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Nimeke

13. kansainvilinen kasvihuonekaasujen kaukokartoituskokous, tieteellisten esitysten tiivistelmét

Tiivistelma

IImatieteen laitos jarjestiii 13. kansainviilisen kasvihuonekaasujen kaukokartoituskokouksen 6.—8. kesékuuta 2017 Helsingin
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FINNISH METEOROLOGICAL INSTITUTE

We at the Finnish Meteorological Institute are proud to host the
13" International Workshop on  Greenhouse Gas
Measurements from Space on 6" -8" June, 2017. The
workshop will gather about 170 scientists worldwide to discuss
the recent advances in space based greenhouse gas
observations. The goals of the workshop are important in
supporting actions to reduce greenhouse gas emissions to limit
the climate change. In Finland we are, in particular, concerned
on the arctic regions as the high northern latitudes are
especially sensitive to climate change, indicated by above-
average rising temperatures.

It is my pleasure to welcome you all to Helsinki, in particular this
year when we celebrate the centenary of Finland's
independence and we received the chairmanship of the Arctic
Council. I wish you a very successful workshop on a topic where
the international collaboration is more important than ever.

Prof. Juhani Damski
Director General
Finnish Meteorological Institute
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The 13th International Workshop on Greenhouse Gas Measurements from Space is part of
the programme for the centenary of Finland’s independence in 2017.
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http://suomifinland100.fi/?lang=en

Scientific organising committee (SOC)

Johanna Tamminen (chair) Finnish Meteorological Institute  Finland

Tuula Aalto Finnish Meteorological Institute  Finland

Ilse Aben SRON the Netherlands
Hartmut Boesch University of Leicester UK

Ugo Cortesi CNR Italy

David Crisp NASA JPL USA

Annmarie Eldering NASA JPL USA

Sander Houweling Utrecht University the Netherlands
Tsuneo Matsunaga NIES Japan

Yasjka Meijer ESA the Netherlands
Hibiki Noda NIES Japan

Justus Notholt University of Bremen Germany

Timo Vesala University of Helsinki Finland

FMI local organising committee (LOC)

Johanna Tamminen (chair), Tuula Aalto, Janne Hakkarainen, Seppo Hassinen, lolanda Ialongo, Rigel
Kivi, Ella Kivimiki, Otto Lamminp#4, Hannakaisa Lindqvist, Aki Tsuruta, Simo Tukiainen, Pekka
Verronen, and Kirsi Virolainen

LOC contact information

Finnish Meteorological Institute
Earth Observation Unit

P.O. Box 503 (Erik Palménin aukio 1)
FI-00101 Helsinki

FINLAND

WWW site:  http://iwggms13.fmi.fi
E-mail: iwggms13 (a) posti.fmi.fi
Twitter: #iwggms13 (hashtag)
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List of invited presentations

Dr. David Crisp

Prof. Yi Liu

Prof. Martin Heimann
Prof. Anna Michalak
Dr. Michael Buchwitz

Dr. Ying Sun

Existing space-based greenhouse gas measurement capabilities and near-
term plans

Early phase achievement of TanSat

Quantifying regional biogeochemical budgets: the scientific challenges
Key opportunities and challenges in using space-based observations for
greenhouse gas flux estimation at regional to global scales

Overview and latest results of ESA’s GHG-CCI project and Copernicus
Climate Change Service (C3S) operational continuation

OCO-2 advances photosynthesis observation from space via solar-induced
chlorophyll fluorescence
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Agenda and daily schedule, version June 2", 2017

Photo: Samuli Siltanen

13" International Workshop on Greenhouse Gas Measurements from Space

on June 6 - 8, 2017

University of Helsinki, Pieni Juhlasali — Small Hall, Fabianinkatu 33, Helsinki

Invited presentations 20 + 5 min, Contributed presentations 12 + 3 min

Poster boards are in portrait format and can fit a poster up to a standard A0 size (841 x 1189 mm)

JUNE 6, 2017
TIME
09:00 to 09:15
09:15 to 09:20
09:20 to 10:30
09:20 (20+5min)

09:45 (12+3min)
10:00
10:15

10:30 to 10:55
10:55 to 12:05
10:55 (20+5min)

