e. as per the 

standard instrument operating procedure. We thoroughly tested both methods, using a series of PEG-

compounds as well as mixtures of organic acids, and also investigated the effect of varying the heating rates. 

CONCLUSIONS 

In our study we found a clear correlation of the measured Tmax values to the calibrant solution concentrations 

for the syringe method, as well as differences in calibration results when using the different deposition 

methods. These results explain the wildly differing FIGAERO calibration results reported earlier, and we 

describe and propose a new and robust calibration procedure. 

ACKNOWLEDGEMENTS 

This work was supported by the Academy of Finland (259005, 272041, 299544, 310682), the European 

Research Council (ERC-StQ QAPPA 335478) and the University of Eastern Finland Doctoral Program in 

Environmental Physics, Health and Biology. 

REFERENCES 

Bannan, T. J., Le Breton, M., Priestley, M., Worrall, S. D., Bacak, A., Marsden, N. A., Merha, A., 

Hammes, J., Hallquist, M., Alfarra, M. R., Krieger, U. K., Reid, J. P., Jayne, J., Robinson, W., Mcfiggans, 

G., Coe, H., Percival, C. J. and Topping, D.: A method for extracting calibrated volatility information 

from the FIGAERO-HR-ToF-CIMS and its application to chamber and field studies, , (August), 1–12, 

doi:10.5194/amt-2018-255, 2018. 

 

Lopez-Hilfiker, F. D., Mohr, C., Ehn, M., Rubach, F., Kleist, E., Wildt, J., Mentel, T. F., Lutz, A., 

Hallquist, M., Worsnop, D. and Thornton, J. A.: A novel method for online analysis of gas and particle 

composition: Description and evaluation of a filter inlet for gases and AEROsols (FIGAERO), Atmos. 

Meas. Tech., 7(4), 983–1001, doi:10.5194/amt-7-983-2014, 2014. 

 

Stark, H., Yatavelli, R. L. N., Thompson, S. L., Kang, H., Edward, J., Kimmel, J. R., Palm, B. B., Hu, W., 

Hayes, P. L., Day, D. A., Canagaratna, M. R., Jayne, J. T., Worsnop, D. R., Jimenez, J. L., Krechmer, E., 

Kimmel, J. R., Palm, B. B., Hu, W., Hayes, P. L., Worsnop, D. R. and Jimenez, J. L.: Impact of thermal 

decomposition on thermal desorption instruments : advantage of thermogram analysis for quantifying 

volatility distributions of organic species, , doi:10.1021/acs.est.7b00160, 2017. 

 

751



SULFURIC ACID PROXY REVISED: THE EFFECT OF CRIEGEE INTERMEDIATES AND
DIMERS

I. YLIVINKKA1,3, L. DADA1,2,, N. SARNELA1, C. YAN1,2, L. YAO1,2, R. BAALBAKI1, T. JOKINEN1,
T. PETÄJÄ1, V.-M. KERMINEN1 and M. KULMALA1,2

1Institute for Atmospheric and Earth System Research INAR / Physics, Faculty of Science, University of
Helsinki, Finland. 

2Aerosol and Haze Laboratory, Beijing Advanced Innovation Center for Soft Matter Science and
Engineering, Beijing University of Chemical Technology, Beijing, China.

3SMEAR II station, University of Helsinki, 35500 Korkeakoski, Finland

Keywords:   SULFURIC ACID, PROXY, NEW PARTICLE FORMATION.

INTRODUCTION

Atmospheric new particle formation is a commonly observed phenomenon almost all around the world
(Kulmala et al., 2004). It is a source of large number of nanometer-size particles that are formed from gas
phase precursors. The formed particles may be removed by coagulation with pre-existing particles or grow
to larger  sizes  by condensation of  low volatile  vapors.  Sulfuric  acid has  been comfirmed to play an
important  role  both  in  nucleation  and  growth  of  the  particels  (Kulmala  et  al.,  2013)  but  also  other
molecules may participate in the process (Hallquist et  al.,  2009). In order to get insight into how big
contribution  different  molecules  have,  information  of  the  atmospheric  concentrations  of  vapors  are
needed. Unfortunately, despite the importance of sulfuric acid in the atmospheric chemistry and aerosol
physics,  it  is  rather  rarely  measured,  especially  in  continuos  basis,  and  the  spatial  resolution  of  the
measurements is sparse. Hence, different proxies have been developed to estimate the concentration based
on commonly measured variables (Petäjä et al., 2009; Mikkonen et al., 2011). 

Here, we introduce a revised proxy for sulfuric acid concentration with strong physical basis. The method
is based on the proxy introduced by Petäjä et al.  (2009).  Their  proxy accounted for the formation of
sulfuric acid by oxidation of sulfur dioxide by OH radicals and loss of the molecules on the pre-existing
particles  (condensation  sink,  CS).  However,  recent  studies  have  shown  the  importance  of  stabilized
criegee intermediates in the oxidation of sulfur dioxide (Mauldin et al., 2012). Thus, the revised proxy
accounts also for the formation of sulfuric acid due to oxidation by stabilized criegee intermediates but
also takes into account the loss of sulfuric acid due to formation of dimers (Jen et al., 2014). 

METHODS

Criegee intermediates are formed in the ozonolysis of alkenes (Mauldin et al., 2012). In boreal forests
monoterpenes (MT) form a significant share of emitted organic compounds, and are thus used here as a
proxy for alkenes (Hellén et al., 2018). When including all the above mentioned processes, the rate of
change in sulfuric acid concentration is

d [H 2 SO4]

d t
=k 0 [ OH ] [ SO2 ]+k2 [O3 ] [ MT ] [SO2 ]−CS [ H 2 SO 4 ]−k 3[H2 SO4 ]

2. (1)

In the equation,  k0,  k2 and  k3 are empirical scaling coefficients. Because ambient OH concentration is
difficult to measure, in this work we use UVB radiation to estimate the concentration since it is mainly
formed in the photolysis of ozone by UVB radiation (Petäjä et al., 2009). Therefore, the equation becomes
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d [H 2 SO4]

d t
=k 1UVB [ SO2 ]+k2 [O3 ] [ MT ] [SO2 ]−CS [ H2 SO 4 ]−k 3[H 2 SO 4]

2, (2)

where k1 is empirical scaling parameter. Assuming a steady state condition, we finally get a formula for
the concentration of sulfuric acid

[ H2 SO4 ]=
−CS
2 k3

+√( CS
2k3 )

2

+
[SO2 ]

k3
(k1 UVB+k 2 [O3 ] [ MT ] ) (3)

The proxy is  developed with measurement  data  from SMEAR II  (Station for  Measuring Ecosystem-
Atmosphere Relations) in Hyytiälä, Finland from years 2016-2019 (Hari et al., 2013). Condensation sink
is obtained from the number size distribution measurements with differential mobility particle sizer (Aalto
et al., 2001). Ozone, sulfur dioxide and UVB radiation are measured in continuous basis at the station.
Alkenes represented by monoterpenes are measured with proton-transfer-reaction mass spectrometer and
sulfuric  acid  with  chemical  ionization  ambient  pressure  interface  time-of-flight  mass  spectrometer
(Taipale et al., 2008; Jokinen et al., 2012). Sulfuric acid concentration is measured at 35 m high tower, and
other gas concentrations at 16.8 m height above the ground level. The scaling factors are obtained by
minimising  the  sum of  the  squared  difference  between the  proxy values  and measured  sulfuric  acid
concentration  using  a  build-in  function  fminsearch of  MATLAB,  giving  the  optimal  values  for  the
coefficients. 

