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This issue of SOLAS news focuses on the
wider perspective of SOLAS science: science
overlapping with other projects, studies
and institutions. Encouraging cross-network
collaborations and expanding research
connections is of the upmost importance
to SOLAS and we see it as a prerequisite to,
collectively, gain further understanding of
the Earth system.
We have brought to you an impressive
selection of scientists from across the world
specialising in a multitude of fields and
interests. Issue 9 even boasts a section on
Palaeoclimatology from PAGES’s associated
scientists, see the ‘Palaeo-SOLAS’ section.
Additionally, this year has been eventful for COST
Action 735 and the work will be introduced to
you in this issue, along with the most recent
update on SOLAS Data Integration activities.

Having thoroughly enjoyed collating this standalone issue, introducing the work of some of
our partner projects, we hope that it will initiate
the exchange of further communication and
alliance between our research companions.
Important deadlines for the SOLAS Open
Science Conference are swiftly approaching;
and alert you of the opportunity to host a
discussion session during the conference.
Application for proposals closes on 31st July
and further information on how to apply;
submitting a poster abstract and all additional
information about the event can be found at:
http://www.solas2009.confmanager.com/

DUNE- a DUst experiment in a low
Nutrient, low chlorophyll Ecosystem Quantifying the role of atmospheric
input on marine ecosystem using
large ‘clean’ mesocosms
36
The European Project on Ocean
Acidification - a large-scale research
effort to explore an ocean rich in CO2 38

plus...
In Focus

16

COST Action 735

22

SOLAS Special Reports

40

SOLAS Data Integration

42

In the meantime, we wish you a relaxing
summer holiday and happy reading, as we head
to Corsica for our 4th SOLAS Summer School.
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partner project
Eric Wolff is at the British Antarctic Survey in
Cambridge, UK. His work addresses both the
present, and (through ice cores) past atmospheric
chemistry of polar regions.
GOOS, the Global Ocean Observing
System, is designed and being
implemented to embrace the oceans
as a single entity, to provide a global
view of the ocean system.
GOOS is designed to predict and
monitor climate, weather system and
ocean forecasts; provide evidence to
mitigate against hazards to coastal and
marine ecosystems and resources; and,
enable scientific research. Intended as
a platform for international interaction
and operational cooperation, supporting
the generation of oceanographic
products and services, GOOS is
supported by UN sponsorship and
UNESCO assemblies which assure
that multilateral intergovernmental
cooperation is the first priority of GOOS.

Recent achievements
Substantial progress towards
implementation of the climate module
(open ocean observation) have been
made, including global satellite coverage
of surface height, colour, vector winds
and sea ice; 60% of the in-situ system
in the water including buoys, moorings,
floats, tide gauges; and, repeat ship of
opportunity hydrographic lines (as of
2008). Significant efforts have also been
made in observing the polar region,
by sustaining an operational Arctic
Observing System as a legacy of the
International Polar Year (IPY: 2007-2009).

Paul Shepson is an atmospheric/analytical/climate
scientist, and pilot of the Airborne Laboratory for
Atmospheric Research, at Purdue University.

Air-Ice-Chemical Interactions (AICI)
Paul Shepson, Purdue University, West Lafayette, IN, USA Contact: pshepson@purdue.edu
Eric Wolff, British Antractic Survey, Cambridge, UK Contact: ewwo@bas.ac.uk

Over the past decade, it has become
increasingly clear that Air-Ice-Chemical
Interactions (AICI) have a significant impact
on the composition of at least the lower
atmosphere in snow/ice-covered regions.
There have been a large number of field
campaigns, e.g. the Polar Sunrise Experiments
at Alert, Nunavut, the Antarctic Tropospheric
Chemistry Investigation (ANTCI) and Chemistry
of the Antarctic Boundary Layer and its
Interactions with Snow (CHABLIS) campaigns
in Antarctica, and numerous studies at Summit,
Greenland. These have identified a number of
AICI processes that influence gases in and above
the snow/ice surface, including O3, Hg, NOx,
HONO, VOCs and OVOCs, and a variety of
halogen-containing species. With this area of
environmental science still at an early stage of
development, opportunities for new discoveries
are rife. For example, there has been a spate of

new observations of iodine species (mostly
IO) in a variety of environments in both
hemispheres. In the Figure shown below,
we show the annual cycle of IO and BrO
measured at Halley Station in Antarctica
(Saiz-Lopez, 2007). Because chlorine and
bromine seem to be activated in sea-ice
covered regions, and iodine (as I2) seems to
be emitted at least in part from kelp in the
open oceans, and because IO reaction with
BrO is more than an order of magnitude
faster than the BrO self-reaction, and thus
can accelerate halogen chemistry, the region
in the marginal ice zones may be particularly
interesting. This should apply to a complex
array of both gas-phase and aerosol phase
chemistry. Thus this region may interestingly
connect different halogen chemistry regimes,
as well as connecting the SOLAS community
with the polar-focused AICI communities.

Many exciting new technologies are
being developed as pilot projects for
potential future inclusion in the system
and, as with any new technology, there
will be a myriad of exciting spinoffs from
these innovations. One example is the
recently approved GOOS pilot project,
the Ocean Tracking Network (OTN).
A broader set of user communities are
being served by existing components of
GOOS such as; i) Global Sea Level
Observing System (GLOSS) tide gauge
array provides real time data vital for
tsunami warning systems; and, ii)
various in-situ observations are produced
and processed to serve for calibrating
satellite remote sensing measurements;
iii) GOOS contributes to the ocean
component of the Global Earth
Observing System of Systems (GEOSS) as
the ocean component, and ii) founding
and participating organization in the
Group on Earth Observations.
http://www.ioc-goos.org

Figure 1: the annual cycle of IO and BrO measured at Halley Station in Antarctica (Saiz-Lopez, 2007)
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While halogen and AICI processes in
global marine environments are certainly
intriguing, it is quite clear that much of
our understanding of the fundamental
processes is at a relatively primitive state.
The IGAC/SOLAS project AICI was created to
identify areas of scientific opportunity related
to studies of Air-Ice-Chemical Interactions,
and to help coordinate future work in
modeling, laboratory and field studies.
A workshop was held in Grenoble in May
2006; resulting from that workshop was
a special journal issue consisting of five review
papers in Atmospheric Chemistry and Physics.
More recently, in June, 2008, a workshop was
held at BAS in Cambridge, aimed at focus on
internationally coordinated laboratory studies
of the fundamental processes, e.g. those
involved in halogen activation and
photochemistry in the condensed phases.
Among the many recommendations, there
was one overarching conclusion worthy of
highlight and focused problem-solving by the
community. Specifically, there is a great need
for the development of “reliable” multi-scale
and multi-phase models to simulate the
impacts of these processes on the chemistry
and composition of both the gas and
condensed phases. However, we lack the
fundamental understanding of the various
physical and chemical processes that initiate
and drive AICI processes (e.g. those that occur
in the “quasi-liquid layer” on ice) to enable

development of models that go beyond
crude parameterization of such processes.
Thus, there is a great need for the community
to invest in the kind of laboratory studies that
brought gas-phase air quality studies to
something approaching a more quantitative
and reliable state. The community thus
recommended the investment in a
controllable cold surface/gas phase reaction
chamber, that would become a shared
community resource. In such a chamber,
we could test/prepare/utilize different
surfaces, e.g. frozen sea water, frost flowers,
environmental or synthesized snow, etc.,
below a large volume interacting gas phase
reservoir, from which to study a range of
processes. Working at such a community ice
chamber facility would bring together the lab,
field and modeling communities, in pursuit of
a range of important questions, such as:

Achieving this will require either sponsorship
by one country, or development of a
consortium-type approach, and this issue
needs to be pursued further. It would
provide an essential missing leg in the
tripod of field discovery, laboratory
parameterization and model explanation
for the fascinating influence of the
snowpack on the lower atmosphere.

• What is the composition of ice?

Figure taken from Saiz-Lopez, A., A. S.
Mahajan, R. A. Salmon, S. J.-B. Bauguitte,
A. E. Jones, H. K. Roscoe, J. M. C. Plane,
Science, 317, 348, 2007. Reprinted with
permission from AAAS.

• Do impurities sit on the surface?
• What type of layer do the impurities sit in
and how fast does it form QLL/QBL/liquid?
• What is the chemical and physical nature
QLL, QBL?
• How are ‘sea salt’ aerosols produced
over ice-covered zones?

References
Grannas, A. M., et al. Atmos. Chem.
Phys., 7, 4329-4373, 2007.
Simpson, W. R., et al. Atmos. Chem.
Phys., 7, 4375-4418, 2007.
Other special issue papers can be found at
http://www.atmos-chemphys.net/special_issue80.html

Acknowledgements

The authors co-chair the IGAC/SOLAS
Air Ice Chemical Interactions task.

• How much recycling of reactive species
occurs in the snow and the aerosol?
• What is the role of condensed-phase
photochemistry?

FIRST ANNOUNCEMENT
5th INTERNATIONAL SYMPOSIUM ON BIOLOGICAL AND
ENVIRONMENTAL CHEMISTRY OF DMS(P) AND RELATED COMPOUNDS
Goa, India 19th – 22nd October 2010
At: National Institute of Oceanography, Council of Scientific
and Industrial Research Dona Paula, Goa
Please look for further announcements at http://www.nio.org.
For further information please contact: Damodar M Shenoy (dmshenoy@nio.org)
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partner project
Johann Bown is a PhD student at LEMAR (France), working
in trace metals cycles (cobalt, zinc, cadmium) in the Southern
Ocean and their interactions with oceanic phytoplankton.
He took part of the IPY BONUS-GOODHOPE cruise.

The International Nitrogen Initiative
(INI) operates through networks of
scientists, practitioners, and policy
experts to optimize the benefits of
reactive nitrogen (Nr) for food and
energy production while minimizing
the negative effects. A regional center
in South Asia was established in 2008
to join the regional coordinating
centers for Africa, East Asia, Europe,
Latin America and North America.
A paper by the INI Steering Committee
in Science (320: 889-892) highlights
the knowledge gaps and challenges
for the scientific community in
understanding the broad consequences
of human transformation of the N
cycle. These include the effects on
climate change and human health,
the interactions with biofuel
production, and the future changes
in tropical ecosystems with increasing
agricultural intensification. The paper
also identifies several key leverage
points for diminishing Nr impacts.
Major areas for potential improvement
are the removal of Nr from fossil fuel
production and waste management
systems, and increasing the nutrient
use efficiencies of agricultural systems,
including those of livestock production.
A companion paper in Science (320:
893-897) published in cooperation
with SOLAS addressed the impact of
anthropogenic nitrogen deposition on
the open ocean.
The Fourth International Nitrogen
Conference was held in Brazil 2007;
several papers from that conference
will soon appear in an Invited Feature
segment of Ecological Applications. A
call for papers for the Fifth International
Nitrogen Conference – N2010 - to be
held in Delhi, India 3-7 December 2010
will soon be made on the INI website.

Organic complexation of cobalt in the Southern Ocean
during the BONUS- GOODHOPE cruise (IPY, GEOTRACES).
Johann Bown, LEMAR CNRS-UMR 6539. IUEM, Technopôle Brest-Iroise. FR-29280 Plouzané.
Contact : johann.bown@univ-brest.fr

Dissolved cobalt (Co) concentrations are
extremely low in the ocean, typically between
nanomolar and picomolar ranges [1]. Co is
requested for phytoplankton growth [2],
enzymatic activities [3] and acts as structural
element of B12 vitamin. Co may play a key
role in the phytoplankton productivity and
assemblages, hence in the oceanic carbon
cycle, however, the distribution of this
element and its organic speciation are still
scarce in seawater. With the improvement
of electrochemical methods it has been
evidenced that cobalt could occur
predominantly chelated by organic Cobinding ligands in seawater [4],[5]. The
organic speciation probably controls the
residence time and the bioavailability of Co,
hence the determination of organic speciation
is crucial to understand its oceanic cycling.
Here we present preliminary results of
the organic speciation of Co in the Atlantic
sector of the Southern Ocean. Samples were
collected during the IPY BONUS-GOODHOPE
cruise (February-March 2008) between South
Africa and the Weddell gyre aboard the french

RV Marion Dufresne [6]. This expedition aimed
to understand the interactions between the
dynamics of the ocean and atmosphere, the
biogeochemistry and geochemistry in the
Southern Ocean and its exchanges with the
Indo-Atlantic connection.
The cruise track crossed several frontal systems
of the Antarctic Circumpolar Current (ACC),
and five deep casts (0-4000m) were sampled,
in the regions of the Subtropical, Subantarctic,
Polar, Southern ACC and the southern
boundary of the ACC; and seven shallower
stations (0-2000m) to further resolve
mesoscale and frontal structures (figure 1).
Traces metals were collected using Go-Flo
bottles attached to a Kevlar line and closed
using Teflon messengers. Samples were
collected into a pressurized clean container,
where they were filtered using a 0.22 µm
Sartorius filter under pure N2 pressure and
collected in LDPE clean bottles. They were
stored frozen (-20°C) before the determination
of the organic speciation; and, acidified at
pH=1.8 and stored at room temperature
before analyses of dissolved Co.

www.initrogen.org.

Figure 3: Correlation between the integrated CL (nM.m-2) and the Chl-a (mg.m-2) concentrations in 0-200 m
along the BGH transect. ([CL]=141*[Chl-a]-6.4; R2=0.78, p<0.0001). (Chl-a data from Guenneugues et al.)
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partner project
The organic speciation of Co was determined
in home-lab using cathodic stripping
voltammetry. Our analytical procedure was
adapted from the methodologies described by
Saito et al. [4], Ellwood and van den Berg [5],
Zhang et al. [7] and Donat and Bruland [8].
The Deep profile-type recorded just south of
the subtropical Front (Figure 2) indicates a
biological source of the ligands in surface
waters with relatively high CL within the
Chl-a maximum. Remineralisation is then
apparent from sinking biogenic particles in
deeper waters with an increase of CL below
the nutricline (to 35-40 pM) and fairly constant
distribution at around 30 pM below 1440 m.
The organic complexes with Co were strong
with conditional stability constants ranging
between (log values) 17.8 and 19.1. CCo
exhibits a nutrient-like profile (Figure 2), with
depleted concentrations (5 pM) in the Chl-a
maximum, suggesting biological uptake of
Co, and an increase below the nutricline to
a maximum of 33 pM at 125 m, indicating
remineralisation of Co in deeper waters.
The integrated ligand concentrations
were significantly correlated with
those of chlorophyll-a in surface waters
(0-200m) along the transect (Figure 3).
This relationship further suggests that
phytoplankton may be a significant source
of organic Co ligands in these euphotic
layers. Such relationship would be useful
in modeling the cobalt cycle at the
ocean-atmosphere interface.