11:20 (12+3min)
11:35

11:50
12:05 to 13:20

PRESENTATION

Opening Remarks, (TBD), Finnish Meteorological Institute

Practical information, Johanna Tamminen

Session 1: Ongoing and near-term satellite missions and calibration (Chair Tamminen)

Opening Talk: David Crisp, NASA Jet Propulsion Laboratory, Overview on existing satellite
measurement capabilities and near term plans
Matsunaga, T.: Recent Progress in NIES GOSAT and GOSAT-2 Projects

Landgraf, J.: Sentinel 5 precursor and the TROPOMI shortwave infrared total column products

Durak, O.B.A.: Progress report from GHGSat-D: Towards commercial high spatial resolution CH, and
CoO,
Coffee

Session 1 continue: Ongoing and near-term satellite missions and calibration (Chair Eldering)
Invited talk: Yi Liu, Institute of Atmospheric Physics of Chinese Academy of Sciences, China, First
observations of TanSat satellite

Bi, Y.M.: TanSat ACGS instrument prelaunch performance evaluation of radiometric calibration

Yang, Z .: Preliminary assessment of TanSat Atmospheric Carbon Dioxide Grating Spectroradiometer
on-orbit Performance

Crisp, D.: OCO-2: A progress report at the end of the prime mission

Lunch
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13:20 to 15:15

13:20 (20+5min)

13:45 (12+3min)

14:00
14:15

14:30
14:45

15:00

15:15 to 15:40
15:40 to 16:55
15:40 (12+3min)

15:55

16:10

16:25

16:40
16:55 to 17:00
17:00 to 18:15

18:30 to 20:00

Session 4 — Part 1: Greenhouse gas observations for emission hot spots and flux inversions on
regional and global scales (Chair Houweling)

Invited talk: Anna M. Michalak, Carnegie Institution for Science and Stanford University, USA, Key
opportunities and challenges in using space-based observations for greenhouse gas flux estimation at
regional to global scales

Crowell, S.: Were Tropical Land Ecosystems a Source of CO, in 20157 The View from OCO-2 and
GOSAT

Hakkarainen, J.: Direct space-based observations of anthropogenic CO, emission areas from OCO-2

Lin, B.: Regional atmospheric greenhouse gas distributions observed during ACT-America field
campaigns

Liu, J.: Responses of tropical terrestrial biosphere carbon cycle to the 2015-2016 EI Nino

Wang, J.: Chinese CO, fluxes inferred from OCO-2 and GOSAT and from in situ data during the 2015
El Nino event

Butz, A.: Remote sensing of volcanic CO,, HF, HCI, SO,, and BrO in the downwind plume of Mt. Etna

Coffee

Session 2 - Part 1: Retrieval algorithms and uncertainty quantification (Chair Boesch)

ODell, C.W.: Recent improvements in XCO2 measurements from the Orbiting Carbon Observatory-2
Natraj, V.: Improved Orbiting Carbon Observatory-2 (OCO-2) Retrievals Using a BRDF Model for the
Surface

Braverman, A.: Uncertainty quantification for OCO-2 remote sensing retrievals via Monte Carlo
simulation

Serio, C.: Assessment of a physically-based simultaneous retrieval for CO,, Ch, and N,O from IASI
observations and inter-comparison with in situ observations and AIRS, GOSAT, OCO-2 satellite
products

Xiong, X.: CO,, CH, and CO Retrievals and Validation at NOAA using CrlS on S-NPP and JPSS-1
Short break

General discussion on requirements of future greenhouse gas missions

(Discussion led by D. Crisp)

Icebreaker — Saatytalo — State of Estates, Snellmaninkatu 9-11 , Helsinki
(walking distance from the meeting room)
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JUNE 7, 2017

TIME
09:00 to 10:25
09:00 (20+5 min)

09:25 (12+3 min)
09:40

09:55
10:10

10:25 to 10:35
10:35 to 12:15
12:15 to 13:45
13:45 to 14:40
13:45 (20+5 min)

14:10 (12+3min)
14:25
14:40 to 15:40

14:40 (12+3 min)