To take into account the diurnal variation in the atmospheric chemistry, we separate day and nighttime
values with respect to solar zenith angle (SZA). As daytime, we consider times when SZA is less than 65º,
and nighttime when SZA is equal to or larger than 65º. Equation (3) is used in both cases, but the scaling
coefficients are calculated independently.

RESULTS

Table 1 lists the scaling coefficients found by minimising the sum of squared difference between modeled
and meadured sulfuric acid. Applying the coefficients to the Equation (3) we could finally calculate the
modeled sulfuric acid concentration. Figure 1 displays a scatter plot between the measured and modeled
sulfuric acid concentration. The values correlate well, and the calculated Pearson’s correlation coefficient
was 0.79. Diurnal variation was also investigated. Figure 2 shows hourly medians of measured sulfuric
acid concentration, new proxy and proxy by Petäjä et al. (2009). The plot shows that new proxy follows
well the diurnal cycle of measured sulfuric acid concentration. Because the proxy by Petäjä et al. (2009)
accountes only for production of sulfuric acid by oxidation of sulfur dioxide by OH radicals, the proxy
does not take into the consideration the diurnal variation in atmpospheric chemistry. During nighttime,
when OH is not present, sulfuric acid is mainly procuded by stabilized criegee intermediates, and thus the
proxy by Petäjä et al. (2009) underestimates especially the nighttime values (Mauldin et al., 2012). 

k1
 (‧10-6 m2 W-1 s-1) k2 (‧10-29 cm6 s-1) k3 (‧10-9 cm3 s-1)

Day 5.84 5.41 2.28
Night 1.37 8.40 1.12

Table 1. Scaling factors for boreal forest determined minimizing the sum of squared difference between
measured and modeled sulfuric acid data.
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Figure 1. Scatter plot between the measured and modeled sulfuric acid concentration. Black line shows 1:1
line and red line fitted bivariate regression. Calculated Pearson’s correlation coefficient was 0.79.

Figure 2. Hourly medians of revised sulphuric acid proxy (blue), proxy introduced by Petäjä et al. (2009;
yellow), and measured sulfuric acid concentration at SMEAR II.

CONCLUSIONS

The  revised  proxy  accounts  for  production  of  sulfuric  acid  by  oxidation  by  both  stabilized  criegee
intermediates and OH radicals and loss by condensation on pre-existing particles and dimer formation.
Thus, the proxy is able to produce the observed diurnal variation in the sulfuric acid concentration. The
obtained equations and coefficients should be used in the modeling of sulfuric acid concentration in boreal
forests where the alkene concentration can be estimated with monoterpenes, and where the diurnal and
seasonal variation in solar radiation are similar to the conditions in southern Finland. 
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INTRODUCTION

Air pollution describes the presence of harmful substances in the atmosphere, which are detrimental
to human health as well as the Earth’s climate. Air quality indicators are typically monitored by
environmental or government authorities using networks of fixed monitoring stations, equipped
with instruments specialised for measuring a number of pollutants, such as carbon monoxide (CO),
nitrogen oxides (NOx), sulphur dioxide (SO2), ozone (O3) and particulate matter (PM). In practice,
a comprehensive measurement covering a large area may not always be possible as air pollutant
analysers are generally complicated, bulky and labour-intensive (Kumar et al., 2015). Furthermore,
instrument failure, fault in data acquisition or data corruption often result in missing data during
research campaigns or continuous measurements (Junger and De Leon, 2015). If the data gap
is relatively large, interpolation methods become ineffective. As a result, these problems pose a
significant obstacle for comprehensive air pollution data analysis and time series prediction scheme.

In this work, we propose a solution by developing a pollutant proxy that is also known as a model
or an estimator. A pollutant proxy can be defined as a mathematical model that estimates an
unobserved air pollutant using other measured variables. Such a proxy acts as a virtual sensor
or an expert system to fill missing data or to substitute one or more real measurements, thus the
number of operated instruments can be minimised leading to a reduction in operational cost as well
as the operators involved. Therefore, the area with pollution information can also be widened.

METHODOLOGY

Figure 1 presents a generic data-driven-based methodology for a pollutant proxy development and
deployment. The concept is mainly based on two key approaches. The first is called a mutual
information (MI) approach that is used to select the most relevant proxy inputs. The second is a
probabilistic machine learning (PML) method that is used to model an air pollutant.

From data exploration, it is known how one measured variable is related to other measured variables.
Standard correlation methods, such as Pearson correlation coefficient (PCC), is typically applied.
However, as air pollution is a complex process, the relationship between the measured variables
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may not always be linear. Therefore, we complement the correlation analysis by an information
theory-based technique, named mutual information (MI), to search relevant measured variables
correlated linearly and nonlinearly to an air pollutant to be modelled (Zaidan et al., 2018).

There is also a substantial amount of missing data. To solve the problem in practice, an additional
guidance method is required for inputs selection. When generating a proxy, we are often limited
to the measurement period during which data of all variables exist (i.e., the data with same time
index). This leads to fewer data points available as the inputs for training phase of the pollutant
proxy. The missing data scenario results in significant data loss for the training purposes. Further-
more, the use of a large number of inputs typically increases the model complexity leading to poor
proxy performance. Limiting the number of inputs also allows the proxy to be used flexibly with-
out relying on many other measurements in practice. Therefore, it is vital to consider these effects
when determining the number of inputs involved in modelling, shown as the box of performance
and data loss monitoring in Figure 1. The selected input data is then used for PML training and
validation data. In this case, we select Bayesian neural network (BNN) as PML method due to its
nature in providing confidence interval as well as robustness in dealing with over-fitting (Gal and
Ghahramani, 2016; Zaidan et al., 2016). Finally the results are validated and analysed.

Figure 1: The block diagram of general methodology for pollutant proxy development.

In order to validate our approach, we use an extensive measurement data obtained in Jeddah, Saudi
Arabia. The site is located at 21.4869 ◦N, 39.2517 ◦E and the altitude is 38.7 m above sea level.
The measurement site is about 105 m and 1.7 km to the nearest road and the major highway,
respectively. The measurements were performed at the height of 3.5 m and 6.7 m for gaseous
air pollutants and meteorological parameters above the ground level, respectively. The sampling
originally took place from 31 July 2011 to 28 February 2013. In particular, we choose to develop
a proxy of ozone (O3) concentration, but the proposed method is also generic for other types of
air pollutant. The O3 concentration data is only available for 258 days. Other measured variables
include trace gases, such as NO, NO2, NOx, volatile organic compound (VOC), particulate matter,
such as PM10, PM2.5 and PM1 and particle number concentrations as well as solar radiation and
meteorogical variables. The detailed explanation of the sampling site, data sets and the instruments
used in this research campaign can be found in the previous work (Alghamdi et al., 2014a).

RESULTS AND CONCLUSIONS

The developed proxy was validated using the remaining data that was not used in the proxy
training (i.e. test data). The performance metric values of MAE and R2 are at 5.595µg/m3 and
0.83, respectively. The proxy performance is considered to be adequate and the proxy is then tested
against long-term measurements in Jeddah city.