References
[1] Bruland and Lohan. 2003. Treatise on
Geochemistry. Volume 6; (ISBN: 0-08-0443419); pp. 23–47
[2] Ho et al. Journal of Phycology. 2003, 39,
1145–1159.
[3] Sunda, Huntsman. Limnology and
Oceanography. 1995, 40, 1404–1407.

The Land-Ocean in the Coastal Zone
(LOICZ) project examines global change
issues along the world’s coastal zones.
Its goal is to provide the knowledge,
understanding and prediction needed
to allow coastal communities to assess,
anticipate and respond to the interaction
of global change and local pressures
which determine coastal changes.

[4] Saito and Moffett. Marine Chemistry.
2001, 75, 49–68.
[5] Ellwood and van den Berg. Marine
Chemistry. 2001,75, 33–47.
[6] Boye, Bonus-Goodhope cruise report in
Geochemistry and Biogeochemistry.
2008. 179 pp.

[8] Zhang et al. Marine Chemistry. 1990, 28,
285–300.
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A sequence of workshops resulted in
a first draft of a guideline on “The
Analysis of Governance Responses to
Ecosystem Change”, recently published
as a LOICZ R&S Report. On a regionalscale two major collective efforts
provided excellent scientific outputs,
and interdisciplinary networking: the
LOICZ/GWSP/CSDMS group on
“Dynamics and Vulnerability of Delta
Systems” and the IASC/LOICZ/AMAP/IPA
group on “State of the Arctic Coast”.
Moreover, LOICZ has been invited to
assist in a comprehensive evaluation of
the science, outreach and learning effect
and future needs of International Water
(IW) projects supported by the Global
Environment Facility. This evaluation
includes fresh and seawater systems
and will be guided to a considerable
extent by LOICZ science.

O

O

Figure 2: Distribution of organic Co-binding ligand (CL)
and estimated dissolved cobalt (CCo) concentrations.

Recent scientific achievements include
the research of the affiliated project
“European Lifestyles and Marine
Ecosystems (www.elme-eu.org), which
confirmed the serious state of decline of
Europe’s regional seas, particularly when
the complex web of interactions between
different human pressures is taken into
account. In the coming year, the findings
will be further refined and applied in the
new “KnowSeas” project addressing the
Marine Strategy Directive. In response to
the global issue of HABs and hypoxia,
LOICZ hosted the launching of the new
SCOR/LOICZ/CAS WG 132 on “LandBased Nutrient Pollution and the
Relationship to Harmful Algal Blooms in
Coastal Marine Systems” (see page 14).

[7] Donat and Bruland. Analytical Chemistry.
1988, 60, 240-244.

Figure 1: BONUS-GOODHOPE cruise track.

O

In 2008, LOICZ has started a dialogue
on future key issues seeking scientific
attention in the global change context,
resulting in a sequence of conceptual and
open meetings in the next years. Prior to
the SSC Meeting in June 2009, LOICZ will
held a Dahlem-Type Workshop with
about 40 invited international experts,
followed in 2010 by the LOICZ Synthesis
Conference and an international Storm
Surge Congress. For more information
about these and other activities, please
visit the LOICZ web-site.
www.loicz.org.
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ACCENT, the EU funded Network of
Excellence on Atmospheric Composition
Change, is now in his last year of
operation. In these five years ACCENT
has achieved a significant level of
integration, involving a critical mass
of scientists from the 43 European
Partners Institutions and the 124
worldwide Associate Institutions, in
close coordination with the main
international activities and programs
on atmospheric research.
During these exciting and productive
years, ACCENT has reached a well
established position, widely recognised
also outside Europe: thanks to the
several activities it has undertaken; the
international connections that have set
in place; and, the support that it has
provided to the community, especially
young scientists, to foster our science
into the future.
ACCENT has made available several
“tools” which are of paramount
importance for the integration of
the international atmospheric science
community, facilitating the access
to several databases, to research
infrastructures and to a wide range
of information functional for the
atmospheric science community.

Marco Steinacher obtained a MSc. in Physics at the University
of Bern, Switzerland, where he is currently doing his PhD. in
the Division of Climate- and Environmental Physics of the
Physics Institute. His research interests include carbon cycle
and climate modeling, ocean acidification, and probabilistic
projections of future climate change.

Imminent and Irreversible Ocean Acidification
Marco Steinacher, Thomas L. Frölicher and Fortunat Joos
Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate
Change Research, University of Bern, Switzerland Contact: steinacher@climate.unibe.ch

Anthropogenic carbon emissions force
atmospheric CO2 far above the natural
range of the last million years and cause
rapidly progressing global warming. Yet
another issue linked to anthropogenic CO2
has recently attracted wide attention. The
uptake of anthropogenic CO2 lowers ocean
pH, the concentration of carbonate ions and
the saturation state of seawater with respect
to calcium carbonate (Orr et al., 2005). A
particular concern of this “ocean acidification”
is its impact on marine organisms and
ecosystems (Doney et al., 2009).

We investigate ocean acidification with the
comprehensive NCAR global coupled climatecarbon model forced with rising carbon
emissions for the SRES A2 business-as-usual
scenario until 2100 (Steinacher et al., 2009).
Irreversible impacts of 21th century CO2
emissions are quantified by extending the
simulation (unrealistically) with zero emissions
after 2100 (Frölicher and Joos, 2009). Here,
the carbonate ion concentration [CO32-] and
the related saturation state with respect to
aragonite are used as indicators. Aragonite is a
mineral phase of calcium carbonate secreted by

To conclude, ACCENT represents an
excellent example of addressing the
climate and environmental problems
considering not only building the
science consensus, but also serving the
downstream needs of general public
and, importantly, of policy makers.
www.accent-network.org

Visit the SOLAS website at
http://www.solas-int.org where you can
keep an eye on your national pages, job
listings, conference and meetings which
are updated regularly.
If you would like to sign up to the
monthly e-bulletin and the newsletter
which you can receive by hardcopy or
by e-mail visit http://www.uea.ac.uk/
env/solas/news/newsletter/subscribe.ht
ml alternatively, you can contact us here
at the IPO (solas@uea.ac.uk)
Additionally, if you have any vacancies,
conferences or information for the ebulletin that you would like to advertise
please let us know. The SOLAS website
and the newsletter are meant as a
community resource so any
contributions, comments and ideas are
always welcomed.

Figure 1: Simulated evolution of atmospheric CO2 and of zonal, annual mean surface carbonate ion concentration,
shown as deviation from the saturation concentration with respect to aragonite. Red lines indicate the transitions
from over- to undersaturation with respect to aragonite (solid) and calcite (dashed).

Georgia Bayliss-Brown
SOLAS Project Officer
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many marine organisms to build their shells
and other structures. Aragonite shells dissolve
in undersaturated water in the absence of
protective mechanisms.
Surface water saturation decreases rapidly
in all regions until 2100 (Fig. 1) and remains
reduced for centuries. Undersaturation in the
Arctic is imminent and starts already within
the next decade. By the time atmospheric CO2
exceeds 490 ppm (2040 in A2), more than
half of the Arctic is undersaturated (annual
mean). Similarly, the Southern Ocean becomes
undersaturated on average, when atmospheric
CO2 exceeds 580 ppm and saturation in the
tropics drops below 300%, threatening the
survival of coral reefs. By the end of the 21st
century, undersaturation in the Arctic Ocean
also occurs with respect to calcite and remains
widespread for centuries after cutting
emissions in 2100.
The main reasons for the vulnerability of the
Arctic Ocean is its naturally low saturation
state and that Arctic climate change amplifies
acidification, in contrast to other regions like
the Southern Ocean, where climate change
has almost no effect in our simulations.
Enhanced uptake of atmospheric CO2 in
response to sea-ice retreat, surface freshening
and other effects lead to a decrease in Arctic
surface [CO32-] that is 34% higher than it
would be without climate change.
Ocean acidification also affects the thermocline
and the abyss as anthropogenic carbon
continues to invade the ocean. Overall, the
fraction of the ocean volume occupied by water
oversaturated with respect to aragonite is

Peter Liss awarded CBE

projected to decrease from about 42% to
25% by 2100 and to 10% by 2300. The fact
that the volume fraction continues to decrease
significantly after 2100 demonstrates that some
impacts of 21st fossil fuel carbon emissions are
strongly delayed and aggravate even for the
extreme case of an immediate emission stop.
Undersaturation of Arctic surface waters with
respect to aragonite is likely to become reality
in a few years only (Steinacher et al., 2009)
and ocean acidification from business-as-usual
carbon emissions is irreversible on human
timescales (Frölicher and Joos, 2009).
Experimental evidence is emerging (Doney et
al., 2009) that ocean acidification has negative
impacts on many organisms and may severely
affect cold and warm water corals or highlatitude species such as aragonite producing
pteropods. Considering the precautionary
principle mentioned in the United Nations
Framework Convention on Climate Change,
our subjective assessment is that atmospheric
CO2 should not exceed 450 ppm in order to
avoid the risk of large-scale disruptions in
marine ecosystems.

References
Doney, S.C., Fabry, V.J., Feely, R.A., and
Kleypas, J.A.: Ann. Rev. Mar. Sci., 1,
169–192, 2009.
Frölicher, T.L. and Joos, F.:, submitted to Clim.
Dynam., 2009.
Orr, J.C. et al.: Nature, 437, 681–686, 2005.
Steinacher, M., Joos, F., Frölicher, T.L., Plattner,
G.-K., and Doney, S.C.:, Biogeosciences, 6,
515-533, 2009.

On March 27th of this year, Peter Liss, the first
Chair of SOLAS, was appointed "Commander
of the Order of the British Empire" by Prince
Charles at a ceremony at Buckingham Palace.
The award was in recognition of Peter's
services to science. The "CBE" is one of the
highest awards for citizens of the UK and the
Commonwealth of Nations, and it is awarded
to people from all walks of life. So Peter now
joins the company of Robert Plant, Simon
Rattle, Michael Caine, Ian MacEwan, David
Attenborough, Stephen Hawking and Sting! All
of us who have witnessed Peter's tireless
energy and commitment to SOLAS and to other
scientific activities and programmes
over the years can agree that this is a very welldeserved award. Congratulations, Peter!
Doug Wallace, SOLAS Chair

GEWEX and its new Global Surface
Flux Estimates
The Global Energy and Water Cycle
Experiment (GEWEX), a project under
the World Climate Research Programme
(WCRP), explores ways to close the global
energy and water budgets. Critical
activities that support this goal include:
producing consistent research quality
data sets, quantifying the contributions
of energy and water cycle processes to
climate feedbacks; and improving the
predictive capability for moist processes.
The research is guided by the Scientific
Steering Group (SSG) and three panels
including the GEWEX Radiation Panel
(GRP), which recently launched projects
on surface fluxes over oceans (SeaFlux)
and over land (LandFlux).
SeaFlux is developing estimates of latent
and sensible heat fluxes over the global
oceans at three hourly intervals and 25
km resolution. Fluxes are derived by
blending winds with air temperature
and heat content products while Sea
Surface Temperatures are derived using
a Seaflux technique. Comparisons
between Seaflux products and in-situ
data indicate that the products are very
reliable, giving much smaller spreads
than climate model simulations. SeaFlux
products extend from 1999 to the
present and Sea Surface Temperatures
products extend from 1988 to the
present. LandFLux is attempting to
develop similar turbulent flux products
over land. GRP also produces global
cloud, radiation, precipitation, aerosol
and water vapor products.
GEWEX supports land surface, cloud
and boundary layer modeling through
its Global Modeling and Prediction Panel
(GMPP). The cloud process modeling
relies on data from field campaigns
which are available through the DIME
(Data Integration for Model Evaluation)
web site. GEWEX also oversees the
Coordinated Energy and water cycle
Observational Project (CEOP) which
consists of a global network of regional
studies supported by a distributed
information system.
GEWEX is organizing an international
science conference for August 24 to
28, 2009 in Melbourne Australia.
Interested readers are encouraged to
attend this conference and to learn
more about GEWEX at www.gewex.org
or by contacting Rick Lawford
(lawford@umbc.edu) .
International GEWEX Project Office,
Silver Spring, Maryland.
www.gewex.org
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Carbon cycling in the Siberian shelf seas
S. Jutterströma, L. Andersona, S. Hjalmarssona, I. Wåhlströma, I. Semiletovb,c a) Department of Chemistry, University of Gothenburg, SE-412 96 Gothenburg,
Sweden b) International Arctic Research Center/University of Alaska Fairbanks, Fairbanks, AK, USA c) V.I.Il'ichov Pacific Oceanological Institute, Far Eastern Branch
of Russian Academy of Sciences, Vladivostok, Russia Contact: sara.jutterstrom@chem.gu.se

About half of the Arctic Ocean surface area
consists of shallow shelf seas, which are very
active areas with regards to productivity and
also of water mass and biogeochemical
transformations. The Siberian shelf seas are
the connection between the Siberian tundra
with its enormous reservoir of carbon (Zimov
et al., 2006) and the deep Arctic Ocean. Large
amounts of freshwater and dissolved and
particulate organic matter are transported
from the tundra to these shelf seas via several
of the great Siberian Rivers such as Ob, Yenisei
and Lena. Organic matter is also added to the
shelf waters from coastal erosion. During the
last decade, changes in the Arctic environment
such as increased river runoff (e.g. Petersen et
al., 2002), increased coastal erosion (e.g. Mars
and Houseknecht, 2007) and decreased
summer sea ice cover have been reported. All
of these processes will have an impact on the
carbon cycling in the region.
During the International Siberian Shelf Study
(ISSS08) cruise, a Swedish/Russian research
collaboration, extensive sampling in the
waters of the Laptev, East Siberian and
Chukchi Seas were undertaken, including
measurements of total alkalinity, pH and
dissolved inorganic carbon. One aim was to
study the transformation and flux of carbon
from land, via the shelf seas and into the
deep basins of the Arctic Ocean and how
these may be impacted by climate change.