14:55
15:10

15:25

15:40 to 16:05
16:05 to 17:20

16:05 (12+3 min)
16:20
16:35

16:50

17:05

PRESENTATION
Session 5 — Global observations of greenhouse gases for process studies and interactions
of carbon cycle and climate (Chair Aben)

Invited talk: Martin Heimann, Max Planck Institute for Biochemistry & Univ. Helsinki, Quantifying
regional biogeochemical budgets: the scientific challenges
Bloom, A.A.: Atmospheric CO2 constraints on tropical carbon cycle processes

Detmers, R.G.: RemoTeC GOSAT retrievals and the 2011 La Nina: Terrestrial CO, flux variations
over the Southern Hemisphere
Parker, R.J.: Assessing the inter-annual variability of wetland methane emissions

Nechita-Banda, N.: A joint CO-CO, inversion system for studying the effect of drought on the
carbon cycle

Coffee

Poster session (posters with odd numbers)

Lunch

Session 2 — Part 2: Retrieval algorithms and uncertainty quantification (Chair Cortesi)

Invited talk: Michael Buchwitz, Institute of Environmental Physics of the University of Bremen,
Germany, Overview and latest results of ESA's GHG-CCI project and Copernicus Climate
Change Service (C3S) operational continuation

Gordon, l.: Highlights of the HITRAN2016 database

Yang, D.: TanSat retrieval algorithm and its application on global carbon monitoring from space
Session 4 — Part 2: Greenhouse gas observations for emission hot spots and flux
inversions on regional and global scales (Chair Matsunaga)

Nassar, R.: Quantifying CO, emissions from individual coal power plants using OCO-2
observations

Weir, B.: Disentangling GEOS model biases from those of retrieved column carbon dioxide
Saigusa, N.: Monitoring carbon cycle change using an integrated observation, modeling and
analysis system

Stanevich, I.: Characterizing atmospheric transport errors in models using GOSAT XCH,
retrievals

Coffee

Session 3 - Part 1: Validation and supporting observations including ground based,
aircraft and in situ observations (Chair Meijer)

Camy-Peyret, C.: Thermal infrared measurements of CO, from IASI over the Arctic Ocean in
summer and comparison with the CAMS CO, inversion product

Houweling, S.: Bias correction in CH4 flux inversions using satellite data and the role of
atmospheric transport

Masiello, G.: Validation of physical inverse products from IASI spectra: the case of Carbonyl
Sulphide (OCS)

Nagel, J.: GreenLITE(TM): A Novel Approach to Ground-Based Quantification and Mapping of
Greenhouse Gases with Potential for Validation of Low Bias Lidar Measurements Needed for
Space

K?vi R.: FTS measurements of Greenhouse gases over Sodankyla
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JUNE 8, 2017

TIME
09:00 to 09:45

09:00 (12+3 min)

09:15
09:30
09:45 to 09:55
09:55 to 10:50

09:55 (20+5 min)
10:20 (12+3 min)
10:35

10:50 to 11:00
11:00 to 11:10
11:10 to 12:30
12:30 to 13:50
13:50 to 15:50
13:50 (12+3 min)
14:05

14:20

14:35

14:50

15:05

15:20
15:35
15:50 to 16:10
16:10 to 17:00
16:10
16:35
16:50
17:00

PRESENTATION
Session 3 — Part 2: Validation and supporting observations including ground based,
aircraft and in situ observations (Chair Aalto)

Bovensmann, H.: Using airborne remote sensing observations to determine emissions of
complex CH4 and CO2 localised sources
Mao, J.: Atmospheric CO, Concentration Measurements to Cloud Tops from an Airborne Lidar

Suto, H.: Airborne-based demonstration of intelligent pointing onboard GOSAT-2

Short break
Session 6 — Solar induced fluorescence for identifying natural sources and sinks

(Chair Noda)

Invited talk: Ying Sun, Soil and Crop Sciences Section, Cornel University, Ithaca, USA, OCO-2
advances photosynthesis observation from space via solar-induced chlorophyll fluorescence
Norton, A.J.: Using solar-induced chlorophyll fluorescence (SIF) to constrain global gross
primary productivity in the process-based terrestrial biosphere model BETHY-SCOPE