It is known that the pollutant O3 concentration differs between weekend and weekday, as well as
day and night, due to the variation of traffic volumes in big cities (Blanchard et al., 2008). An
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Figure 2: The average of the measurement and estimation of Ozone concentration from two different
models on weekday and weekend in Jeddah, Saudi Arabia.

investigation of weekday and weekend differences in O3-NOx levels is an important indicator to
understand whether O3 has its origin in local photochemical production or in transport processes
(Alghamdi et al., 2014a). Figure 2 presents the average of the measured and estimated O3 con-
centration on weekday and weekend. It can be seen that lower NOx levels and higher O3 values
at weekends than on weekdays took place in Jeddah. This phenomenon is common to be observed
mainly within areas with an influence from urban emissions. This occurs due to weekly changes in
emissions from human activities. The relationship of emission-concentration relationship at urban,
suburban and rural sites is discussed in Stephens et al. (2008). Considering the significance of
having both measurements of O3 and NOx concentration, the developed proxy performance on the
O3 is evaluated on the concentration characteristic in the area as shown in Figure 2. It can be seen
clearly that our developed estimated O3 concentration fits very well the average measurement data
on weekday and weekend. This suggests that the developed O3 proxy is reliable and accurate as
the substitution of O3 real measurement. Having the O3 virtual measurement is then beneficial to
study the pollutant sources by reducing the cost and operator involvement.
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of México City’s surface concentrations of CO, NOx, PM10 and O3 during 1986–2007. Atmos.
Chem. Phys. 2008, 8, 5313–5325.

759



HOM CLUSTER FRAGMENTATION IN API-TOF MASS SPECTROMETERS
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1 Institute for Atmospheric and Earth System Research / Physics, Faculty of Science, University
of Helsinki, P.O. Box 64, 00014 Helsinki, Finland.
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INTRODUCTION

Recent developments in mass spectrometry have brought huge advancements to the field of atmo-
spheric science. For example, mass spectrometers are now able to detect ppq-level concentrations
of both clusters and precursor vapours in atmospheric samples (Junninen et al., 2010; Jokinen
et al., 2012), as well as directly explore the chemistry of new particle formation (NPF) in the atmo-
sphere (Kulmala et al., 2014; Bianchi et al., 2016; Ehn et al., 2014). One of the most common mass
spectrometers used to measure online cluster composition and concentration in the atmosphere is
the Atmospheric Pressure interface Time Of Flight Mass Spectrometer (APi-TOF MS). Unfortu-
nately, the detection process in the APi-TOF involves energetic interactions between the carrier
gas and the clusters, possibly leading to their fragmentation, and thus altering the measurement
results.

Cluster fragmentation in the APi-TOF is one of the main sources of uncertainty in the measure-
ments. Despite this, its dynamics has not been studied very thoroughly so far, and it still misses
fundamental work. Here we use a theoretical model to study in detail the fragmentation of clus-
ters involving so-called Highly-Oxygenated organic Molecules (HOM), which have recently been
identified as a key contributor to NPF (Bianchi et al., 2019). Our study involves a specific kind
of representative HOM (C10H16O8). This elemental composition corresponds to one of the most
common mass peaks observed in experiments on ozone-initiated autoxidation of α-pinene, which
also fulfills the “HOM” definition of (Bianchi et al., 2019). The precise molecular structure was
adopted from (Kurtén et al., 2016), and corresponds to the lowest-volatility structural isomer of
the three C10H16O8 compounds investigated in that study. The structure of the molecule is shown
in Fig. 1.

The main scope of this work is to determine to what extent we are able to perform measurements of
atmospheric cluster concentrations using APi-TOF mass spectrometers. More specifically, we want
to determine whether fragmentation can possibly be responsible for the lack of observations of some
HOM-containing clusters in an APi-TOF. Here, we predict both an upper bound for fragmentation
energy necessary for fragmentation in the APi-TOF, and a lower bound for new-particle formation
in the atmosphere given realistic vapor concentrations. The former can be evaluated using a
numerical model initially developed by (Zapadinsky et al., 2018), while the latter is computed
using the Atmospheric Cluster Dynamics Code (ACDC) (McGrath et al., 2012).
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Figure 1: Molecular structure of the model C10H16O8 HOM used in this study.

METHODS

The model computes the probability of fragmentation of a single negatively-charged cluster from
a large number (≈ 103) of independent stochastic realizations of its dynamics in the APi. We give
here a brief description. For detailed description see (Zapadinsky et al., 2018).

The dynamics starts with the ionized cluster accelerating in the mass spectrometer under the effect
of an electric field generated by the electrodes inside the APi. While moving, a random time
interval to the next collision is computed from the cumulative distribution function Pcoll(t), which
expresses the probability to encounter a collision after a time t:

Pcoll(t) = 1− e−
∫ t
0 Υ[v(t′)] dt′ . (1)

Here, Υ is the collision frequency which depends on the cluster velocity v, while t = 0 is the moment
when the previous collision occurred. Simultaneously, another random time interval is computed
for the fragmentation event from a Poisson distribution, which corresponds to the time-dependent
survival probability Psurv after collision:

Psurv(t) = 1− Pfrag = e−k(∆E)t , (2)

where Pfrag is the fragmentation probability and k, the fragmentation rate constant, is the inverse of
the statistical average of fragmentation time, which depends on the cluster excess energy ∆E beyond
its fragmentation energy threshold. The fragmentation time is interpreted as the time the cluster
spends intact before fragmenting. The fragmentation rate constant is derived from equilibrium
condition between fragmentation and recombination processes using the detailed balance condition
(Zapadinsky et al., 2018). At this point, if the time required by the cluster to escape from the
simulated region of the mass spectrometer is less than both the collision and fragmentation times,
the single realization is completed and the counting of intact clusters is increased by one. A second
possibility is that the fragmentation time is smaller than collision and escape times, in which case
the count of fragmented clusters is increased by one. Finally, as third possibility, the collision time
may be the smallest, in which case a collision between the cluster and a carrier gas molecule takes
place. The dynamics of the collision is described by a stochastic process, where random velocities
for the carrier gas molecules are computed from the Maxwell-Boltzmann distribution. In this case,
the motion of the gas molecules is considered as solely translational. During the collision, the kinetic
energy of the two colliding objects is partially transferred to the internal degrees of freedom of the
cluster (vibrational and rotational modes), according to the microcanonical ensemble approach:
any equally-energetic configuration of the system is equally-probable. After collision, the energy is
then redistributed between rotational and vibrational modes following the same principle, and the
dynamics repeats from the acceleration of cluster.
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CONCLUSIONS

The simulation region involves only a portion of the total length of the APi-TOF mass spectrometer.
Specifically, the simulations take place in the most critical region, between the end of the first
chamber and the second one, where the pressure values make fragmentation possible. Before this
region the collisions are not energetic enough, while after the carrier gas is so sparse that no collision
happens (Zapadinsky et al., 2018). The voltage and pressure configuration in the simulations is the
same used in CLOUD10 experiments (Lehtipalo et al., 2018). The clusters studied here are formed
by one bisulfate anion, one sulfuric acid molecule and at least one HOM molecule. The clusters are
assumed to fragment by losing one HOM, as follows:

(HSO−
4 )(H2SO4)n(HOM10)m →

(HSO−
4 )(H2SO4)n(HOM10)m−1 + (HOM10)

with n = 1, 2, m = 1, 2, 3 and HOM10 is the structure shown in Fig. 1. Our specific choice for
HOM is not unique: this is one among many potential HOM produced in the α-pinene + O3

reaction. The compound chosen is broadly representative of autoxidation products as it contains
both hydroperoxide, ketone and carboxylic acid groups. The clusters have been constructed by
first maximizing H-bonds between the H2SO−

4 core ion and other molecules, and then maximizing
other H-bonds without creating too much strain. The final survival probabilities Psurv are shown
in Fig. 2.
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Figure 2: (Color online). Survival probabilities Psurv for different HOM clusters as a function of
their fragmentation energy Ef . The error bars are relative only to statistical error.