Results show an oversaturation (> 385 µatm)
of carbon dioxide partial pressure (pCO2)
in most of the surface waters and
throughout the water column of the
Laptev Sea and western East Siberian Sea
(Figure 1). Continuing further east, the
surface waters are becoming more and
more undersaturated, but there is still
supersaturation in the bottom waters,
with values reaching 1000 µatm (Figure 2).
These high pCO2 values are matched by
nutrient maxima and oxygen minima,
indicating that the source of the carbon
maximum in the eastern East Siberian Sea is
from remineralisation of marine organic
matter. The high pCO2 values in the surface
waters of the Laptev and western East Siberian
Seas is not is not associated with a
corresponding nutrient excess, suggesting that
this signal is from remineralisation of terrestrial
organic matter. A large fraction of the
produced CO2 has the potential to leak up into
the atmosphere in these shallow shelf seas.
In a climate change scenario, increasing
riverine input will likely bring even more
carbon into the shelf seas; not only due to
an increase in net discharge, but also from an
increased leakage of carbon from the melting
tundra. Together with an increase in coastal
erosion, the influence by land on the carbon
transformation on the shelves is likely to

increase, with even more carbon being
mineralised on the shelves. If the changes in
the Arctic also include more vertical mixing on
the shelves, a great amount of carbon could
be brought into contact with the atmosphere.
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Figure 1: pCO2 (µatm) in
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Figure 2: pCO2 (µatm) profile from a station in
the East Siberian Sea.
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Provision of ESA Earth Observation Products to the SOLAS Community
1 PRODUCTS OF POTENTIAL VALUE TO SOLAS
The European Space Agency (ESA) Data User
Element (DUE) programme has spawned a
number of projects potentially of direct
relevance to SOLAS activities such as
GLOBCOLOUR, GLOBAEROSOL,
MEDSPIRATION and GLOBICE.

normalised water-leaving radiances,
diffuse attenuation coefficient, coloured
dissolved and detrital organic materials,
total suspended matter or particulate
backscattering coefficient, turbidity index,
cloud fraction and quality indicators. Access
to these data is through www.globcolour.org.

1.1 GLOBCOLOUR
GlobColour developed a 12-year (1997-2009)
satellite-based ocean colour data service for
Case-1 waters to support global carbon-cycle
research and operational oceanography by
merging together observations made with
MERIS, MODIS and SeaWiFS. GlobColour
provides global data sets, at a spatial
resolution of 4.6 km globally and 1 km locally,
of chlorophyll-a concentration (Figure 1),

1.2 GLOBAEROSOL
GlobAerosol is producing a global aerosol
dataset at a resolution of 10 km for the period
1995-2007, comprising aerosol optical depths
at 0.55 and 0.87µm, Angstrom coefficient and
estimated speciation. These data are being
created by merging ATSR-2, AATSR, MERIS
and SEVIRI satellite data to support the
information needs of users in climate and
meteorological research, trans-boundary
pollution and air quality agencies. The results

GlobColour Products
Chlorophyll-a Concentration - Case 1 Water - AVW Method
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Figure 1: Chlorophyll-a Concentration - Case 1 Waters for 25 June 2008 Central America
(lon=[-100 - -0] lat=[-45 - 45]) using weighted averaging of MERIS, AQUA-MODIS and SeaWiFS data

have recently been compared against other
key global aerosol datasets over land and have
been undergoing extensive validation using
Aeronet data (http://www.globaerosol.info).
1.3 MEDSPIRATION
The Medspiration Project was a European
initiative to produce a robust and reliable
set of Sea Surface Temperature data by
combining the best outputs from several
independent SST missions. Its underlying
objective was to prepare satellite-derived
SST data in a form which facilitates timely
assimilation into numerical ocean forecasting
models and it served as a European
contribution for the Global High Resolution
Sea Surface Temperature Pilot Project
(GHRSST-PP) (http://www.ghrsst-pp.org/).
It generated global products and high
resolution products for the Mediterranean
Sea (Figure 2), the Atlantic Shelf, Great
Barrier Reef, Galapagos Islands and the
Amazon Basin region. The data are available
from http://www.medspiration.org/ and the
individual products are now produced
operationally by the contributing space
agencies. In addition diagnostic datasets
are available for inter-comparison and a
match-up database which co-locates in situ
observations with the satellite observations.
1.4 GLOBICE
The GlobIce project produces high-resolution
sea ice motion, deformation and flux
products in the Arctic using synthetic
aperture radar data from 2005 to present
day as a contribution to WCRP-CliC. It is
currently in an analysis phase to validate the
ice drift algorithms by comparing seasonal
and yearly variations of sea ice against Arctic
buoy data and IFREMER-CERSAT drift maps
from the combination of scatterometer data
(QuikSCAT) and radiometer data (SSM/I)
(http://globice.mssl.ucl.ac.uk). The objective
is to provide a better understanding of the
impact of Arctic ice-motion on the climate.
2 NEW OPPORTUNITIES FROM ESA
• COASTCOLOUR
• GLOBVAPOUR
• GLOBWAVE

Figure 2: Foundation sea surface temperature (temperature at the base of the diurnal thermocline) for the
Mediterranean and adjacent seas for 13 January 2008 generated using inputs from AATSR, NOAA, TMI,
AMSRE observations and an optimal interpolation scheme
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More information on ESA initiatives and
projects is available on the project websites
plus those of the DUE and STSE programmes:
www.esa.int/due and www.esa.int/stse.
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Anne-Carlijn Aderkamp earned her PhD in marine biology at the University of Groningen, The
Netherlands in 2006. Since then she has worked as a post-doc at Stanford University, USA,
currently on a joint project with the University of Groningen. Her research interests include the
acclimation of Antarctic phytoplankton to fluctuating irradiance levels and its impact on
phytoplankton primary production and biogeochemical cycling of carbon.

Shedding dynamic light on iron limitation: The interplay of iron
limitation and dynamic irradiance conditions in governing
phytoplankton primary productivity in Antarctic waters
Anne-Carlijn Alderkamp (University of Groningen, The Netherlands and Stanford University, USA) and Kevin R. Arrigo (Stanford
University, USA) Contact: Alderkamp@Stanford.edu

The Southern Ocean plays an important role
in the global carbon cycle due to its large size
and unique physiochemical characteristics.
Antarctic shelf waters are a particularly strong
sink for atmospheric CO2 mainly due to high
phytoplankton productivity (Arrigo et al.
2008). However, future changes in the
Antarctic climate may impact phytoplankton
growth and hence the CO2 export by the
Southern Ocean. In general, Antarctic
phytoplankton productivity is controlled by
the availability of iron and/or light (De Baar
et al 2005). Phytoplankton may experience
strong fluctuations in light levels due to
changes in ice cover and vertical mixing in
the water column. This requires an acclimation
strategy that combines protection against
high, damaging light levels as well as efficiency
at low levels. Since the iron (Fe) demand of
phytoplankton varies as a function of light,
these two factors interact as the Fe needs of

phytoplankton increase with decreasing light
availability. Moreover, much of the Fe is bound
to organic complexes called ligands. Ligands
can increase solubility of Fe, but their effect
on biological availability is unclear.
Changes in the Antarctic climate may impact
both the availability of light through melting
of sea ice and reduced mixing of the water
column and local sources of Fe and organic
ligands from melting sea ice and glaciers.
The main objective of the DynaLiFe project
is to improve our understanding of how Fe
and light availability control Antarctic
phytoplankton productivity and its effect on
the carbon cycle. Using experimental and
modeling approaches combined with field
data we 1) study the synergistic and
antagonistic interactions between light and Fe
availability (including Fe-ligand characteristics)
in controlling phytoplankton productivity and
community composition, 2) use these results

to improve the ability of models to predict
the ecological consequences of changes in
irradiance conditions and nutrient supply
resulting from shifts in Southern Ocean
climate to 3) predict the subsequent
changes in carbon export in this region.
We visited the Amundsen Sea area on our
latest DynaLiFe cruise in the Austral summer
of 2008-2009 (Fig 1). The Amundsen and
Pine Island Bay polynyas are areas with the
highest phytoplankton primary productivity
per surface area in the Southern Ocean, as
estimated from satellite imagery (Arrigo and
Van Dijken 2003), yet in situ studies of
phytoplankton productivity and its controls
in this area are lacking. Moreover, this area
is affected by an increase in melting rate of
the floating glacier termini and ice shelves,
most notably of the Pine Island Glacier (PIG)
(Shepherd et al 2004), the effect of which
on phytoplankton productivity is unclear.
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Figure 1: Ocean color image with the ice cover superimposed in gray (A) showing the intense phytoplankton blooms in the Pine Island Bay and the Amundsen Sea
polynyas in the Amundsen Sea on 20 Jan 2009 and section plots of Chl a (B) and DFe concentrations (C) within the Pine Island Bay polynya.
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On the cruise, we encountered unusually
massive (up to 15 mg chl a m-3) and persistent
(>60 days) phytoplankton blooms in both the
Amundsen and Pine Island Bay polynyas. The
bloom in the Pine Island Bay was fuelled by
inputs of dissolve Fe (DFe) from the upwelling
Circumpolar Deep Water from beneath the PIG
terminus. DFe was rapidly removed from the
surface waters by both phytoplankton uptake
and binding to organic ligands, leading to
extremely low DFe concentrations in the surface
waters of the central Pine Island Bay polynyas
with high phytoplankton biomass and
productivity (Fig 1). Underway measurements
of pCO2 and DMS showed large variations in
biological signals on small spatial scales that are
closely linked to local hydrography. Comparing
the results of this area with extensively studied
areas such as the Ross Sea and lab experiments
under controlled conditions, will reveal more
robust understanding of the controls of
phytoplankton productivity in Antarctic waters.
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SOLAS Scientific Steering Committee 2009
The SOLAS Scientific Steering Committee (SSC) Meeting was held in Washington,
DC, USA between 25th and 27th March 2009.
The SOLAS Science Plan and Implementation Strategy (approved by sponsors in
2004) forms the foundation of the SOLAS programme and describes its scientific scope.
However, during a decade-long research programme, emphases shifts and
implementation approaches may need to be adapted.
Prior to the meeting, the SSC identified SOLAS’s emerging priorities, arising from
the Science Plan and the early years of SOLAS research, and subsequently prepared
a set of White Papers with a special effort to stimulate activity at an international
level. These papers were presented to US program managers from five funding
agencies (NOAA, NASA, NSF, DOE and ONR) during the SSC meeting. The major
new initiatives being developed for international discussion are as follows:
• Sea-ice biogeochemistry and interactions with the atmosphere
• Ocean-derived aerosols: production, evolution and impacts
• Atmospheric control of nutrient cycling and production in the surface ocean
• Ship plumes: impacts on atmospheric chemistry, climate and nutrient supply to
the oceans
• Activity of oxygen minimum (OMZ) in the Pacific (AMOP-SOLAS)
• SOLAS Observatory and MOIN: the Minimalist OceanSITES Interdisciplinary Network
• SOLAS large-scale field experiments - A compendium of proposals
The White Papers will become available at www.solas-int.org/aboutsolas/
organisationaandstructure/midtermstrategy/midtermstrategy.html. These seven new
initiatives will form the basis of the afternoon discussion sessions at the SOLAS Open
Science Conference in November. For more information about these sessions, please
visit: https://www.confmanager.com/main.cfm?cid=1573&nid=11845
Georgia Bayliss-Brown SOLAS Project Officer Contact: solas@uea.ac.uk
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Photo: The SOLAS Scientific Steering Committee Meeting attendees at the
National Academy of Sciences in Washington DC. Left-Right, Roland Von Glasow,
Ed Urban (SCOR), Wendy Broadgate (IGBP), Emily Brévière, Eric Saltzman,
Cécile Guieu, Isabel Cacho, Georgia Bayliss-Brown, Wade McGillis, Patricia Quinn,
Dave Kieber, Doug Wallace, Jacqueline Stefels, Minhan Dai, Sergey Gulev and
Shigenobi Takeda.

w w w. s o l a s - i n t . o r g

//11

Wilco completed his masters at the University of Wageningen and went on to be awarded his PhD
from the KNMI, in 1999, on ‘Variability in mode water formation’ where he is currently head of
the Global Climate Division within the Department of Climate Research & Seismology.

EC-Earth: a seamless prediction approach to earth system modelling
Dr. Wilco Hazeleger, Head Global Climate Division, KNMI. Chair EC-Earth Steering Group. Contact: Wilco.Hazeleger@knmi.nl

Climate modelling and numerical weather
prediction share a common ancestry and
also build on the same physical principles.
Recently, the concept of “seamless
prediction” is emerging to forge forecasting
and climate change studies into a joint topic.
This means that numerical weather prediction
techniques and diagnostics are applied in
climate modelling. Another development is
the extension of focus on the physical climate
system toward a comprehensive view of the
Earth System in which feedbacks with the
biosphere are included. It has long been
realized that biogeochemical processes and
human processes interact with the physical
climate system.
EC-Earth bridges the “seamless prediction”
and “earth system modelling” approaches. A
model is set up based on the best numerical
weather prediction model: the integrated
forecast system of the European Centre for
Medium Range Weather Forecasting
(ECMWF). A consortium of 22 institutions
from 11 countries developed this system into
an earth system model. The basis of the
model is EMCWFs atmosphere model (cycle
31r1), including the H-TESSEL land module,
and the NEMO ocean model, which contains

the LIM2 sea-ice module. This system is used
for seasonal forecasts by ECMWF. Any metric
of model performance contains subjective
elements. Therefore a number of metrics are
used. Here we use weather prediction metrics
and climate modelling metrics. The model
appears to perform well compared to other
climate models (see http://ecearth.knmi.nl for
a list of metrics).
The model is supported by national
meteorological services. Knowledge of earth
system feed backs is brought in from academic
institutions. In this way an integrated model
is set up and made available to academic
institutions that are part of the consortium.
New earth system components include the
PISCES NPZD marine biogeochemisty model
and the LPJ dynamic vegetation module.
Also, the TM5 atmospheric chemistry module ,
including aerosols, is being coupled to the
system. A version management system is set
up such that the latest version of the ECMWF
model is used.
A novel application of the model is decadal
predictions. It has been recognized that the
climate system contains predictability, based
on the memory of slow components in the
climate system, such as the ocean. That is,
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the initial state contains information on the
trajectory that the climate will take. This is the
basis of seasonal forecasts, where the coupled
ocean-atmosphere El Nino phenomenon can
be predicted based on the observed upper
ocean heat content in the tropics. In the new
round of model simulations in the CMIP5
project (which will likely feed the IPCC 5th
Assessment) earth system models will start
from an estimate of the observed state of
the climate, in particular the ocean state.
Since the emergence of the ARGO array,
an estimate the ocean state can be better
made than before. It is anticipated that
upper ocean heat content and possibly
phases of patterns of climate variability
(such as associated with the Pacific Decadal
Oscillation or the Atlantic Meridional
Overturning Circulation) can actually be
predicted on decadal time scales. This would
give an estimate of the combined effect of
natural climate variability and climate changes
due to changes in greenhouse gas and
aerosol emissions at regional scales.
Integrated model systems are used to
interpret and possibly predict changes in the
earth system. The use of numerical weather
prediction systems is advantageous when
simulating and interpreting air-sea fluxes.
For instance, very large air-sea fluxes occur
when cold air outbreaks from continents
cause large latent heat fluxes over western
boundary currents (Figure 1). EC-Earth is up
to the task to simulate such events. Another
example is the variability of CO2 fluxes in the
Southern Ocean. The Southern Ocean is
recognized as a sink of anthropogenic CO2,
but it is highly variable. An accurate
simulation of the atmosphere circulation and
good understanding of interannual to
decadal variability is needed. Earth system
models such as EC-Earth can help to
interpret the observed changes. On the other
hand, the observations are used for
improving model components such that
better predictions and projections of future
climate can be made.