Xiao, X.: Seasonal dynamics and inter-annual variation of solar-induced chlorophyll fluorescence
and gross primary production in North, Central, and South America during 2000-2016

Group photo

Coffee

Poster session (posters with even numbers)

Lunch

Session 7 — Future missions and observing strategies (Chair Crisp)

Eldering, A.: The OCO-3 Mission: Updated Overview of Science Objectives and Status
Buisson, F.: An Update of MicroCarb project progress and perspective

Meijer, Y.J.: State of play for a European operational monitoring system for fossil CO, emissions
Moore, B.M. : The GeoCarb Mission

Ott, L.: NASA's Carbon Cycle OSSE Initiative - Informing future space-based observing
strategies through advanced modeling and data assimilation

Dinelli, B.M.: OXYCO2: A New Experiment for the Measurement of the CO, Distribution in the
Stratosphere and the Upper Troposphere

Pierangelo, C.: Status of MERLIN mission

Rayner, P.J.: The Role of CO observations in source attribution for the GEOCARB Mission
Coffee

Wrap up of meeting outcomes and discussions

Discussion / all

Wrap up by 13" INGGMS Scientific Organizing Committee

Presentation by the host of 14" INGGMS

Adjourn
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POSTERS

Session1
NUMBER POSTER
1.2 Buisson, F.: An Update of MicroCarb project progress and perspective
1.7 Kataoka, F.: Inter sensor comparison between GOSAT and OCO-2 spectral radiance and retrieved carbon
dioxide
1.8 Knuteson, R.: Application of PCA to the GOSAT TIR Data for Noise Filtering and Calibration Monitoring
1.10 Lichtenberg, G.: SCIAMACHY:: Spectral Calibration in the SWIR Channels
1.13 Payan, S.: Comparison of thermal infrared measurements of CO2 from GOSAT and IASI over the Arctic
Ocean in summer
1.14 Pradines, D.: Overview of MicroCarb operations concepts
1.15 Wang, Q.: Prelaunch Spectral Calibration of the TanSat's Atmospheric Carbon Dioxide Grating
Spectroradiometer
Session2
NUMBER POSTER
21 Anand, J.S.: Latest developments of the University of Leicester XCO2 and XCH4 retrieval algorithms
for GOSAT- Support for ESA's GHG-CCI and Copernicus C3S programmes
2.3 Bril, A.: EOF-based XCO2/XCH4 retrieval algorithm: Towards global GOSAT data processing
25 Chen, X.: Analysis of aerosol information content in CAPI/TanSat observation over land and induced
error in CO2 retrieval from aerosol
2.6 Dinelli, B.M.: AIRWAVE: an algorithm for the retrieval of the total column of water from the
measurements of the ATSR series and Sentinel 3/SLSTR
2.8 Hashimoto, M.: Accelerated aerosol retrieval algorithm MWPM-EXAM for GOSAT/TANSO-CAI and
GOSAT-2/TANSO-CAI-2
29 Kangah, Y.: Study of IASI nitrous oxide (N20) retrievals: application to long-range transport during the
Asian summer monsoon
2.10 Kulawik, S.S.: Validation of OCO-2 and ACOS-GOSAT using HIPPO and TCCON
2.1 Lamminpaa, O.: Dimension reduction methods for remote sensing of methane profile
213 Nelson, R.R.: Using GEOS-5 Aerosols to Inform the OCO-2 CO2 Retrieval
215 Payne, V.H.: Spectroscopy for remote sensing of greenhouse gases: Recent advances and outstanding
issues
2.16 Ramanathan, A.K.: CO2 Sounder Multiwavelength Lidar Measurements: Retrievals, Spectroscopy,
Biases and Vertical Information
2.18 Someya, Y.: Ammonia detection using TIR band of GOSAT
2.19 Somkauti, P.: Implementing a PCA-based Fast Radiative Transfer Method for XCO2 Retrievals
2.20 Sundstrom, A.-M.: Assessment of the aerosol induced biases in the ESA Greenhouse Gas CCI
satellite CO2 products
2.22 Yamada, A.: The impact on CH4 retrieval of GOSAT/TANSO-FTS TIR band from differences in line
parameter databases and from the uncertainty of the continuum absorption
2.24 Yoshida, Y.: Progress status of the GOSAT/GOSAT-2 SWIR L2 retrievals
Session 3
NUMBER POSTER
3.1 Backman, L.B.: Influence of atmospheric conditions on Arctic column-averaged dry-air mixing ratios of
atmospheric methane
3.2 Boesch, H.: Towards a UK TCCON Station
3.5 D’Amato, F.: Terrestrial and airborne optical analyzers for the detection of greenhouse gases
3.6 Deutscher, N.M.: Comparison of XCO2 and XCH4 measurements from three solar FTIR instruments at
Wollongong
3.7 Dils, B.: The CCI-GHG CRDP#4 : Validation using TCCON
3.8 Hochstaffl, P.: Validation of Carbon Monoxide Total Columns from SCIAMACHY mission with
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NDACC/TCCON