In parallel to the simulations on fragmentation in the APi, we computed with ACDC the concen-
trations of HOM10 needed to provide a reasonable enhancement of new-particle formation rate in
the atmosphere. Specifically, at given H2SO4 monomer concentration, and for a given value of
fragmentation energy Ef , we computed the concentration of HOM10 at which the new-particle
formation rate is increased by 1 cm−3s−1 (i.e. Jsa+hom = Jsa + 1 cm−3s−1). In the simula-
tion, the formation rate J is relative to clusters growing beyond (HSO−

4 )(H2SO4)4(HOM10)0−3

or (HSO−
4 )(H2SO4)0−3(HOM10)4. The increment in the formation rate value here is indicative,

and it serves as a reference for a reasonable NPF process in the atmosphere (Lehtipalo et al.,
2018). In the simulation, we assume a constant concentration of HSO−

4 equal to 700 cm−3, which
approximately corresponds to the steady-state anion concentration at a representative total anion
pair formation rate due to galactic cosmic rays (GCR) of Jions = 4 cm−3s−1 (Kirkby et al., 2016).

The HOM clusters are subsequently formed by collisions between bisulfate anions, sulfuric acid
and HOM molecules. As we can see in Fig. 3, the H2SO4 and HOM10 concentrations needed to

762



1010

1012

1014

1016

1018

106 107 108 109 1010

H
O
M

1
0
co
n
ce
n
tr
at
io
n
(c
m

−
3
)

H2SO4 concentration (cm−3)

15 kcal/mol

20 kcal/mol

25 kcal/mol

30 kcal/mol

Figure 3: (Color online). Concentrations of HOM10 needed to increment the new-particle formation
rate J by 1 cm−3s−1, for different fragmentation energies.

provide the increment ∆J = 1 cm−3s−1 decrease when the fragmentation energy increases, reaching
experimental conditions (e.g. non-nitrate HOM10 and H2SO4 concentrations measured in CLOUD
experiment (Lehtipalo et al., 2018)) at Ef > 30 kcal/mol, where HOM10 and H2SO4 concentrations
do not exceed 108 cm−3. At this fragmentation energy, fragmentation in APi is negligible (Psurv ≈ 1
in Fig. 2). Thus we can conclude that for the case of (HSO−

4 )(H2SO4)n(HOM10)m clusters, rapid
formation in the atmosphere (given typical vapor concentrations) and significant fragmentation in
the APi are mutually incompatible situations.
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INTRODUCTION 

New particle formation (NPF) is a significant contributor to atmospheric aerosol loading and can produce 

up to 50% of the world’s cloud condensation nuclei (CCN). Most of the field observations of aerosol 

particles carried out up to date, in the terrestrial environments, are inevitably influenced by anthropogenic 

emissions, which makes it difficult to understand the particle formation process in the pristine condition. 

The Amazon rainforest is considered one of the few regions where the environment is close to natural 

conditions, but no NPF event has been observed in the Amazonian planetary boundary layer (PBL). Recently,  

high concentrations of the small particles (diameter <50 nm) have been observed in the aircraft-based studies 

over the Amazon basin, suggesting a large source of small aerosol particles is from the upper troposphere 

(UT) (Wang et al., 2016; Andreae et al., 2018). Studies from the European Center for Nuclear Research 

(CERN) Cosmics Leaving OUtdoor Droplets (CLOUD) chamber have suggested highly oxygenated organic 

molecules (HOM) from biogenic emissions could play a key role in the nucleation process under pristine 

condition, due to their low volatilities (Kirkby et al., 2016; Bianchi et al., 2019). While Bianchi et al., (2016) 

showed that the frequently observed NPF events at the Jungfraujoch (3580m a.s.l.) in Central Europe was 

majorly driven by the condensation of HOMs, our results indicate that the nucleation process over Amazon 

basin may be also driven by HOMs and temperature. 

 

 

METHODS 

The Southern hemisphere high ALTitude Experiment on particle NucleAtion and growth (SALTENA) 

campaign was performed from December 2017 to June 2018 in the Chacaltaya station (5240m, a.s.l.) in 

Bolivia. During the nighttime, the station is frequently located in the UT (Rose et al., 2017). The station is 

~30km away from the city area of La Paz. A set of state-of-the-art instruments were deployed to 

systematically understand NPF events. Chemical composition information of ion clusters was provided by 

an Atmospheric Pressure interface Time-Of-Flight (APi-TOF). Atmospheric HOMs and sulfuric acid (SA) 

concentrations were measured with a Chemical Ionization APi-TOF (CI-APi-TOF) equipped with a nitrate 

inlet. Concentration and distribution of aerosol particles were measured with a particle size magnifier (PSM), 

a neutral cluster air ion spectrometer (NAIS, also measuring ion cluster concentrations), and a scanning 

mobility particle sizer (SMPS). Trace gases, solar radiation, and meteorological parameters were also 

measured. 
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CONCLUSIONS 

Preliminary results show that organic molecules were dominated by the oxidation products from isoprene 

(C5H8) during nighttime when the site was considered frequently locating in the UT (Fig. 1). 

 

 

 

Figure 1. Time series of a selected period when the site was located in the air from Amazon. 
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INTRODUCTION

Chlorophyll a fluorescence (ChlF) are re-emitted photons by chlorophyll molecules from
absorbed light energy, competing the photosynthetic excitation energy with photochemistry and
heat dissipation. The pulse-amplitude-modulated (PAM) technique has been widely used
decades to actively measure ChlF and to study leaf photosynthetic properties and partitioning of
excitation energy (Baker 2008). The MONITORING-PAM Multi-Channel Chlorophyll Fluorometer
(MONI-PAM) provides a continuous and long-term measurement of photosynthetic properties
under field conditions (Porcar-Castell et al., 2008, 2011).

The current documentation about the description of MONI-PAM system is not enough to support
its utilization. To estimate photosynthetic parameters, absolute ChlF levels measured from
MONI-PAM systems are required. However, how to accurately obtain ChlF is challenging because
variations of ChlF signal measured from MONI-PAM system are not only dependent on
physiological changes but also on other factors (e.g. environmental and physical factors, and
instrumental artifacts). In particular, snow, water condensation, or leaf movement could lead to
wrong measurement of ChlF, data during which need to be filtered.  For long-term measurement,
internal MONI-PAM data acquisition system (MONI-DA) clock can suffer from drift or be changed
accidentally thus need to be corrected, internal temperature or PAR sensor also need to be
calibrated regularly, and ambient temperature can affect performances of LED light and
therefore intensities of measuring light and levels of ChlF signal. All aforementioned factors could
induce inaccurate measurement of ChlF signals and are necessarily documented. Hence, properly
filtering and processing dataset and carefully maintaining the MONI-PAM system are critical for
finally estimating ChlF or photosynthetic related parameters and further applying to
photosynthetic research.

This protocol aims to detailed describe MONI-PAM system, to introduce how to maintain MONI-
PAM, and to provide automatically filtering functions and build an R package for processing data
obtained from MONI-PAM system.