Figure 1: Monthly mean anomaly of latent heat flux (colors) over the Gulf Stream region in early boreal
winter after a cold air outbreak (mean sea level pressure anomaly of preceding month in contours) the
EC-Earth coupled system (courtesy of X. Wang).
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of California, San Diego. Her research focuses on aspects of the biogeochemical cycling of trace
metals in the upper ocean, including chemical speciation, biological availability, and ecosystem
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Effects of iron limitation on pelagic phytoplankton communities:
More than just skin-deep
Geosciences Research Division, Scripps Institution of Oceanography, University of California, San Diego, USA.
Contact: kbarbeau@ucsd.edu

Our understanding of the role of iron
availability in structuring marine ecosystems
has increased dramatically in the past two
decades. Comparing global maps of satellitebased ocean color vs. nitrate concentrations
at the sea surface, we can now readily identify
those high nutrient, low chlorophyll (HNLC)
regimes where iron has been shown to limit
phytoplankton biomass and productivity. In
contrast, deep blue oligotrophic ocean regions
without excess nitrate at the surface are
regarded as primarily macronutrient limited.
It is worth remembering, however, that this
view as constrained by satellite measurements
is limited to the surface mixed layer, or “skin”
of the ocean. Phytoplankton communities can
extend well below the mixed layer in stratified
regions, to the base of the euphotic zone. In
many water columns, the lower euphotic zone
is characterized by a subsurface chlorophyll
maximum (SCM), a region of elevated
phytoplankton biomass, productivity, and
carbon export relative to the oligotrophic
surface mixed layer. Strong gradients in light,
macronutrients, and iron within the euphotic
zone can also set the SCM apart from the
mixed layer in terms of factors influencing
phytoplankton growth. Here, recent studies of
iron limitation in SCM communities underlying
macronutrient-limited surface waters in the
eastern North Pacific are described.

In low-light regimes like the SCM, Fe
requirements increase due to the need to
synthesize more Fe-containing photosynthetic
proteins to harvest and process light. The
existing tendency towards Fe stress in these
systems can be exacerbated by the relative
depth of the ferricline vs. the nitracline.
The ferricline is frequently deeper, leading
to a region of high iron demand coincident
with an elevated NO3:Fe ratio at the depth
of the SCM (Fig. 1, left). Hopkinson and
Barbeau (2008) obtained some of the first
field evidence for the influence of iron on
SCM communities using a matrix of
microcosm grow-out experiments conducted
at low light levels. In stratified waters of the
Southern California Current System and
eastern tropical North Pacific, incubation
studies with water from the SCM
demonstrated a characteristic multiplicative
response to simultaneous addition of light
and iron relative to additions of either light or
iron (Fig. 1, right). This response is diagnostic
of iron-light co-limitation. Iron-light additions
also led to pronounced shifts in the size
structure and taxonomic composition of the
SCM phytoplankton community, with large
diatoms responding most strongly.
Additional evidence for the role of iron in
structuring SCM communities was recently

obtained on two cruises in the eastern North
Pacific in 2007 and 2008, aboard the R/V
New Horizon. On these cruises the Barbeau
group, with assistance from co-Principal
Investigators Elizabeth Mann (Skidaway
Institute of Oceanography) and Zackary
Johnson (University of Hawaii) sought to
explore the generality and effects of iron
limitation in a range of SCM environments,
from mesotrophic systems to the oligotrophic
gyre. An extensive suite of biological process
experiments was conducted on both cruises,
with SCM communities incubated under in
situ conditions. Water column parameters
were also characterized including basic
hydrography, nutrient distributions, Fe
concentration and speciation, phytoplankton
community structure, and phytoplankton
photophysiology. Preliminary results indicate
that a spectrum of iron limiting conditions
exists in SCM communities, extending from
outright iron limitation in some shallow,
higher-light SCM systems to iron-light colimitation in deeper oligotrophic regimes.
These findings demonstrate the potential
for iron to significantly influence nutrient
cycling and carbon export within the lower
euphotic zone, even in oceanic regions
traditionally regarded as macronutrient limited
based on surface water characteristics. In
the context of international observational
programs like GEOTRACES, SOLAS and
IMBER, these results underline the necessity
of considering micronutrient-ecosystem
interactions from a perspective deeper than
the surface mixed layer.
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Figure 1: (Left panel) Idealized vertical profiles of chl a, nitrate, light and iron in a stratified oceanic system.
Phytoplankton communities at the subsurface chlorophyll maximum (SCM) are influenced by the availability
of light, macronutrients and iron. (Right panel) Typical result of a grow-out experiment conducted with
water from the SCM, demonstrating a multiplicative response to simultaneous addition of iron and light
relative to addition of iron or light, indicative of iron-light co-limitation.
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Harmful algal blooms in coastal zones
Juergen Weichselgartner 1 and Patricia Glibert 2 1 GKSS Research Center, Institute for Coastal Research, Geesthacht, Germany; 2
University of Maryland Center for Environmental Science, Cambridge, USA; Contact: glibert@hpl.umces.edu

Eutrophication is one of the most serious
aquatic pollution problems throughout the
world. Although it is generally known to
stimulate many harmful estuarine and marine
algal species, the relationship is complex
(Glibert, Anderson et al. 2005; Glibert,
Seitzinger et al. 2005; Granéli & Turner 2006).
Harmful algae can cause oxygen depletion
and fish kills, seafood poisoning, and
undesirable changes in aquatic ecosystems –
and they are increasingly affecting coastal
ecosystems worldwide. Estimating nutrient
export to the coastal zone has been a
challenge, but enormous advances have been
made with respect to global models over the
past several years. However, to date there has
not been a global assessment of how nutrient
pollution relates to algal outbreaks.
Through improved global, spatially explicit
models of nutrient loading from watersheds
to coastal systems, and the development of
new spatially referenced global databases of
harmful algal blooms (HAB) occurrences, we
are now in the position to begin to link
patterns of eutrophication with HAB
occurrence around the world in a more
rigorous and quantitative way (Seitzinger et
al. 2005). A SCOR/LOICZ/CAS Working
Group 132 on “Land-based Nutrient Pollution
and the Relationship to Harmful Algal Blooms
in Coastal Marine Systems” was formed to
use available information to investigate and

establish possible relationships between
nutrient loading, nutrient forms and sources
and HAB occurrence. The international
group, led by Patricia Glibert (UMCES) and
Lex Bouwman (PBL), have launched its work
in July 2008 with a LOICZ-hosted meeting in
Geesthacht, Germany. A large part of the
discussions concentrated on key questions
that need to be answered by the working
group, e.g.: do relationships exist between
HABs and nutrient loading and can we
quantify those with respect to (1) typology of
coastal marine ecosystems (based on physical
and biological parameters); (2) spatial
variation of nutrient loading, forms and
ratios; (3) temporal variation of nutrient
loading, forms and ratios; and (3) relative
contribution of different nutrient sources
including aquaculture to nutrient loading?
The working group will use the Global
NEWS future scenarios in concert with the
relationships to be established between
nutrient loading and HAB occurrence to
explore future scenarios of HAB occurrence.
Hence, this effort also will begin to link
human dimensions with coastal ecosystem
effects. A task force of the working group
will work on a common structure of the
HAB database, so that eventually a global
database will be compiled from the regional
data. Parallel to this, and depending on the
database structure and the completeness of

the data, specific statistical techniques will
be proposed in the first year to be used for
the analysis of the data to investigate
relationships between species-specific HAB
occurrences and nutrient loading, nutrient
ratios and increasing nutrient loading and
changing ratios. Moreover, satellite data on
chlorophyll, ocean colour, and sea surface
temperature will be collected, transformed
to a common format and resolution, and
used to investigate and establish possible
relationships between algal biomass and
nutrient loading, using a global coastal
ocean model as a framework. There is a
need to develop spatially explicit maps for
the nutrient loading caused by aquacultural
production of fish, and nutrient uptake and
transformations caused by production of
seaweeds and shellfish. This is of particular
interest because of aquacultural activities are
strongly concentrated spatially, and are thus
“point” sources of nutrients.
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WG 132 is sponsored by SCOR, LOICZ, and
the Institute of Oceanology of the Chinese
Academy of Sciences.
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partner project
Megacities
The world population has now increased to about 6 billion with 30-50% of these living in urban
areas, 13% of these in coastal zones. There are estimated to be more than 20 mega cities in the
world currently (populations greater than 10 million) with several more rapidly approaching this
status. The majority of mega cities are in coastal regions and in developing countries (Map). The
quality of life in these cities is closely tied to environmental factors including air and water quality. Air
quality depends on a range of complex chemical reactions and these can be profoundly influenced
by proximity to the sea. An example is the presence of chloride from seasalt which can interact with
other air pollutants such as VOCs and may thereby create high ozone concentrations, while
interactions with NOx could lower ozone, and the net result of these interactions is uncertain. The
atmosphere will also be a vector by which air pollutants can be transported efficiently to adjacent
coastal waters where they may act to enhance primary productivity (by deposition of nutrients such
as fixed nitrogen) leading to eutrophication threats or via deposition of contaminants (e.g. toxic
metals and trace organic pollutants) may lead to a reduction of primary production and possible
damage to other components of the marine ecosystems and local resources for food, recreation and
tourism. There are of course also potential feedbacks between the marine and atmospheric changes.
The overall impact of emissions in any particular region are likely to be location and time specific,
reflecting the pattern of emissions, local meteorology and the proximity of the sea, either upwind or
down wind. However, it is clear that there are an important range of scientific questions related to
the interactions of atmospheric and marine processes around mega cities, and the answers to these
questions are relevant to the lives of millions of people whose lives are also being impacted by
climate change and other global change pressures. To help address these questions SOLAS, IGAC
and LOICZ are collaborating in an IGBP fast-track initiative on “Megacities and the coastal zone –
air-sea interactions”, which has just been accepted by the IGBP steering committee. We hope this
initiative will extend to include other members of the IGBP/ICSU community in the near future.
We propose to address these issues in a scientific workshop in 2010 and a subsequent peer
reviewed publication. For further details contact the SOLAS office or the authors.
Tim Jickells (t.jickells@uea.ac.uk)
Roland von Glasow (r.von-glasow@uea.ac.uk)
School of Environmental Sciences, University of East Anglia, UK

Chemical connections in the tropical troposphere
Inputs to, losses from and interactions within the “chemical powerhouse of the atmosphere” were
considered at an interdisciplinary and international meeting at the Royal Society, London on 8 June
2009. Under the auspices of the UK IGBP National Committee and led by William Sturges and Claire
Reeves (UEA), the meeting discussed current research in tropical tropospheric chemistry , focussing
on marine, biosphere and climate connections in the context of climate change and human activities.
SOLAS-related talks included natural marine emissions of halogenated gases, the effects of windblown dust on marine primary production, and the impacts of expanding tropical aquaculture on
air-sea gas exchanges. The complementarity of these topics to terrestrial processes and
troposphere-stratosphere dynamics was explored, and hence – it is hoped – stimulating further
research on chemical connections in the tropical troposphere. Key findings, recommendations and
knowledge gaps identified during the discussion sessions will be summarised in an online report.
A more detailed article is in prep. for the IGAC Newsletter.
For more information contact William Sturges w.sturges@uea.ac.uk
< Figure 1:
Interactions
between land,
marine and
atmospheric
processes in
tropical regions

w w w. s o l a s - i n t . o r g

CLIVAR, Climate Variability and
Predictability, is a core project of the
World Climate Research Programme
(WCRP). It has a particular focus on the
role of the oceans in climate variability
and change. Exchanges across the air
sea interface are, of course, a key
element in climate whilst specification
and parameterization of surface fluxes
is important for example in climate
modelling. Thus, CLIVAR’s Working
Group on Ocean Model Development’s
Coordinated Ocean-Ice Reference
Experiments, covering the historical
period from 1958-2006, are seeking
both to use and evaluate the approach
of Large and Yeager to specify surface
fluxes to force ocean models.
CLIVAR is also a strong supporter
of sustained ocean observations,
including surface time series enabling
calculation of air sea exchanges. It
works in close collaboration with the
Ocean Observations Panel for Climate
(OOPC). For example the CLIVAR/GOOS
Indian Ocean Panel continues to build
the Indian Ocean Observing System,
including its moored buoy network
(RAMA), now 47% complete, which
complements the Atlantic PIRATA and
Pacific Tropical Moored Buoy Arrays.
This year provides a excellent opportunity
for all ocean communities to come
together and define the sustained ocean
observational needs of the coming
decade at the OceanObs09 conference
(Venice, Italy, 21-25 September 2009)
which CLIVAR’s GSOP has been involved
in organizing together with OOPC, IGBP
IMBER and the European Space Agency.
On the global coupled modelling
front, CLIVAR is organizing three
major modelling activities on seasonal,
decadal and longer term climate
prediction. These modelling efforts
will engage with the wider community,
enhancing their feed into IPCC AR5,
by inviting diagnostic sub projects
much as was done for the WCRP
archive for IPCC AR4.
Further information on these and
other CLIVAR activities can be found
on the website.
www.clivar.org.
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In Focus

In each issue of SOLAS News, we give you the chance to meet some of the members of the
SOLAS Scientific Steering Committee. The Scientific Steering Committee would like to extend a
warm welcome to new members Cécile Guieu, Patricia Quinn, Minhan Dai and Rafel Simó; and
give a grateful farewell and sincere thanks to departing members Barry Huebert, Truls Johannessen, Osvaldo Ulloa and Christiane Lancelot.