3.1 Kivi, R.: Fiducial Reference Measurements for Ground-Based Infrared Greenhouse Gas Observations
(FRM4GHG) campaign at the Sodankyla TCCON site

3.12 Laurila, T.: Integrated Carbon Observation System (ICOS) Research Infrastructure provides
atmospheric GHG data for scientist

3.13 Lindqvist, H.: Assessment of the satellite-measured seasonal cycles of XCO2 from GOSAT and
0CO-2

3.16 Morino, I.: Philippines TCCON installation: towards quantifying atmospheric carbon in Southeast Asia

3.18 Natraj, V.: Aerosol Scattering Effects on Water Vapor Retrievals over the Los Angeles Basin

3.19 Qin, X.C.: Ground-based measurement of column-averaged mixing ratios of carbon dioxide in Tokyo by
a portable optical spectrum analyzer

3.20 Roehl, C.M.: Update on OCO-2 Validation Using TCCON

3.21 Saitoh, N.: Validation of Level 2 CO2 and CH4 products of GOSAT/TANSO-FTS thermal infrared band
and future algorithm improvement

3.23 Tukiainen, S.: Vertical distribution and time-series of Arctic methane

3.24 Uchino, O.: Lidar observation at TCCON sites to investigate the influence of particles for GOSAT data

3.25 Velazco, V.A.: Validation of GOSAT Products in the Southern Hemisphere: Alice Springs Desert
M-Gain Comparisons

3.26 Yue, T.X. : An Introduction to a Carbon Verification System for TanSat

Session 4

NUMBER POSTER

4.4 Hedelius, J.K.: Estimate of the SOCAB CO2 flux using a Lagrangian-based method and TCCON and
OCO-2 observations

4.5 lalongo, I.: Monitoring anthropogenic CO2 signatures using OCO-2 observations: an application to US
power plants

4.6 Imasu, R.: Gross Primary Production (GPP) calculation component to estimate CO2 emissions from
Mega-cities using regional transport models

4.7 Jones, D.B.A.: Quantifying regional fluxes of CO2 using lower tropospheric partial columns of CO2
retrieved from GOSAT measurements

4.8 Kangasaho, V.: Methane emissions from northern wetlands during soil freezing period estimated by
atmospheric inversion modelling

4.9 Kasai, K.: A study on regional emission events of greenhouse gases with GOSAT and OCO-2 for
classification into anthropogenic and biogenic sources

410 Labzovskii, L.D.: The contribution of large urban areas to enhancements in local CO2 concentrations
based on OCO-2 observations

412 Lindqvist, H.: The potential of satellite-measured XCO2 to evaluate land surface models

414 Maki, T.: Observing System Experiments with Multiple Satellites for CO2 Analysis using the LETKF

415 Maksyutov, S.: Interannual variability of the surface carbon dioxide and methane fluxes inferred from
GOSAT observations

4.16 Marshall, J.: Nested regional CO2 inversions over Europe using OCO-2 and GOSAT measurements

4.21 Tsuruta, A.: Towards assimilation of XCH4 GOSAT observations to global CH4 emission estimates by
CTE-CH4 data assimilation system

4.24 Yang, S.: Monitoring Anthropogenic CO2 Emissions by the Seasonal Changes of Atmospheric Xco2
from Satellite Observations