RESULTS

Preliminary results from automatically filtering functions are shown in Figure 1. Our results
showed that most of strange or bad records (e.g., data measured on May 5th and 6th for
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Pine1Top, May 5th for Pine2Top, or May 2nd-6th and May 11th for Pine3) have been successfully
selected and flagged. These flagged observations, that had relatively lower values of F’ and F’m
compared with normal days (e.g. May 7th-10th for Pine2Mid), were probably resulted from low
temperature that induced water condensation in the leaf surface during evening or morning.  The
next step is to set appropriate thresholds for filtering the dataset to optimize the performance
of current filtering functions, and to build an R package to process MONI-PAM dataset.

Figure 1. Performance of automatically filtering functions for processing data observed from
MONI-PAM system. Measurements were conducted in one-year old needles for mature Pinus
sylvestris trees for the beginning of May in 2019. Measurements were mainly conducted at the
top canopy of three different trees (Pine1Top, Pine2Top and Pine3) respectively. and one more
measurement was conducted at the middle canopy of second tree (Pine2Mid). The MONI-PAM
system records the instantaneous fluorescence yield (Fʹ, black points), the maximal fluorescence
yield (Fʹm, green points), the actual quantum yield of PSII (ΦPSII, orange points), incoming PAR
(grey line), and temperature (purple line) every 30 min. Blue, red or dark purple points are flagged
data or outliers produced from automatically filtering functions for ΦPSII, FʹM, and Fʹ respectively.
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Northern peatlands are projected to play a crucial role in future atmospheric methane (CH4) budget and have 

a positive feedback to global warming (Zhang et al., 2017). Yet, the mechanistic processes of CH4 emissions, 

i.e. CH4 production and oxidation, especially their sensitivity to global warming are rarely studied, thus 

large uncertainties still remain for future CH4 budget projection.  

Here we collected peat samples from 14 peatlands in Finland, spanning approximately 10 latitudinal degrees 

and representing ombrotrophic bogs, and oligotrophic and mesotrophic fens (Figure 1a). We aim to 1) 

quantify CH4 production and oxidation potentials in different temperatures (5, 17.5 and 30 oC), and 2) 

explore the environmental factors that drive CH4 dynamic patterns.  

Our preliminary results showed that CH4 production and oxidation increased with increasing temperature 

for all peatland types (Figure 1bc). At the same temperature conditions, CH4 production potentials showed 

variable values within different peatland types, while CH4 oxidation potentials were relatively consistent for 

different peatland types. In addition, CH4 production in mesotrophic fens was clearly higher than that in 

other peatland types, which is likely to explain the generally higher CH4 flux emissions in fens than bogs 

(Turetsky et al., 2014). Our next step is to link the CH4 dynamic patterns to their methanogen and 

methanotroph communities, substrate properties, and vegetation using ordination analyses and mixed effect 

models.  
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Figure 1. Location of the study sites (a). Basemap source: Esri. The studied peatland types were indicated using 

green (ombrotrophic bog), red (oligotrophic fen) and orange (mesotrophic fen) colours. Methane (CH4) production 

(b) and oxidation (c) potentials (mean and standard deviation) at 5, 17.5 and 30 oC for different peatland types.  
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INTRODUCTION 

Thanks to the advancement in mass spectrometric applications, our capability to detect the oxidized 

products of volatile organic compounds (VOC) which can contribute to the formation and growth of 

secondary organic aerosols (Kulmala et al., 2013;Ehn et al., 2014;Kirkby et al., 2016;Troestl et al., 

2016), affecting air quality, human health, and climate radiative forcing (Stocker et al., 2013;Zhang 

et al., 2016;Pope III et al., 2009;Shiraiwa et al., 2017), has been greatly enhanced, as well as our 

understanding of the complicated atmospheric oxidation pathways in which they take part.  

Factor analytical techniques have often been applied to reduce the complexity of the mass 

spectrometric data by finding co-varying signals that can be grouped into common factors (Huang et 

al., 1999). The typical approach for using techniques like positive matrix factorization (PMF) is to 

input all measured data for the factorization in order to separate contributions from different sources 

and/or processes to the total measured signal. However, an inherent requirement of factorization 

approaches is that the factor profiles, in this case the relative abundancies of ions in the mass spectra, 

of each factor stay nearly constant. Due to the complexity and number of atmospheric processes 

affecting the formation, transformation, and loss of VOC, Oxygenated VOC (OVOC) and aerosol, 

this is often one of the main limitations of factorization approaches. Given the different volatilities of 

OVOC, it may even be expected that molecules from the same source may have very different loss 

time scales, which may affect the factor analysis (Huffman et al., 2009;Crippa et al., 2014;Paciga et 

al., 2016;Äijälä et al., 2017).  

Recently, we proposed a new PMF approach, binPMF, to simplify the analysis of mass spectral data 

(Zhang et al., 2019a). This method divides the mass spectrum into narrow bins, typically some tens 

of bins per integer mass, depending on the mass resolving power of the instrument, before performing 

PMF analyses. In this way, binPMF does not require any time-consuming, and potentially user-

sensitive high resolution peak fitting, and can thus be utilized for data exploration at a very early stage 

of data analysis. The binning greatly increases the number of input variables, which has the advantage 

that factor analysis with smaller mass ranges becomes more feasible.  

METHODS 

We designed this study to explore the benefits of separate analysis of different mass ranges from mass 

spectra. We used a previously published ambient dataset measured by a CI-APi-TOF in Hyytiälä in 

September of 2016, and conducted binPMF analysis with three different mass ranges of the mass 

spectra, roughly corresponding to different volatility ranges. We compared the results from the sub-

range analyses with each other and with results from binPMF run on the combined ranges, as shown 

in Figure 1. 
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Figure 1. Example of mass spectrum with 1-h time resolution measured from a boreal forest 

environment during the campaign (at 18:00, Finnish local time, UTC+2). The mass spectrum was 

divided into three parts and three sub-ranges were chosen from different parts for further analysis in 

our study. 

CONCLUSIONS 

The results from these three different ranges, each corresponding to molecules of different volatilities, 

were compared with binPMF results from the combined range. Separate analysis showed clear 

benefits in dividing factors for molecules of different volatilities more accurately, in resolving 

different chemical processes from different ranges, and in giving a chance for high-molecular-weight 

molecules with low signal intensities to be used to distinguish dimeric species with different 

formation pathways. In summary, we recommend PMF users to try running their analyses on selected 

sub-ranges in order to further explore their datasets. And this work has been submitted to ACPD 

(Zhang et al., 2019b). 

ACKNOWLEDGEMENTS 

This research was supported by the European Research Council (Grant 638703-COALA), the 

Academy of Finland (grants 317380 and 320094), and the Vilho, Yrjö and Kalle Väisälä Foundation. 

K.R.D. acknowledges support by the Swiss National Science postdoc mobility grant 

P2EZP2_181599. We thank the tofTools team for providing tools for mass spectrometry data 

analysis. The personnel of the Hyytiälä forestry field station are acknowledged for help during field 

measurements. 

REFERENCES 

Äijälä, M., Heikkinen, L., Fröhlich, R., Canonaco, F., Prévôt, A. S. H., Junninen, H., Petäjä, T., Kulmala, M., 

Worsnop, D., and Ehn, M.: Resolving anthropogenic aerosol pollution types – deconvolution and 
exploratory classification of pollution events, Atmos. Chem. Phys., 17, 3165-3197, 10.5194/acp-17-

3165-2017, 2017. 