Cécile Guieu

Patricia Quinn
Trish Quinn, born and raised in Los Alamos, New
Mexico, graduated with a degree in Chemistry
before starting work at the Oregon Graduate Center
in 1982 where she got on her first research ship.
This provided the impetus for her to attend graduate
school at the University of Washington and in 1988,
she obtained a Ph.D. in chemistry studying the
marine ammonia cycle. Since then, she has worked
at NOAA’s Pacific Marine Environmental Laboratory
and has continued to go on research cruises at the
rate of about one every other year. Over the past
20 years, Trish’s research focus has shifted from
the remote marine atmosphere to the impacts of
anthropogenic emissions on marine boundary layer
atmospheric chemistry, climate, and air quality.
The most recent work by the Atmospheric Chemistry Group at NOAA PMEL includes
the ICEALOT cruise to the Norwegian and Greenland Seas to study Arctic Haze and
the VOCALS cruise in the SE Pacific to look at aerosol-cloud interactions. During
ICEALOT, the Woods Hole RV Knorr was able to reach 80°N near the northern coast
of Svalbard. At this high latitude, the ship was well within the Arctic Front allowing for
the characterization of Arctic Haze, the pollution that reaches the Arctic each winter
and spring due to rapid meridional transport from Eurasia. The aerosol measured within
the Arctic Front was typical of Arctic Haze. It was well-aged with a mean diameter of
200 nm and acidic with an NH4+ to nss SO4= molar ratio less than 1. As a result, the
aerosol was very efficient at nucleating at cloud droplets at supersaturations down to
0.2% supersaturation as determined by measurements with a cloud condensation
nuclei counter. Over the next year, the ICEALOT data will be analyzed to enhance
our understanding of the impact of Arctic Haze on regional climate.
Contact: Patricia.K.Quinn@noaa.gov

(Introductory biography available in ‘SOLAS
Endorsed Projects’ page 32)
Contact: guieu@obs-vlfr.fr

Rafel Simó
Rafel works at the CMIMA
(Centre Mediterrani
d'Investigacions Marines i
Ambientals), part of CSIC,
and is interested in marine
biogeochemistry and ocean
biosphere-atmosphere
interactions, particularly within the sulphur
cycle. For my research I make use of a broad
array of methodologies, from “single-cell
biogeochemistry” based on molecular biology
techniques, through plankton ecology and
physiology, all the way up to satellite analyses
of the global ocean and atmosphere. He is
closely involved with DMS-GO within SOLAS
Data Integration; acted as a host for the COST
Action 735 STSMs; is the SOLAS-Spain
representative; and, is co-local organiser of the
SOLAS Open Science Conference 2009, which
is to be held in his hometown, Barcelona.

Figure 1: Total particle number concentration (CN) vs. fraction of particles activating to form cloud
droplets (CCN) as measured within the Polar Front. The high activation efficiency (ratio of 1) is a
result of the large, acidic aerosol that presides within the winter/spring Arctic Front due to transport
from Eurasia.
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During the past decade,
Cécile’s research contributed to
demonstrate that atmospheric
inputs do represent an external
forcing for marine cycle of
elements of biogeochemical
interest such as Fe, P, N. Using
different approaches such as microcosm and
mesocosm experiments, she showed that
atmospheric nutrients do significantly stimulate
biological activity in several oligotrophic
environments. She has been focusing a lot of her
activity in the Mediterranean Sea, demonstrating
that the strong atmospheric inputs from
contrasted (Saharan, Anthropogenic and
Pyrogenic) and close sources that characterize
this LNLC ocean are key player of biogeochemical
cycles, in particular during the stratification
period. Currently, she is coordinating the DUNE
project (see paper in this issue), recently endorsed
by SOLAS.

(Introductory biography available in ‘In Focus’
Newsletter 7)
Contact: rsimo@icm.csic.es
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Minhan Dai
Minhan is currently a Cheung Kong Chair Professor in Xiamen University in China. Minhan
Dai received his PhD in Earth Science at the Université Pierre & Marie Curie (Paris VI) in 1995.
He then took a postdoctoral position at Woods Hole Oceanographic Institution. Minhan Dai
was appointed as an associate professor and then a professor at Xiamen University in 1999.
Minhan Dai is now leading a research group, named as Ocean Carbon Group (OCG,
http://mel.xmu.edu.cn/group/carbon/). A primary research effort of OCG is on the coastal
ocean carbon cycling. During the past 8 years, OCG has been awarded by a numbers of
competitive research grants by leading national funding agencies such as National Natural
Science Foundation of China and the Ministry of Science and Technology. In the past 5 years,
OCG has published over 30 papers at leading international peer-review journals.

Contact: mdai@xmu.edu.cn

Minhan Dai is also very active in serving on various national and international scientific
committees. He is current president of Ocean Science Section of the Asia Oceania
Geosciences Society (AOGS). He also served an editorial board member of “Biogeosciences”,
Chinese Journal of Limnology and Oceanography, and Acta Oceanologica Sinica.

Introduction to a new Chinese basic research program
on coastal ocean carbon cycling: CHOICE-C (Carbon
cycling in China Seas - budget, controls and ocean
acidification) (http://973oceancarbon.xmu.edu.cn)
CHOICE-C is a new Chinese basic research program, funded through
China National Basic Research Program (“973” Program) sponsored
by the Ministry of Science and Technology, on coastal ocean carbon
cycling. CHOICE-C is a five-year project with a total budget of 40 M
RMB. The leading PI of the project is Minhan Dai at Xiamen University.
The open ocean, coastal ocean and terrestrial ecosystem are three
major components modulating atmospheric CO2 and thereby the
earth climate system. The complexity of the carbon cycling in the
coastal ocean under the impact of both the land input and dynamic
exchanges with the open ocean make it a huge challenge to be
included in any realistic prognostic climate simulations. The marginal
seas adjacent to China, such as South China Sea and East China Sea
span a wide range of latitudinal zones with diverse and distinct
ecosystem structures. Added in more complexity is the land input from
the major world rivers, such as Changjiang (Yangtze River) and Zhujiang
(Pearl River) from the mainland continent. As such, carbon cycling in
China Seas exerts significance both at regional and global scales.
CHOICE-C focuses on the carbon budget, controls, ecological
response and future changes in coastal ocean systems. The focal
area includes, but not limited to the continental shelves in both
the South and East China Seas. Through an integrated study of the
carbon cycling between field observation, remote sensing as well
as numerical modeling in China Seas with a contrast/comparison
strategy, CHOICE-C aims to determine the source and sink terms
of atmospheric CO2 and their associated controlling processes.

The “Group of Excellence” Project – “Marine
biogeochemistry - processes and mechanisms” was
renewed for another three years by the National Natural
Science Foundation of China, with another 4.5 million.
This project is a renewal of our previous “GoE” grant led by Minhan
Dai and Nianzhi Jiao. During the past three years of implementation
of the project, significant progresses have been made with respect
to new method development, better determination of air-sea CO2
fluxes in South China Sea and the processes that modulate the
biological pump.
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What follows concentrates on the ecological response of the
uptake of anthropogenic CO2, primarily on the ocean acidification
during the past 100-200 hundred years. Core themes of CHOICE-C
are: 1) assessment of the variability of carbon sources and sinks in
China Seas at a seasonal and inter-annual time scales; 2) processes
and mechanisms that control the carbon budget, 3) determination
of ocean acidification 4) future trends of carbon budget and ocean
acidification in response to global climate changes.
Eight subprojects are designed for the CHOICE-C program.
The linkage between CHOICE-C core themes and subprojects:
1) Air-sea CO2 flux and its temporal and spatial variability, PI:
Minhan Dai, Xiamen University
2) Primary productivity and carbon inventory, PI: Delu Pan,
The 2nd Institute of Oceanology, SOA
3) Recycling, export and burial of carbon, PI: Pinghe Cai,
Xiamen University
4) Terrestrial carbon input and its impact on the carbon cycling in
the coastal ocean, PI: Xuchen Wang, Institute of Oceanology, CAS
5) Carbon exchanges between the continental shelf and the
open ocean, Co-PIs: Li Li and Xiaogang Guo, the 3rd Institute
of Oceanology, SOA
6) Ocean acidification-reconstruction and current status,
Gangjian Wei, PI: Guangzhou Institute of Geochemistry, CAS
7) Ecological response to ocean acidification, PI: Kunshan Gao,
Xiamen University,
8) Simulations and predictions of future carbon budget, PI:
Jianping Gan, Hong Kong University of Science and Technology

From previous studies, we have learned that meso-scale processes
are key to our understanding of CO2 flux variability in marginal
seas. The new project therefore sets out to address: 1) How mesoscale phenomena, like rive plume, meso-scale eddies and costal
upwelling, affect the South China Sea in terms of the source or sink
of atmospheric CO2; 2) What are the key mechanism of the mesoscale processes that modulates the source and sink terms of
atmospheric CO2. Emphasis will be put on understanding what
determines the magnitude and efficiency of the biological pump in
the marginal seas. We will conduct a series of process studies using
a combination of approaches, many of which are new to the field.
The proposal is thus expected to have maximum intellectual impact
and broad outcomes.
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national report
Katja Seitz has just completed her PhD and is now a post-doc
at the Institute of Environmental Physics at the University of
Heidelberg. During her PhD she studied the spatial distribution
of reactive halogen species at the Irish West Coast. Prior to
this, she earned a diploma degree in physics at the University
of Heidelberg.

SOLAS China (Beijing)

• Estimates of the atmospheric deposition
fluxes over the Yellow Sea of dust and
nitrogen in Spring based on both field
observations and numerical simulations.
• A new parametrization of gas transfer
velocity as a function of both wind
speed and wave height is proposed.
• Extensive studies of the response of
coastal and open ocean ecosystem to the
fertilization of dust, nitrogen and iron, by
mesocosm and laboratory incubations.
• A synthesis of air-sea fluxes of CO2 in
China Seas is also on the way.
A new SOLAS relevant research program,
“Carbon cycling in China Seas – budget,
controls and ocean acidification (CHOICEC)”, has been funded. The present project
focuses on the carbon budget, controls,
ecological response and future changes
in coastal ocean systems. The focal
area includes, but not limited to the
continental shelves in both the South and
East China Seas. Through an integrated
study of the carbon cycling between field
observation, remote sensing as well as
numerical modelling in China seas with a
contrast/comparison strategy, CHOICE-C
aims to determine the source and sink
terms of atmospheric CO2 and their
associated controlling processes. What
follows concentrates on the ecological
response of the uptake of anthropogenic
CO2, primarily on the ocean acidification
during the past 1-2 hundred years. Core
themes of CHOICE-C are:
• assessment of the variability of carbon
sources and sinks in China seas at a
seasonal and inter-annual time scales;
• processes and mechanisms that
control the carbon budget,

Measurements of iodine oxide and
formation of new particles at Mweenish Bay, Ireland
Katja Seitz, Institute of Environmental Physics, University of Heidelberg, Germany Contact:
Katja.Seitz@iup.uni-heidelberg.de
Coauthors: Ulrich Platt, Institute of Environmental Physics, University of Heidelberg, Germany, Colin O`Dowd,
School of Physics and Centre for Climate & Air Pollution Studies Environmental Change Institute National
University of Ireland, Galway

The primary objective of the SOLAS/IGAC task
HitT is to investigate and to quantify the
importance of reactive halogen compounds
in tropospheric chemistry and climate forcing.
Reactive halogen species affect the
atmosphere in different ways: They destroy
ozone, disturb the NOx and HOx chemistry,
and oxidize DMS. In addition BrO plays an
important role in the deposition of elemental
mercury. Moreover, reactive iodine is a key
species in the formation of new particles at
coastal sites. If those particles grow to cloud
condensation nuclei sizes, they can have an
impact on climate by changing the earth`s
albedo (O`Dowd, 2001). The simultaneous
observation of bursts of freshly formed
particles (O´Dowd et al., 1998) and iodine
oxide (Alicke et al., 1999) at Mace Head gave
first indication that reactive iodine is involved
in the process of particle formation. Since the
observation of both, particle formation and
iodine oxide, coincided with low tide, macro
algae inhabiting the intertidal area were
associated with the emission of iodine
precursor gases (e.g. Mc Figgans et al., 2004).
10-1

Since then, several field campaigns, model
and laboratory studies were performed aimed
at elucidating the process of particle formation
from reactive iodine species. Although the key
processes are not completely understood by
now, it is currently believed that the formation
of new particles starts with the emission of
halocarbons and especially molecular iodine
by macro algae. Küpper et al. (2008) state,
that seaweed of the type Laminaria
accumulates iodine in the form of iodide.
They propose that the role of iodide is that
of an inorganic antioxidant, since it rapidly
scavenges a variety of reactive oxygen species.
Upon oxidative stress, iodide is released and
detoxifies aqueous oxidants and ozone.
The detoxification leads to the release of
halocarbons and high levels of molecular
iodine. Subsequently these precursors are
photolyzed yielding iodine radicals, which
readily react with ozone to form iodine oxide
(IO). The formation of higher iodine oxides
then most likely leads to the formation of
clusters which grow to ultrafine particles.

SMPS and nano-SMPS MRI 70829

Diameter [um]

A four-year China-SOLAS project
funded through NSF-China ended in
2008 (The budget was RMB 8 M).
Various workshops towards an effort
of synthesis were organized in 2008.
The project focused on the coupling of
biogeochemical and physical processes
between surface ocean and lower
atmosphere over two contrasting
marginal seas: the Yellow Sea and the
South China Sea. This project led to the
following highlights and achievements:

-2
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• determination of ocean acidification
• future trends of carbon budget and
ocean acidification in response to global
climate changes.

Guang-Yu Shi
SOLAS China National Representative
shigy@mail.iap.ac.cn
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Future activities include seeking for
additional funds for China-SOLAS
program, one possibility would be to
link SOLAS to megacity science.