4.25 Zadvornykh, I.V.: The joint methane retrieval from GOSAT SWIR and TIR spectra over Western
Siberia

Session 5

NUMBER POSTER

5.3 He, Z.: Investigating Biosphere-Atmosphere Interactions using XCO2 and MODIS vegetation parameters: A
comparison study of GOSAT retrievals and model simulations

5.5 Kivimaki, E.: Seasonal cycle and variability of the trend of column-averaged methane from GOSAT

observations

21



5.6

5.7
5.10

5.1

5.12

Session 6

NUMBER
6.1
6.3
6.5

Session 7

NUMBER
71

7.4
7.5
7.6
7.7
7.10

714
7.15
7.16

Laeng, A.: Global CFC-11, CFC-12, HCFC-22, CCl4, CH4, N20 measurements with MIPAS: validation,
climatologies and trends

Murakami, K.: High Resolution Global Terrestrial Carbon Flux: Evaluations and Applications

Shi, Y.: Relationship between biomass burning emissions and GOSAT XCO2 and MOPITT CO changes
over fire affected regions

Tamminen, J.: Carbon Balance under Changing Processes of Arctic and Subarctic Cryosphere (CARB-ARC
project)

Wei, J.: GES DISC Greenhouse Gas Datasets and Associated Services

POSTER

Noda, H.: On-going challenges and future perspective of SIF monitoring by GOSAT and GOSAT-2
Oshio, H.: Radiance offset correction for observing solar-induced chlorophyll fluorescence from GOSAT
Thum, T.: Assessing seasonal cycle of photosynthesis by solar induced fluorescence in
Fenno-Scandinavia

POSTER

Abshire, J.B.: Advances in Pulsed Lidar Measurements of XCO2 from Aircraft and in Scaling for
Space

Grandmont, F.: Optimising Imaging Fourier Transform Spectrometer for GHG from LEO

Julien, E.: Level 2 processing of MERLIN mission data

Kawa, S.R.: Updated Global Error Characterization for a CO2 Lidar Space Mission

Landgraf, J.: The spectral sizing of ESA's future CO2 observing space mission

Nassar, R.: Recent studies on high latitude greenhouse gas observations from a highly elliptical orbit
(HEO) mission

Saito, M.: GOSAT observations and global carbon cycle

Sierk, B.: Elements of a future Sentinel mission for imaging fossil fuel CO2 emissions

Tirelli, C.: Advanced tropospheric ozone monitoring by data fusion and assimilation
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TanSat ACGS instrument prelaunch performace evaluation of
radiometic calibration

YanMeng Bi, Zhongdong Yang, Qian Wang, Songyan Gu
National Satellite Meteorological Centre (NSMC), CMA, Beijing, CHINA

Yuquan Zhen, Chao Lin, Long Wang
Changchun Institute of Optics Fine Mechanics and Physics (CIOFMP), CAS, Changchun, CHINA

Zenshan Yin, Wu Liu, LongFei Tian
Shanghai Engineering Centre for Microsatellites (SECM), CAS, Shanghai, CHINA

TanSat is a key satellite mission of China Earth Observation programme, which is designed to
measure global atmospheric column-averaged CO2 dry air mole fraction (XCO2) using the
spectroradiometer of visible and near infrared solar reflected spectrum. Here, we describe the
prelaunch radiometric calibration of TanSat’s instrument in terms of its dark current response, gain
coefficients, single to noise ratios. The preliminary mode of dark current response with temperature
for two CO2 bands has been built based on the 12 blacked pixels on the two sides of the array, and
planned to be updated on orbit using dark current measurements mode. The SNR of each channel
met the mission requirements for O2 A-band and weak CO2 band, but slightly missed the
requirement in a few of channels in the SCO2 band. The gain coefficients modes of three bands
were very stable across the entire focal plane array, and hold a negligible random error component.
The second order gain coefficients are smaller five orders of magnitude than the first order gain
coefficients, and more high order gain coefficients are smaller more orders of magnitude in each
channel of all three bands. It suggested that the instrument had significant response linearity. All of
these results show smaller errors of radiometric calibration. The accuracy of prelaunch radiometric
calibration satisfies the preflight absolute calibration uncertainty requirement of 5%.
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An Update of MicroCarb project progress and perspective.