774



Crippa, M., Canonaco, F., Lanz, V. A., Äijälä, M., Allan, J. D., Carbone, S., Capes, G., Ceburnis, D., Dall'Osto, 

M., Day, D. A., DeCarlo, P. F., Ehn, M., Eriksson, A., Freney, E., Hildebrandt Ruiz, L., Hillamo, R., 
Jimenez, J. L., Junninen, H., Kiendler-Scharr, A., Kortelainen, A. M., Kulmala, M., Laaksonen, A., 

Mensah, A. A., Mohr, C., Nemitz, E., O'Dowd, C., Ovadnevaite, J., Pandis, S. N., Petäjä, T., Poulain, 

L., Saarikoski, S., Sellegri, K., Swietlicki, E., Tiitta, P., Worsnop, D. R., Baltensperger, U., and Prévôt, 
A. S. H.: Organic aerosol components derived from 25 AMS data sets across Europe using a consistent 

ME-2 based source apportionment approach, Atmos. Chem. Phys., 14, 6159-6176, 10.5194/acp-14-

6159-2014, 2014. 

Huang, S., Rahn, K. A., and Arimoto, R.: Testing and optimizing two factor-analysis techniques on aerosol at 
Narragansett, Rhode Island, Atmospheric Environment, 33, 2169-2185, 

https://doi.org/10.1016/S1352-2310(98)00324-0, 1999. 

Huffman, J. A., Docherty, K. S., Aiken, A. C., Cubison, M. J., Ulbrich, I. M., DeCarlo, P. F., Sueper, D., Jayne, 
J. T., Worsnop, D. R., Ziemann, P. J., and Jimenez, J. L.: Chemically-resolved aerosol volatility 

measurements from two megacity field studies, Atmos. Chem. Phys., 9, 7161-7182, 10.5194/acp-9-

7161-2009, 2009. 
Paciga, A., Karnezi, E., Kostenidou, E., Hildebrandt, L., Psichoudaki, M., Engelhart, G. J., Lee, B. H., Crippa, 

M., Prévôt, A. S. H., Baltensperger, U., and Pandis, S. N.: Volatility of organic aerosol and its 

components in the megacity of Paris, Atmos. Chem. Phys., 16, 2013-2023, 10.5194/acp-16-2013-

2016, 2016. 
Pope III, C. A., Ezzati, M., and Dockery, D. W.: Fine-particulate air pollution and life expectancy in the United 

States, New England Journal of Medicine, 360, 376-386, 2009. 

Shiraiwa, M., Ueda, K., Pozzer, A., Lammel, G., Kampf, C. J., Fushimi, A., Enami, S., Arangio, A. M., 
Fröhlich-Nowoisky, J., Fujitani, Y., Furuyama, A., Lakey, P. S. J., Lelieveld, J., Lucas, K., Morino, 

Y., Pöschl, U., Takahama, S., Takami, A., Tong, H., Weber, B., Yoshino, A., and Sato, K.: Aerosol 

Health Effects from Molecular to Global Scales, Environmental Science & Technology, 51, 13545-

13567, 10.1021/acs.est.7b04417, 2017. 
Stocker, T., Qin, D., Plattner, G., Tignor, M., Allen, S., Boschung, J., Nauels, A., Xia, Y., Bex, V., and 

Midgley, P.: IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working 

Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, 1535 pp, 
in, Cambridge Univ. Press, Cambridge, UK, and New York, 2013. 

Zhang, Y., Cai, J., Wang, S., He, K., and Zheng, M.: Review of receptor-based source apportionment research 

of fine particulate matter and its challenges in China, Science of the Total Environment, 586, 917-929, 
2017. 

Zhang, Y., Lin, Y., Cai, J., Liu, Y., Hong, L., Qin, M., Zhao, Y., Ma, J., Wang, X., and Zhu, T.: Atmospheric 

PAHs in North China: spatial distribution and sources, Science of the Total Environment, 565, 994-

1000, 2016. 
Zhang, Y., Peräkylä, O., Yan, C., Heikkinen, L., Äijälä, M., Daellenbach, K. R., Zha, Q., Riva, M., Garmash, 

O., Junninen, H., Paatero, P., Worsnop, D., and Ehn, M.: A novel approach for simple statistical 

analysis of high-resolution mass spectra, Atmos. Meas. Tech., 12, 3761-3776, 10.5194/amt-12-3761-

2019, 2019a. 

Zhang, Y., Peräkylä, O., Yan, C., Heikkinen, L., Äijälä, M., Daellenbach, K. R., Zha, Q., Riva, M., Garmash, 

O., Junninen, H., Paatero, P., Worsnop, D., and Ehn, M.: Benefits of Performing Factor Analyses on 

Sub-ranges of Mass Spectra, Atmos. Chem. Phys. Discus., submitted, 2019b. 

 

 

775



CoE 2019 abstract  

WILDFIRE EFFECTS ON BVOC EMISSIONS FROM BOREAL FOREST FLOOR ON 

PERMAFROST SOIL IN SIBERIA 

H. ZHANG-TURPEINEN1, M. KIVIMÄENPÄÄ1, H. AALTONEN2, F. BERNINGER3, E. KÖSTER2,4, 

K. KÖSTER 2,4, O. MENYAILO5, A. PROKUSHKIN5 and J. PUMPANEN1 

1 Department of Environmental and Biological Sciences, P.O.Box 1627, FI-70211 Kuopio, University of 

Eastern Finland, Finland.  
2 Department of Forest Sciences, P.O. Box 27, FI-00014 Helsinki, University of Helsinki, Finland. 

3 Department of Environmental and Biological Sciences, P.O.Box 111, FI-80101 Joensuu, University of 

Eastern Finland, Finland. 
4 Institute for Atmospheric and Earth System Research/ Forest sciences, Faculty of Agriculture and 

Forestry, University of Helsinki, Helsinki, Finland. 
5 V.N.Sukachev Institute of forest SB RAS, Russia. 

 ‘ 

Keywords:   BVOC emissions; forest floor; wildfire; permafrost soil. 

INTRODUCTION 

Common consensus is that global warming will be most pronounced in the Arctic increasing the annual 

temperature in these regions by 4 – 9 °C by year 2100 (IPCC, 2014). One of the effects of climate change 

on boreal forest will be more frequent forest wildfires, longer fire seasons (Pechony and Shindell, 2010). 

Forest wildfire can drastically reduce the vegetation communities in boreal forest floor, where will be 

covered by revival vegetation as the forest succession proceeds (Köster et al., 2015, 2016). Vegetation is 

likely the dominant source of BVOCs in terrestrial ecosystems (Monson and Holland, 2001). The quantity 

and composition of BVOCs released from plants depend on the amount and type of vegetation, and abiotic 

factors, such as temperature, light availability, CO2 concentration in the atmosphere and soil moisture (Grote 

and Niinemets, 2008; Laothawornkitkul et al., 2009). In boreal forest, the forest floor can act as a source or 

a sink of BVOCs (Aaltonen et al., 2011; Faubert et al., 2012; Hellén et al., 2006; Mäki et al., 2017; Wang 

et al., 2018). BVOC emission rates from forest floor correlate positively with photosynthetically active 

radiation (PAR) (Aaltonen et al., 2011) which suggests that the photosynthesis of forest floor vegetation is 

an important precursor for BVOC emissions (Aaltonen et al., 2013; Laothawornkitkul et al., 2009). In 

northern boreal or sub-arctic forests, the tree canopy is relatively open which could increase the role of forest 

floor on BVOCs compared to forests with denser canopy. Thus, the changing of vegetation in boreal forest 

floor since wildfires might affect the BVOC emission rates (Fehsenfeld et al., 1992). 