Figure 1: Diurnal variation of IO on August 29. With decreasing water level, the IO mixing ratio is increasing
due to more seaweed being exposed to ambient air.

surface ocean - lower atmosphere study

national report
Most of the measurements of reactive iodine
species and particle formation were performed
at Mace Head at the Irish West Coast (e.g.
Saiz-Lopez et al., 2006).
In summer 2007 within the European
Project MAP (Marine Aerosol Production,
http://macehead.nuigalway.ie/map/),
particle measurements and spectroscopic
measurements of reactive halogen species
were conducted at Mweenish Bay, a location
with extraordinary high seaweed density,
about 6 km south-east of Mace Head.
Measurements of ultrafine particles were
performed using a nano-smps instrument,
while reactive iodine species were measured
by long path Differential Optical Absorption
Spectroscopy (LP-DOAS).
Between August 17 and September 8, particle
burst events were observed on 14 days, mostly
correlated to low tide and elevated IO signals.
Figure 1 shows the diurnal profile of IO on
August 29. As expected, with decreasing
water level, the IO signal is increasing since
more seaweed is exposed to ambient air.
IO is formed via the photolysis of the iodine
precursor gases and the subsequent reaction
of the iodine atoms with ozone, in addition
enhanced actinic flux also represents additional
stress for the seaweed. Therefore the IO mixing
ratio also depends on solar radiation. This is
observed in the afternoon, where an increase
in solar radiation intensity is followed by an
increase in the IO mixing ratio. Figure 2 shows
the particle measurements for the same time
period. In the period of enhanced IO mixing
ratios, a particle burst event is observed with
particle concentrations up to 100.000
molecules per cubic centimeter.

The measurements at Mweenish Bay confirm
the results of earlier campaigns. A linear
correlation of IO mixing ratio with particle
formation was observed confirming the
importance of reactive iodine in the process
of particle formation. However, the results
also show that to quantify the impact of
macro algae emissions on a global scale more
studies on the emissions of different seaweed
species are needed.
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SOLAS Norway
Scientific Highlights
The results of a mesocosm study,
designed with the intention to
experimentally simulate variable
organic-carbon/nutrient stoichiometry
in the dissolved pool was conducted
at Ny Ålesund, Svalbard (79° N), were
published in Nature (Thingstad et al.
Nature 455, 387-390, 2008) and
showed that the fate and effects of
added degradable organic carbon
depend critically on the state of the
microbial food web.
On-going research
Most SOLAS-related research in Norway
have been conducted by the Research
Group 4 (RG4) at the Bjerknes Centre
for Climate Research, Bergen, Norway,
among the research projects initiated
by RG4 members in 2008 are:
• CARBON-HEAT (Are Olsen
are.olsen@gfi.uib.no): 3-year project,
studying a potential feedback between
the ocean carbon cycle and climate
change, relating to the flow speed and
heat and carbon flux of the Atlantic
water en route to the Arctic Ocean.
• MERCLIM (Richard Bellerby
Richard.Bellerby@bjerknes.uib.no): 4-year
project, providing new understanding on
the impacts of climate change on the
structure and functioning of marine
ecosystems by assessing the role of
dominant ecosystem drivers.
• CARBOSEASON (Christoph Heinze
Christoph.Heinze@bjerknes.uib.no): 4year project, improving future climate
predictions through a performance
assessment and calibration of land and
ocean carbon cycle models.
The leader of CARBOSEASON also
coordinates the SOLAS-endorsed project
CARBOOCEAN (http://www.carboocean.
org), the largest marine carbon cycle EU
project, dedicated to a marine sources
and sinks assessment on a time scale
from -200 to +200 years from now, with
special emphasis on the North Atlantic
and Southern Ocean. The University of
Bergen is also a key contributor to
another SOLAS-endorsed project,
EPOCA (See page 38).
Future activities
Three Norwegian institutions in Bergen
(Geophysical Institute, Institute of
Marine Research, and Bjerknes Centre
for Climate Research) join forces to
undertake a 65 days long scientific
survey in four legs. The survey will cover
all straits and standard sections in the
Nordic Seas and is expected to produce
biogeochemical and physical data that
can serve as benchmarks against which
future data can be compared to in order
to discern changes.

Figure 2: Particle burst event observed on August 29.
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Abdirahman Omar
SOLAS Norway National Representative
abdir.omar@gfi.uib.no
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Phil Swartzendruber earned his PhD in Atmospheric Sciences from the University of Washington
in 2009 investigating the speciation of mercury in the free troposphere. His research included
field studies in Okinawa, Japan and Mt. Bachelor, Oregon; laboratory studies; and two aircraft
campaigns. His research interests include mercury, long-range transport, tropospheric chemistry,
and air quality.

Is the surface ocean a key player in atmospheric mercury oxidation?
Philip C. Swartzendruber and Daniel A. Jaffe, University of Washington – Bothell, Interdisciplinary Arts and Sciences,
18115 Campus Way NE, Bothell, WA 98011 contact: pswartz@u.washington.edu

Mercury is a persistent environmental
pollutant on a global scale and has become
the focus of increased research in the past
two decades. The atmosphere plays a crucial
role in redistributing emissions globally, and
is the dominant input route for mercury in
remote ecosystems. Atmospheric mercury
is believed to be predominantly in the
gaseous elemental form (GEM) at ~ 1.5
ng/m3. Some atmospheric mercury also
exists in an oxidized form, Hg(II) (or reactive
gaseous mercury (RGM)), but the exact
chemical form is not known. The chemical
state of atmospheric mercury is important
because RGM is taken up by surfaces much
more rapidly than GEM and it comprises a
large fraction of total deposition.
Our ongoing research at the Mt. Bachelor
Observatory (2.7 km asl, 43.98 N, 121.69
W) regularly observes airmasses with high
concentrations of RGM (100-700 pg/m3).
These RGM enhancements are not well
explained by the assumed ozone and OH
oxidation mechanisms (Swartzendruber et
al., 2006), and remain poorly understood.
The surface ocean plays several important
roles in the global mercury cycle. On an
annual basis, a substantial fraction of the

mercury in the surface ocean is exchanged
with the atmosphere. And, these emissions
comprise nearly half of all emissions to the
atmosphere (Selin et al., 2008).

measurement technique is limited to a
resolution of about one hour, our system
has a resolution of 2.5 min. and continued
work may reduce this even further.

The surface ocean is also an important
source of halogens, which are hypothesized
to be the oxidants responsible for polar
mercury depletion events (MDEs) (Lindberg
et al., 2003), and RGM production in the
marine boundary layer (Hedgecock and
Pirrone, 2004; Holmes et al., 2009). It also
may be an important source of Hg oxidants in
the global atmosphere (Holmes et al., 2006).

Results from our initial test flights
(Swartzendruber et al., 2009) supported our
mountain top observations (Swartzendruber
et al., 2006) and detected RGM in airmasses
which lack upper tropospheric influence.
Figure 1 shows the vertical profiles from one
of these flights. Here, we see that significant
RGM is observed although ozone and water
vapor concentrations are more consistent
with a marine boundary layer influence.

In the marine boundary layer, there is a null
cycle in which GEM is oxidized to RGM by
halogen radicals, and then is subsequently
deposited to the surface, reduced and
reemitted as GEM. While we are beginning
to better understand this near-surface rapid
recycling, there is little data on the export
and fate of Hg and halogen radicals from
the marine boundary layer.
Because of the lack of data on Hg speciation
in the free troposphere and marine boundary
layer, we developed a high time-resolution
RGM technique which is suitable for an
aircraft. While the existing RGM

As we further our understanding of the
importance of the surface ocean in the
global mercury cycle, there is a growing
need for observations of Hg speciation in the
marine boundary layer and the development
of high time resolution techniques. A large
collaborative aircraft campaign focused on
mercury is being planned for 2011 (North
American Airborne Mercury Experiment (see
http://research.uwb.edu/
jaffegroup/modules/NAAMEX/).
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Figure 1: RGM (left) and ozone (right) vertical profiles from 23 Aug 2008. Above 850 mb, RGM is elevated,
although the airmass between 850-720 mb had low ozone and moderate water vapor (~7 g/kg), which is
more consistent with marine boundary layer influence.
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Guide to Best Practices
in Ocean Acidification
Research and
Data Reporting
Community review open
until 15 July 2009
The Guide to Best Practices in Ocean
Acidification Research and Data Reporting is
intended as a reference to provide guidance
for research in the rapidly growing field of
ocean acidification. Its preparation was
initiated by the European Project on Ocean
Acidification (EPOCA) and the International
Oceanographic Commission (IOC) and
sponsored by EPOCA, IOC, the Scientific
Council on Oceanic Research (SCOR), the U.S.
Ocean Carbon and Biogeochemistry Project
(OCB), and the Kiel Excellence Cluster “The
Future Ocean”.
The community review of the guide is now
open until 15 July 2009 (http://www.epocaproject.eu/index.php/Home/Guide-to-OAResearch/). All scientists are invited to provide
comments and suggestions on any aspect of
the guide. Lead authors may decide to include
the names of experts who have provided
substantial input to their section to the list of
contributing authors. After completion, the
guide will be made available electronically
and in printed form via EPOCA, IOC and OCB.
It is envisioned to revisit and possibly revise the
guide to accommodate new developments in
the field in a few years time.

An iconic cruise off North West Africa
The aims of ICON (Impact of coastal upwelling on air-sea exchange of climatically
important gases) were straightforward enough: to follow the temporal trend in
upwelled water for a range of SOLAS-relevant parameters. For six weeks, from
mid-April to late May this year, that’s what Carol Robinson (UEA) did, on RRS
Discovery off Mauritania with a multi-institute and multinational team from the UK,
Spain and New Zealand.
Getting to that point had not been easy. This UK SOLAS research cruise was planned
five years ago, and had twice previously been scheduled then cancelled. It also suffered
a disproportionate number of technical glitches in its first few days, when it seemed
that nearly everything that could go wrong did go wrong. But most faults proved to
be repairable, lost buoys were found, and the biological, chemical and physical
evolution of three packages of upwelled water were tracked in considerable detail.
This was made possible by a combination of five main survey and sampling techniques:
access to near-realtime satellite data on sea surface temperature and ocean colour;
deployment of a fleet of drifting buoys (of varying levels of sophistication); the use
of SF6 as a marker (that could be measured at less than femto-molar levels); an
underway profiling system (that made nearly 1800 profiles, to depths of ~350m);
and ‘traditional’ CTDs.
Whilst it will be some months before all results are analysed, initial data clearly show
the strength (and necessity) of this multi-pronged approach for investigating a highly
complex system. Thus the extent of the temporal and spatial variability was almost
overwhelming – “the position of the filament was changing as quickly as we could
survey it”; drogue marker buoys and SF6 patches rarely stayed together for more than
a few hours, and biological communities changed markedly over just a few 100m.
For further details, see the ICON cruise blog (http://web.pml.ac.uk/solas/icon/icon.htm).
As well as a day-by-day account of oceanography in action, maps, graphs and photos of
equipment, researchers and wildlife, it also includes wit and wisdom – and even a recipe.
Phil Williamson UK SOLAS Science Coordinator
Contact: p.williamson@uea.ac.uk

Ulf Riebesell, Vicki Fabry and
Jean-Pierre Gattuso (editors)

International Ocean Carbon
Coordination Project (IOCCP)
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Figure 1: Track of ICON cruise (Discovery 338; UK SOLAS), 15 April- 27 May 2009
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COST Action 735 is an action which recognises the critical importance of
the air-sea interchange in the regulation of the Earth’s climate. With the
recent concerns with climate change, COST Action 735 seeks to create
tools that enhance our understanding of these processes and improve
our ability to monitor and predict future climate. The fundamental role
of COST Action 735 is to provide the framework for the assessment of
the global air–sea flux of climatically relevant trace gases and pollutants.
We would like to take this opportunity to show you what has happened
in the last fiscal year and introduce to you a few of the young scientists
involved in the Short Term Scientific Missions (STSMs) and the most
recent workshop outcomes. For more information on COST Action 735,
please visit http://www.cost735.org/

Sub-WG3 ‘Coastal CO2/N2O/CH4 fluxes’ meeting
Date: 22nd - 23rd January 2009
Location: Kiel, GERMANY

Sub-WG1 ‘Aerosol Iron Solubility and Databse’ meeting
Date: 23rd - 24th February 2009
Location: Norwich, UK

IVth Management Committee Meeting
Date: 28th November 2008
Location: Barcelona, SPAIN

Sub-WG1 ‘Halocarbon Database’ meeting
Date: 11th - 12th February 2009
Location: Kiel, GERMANY

May 08

June

Ms Elodie Gutknecht
LEGOS-Toulouse, FRANCE
Topic: The Danish Galathea oceanogrpahic
data in the Benguela Upwelling System
Host: Lise-Lotte Soerensen, NERI,
Aarhus University, Roskilde (Denmark)
Date of STSM: 5th April - 24th May 2008

Ms Aránzazu Lana
Institut de Ciencies del Mar-CSIC, SPAIN
Topic: An updated methodology of surface
dimethyl sulphide concentrations
Host: Peter Liss and Thomas Bell, University
of East Anglia, Norwich (UK)
Date of STSM: 3rd May - 18th July 2008

Dr Bruno DeLille
University of Liege, BELGIUM
Topic: Eddy covariance technique in
estuarine environments
Host: Gwenael Abril, EPOC, University
of Bordeaux, Bordeaux (France)
Date of STSM: 1st October - 1st November 2008
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September

October

Novem

Measurement of total iodine and
iodine speciation in marine aerosol
Date: 26th April - 14th May 2009
Dr Rosie Chance
Department of Chemistry, University of York, UK
Contact: rjc508@york.ac.uk
Hosted by: Ben Gilfedder, Institute of Environmental Geology,
Technische Universität, Braunschweig, Germany
Dr Chance visited the Institute of Environmental Geology, Technische
Universität, Braunschweig, Germany, in order to use a new thermoextraction spectrophotometric method developed by Dr Gilfedder for
determination of particulate iodine. Following training, a set of marine
aerosol samples collected in the tropical east Atlantic was analysed for
total particulate iodine. The precision of the method was 5% or less and
the limit of detection equivalent to 6 pmol I m-3 air. Sample concentrations
ranged from 16 to 97 pmol m-3, with a median value of 46 pmol m-3.
Aqueous extracts of the samples were prepared and will be analysed for
water soluble iodine by inductively coupled plasma mass spectrometry
(ICP-MS) by Dr Gilfedder. It is anticipated that these measurements will
form the basis of a publication. Total iodine and was also measured in
phytoplankton material prepared from laboratory cultures. Total carbon
in these samples was measured using a Euro EA Elemental Analyser, and
iodine:carbon ratios calculated. Initial results suggest molar iodine:carbon
ratios between 2 x 10-7 and 1 x 10-5, which is lower than has been
reported for marine particulate. Whether these low values are an accurate
reflection of the iodine content of laboratory grown phytoplankton cultures
or the result of unanticipated losses during sampling and measurement is
currently under investigation. Ongoing collaboration with the host will
develop the use of the thermo-extraction method as a means of
determining iodine content of phytoplankton. Participation in the STSM
has strengthened links between the research groups involved and it is
anticipated that this may lead to further collaborations in the future.