Francois BUISSON, Didier PRADINES, Arnaud VARINOIS, Denis JOUGLET, Veronique PASCAL
Centre National d’Etudes Spatiales - 18 Av. Ed. Belin - 31401- Toulouse Cedex. FRANCE

Carole DENIEL
Centre National d’Etudes Spatiales — 2, Place Maurice Quentin — 75001 — Paris - FRANCE

Francois-Marie BREON
CEA/DSM/LSCE - 91191 Gif sur Yvette - FRANCE

MicroCarb is a European initiative for the monitoring of the CO2 fluxes and a better understanding of
the mechanisms that control these fluxes. It will provide atmospheric CO2 concentrations data to the
scientific community, in the continuation or in parallel to the ongoing operational programs (GoSat,
0OCO, Tansat).

The Microcarb instrument is a grating spectrometer that acquires high-resolution spectra in 4 bands
between 0.76p and 2.1 pm. It will fly on board a micro satellite with a mass lower than 200 kg and
will offer performances in line with the standards for CO2 measurements (ie lppm accuracy).
Together with the requirement for a cost effective development, the compactness is made possible by
an innovative optical design. Compared to previous mission with similar objectives, a specific
innovation is the use of an additional spectral band at 1.27 pm (O2 absorption) that may allow a better
normalization of the CO2 column, provided the airglow can be accounted for.

The project is conducted by the CNES in partnership with the UK Space Agency, and involves the
scientific community from both France and UK.

Microbar project has now completed its preliminary design phase (phase B), is firmly decided, and is
starting the realization phase.

The presentation will describe the progress of the project, its organization and will provide guidelines
for the future. It will present the technical status with emphasis on the original aspects of the design,
particularly regarding the instrument. The main budgets and a status of performances will be
presented.

Figure 1: Artist view of MicroCarb
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Existing space-based greenhouse gas measurement capabilities
and near-term plans

David Crisp
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, Ca, U.S.A. 91109

Space based sensors are providing new tools for studying atmospheric carbon dioxide (CO;), methane
(CH,) and other greenhouse gases (GHGS). The Japanese Greenhouse gases Observing SATellite,
GOSAT, has been operating since 2009, returning up to a thousand high-spectral-resolution
measurements of reflected sunlight in cloud-free skies each day. These spectra are analyzed to
estimate the column-averaged dry air mole fractions of CO; (Xcoz) and CH4 (Xcna) with single-
sounding precisions and regional scale biases near 0.5% (~2 ppm Xcoz, ~10 ppb Xcwa). In July 2014,
GOSAT was joined by NASA’s Orbiting Carbon Observatory-2 (OCO-2). OCO-2 is now returning
~100,000 clear-sky estimates of Xco. each day with single sounding random errors near 0.5 ppm
(0.125%), and regional scale biases typically < 1 ppm. GOSAT and OCO-2 data are also returning
estimates of solar induce chlorophyll fluorescence (SIF), which provides a sensitive indicator of CO;
uptake by the land biosphere.

While these new measurements are providing new insights into the carbon cycle and its response to
interannual variations in the climate, such as the intense 2015-2016 El Nifio, they are also posing new
challenges for regional-scale flux inversion experiments. The most significant of these are small (< 1
ppm), spatially coherent biases that can be misinterpreted as evidence for fluxes. In addition,
limitations in the precision, spatial resolution and coverage restrict their use from monitoring
emissions from cities or other discrete sources. These limitations must be addressed before the spatial
resolution and coverage of the space-based datasets can be fully exploited.

To date, the Total Carbon Column Observing Network (TCCON) has served as the primary standard
used to identify and correct systematic, regional-scale biases in the GOSAT and OCO-2 products.
TCCON data have also provided insights into environmental conditions and retrieval algorithms
shortcomings that contribute to bias, facilitating the development of effective bias correction
algorithms. The TCCON measurement network may have to be expanded and other types of surface,
tower, and airborne measurements may be needed to further identify and correct subtle biases in the
space based GHG products.