More frequent forest wildfires will expose larger areas of permafrost to thawing (Johnstone et al., 2010; Taş 

et al., 2014) which will increase the decomposition of soil organic matter (SOM) (Jorgenson et al., 2010). 

Soil matrix, decomposing material and belowground plant tissues such as roots and rhizomes can be 

potential sources of BVOCs (Peñuelas et al., 2014), and the emission profiles vary considerably across soil 

and litter types (Gray et al., 2014). The changes in SOM caused by wildfire and permafrost thawing could 

be associated with exchanging distinct types and quantities of BVOCs, but the direction and magnitude of 

these effects are nearly unknown. 

BVOC emissions from boreal forest floor have been little characterized in southern boreal region, and even 

less so in permafrost soil, which underlies most of the northern boreal region. Here, we report the long-term 

effects of wildfire on forest floor BVOC emission rates along a wildfire chronosequence in a Larix gmelinii 

forest in central Siberia. The aim of this study was to qualify and quantify BVOC emissions from the 

northern boreal forest floor at different stages during the forest succession. We studied how forest wildfires 

and the consequent succession of vegetation influence BVOC emission rates. In addition, we also studied 
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how permafrost thawing affected SOM availability and its decomposability and consequently BVOC 

emission rates. We hypothesized that the amount of ground vegetation will decrease as a result of forest 

wildfires, and this causes also a decrease in BVOC emissions, while the thawing of permafrost soil will 

increase BVOC emissions because of a greater availability and decomposability of soil organic matter.  

METHODS 

The study was executed in July of 2016 in larch dominated forest areas (64°20’ - 64°33’ N, 100°23’ - 

100°44’ E) near Evenkian Field Station in the settlement of Tura of Krasnoyarsky region in Central Siberia, 

the Russia Federation. Permafrost extends throughout the study area. We determined forest floor BVOC 

emissions from forests exposed to wildfire in (i) year 2015, (ii) 1993 and (iii) the area with no wildfire for 

at least 100 years. From each age area, we carried out the measurements of BVOC emissions by enclosed 

chamber with pre-cleaned transparent polyethylene terephthalate film bag (Stewart-Jones and Poppy, 2006) 

to form a dome shape and with a conventional push-pull system (Faubert et al., 2012, 2011; Tholl et al., 

2006; Tiiva et al., 2009). The headspace air sample through an adsorbent tube (Tenax TA, 100mg and 

Carbopack B, 100mg, mesh 60/80; Markes International Ltd, Llantrisant, UK). The adsorbent tubes were 

subjected to analysis for detailed characterization of volatile organic compounds with a thermodesorption 

instrument (ATD400; Perkin Elmer, Wellesley, MA, USA) and connected to a gas chromatograph-mass 

spectrometer (Hewlett – Packard 6890, MSD 5973; Hewlett – Packard, Palo Alto, CA, USA). The BVOC 

concentrations in the adsorbent tube were calculated using the equations from Faubert et al. (2012). The 

BVOC emission of every compound was calculated using the typical equation for measuring open (push-

pull) chamber measurements. BVOC emission rates were also calculated as emission potentials by 

standardizing to the temperature of 30 °C and the PAR of 1000 µmol m-2 s-1 according to Guenther et al. 

(1993) to reduce the effects of environmental variation. 

Photosynthetically active radiation (PAR) was measured under the sampling conditions. Soil temperature 

and volumetric water content (VWC) were measured manually in situ after the BVOC measurements in all 

collars. Forest floor vegetation species coverages (%) in the collars were determined using the eye estimation 

method (Mäki et al., 2017) and the coverage was classified into five groups: vascular plants, mosses, lichen, 

litter and bare soil. Additionally, we measured plot characteristics such as tree species composition, living 

tree biomass and dead wood biomass. We also took soil samples for determining soil pH and soil carbon 

(C) and nitrogen (N) concentrations and for soil texture analyses and soil incubation. 

The data of actual emission rates of BVOC groups, vegetation groups, and environmental variables were 

subjected to principle component analysis (PCA) in order to assess how forest age affected the BVOC 

emissions, vegetation and soil and microclimatic characteristics in concert. 

CONCLUSIONS 

The forest floor was a source of a large number of different BVOCs to the atmosphere in the different stages 

of forest succession after wildfire disturbance, although the emission rates of most of the compounds were 

quite low on average. Monoterpenes were the most abundant BVOC group in all age classes. Our 

observations showed that there was an age-related trend in the BVOC emissions with the lowest emissions 

observed in the recently burnt forest and ca. 2.6 times increase in the older forest areas. The BVOC emissions 

were lowest in the 1-year-old area which supports our hypothesis that the decrease in BVOC emissions were 

resulted from the wildfire induced decrease in the amount of ground vegetation. Given the close proximity 

of the sites and similar driving climatic variables, this suggests that the succession of vegetation was the 

dominant factor determining the forest floor BVOC emissions and their composition in these northern boreal 

forests. Fire-induced permafrost thaw resulting in increased availability of SOM for decomposing 

microorganisms did not increase BVOC emissions. However, the soil and decomposing litter may be 

significant sources of BVOCs in the future if the soil organic matter microbial decomposition increases as 

a result of climate warming. Our results showed that forest wildfires play an important indirect role in 

regulating the amount and composition of BVOC emissions from post-fire originated boreal forest floor. 

This could have a substantial effect on BVOC emissions if the frequency of forest wildfires increases in the 
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future as a result of climate warming. However, the net impacts of BVOCs on climate and radiation budget 

are uncertain, but they might depend on the forest age and ground vegetation cover changes. To better 

understand the potential dependencies of forest floor BVOC emissions on vegetation succession and 

changes in environmental factors post fire, it is necessary to carry out measurements over longer period 

taking into account the seasonal variability.  

 

 
Figure 1. Principle component analysis (PCA) on BVOC emissions, environmental factors and 

ground coverage. The actual emissions of BVOCs were divided into isoprene, monoterpenes 

(MTs), sesquiterpenes (SQTs), and other volatile organic compounds (other BVOCs). 

Environmental factors included ambient, chamber and soil temperatures, soil volumetric water 

content (VWC) and photosynthetically active radiation (PAR), and ground vegetation coverage 

sorted into vascular plants, mosses, lichens, litter and bare soil surface. (a) The mean scores (±SE; 

n=6) for different aged forest areas (1-, 23- and >100-year-old areas) and (b) the corresponding 

loading variables. The variation explained by each PC is in parentheses. 
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INTRODUCTION

A Green Sahara, instead of present desert Sahara, existed in the North-Africa during the early-
to mid-Holocene (11,000 to 5,000 years before present) as suggested by comprehensive paleoproxy
data and studies (Hoelzmann et al., 1998; Hély et al., 2014).

Several factors are considered to play a role in establishing such a Green Sahara in a cause-effect
or a coupled way. For example, the summer insolation in the Northern Hemisphere was larger than
today due to the orbital shifting, which resulted in a stronger West African Monsoon (WAM) and
a northward West African rain belt. As a consequence, more vegetation were able to grow and
more lakes appeared, which induce more precipitation and could further enhance WAM.

These coupled and complex processes have already been simulated by different models (e.g. Egerer
et al., 2018). On the basis of previous model works we aim to provide a more comprehensive
simulation of the Mid-Holocene period with focus on the Green Sahara area, which can provide a
reliable paleoclimate to help further studies, e.g. how human migrates during the Holocene.