surface ocean - lower atmosphere study
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Surfactants Meeting Report
Date: 18th - 19th March 2009
Location: Plymouth, UK
The purpose of this meeting was to discuss
current understanding of the role of
naturally-occurring surfactants in air-sea gas
exchange and how scientific understanding
might be developed further. The meeting
was supported by COST Action 735 and
was held at the Royal Corinthian Yacht
Club, Plymouth, UK. The participants were:
Bill Asher (USA); Tom Bell (UK); Joanna
Dixon (UK); Blazenka Gasparovic (Croatia);
Peter Liss (UK); Phil Nightingale (UK); Ingrid
Obernosterer (France); Jacek Piskozub
(Poland); Rob Upstill-Goddard (UK);
Matt Salter (UK); Alexei Soloviev (USA);
and David Woolf (UK). Unfortunately, due
to last minute changes in circumstance,

December

January 09

Christoph Garbe (Germany) and Stan
Pogorzelski (Poland) were unable to attend.
The meeting involved a number of
presentations from the meeting participants
(see agenda below), covering the group’s
range in expertise regarding the physical,
chemical and biological aspects of
surfactants, including how they might be
produced, their influence on the micro-layer
and air-sea exchange. Each presentation
was followed by an in-depth discussion on
that topic. Particular topics of discussion
were the current understanding of
surfactants (i.e. techniques for sampling,
sources, modification, composition, spatial
and temporal variability, physico-chemical
properties and their biological reactivity),
how they are thought to affect gas exchange
(both theoretical and lab/field studies) and

February

March

how these effects may extrapolate to a
global level where they can be seen using
remote sensing. Following on from this, it
was discussed how the research field could
be further developed. Ideas focussed on the
potential for technique standardisation,
laboratory experiments using monocultures
for the production of surfactants, and field
experiments involving the release of soluble
surfactants and measurements of air-sea gas
exchange. Such field experiments could also
be coupled with aircraft studies to further
develop the potential links with global
satellite measurements.
Toward the end of the meeting, it was
identified that a useful product to the
research community would be a review
paper (now in preparation) discussing in
detail the topics noted above.

April

May

Organic speciation of iron
in rainwater

Using Danish Galathea ship
data (STSM#4535)

Date: 6th April - 30th May 2009
Ms Marie Cheize
European Institute of Marine StudiesLEMAR-UMR 6539, Plouzané, France
Contact: marie.cheize@univ-brest.fr

Date: 3rd May - 8th May 2009
Ms Maria Norman
Department of Earth Science,
Uppsala University, Sweden
Contact: maria.norman@met.uu.se

Hosted by: Peter Croot, Leibniz Institute of Marine Sciences,
IFM-GEOMAR, Kiel, Germany

Hosted by: Lise Lotte Soerensen, DMU, Roskilde, Denmark

In order to quantify the iron organic speciation in wet inputs we
proposed to develop a new method based on Cathodic Stripping
Voltammetry (CSV). This method is commonly used in seawater,
river and lake but is not yet applied in rainwater. Using an artificial
added ligand, the CSV method measures the natural organic ligand
capacity to bind iron and gives access to their concentrations.
The first week of this laboratory visit was devoted to the
preparation and the purification of artificial ligand, buffers and
catalysers; followed by a fortnight of experiments to test the
pH effect on CSV measurements, as rainwater has a low pH.
Another important parameter that strongly affects CSV
measurements is the ionic strength, thus, the utilisation of an
adequate electrolyte, such as NaCl, was also tested.
We used a number of artificial ligands (e.g. TAC (2-(2Thiazolylazo)-p-cresol, Catechol, 1N2N, SA, solochrome violet
RS, PAR, benzohydroxamic acid) and, once we had found
satisfying results, we went on to quantify all figures of merit of
the method (e.g. detection limit, repeatability and reproducibility).
Measurements of iron organic speciation in natural rainwater
samples were completed during the three last weeks of the visit.
The rainwater was collected during the “Meteor 55-Tropical
Atlantic” cruise which took place in 2002 (collaboration with
Alex Baker, University of East Anglia, Norwich, UK).
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Ms Norman is using data from the Östergarnsholm site (a very well
controlled site in the Baltic Sea) and the Galathea cruise to estimate
the flux of carbon dioxide using different methods, Eddy correlation
method and the inertial dissipation method. The purpose of the
visit at DMU was to get information and learn more about the data
from the Galathea cruise where Dr Sorensen was in charge of the
measurements of carbon dioxide.
During the stay at DMU, she developed a method to make
corrections of ship movement’s affect on her data, to be able
to use the Eddy Covariance method, and is looking to apply a
correction due to the delay of the accelerometer. She also
discovered that Kolmogorov constant can be higher for carbon
dioxide than for other scalars, which is still to be investigated.
Attending a meeting with researchers, from Risø DTU, who are
using the same Galathea data allowed her to learn more about
their work and discuss future collaboration.
Norman, M., Rutgersson, A., Sørensen, L-L., 2009: Estimating
fluxes of carbon dioxide using different methods, in manuscript
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Bárbara Franco is a PhD degree student in Oceanography at
Universidad de Buenos Aires (UBA-Argentina). She is working
on Lagrangian stochastic modeling and larvae dispersal in the
Patagonian Sea under the advisor of E.D. Palma (Universidad
Nacional del Sur-Argentina), A.R. Piola (UBA), and J.H.
Muelbert (Universidade Federal do Rio Grande-Brazil).
SOLAS Brazil
The Brazilian Committee was organized
in 2003. It is called SOLAS-Brazil and it
was initially created as a web site where
Brazilian scientists could access and
contact us. So far we have 4 projects
involving the University of São Paulo
(USP), National Institute of Research
(INPE) and the Parana Federal University
(UFPr). From the scientific point of view
the idea is to use SOLAS as an umbrella
to motivate the formation of local
research groups in universities and
research institutions in Brazil focusing
on air-sea interactions. During 2008,
SOLAS-Brazil became consolidated with
3 projects:
Project 1. FluTuA - Turbulent Fluxes
over the Tropical Atlantic

Coupled biophysical processes
in the sw South Atlantic ocean
Bárbara C. Franco, Departamento Oceanografía, Servicio de Hidrografía Naval and
Departamento de Física, Universidad Nacional del Sur, Argentina Contact: ocebcf@furg.br

The Patagonian continental shelf and slope
regions are characterized by numerous
oceanographic fronts, which are generally
associated with high biological productivity,
enhanced exchanges between the ocean
and the atmosphere, and intensified vertical
circulation in the ocean. The high biological
activity intensifies the nutrient fluxes in the
ocean and causes high CO2 fluxes between
the coastal seas, the atmosphere and the
adjacent oceans (Bianchi et al., 2009).

The Patagonian shelf break front (SBF)
marks the transition between the diluted
subantarctic shelf waters and cold, salty, and
relatively nutrient-rich waters of the Malvinas
Current (MC). In situ and remote sensing
measurements (Saraceno et al., 2005) show
that the SBF is associated with a band of high
chlorophyll-a (chl-a), which is indicative of high
phytoplankton concentration. The region of
high chl-a forms a quasi-continuous band
located close to the shelf break during austral

Coordinator:Jacyra Soare (jacyra@usp.br)
Air-Sea Interaction Group, Institute
of Astronomy, Geophysics and
Atmospheric Sciences University of
São Paulo, São Paulo
Project 2. Study of the Atmospheric
Boundary Layer in the Region of
Brasil-Malvinas Confluence
Coordinator: Marcelo Dourado
(dourado@ufpr.br)
Centre for Ocean Studies. Federal
University of Paraná, Pontal do Sul, PR
Project 3: Sea Waves and Coastal
Monitoring at São Paulo State
Valdir Innocentini
Coordinator: Valdir Innocentini
(valdir@cptec.inpe.br)
CPTEC/INPE
Most research activity has been
concentrated in the development of
each individual research project. For
instance, the project FluTuA has
concluded the setting up of the
observational platform in the
Archipelago of São Pedro and São Paulo.
Further information about
SOLAS-Brazil can be found at:
http://www.iag.usp.br/meteo/labmicro/i
ndex_arquivos/Page321.htm
Amauri Pereira de Oliveira
SOLAS Brazil National Representative
amauripdo@uol.com.br

Figure 1: Satellite derived SST image showing multiple cold branches.(adapted from Franco et al., 2008).
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spring and summer. The SBF coincides spatially
with aggregations of zooplankton, scallops,
fishes and mammals and the frontal dynamics
are believed to play a strong role on the life
cycle of a variety of species (Acha et al., 2004).
High phytoplankton biomass associated with
the SBF is attributed to nutrient input by
upwelling processes along the shelf break
(Matano and Palma, 2008). As part of the
South American Climate Change Consortium
(SACC) our aim is to understand the physical
mechanisms that control biological processes
in these highly productive regions and their
variability, and to study the effect of the
circulation and frontal dynamics on the
distribution of early life stages of species
of economic importance.
To characterize physical processes which
influence the frontal dynamic at intraseasonal
time scales we analyzed 18-year (1985–2002)
of NOAA/NASA Pathfinder sea surface
temperature (SST, Vazquez et al., 1998). The
analysis of cross-shelf break SST gradients
revealed the frequent occurrence of distinct,
previously unknown thermal fronts near the
shelf break. The observation of high potential
vorticity gradients over the outer shelf suggest
a strong topographic steering of the flow
along the continental slope. In addition,
inspection of daily SST images revealed the
complex thermal structure and further
suggests a multi-frontal structure associated
with the MC (Figure 1, Franco et al., 2008).
Currently we are working to improve the
numerical solution of Lagrangian stochastic
models. This tool will be applied to simulate
the larval dispersal of the Patagonian scallop
and the transport of the phytoplankton bloom
associated with the SBF. We wish to determine
the influence of the seasonal circulation on
frontal dynamics and to understand the
coupled bentho-pelagic processes at the
SBF and the associated three dimensional
circulations. Tracking of tracers in the ocean is
a useful tool for biophysical, environmental

pollution, biogeochemical and climate studies
that model dispersion of passive or active
particles. Coupled ocean-atmosphere models
outputs can be used in the future to track key
biogeochemical tracers in the SW South
Atlantic Ocean.
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Arctic SOLAS
It is the goal of the Arctic SOLAS (Surface
Ocean - Lower Atmosphere Study)
program to explore the interactions
between sea ice, water circulation, marine
microbiological activity and emissions of
these gases from the ocean to the Arctic
atmosphere specifically: 1) How will the
increased flow of Pacific waters through
the Canadian Archipelago affect the
dynamics of climate-active gases in the
ocean, and 2) How will these gases be
affected by a reduction of sea-ice cover,
and increased areas of open water? Two
expeditions took place during the fall of
2007 and 2008 on the Canadian research
ice-breaker Amundsen as part of the
International Polar.
Key preliminary findings from the
2008 cruise

Saraceno et al., (2005) On the relationship
between satellite retrieved surface
temperature fronts and chlorophyll-a in the
western South Atlantic, J. Geophys. Res., 110,
C11016, doi:10.1029/2004JC002736.

1. A hotspot of diatom production was
indicated which could have a direct effect
on the production of biogenic trace gases.

Vazquez et al., (1998) NOAA/NASA AVHRR
oceans Pathfinder sea surface temperature
data set user’s reference manual, version 4.0,
10 April 1998, JPL Techn. Rep. D14070, Jet
Propul. Lab., Pasadena, Calif. (Available at
http://podaac.jpl.nasa.gov/sst/.)

3. Significant concentrations of nitrous
oxide (N2O) were detected at the bottom
of annual ice.
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Job Opportunity: SOLAS Project Officer
An exciting opportunity to work within the SOLAS International Project Office is available. Working
within the School of Environmental Sciences at the University of East Anglia, Norwich, UK, you will
assist our Executive Officer, Dr Emily Brévière, in supporting the SOLAS network and programme.
For more information contact Emily or visit the UEA job vacancy website www.uea.ac.uk/hr/jobs.

The deadline of application is 15 July 2009
E-mail: e.breviere@uea.ac.uk Tel: +44-1603-593516
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SOLAS Canada

2. Major progress was made on our
understanding of the dynamics of DMS
production in the Arctic

4. Results showing important inter-annual
variations in atmospheric dimethylsulfide
(DMS) concentrations during the fall period.
Biogeochemical Impacts of Asian Dust
on the North Pacific Ecosystem and
Climate (project Quebec-China)
Quebec oceanographers have developed
a strong expertise in this research domain
and with Chinese colleagues they propose
to push investigations by fertilising water
samples from the North Pacific (China sea
and Northeast Pacific) with dust samples
collected from different Chinese deserts
and for which a full chemical
characterisation will be conducted
(including Fe II, Fe III, and phosphate). These
incubations will be conducted onboard the
ships and will allow to follow the impact of
these fertilisations on the plankton
ecosystem in general and more particularly
on the dynamics of CO2 and DMS.
Atmospheric dust samples were
collected in Qingdao and Beijng (Shi and
Gao). These dust samples are currently
chemically characterised (Leaitch) and will
be used during the June 2009 cruise in
the North-East Pacific to evaluate the
impact of Fe-dust addition on primary
productivity, N2 fixation, nitrogen cycling
and DMS(P) production.
The first cruise of the Québec-China
project on dust will take place in June
2009 in the North-East Pacific.
Maurice Levasseur
SOLAS Canada National Representative
Maurice.Levasseur@bio.ulaval.ca
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Sang-Hwa works for the Ocean Data Management Team of Korea Ocean Research and
Development Institute (KORDI) and is also a doctoral student of Seoul National University (SNU).
Both her research in KORDI and the PhD thesis focus on distributions of pCO2 in surface seawaters
around the Korean peninsula and air-sea CO2 flux in those areas.