The resolution and coverage limitations of the current measurements will addressed to some extent
by the evolving fleet of space-based GHG sensors. In December of 2016, China’s TanSat was
successfully launched. Once in operation, its instruments will measure Xco. and aerosols with
capabilities expected to be intermediate between those of GOSAT and OCO-2. TanSat will be
joined later this year by the Chinese Gaofen 5 (GF-5), which is designed to measure Xco2 and Xcha.
Sentinel 5p will also be launched this year, carrying TROPOMI, which will create 2-d maps of
Xcha With a spatial resolution of 7 km by 7 km. GOSAT-2, which is scheduled for launch in late
2018, will measure Xco as well as Xco2 and Xcra. That same year, OCO-3 is scheduled for
deployment on the International Space Station (ISS). From the precessing orbit of the ISS, OCO-3
can collect Xcoz and SIF measurements from dawn to dusk. CNES recently approved the Xcoz
mission, MicroCarb, for a 2020 launch, followed by the CNES/DLR Xcwa2 lidar mission, MERLIN,
in 2021.

Besides Sentinel 5p, all of the sensors listed above are “sampling” systems rather “mapping”
systems. The first geostationary carbon mapping system is NASA’s GeoCarb mission, which will
be deployed above North America around 2021. Future high-resolution GHG mapping missions in
low Earth orbit are being considered by the Japanese (GOSAT-3) and European Copernicus
program. Those missions will have launch dates in in the early to mid-2020’s and could
dramatically improve the spatial resolution and coverage.
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The NASA Orbiting Carbon Observatory-2 (OCO-2) completed its 2-year prime mission on
October 16, 2016 and began its first extended mission. Since 6 September 2014, its 3-channel
imaging grating spectrometer have been routinely returning almost one million soundings over the
sunlit hemisphere each day. Between 5 and 13% of these soundings are sufficiently cloud free to
yield spatially resolved estimates of the column-averaged CO; dry air mole fraction, Xcoz, with
single-sounding random errors near 0.5 ppm at solar zenith angles as large as 70°. Another product
derived from the OCO-2 spectra, solar induced chlorophyll fluorescence (SIF), is yielding insight
into CO; uptake by the land biosphere.

The timing of the OCO-2 prime mission provided a unique opportunity to observe the response of
the carbon cycle to changes in the tropical climate associated with the 2015-2016 El Nifio. OCO-2
measurements clearly resolve variations in tropical-ocean outgassing (Chatterjee et al., 2017) as
well as changes in the CO, uptake and release by tropical forests associated with drought,
temperature stress, and fires (Liu et al., 2017; Heymann et al. 2017). OCO-2 measurements are
providing new insight into the detectability of anthropogenic sources of CO, from space-based
measurements of Xcoo. For example, Schwandner et al. (2017) find differences between Los
Angeles and the background that range from ~4.4 to 6.1 ppm +/- 1 ppm, depending on season and
atmospheric conditions. In a larger scale study, Hakkarainen et al. (2016) studied three regions of
the world using OCO-2 Xco, measurements, OMI NO, measurements, and the ODIAC inventory to
produce maps of CO. anomalies associated with anthropogenic CO, emissions. They found that
OCO-2 detects CO, enhancements in most populated regions where ODIAC predicts emissions
greater than 0.5 gC/m?/day.

To exploit the high volume of precise measurements returned by OCO-2, the OCO-2 team
implemented innovative calibration methods, gas absorption spectroscopy, remote sensing retrieval
algorithms and CO- flux inversion models. The end-to-end performance of the instrument and
retrieval algorithm is continuously validated though comparisons with Xco, estimates from
TCCON (Wunch et al., 2017) and other standards. After correcting known biases in the OCO-2
Xcoz products, the median difference between co-located OCO-2 and TCCON Xco2 estimates is
less than 0.4 ppm and the root-mean-square (RMS) differences are typically less than 1.5 ppm.
However, there are still a few regions that show larger biases, the most significant of which is a +3
ppm bias over the ocean at mid and high latitudes during southern winter that has been attributed to
the omission of stratospheric aerosols in the retrieval algorithm’s state vector (O’Dell et al. 2017).
These and other biases are being addressed with improved radiometric calibration tables, updated
gas absorption cross-sections, inclusion of stratospheric aerosols in the prior, an updated surface
reflectance model for land and other updates. An improved data product that includes these
updates, version 8, will be produced during the summer of 2017.
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