In this preliminary study the Earth system model EC-Earth will be used to simulate how the
interactions between climate and vegetation can affect the SOA in the air. EC-Earth is developed
jointly by 28 European research institutes (Hazeleger et al., 2012). EC-Earth comprises of the
atmosphere model IFS (Integrated Forecasting Model), ocean model NEMO with the coupled
ice model LIM, and vegetation model LPJ-GUESS, coupled with OASIS coupler. Aerosols and
chemistry are included through the global chemistry-transport model TM5.

The EC-Earth model will be applied to early-to-mid-Holocene climate in several different config-
urations, including forcings from orbital changes, vegetation cover and aerosol components. The
forcings will be applied either individually or together to analyze synergistic interactions and feed-
backs.

As a start, we simulated the global dust load concentrations and the formation of secondary organic
aerosols (SOAs) with different vegetation covers, as well as isoprene and monoterpene emissions
according to Lu et al. (2018), representing pre-industrial vegetation (pio), Mid-Holocene vegetation
forced by insolation and greenhouse gas concentration of 6000 years before present (BP) with
prescribed Green Sahara vegetation and reduced dust concentration (mh2).

METHODS

The TM5-MP model was run for half year from July 2009 to December 2009 as a spinup for each
case. And the simulations were forced by different vegetation covers, and corresponding isoprene
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and monoterpene emissions (Figs. 1 and 2). The BVOC emissions from north Africa is much larger
in the MH period. The results shown here are the average of the data within this half-year period.

Figure 1: The prescribed isoprene emission rates for the case (a) pio, (b) mh2, and (c) their
difference.

RESULTS

Figure 3 shows that SOA load is highly correlated to the emissions of its gas precursors, e.g.,
isoprene and monoterpene. For example, the SOA load are 1.2 [mg m−2] larger in mh2 than
pio over the western African coast, while it is lower in mh2 over the middle Africa, Amazon and
northwest of Australia. This also results in the corresponding changes of 550 nm AOD due to
ambient aerosols over these regions, showing lower AOD with positive SOA change and vice versa.
However, the major change of 500 nm AOD is due to the difference of dust load instead of SOA
between mh2 and pio (not shown here).

ACKNOWLEDGEMENTS

This work was supported by the AGES (University of Helsinki research grant), eSTICC (272041),
the Academy of FCoE (307331), and CSC – IT Center for Science in Finland.

782



Figure 2: The prescribed monoterpene emission rates for the case (a) pio, (b) mh2, and (c) their
difference.

Figure 3: The simulated SOA load for the case (a) pio, (b) mh2, and (c) their difference.
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INTRODUCTION 

Despite much effort in the past decades, uncertainties in both climate impacts and health effects of 
atmospheric aerosols remain large.  Aerosol mass spectrometry (AMS) has shown that sub-micron aerosol 

chemical composition is roughly 50:50 inorganic and organic worldwide, with secondary highly oxidized 

organics dominating the latter.  Parallel application of chemical ionization mass spectrometry (CIMS) has 

provided the first observation of molecular cluster ions involved in atmospheric nucleation, including 
detection of highly oxidized multifunctional (HOM) organics in the gas phase.   

METHODS 

The AMS consists of an aerodynamic lens (Liu et al, 1995) coupled to a differentially pumped mass 
spectrometer.  Sub-micron particle are injected by the lens into vacuum and transported about 35 cm to a 

heated tungsten impactor (600C) placed in an electron impact (EI) ionizer.  The original quadruple MS 

(Jayne et al, 2000) was replaced by a time-of-flight (ToF) MS with sufficient resolution (4000) for elemental 

identification of ions (DeCarlo et al, 2006).  The AMS provides continuous measurement of sub-micron 
aerosol chemical composition.  EI detection directly separates inorganic and organic components.  Positive 

matrix factorisation (PMF) of the carbon containing fragment ion distribution further resolves primary and 
secondary components of organic aerosol composition (Canagaratna et al, 2007). 

The atmospheric pressure interface (APi) ToFMS was first deployed at SMEAR II in Hyytiälä (Junninen et 

al, 2010).  The APi-ToF directly samples ambient ions from atmospheric pressure through two differentially 
quadrupole ion guides that inject the ions into a ToFMS.  After identification of ambient organic ions 

clustered with the nitrate anion (NO3
-), a NO3

- source (Eisele and Tanner, 1993) was added to the APi-ToF, 
enabling CIMS detection of sub ppt levels of highly oxidized neutral molecules (Jokinen et al, 2012). 

CONCLUSIONS 

Results from worldwide AMS measurements can be summarized with two statements (Jimenez et al, 2009):  

(1) Aerosol chemical composition is roughly 50:50 inorganic (e.g. sulphate, nitrate and ammonia) and 
organic (carbon containing); (2) The organic fraction is highly oxygenated, corresponding to global average 

oxygen to carbon ratio (O/C) of about 0.7.  The high O/C content is indicative of dominant secondary 

composition (oxidized organic aerosol, OOA) produced from condensation of photochemically oxidised 

volatile organic carbon.  Primary aerosol, detected as hydrocarbon organic aerosol (HOA), is significant in 
polluted urban environments, primarily due to combustion emissions; e.g. diesel soot particles coated with 

lubricating oil.  PMF analysis of organic components further separates both primary and secondary 

components into multiple source and photochemical contributions.  For example, in Pittsburgh (eastern 
United States) three organic factors were clearly resolved:  HOA, which correlates with vehicle markers 

(NOx and CO); SV-OOA, semivoltine (SV) OOA correlated with SV ammonium nitrate; and LV-OOA, 
correlated with ammonium sulphate, both irreversibly condensed (Canagaratna et al, 2007). 

APi-ToF deployment in Hyytiälä immediately identified clusters of sulphuric acid, some containing 

ammonia, which correlated directly with nano-particle nucleation on sunny mornings in the spring (Junninen 
et al, 2010).  In contrast, during the nights when H2SO4 is not photochemically produced, API-ToF mass 

spectra were dominated by groups organic containing ions at 300-400 and 500-600 Th.  Identification of 

those species as NO3
- clusters with highly oxygenated organic molecules (HOM), led to CIMS detection of 

a range of HOM species (Bianchi et al, 2019).  Ehn et al (2014) showed that auto-oxidation of alpha-pinene 
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with ozone as the major source of night-time HOM in Hyytiälä.  Subsequent experiments at the CLOUD 
chamber in CERN showed that a range of inorganic and HOM molecules and clusters can contribute to new 
particle formation (NPF) nucleation and growth (Schobesberger et al, 2013). 

These results are summarized in Fig. 1. Atmospheric NPF is typically initiated by nucleation of H2SO4 and 

base (ammonia or amines) followed by nanoparticle growth dominated by condensation of extreme low 

volatile organics (ELVOC, highly oxygenated organic).  Ultrafine growth is dominated by the somewhat 
less oxidized low volatility organic (LVOC) species.  Finally, for larger particles and CCN formation, SVOC 

becomes important.  Another key point is that NOx significantly affects this photochemistry, with the 

production of organonitrates (Yan et al, 2016).  Production of ELVOC and LVOC largely explains the high 

O/C observed by the AMS, especially in remote regions with little primary aerosol emissions.  These results 
have many implications for aerosol, air quality and climate. 

 

Figure 1. Schematic of atmospheric particle formation and growth (adapted from Ehn et al, 2014). 
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