Research activities on air-sea CO2 flux in the East/Japan Sea
Sang-Hwa Choi and Dongseon Kim, Korea Ocean Research and Development Institute, Seoul 425-600, Korea Contact: choish@kordi.re.kr

At the Korea Ocean Research and
Development Institute (KORDI), the
largest of its kind in Korea, we have been
conducting researches on the distributions
of surface fCO2 and air-sea CO2 flux in the
seas around Korea. Here, we would like to
introduce our main research activities on the
East/Japan Sea.
The East/Japan Sea (EJS, hereafter)
surrounded by Korea, Japan and Russia is
a mid-latitudes marginal sea, of which the
total area and average depth of the EJS are
1.01×106 km2 and 1,740 m, respectively,
but it has been called as a “miniature
ocean” because it has oceanic

characteristics such as thermohaline
circulations, large seasonal variations in
SST, several proper water masses, which
classified horizontally and/or vertically by
their own hydrographic properties, and
deep-water formation during winter, etc.
The mid-latitudes seas show large seasonal
variations in air-sea CO2 fluxes due to its
large season variation in SST. Furthermore,
coastal and marginal seas are particularly
important because they have high rates of
primary production relative to the open
ocean. Research for CO2 fluxes in the EJS
rarely have been achieved, while much
more research has been done in the East

China Sea which was adjacent. Oh et al.
(1999) and Kang (1999) reported the East
Sea was an important CO2 sink which
showed relatively high CO2 flux (1.5~1.8%
of global ocean flux) as compared with the
area (0.3% of global ocean area).
Our goal is verifying the major processes
to control the distribution of surface fCO2
and air-sea CO2 flux in the EJS. To meet
the end, we have been measuring basic
physical, chemical (ΔfCO2, alkalinity and
pH), and biological (chlorophyll a, primary
production, biomass of bacteria, protozoa,
phyto- and zoo-planktons) properties of sea
water over the southwestern part of the
EJS. Our preliminary results show that the
seasonal variations of surface fCO2 were
influenced not only by the SST, but also by
other factors, i.e. vertical mixing in spring
and winter and air-sea CO2 exchange.
The southwestern part of the EJS acted as
a weak CO2 source in summer, with the
average CO2 flux of 0.05 mmol/m2/day. On
the contrary, it acted as a strong CO2 sink,
with the averaged CO2 flux of –10.5
mmol/m2/day and –13.1 mmol/m2/day in
spring and winter, respectively. In fall, it
acted as a moderate CO2 sink, with the
averaged CO2 flux of –3.9 mmol/m2/day.
We plan to make another survey this
coming summer for not only distribution of
surface fCO2 but also vertical structure of
alkalinity and pH.
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Figure 1: Distributions of surface fCO2, temperature
and salinity in the southwestern part of the
East/Japan Sea in April 2006 (a), August 2007 (b),
February 2008 (c) and October 2008 (d).
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Chih-Ching Chung is an assistant scientist of the Center for Marine Bioscience and Biotechnology
and Institute of Marine Environmental Chemistry and Ecology, National Taiwan Ocean University.
His research area is marine molecular ecology, and is working on the effects of environmental
changes on picophytoplankton succession which is one of the subprojects of Long-term
Observation and Research of the East China Sea integrated project in Taiwan.

Picophytoplankton Response to an Asian Dust Storm in the
Oligotrophic Northwest Pacific Ocean
Chih-Ching Chung1, Gwo-Ching Gong1, Shih-Chieh Hsu2, and Jeng Chang1 1National Taiwan Ocean University, Keelung 20224, Taiwan (R.O.C.)
2Research Center for Environmental Changes, Academia Sinica, Nankang, Taipei 11529, Taiwan (R.O.C.) Contact: ccchen@ntnu.edu.tw

Picophytoplankton (e.g. Prochlorococcus
and Synechococcus) are the predominant
components in the pelagic ocean, and could
make very important contribution to carbon
export from the surface to the deep ocean1.
Due to their tiny cell sizes and very different
physiological characteristics, the assemblage
of picophytoplankton is sensitive to
environmental changes. Global warming
might not only change the favor growth
environment of picophytoplankton (upper
ocean stratification and stability)2 but also
induce abrupt change of atmospheric forcing
(e.g. pumping and deposition). Therefore, it is
the key issue to understand the upper ocean
biogeochemical responses to environmental
changes. In the third phase of Long-term
Observation and Research of the East China
Sea (LORECS) which is SOLAS-related
research in Taiwan, a time series station
(25.05°N, 123.15°E) was conducted during
the prevailing Asian Dust Storm (ADS) spring
season to study the effects of atmospheric
forcing on marine biogeochemical cycling
in the oligotrophic Northwest Pacific Ocean.
In the present study, we reported the
preliminarily field data of the effects of ADS
deposition on picophytoplankton observed
from March 16 to 19, 2006 from the point
view of marine molecular ecology.
The ADS station is oligotrophic3, and the
predominant group of picophytoplankton
is Prochlorococcus, not Synechococcus4.
Surprisingly, we found that vigorous growth
of Synechococcus from 1.4 × 104 to 1.0 × 105
cells ml-1 occurred during the ADS event from
March 16 to 18, and then decreased to 4.1 ×
104 cells ml-1 on March 19, 2006. Phylogenetic
analysis of 16S rRNA nucleotide sequences
revealed that the most of these newly
appeared Synechococcus belonged to clade
II. Furthermore, mRNA levels of 3 nutrient
deficiency indicators including idiA (iron
deficiency indicator), ntcA (nitrogen deficiency
indicator), and pstS (phosphorus deficiency
indicator), were analyzed by real-time Q-RTPCR. During the ADS event, all of idiA, ntcA,
and pstS mRNA levels decreased from
prominent values to non-detectable levels.

w w w. s o l a s - i n t . o r g

These results implied that the contribution
of iron, nitrogen and phosphate by the
dust deposition from ADS jointly promoted
the growth of Synechococcus in the
oligotrophic environment on the Northwest
Pacific Ocean. Additionally, although apparent
vertical mixing of water column was not
found during the cruises in this study, this
effect on the population dynamics of
picophytoplankton should be also concerned
in further research.
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Figure 1: Location of the LORECS time series
station (ADS station, 25.05°N, 123.15°E) to study
the effects of Asian dust storm deposition on
marine biogeochemical cycling in the oligotrophic
upper ocean. Field observation was conducted by
the research vessel of Ocean Researcher II during
the period from March 15 to April 15, 2006.

Figure 2: The succession of dominant
picoprokaryotic phytoplankton was analyzed by
the phylogenesis of 16S rRNA sequence at the
ADS Station during the period of the ADS event
from March 16 to 18, 2006.

Figure 3: Time course of Synechococcus and
mRNA levels of nutrient deficiency indicators
during the dust storm event from Mar. 16 to 19,
2006. (A) Cell number of Synechococcus (circles)
and total aluminum concentration in aerosol
(bars), (B) mRNA levels of idiA and soluble iron
concentration in aerosol (bars), (C) mRNA levels
of ntcA (circles) and NH4 concentration in
surface water (bars), and (D) mRNA levels of pstS
(circles) and inorganic phosphate concentration
in surface water (bars).
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Nitrous oxide (N2O) is a greenhouse gas
whose mixing ratio in the atmosphere has
increased from ca. 275 to 322 ppbv since
pre-industrial times (Nevison & Holland 1997;
NOAA/ESRL). N2O is produced naturally in
soils, aquatic sediments and marine waters by
microbial denitrification (reduction of NO3- to
N2) and nitrification (oxidation of NH4+ to
NO3-). Oceans and estuaries are responsible
for ca. 30% of global N2O emissions (IPCC,
2007). In recent decades, the global source
has increased substantially due to the
enhancement of the natural nitrogen cycle
by agriculture (Nevison et al., 2003, and
references therein) and by feedback effects of
global warming (Khalil & Rasmussen, 1992).
Climate warming and changing ice cover are
expected to influence the production and seaair flux of N2O in arctic waters in the coming
decades. During the International Polar Year
2007-2008, Canadian SOLAS researchers, in
collaboration with the ArcticNet research
network and the Circumpolar Flaw Lead
study, participated in a 16-month expedition
to the high arctic aboard the Canadian
research icebreaker Amundsen (Fig. 1A).

During October and November 2007, the
SOLAS team sampled a complete transect
of the Northwest Passage, and in September
2008 we conducted intensive sampling in
Lancaster Sound and Baffin Bay. Individual
SOLAS researchers also participated at
several other points in the expedition,
including sampling from spring ice camps.
A coordinated suite of oceanographic and
atmospheric variables were evaluated,
including N2O in seawater and ice, DMS and
DMSP distributions and cycling in seawater,
DOC photochemistry, microbial community
diversity and production, light- and nutrientregulation of primary production and
phytoplankton diversity, atmospheric trace
gases, aerosol particle concentrations and
cloud condensation nuclei.
Since arctic N2O data are scarce, our primary
objective was to determine N2O seawater
profiles along the Northwest Passage transect
and across Baffin Bay. During over-wintering
in the Beaufort Sea, we also made what we
believe are the first-ever measurements of
N2O in sea ice, using the ice-coring method
of Xie & Gosselin (2005). Due to on-board

space restrictions, analyses of profiles, sea-ice
and incubation experiments were performed
ashore on HgCl2-preserved seawater samples
using a GC fitted with a pulsed flame
photometric detector in nitrogen mode. As
expected, most of our seawater values were
near or above atmospheric equilibrium, which
varied between 15 and 18 nM depending on
the in-situ temperature and salinity. However
N2O concentrations in the bottom layer of the
sea ice were substantially lower than those
found in the adjacent water below the ice
(Figure 1B). These results were unexpected
since we had hypothesized that the bottom
ice environment would be a source of N2O
due to its high organic load and enhanced
denitrification (Rysgaard & Glud, 2004). The
causes for the observed N2O undersaturation
in ice are currently under investigation. At
open-water stations, N2O profiles showed a
small near-surface peak relative to the
underlying water, which coincided with the
chlorophyll maximum (Figure 1C). A gradual
increase in N2O was observed at greater
depths, corresponding with decreasing O2
and increasing NO3- availability. Incubation
experiments to study the rates of change of
N2O at different concentrations of NO3- and
NH4+, and at different temperatures are still
being analyzed, and it is hoped this will shed
light on the dominant processes responsible
for N2O production in arctic waters.

Latitude
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Figure 1: A) Stations occupied by Arctic SOLAS in fall 2007 (red circles), spring/summer 2008 (green squares)
and fall 2008 (blue triangles). B) Average concentrations of N2O in sea ice (bottom 10 cm) and under-ice
surface waters observed during spring 2008. C) Profiles of N2O, O2, nitrate (raw sensor results – not
calibrated), temperature, salinity and Chl a fluorescence in Lancaster Sound.
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The link between variations in atmospheric
CO2 and oceanic changes on glacialinterglacial timescales has been discussed
widely over the last 30 years or so.
Although the final solution to the ‘glacialinterglacial CO2 problem’ must ultimately
involve several mechanisms it is becoming
increasingly clear that atmospheric CO2
variability is at least partly linked to changes
occurring in the Southern Ocean. Another
key question in paleoclimate research
concerns the precise linkage between
millennial-scale climatic oscillations during
the last glacial and deglacial periods, as
recorded by climate archives in the northern
versus southern hemispheres. For example,
ice cores from Greenland reveal large and
abrupt changes in temperature (~10ºC
warming in decades) while variations over
Antarctica were typically much more
gradual and out-of-phase with their
northern counterparts. The contrasting
nature of temperature variations across the
North Atlantic region as compared with
Southern Hemisphere records has led to the
notion of a bipolar seesaw, whereby
changes in the strength of the Atlantic
Meridional Overturning Circulation (AMOC)
affect the distribution of heat between the
South and North Atlantic. Furthermore, the
large heat capacity of the Southern Ocean
has been invoked to explain the
transposition between abrupt changes in
the north and more gradual changes across
Antarctica. This ‘thermal bipolar seesaw’
model predicts that temperature
fluctuations in the South Atlantic should
display an inverse (and equally abrupt) form
of the northern temperature signal, which is
then integrated by the Southern Ocean heat
reservoir to produce the Antarctic signal. To
date however, no such abrupt counterpart
has been observed, leaving the bipolar
seesaw model untested.
Our recent results from a South Atlantic
sediment core, located beneath the modern
position of the Subtropical Front (STF), shed
light on both of these important questions.
We studied the planktonic and benthic
foraminiferal assemblages, together with
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planktonic foraminiferal Mg/Ca ratios as
a paleo-temperature proxy, in order to
investigate changes in surface ocean
conditions during the late glacial and
deglacial periods. We identified large
and abrupt changes in the presence of
polar foraminiferal species within the core
(Fig. 1), which we interpret as reflecting
rapid shifts in the latitudinal position of
the STF (the northern margin of the
Antarctic Circumpolar Current, ACC).
As well as being abrupt, these shifts were
precisely out-of-phase with the abrupt shifts
recorded in the northern hemisphere. As
such we believe that our records provide the
first direct evidence for the ‘instantaneous’
bipolar seesaw.
Our results fit model predictions which
suggest that an abrupt decrease in the
AMOC would be accompanied by a rapid
southward shift and strengthening of the
westerly winds over the Southern Ocean,
thus providing a possible analogue for a

positive phase of the modern Southern
Annular Mode (SAM). The benthic
foraminiferal assemblages from our core
suggest that during times of reduced
AMOC there was enhanced mixing across
the STF, possibly as a result of increased
wind strength. We suggest that such events
could cause an increase in atmospheric CO2
by increasing vertical mixing and releasing
carbon from within the Southern Ocean
(again this is possibly analogous to the
increased outgassing of CO2 predicted for
a positive phase of the SAM). Further work
has to be done in order to investigate the
implications of our interpretations. For
example, did the ACC speed up during
times of reduced AMOC, as a result of
increased westerly wind strength? Does a
slowdown of the AMOC really provide an
analogy for a positive phase of the SAM
and, if so, how does this relate to recent
changes in wind patterns across the
Southern Ocean?

Figure 1: Ice core records from (a)
Greenland and (e) Antarctica reveal
the contrasting nature of millennialscale temperature variability during
the late glacial and deglacial
periods. New records from a
sediment core in the south east
Atlantic represent a ‘missing link’
between these two modes of
variability, suggesting rapid
fluctuations (b) that were out-ofphase with those in the north.
Benthic foraminiferal assemblage
counts (c) suggest that times of
AMOC slowdown (Heinrich Stadials,
HE1 and HE2) witnessed increased
mixing in the Southern Ocean
region, which could account, in part
at least, for the deglacial rise in
atmospheric CO2 (d).
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Aerosol-cloud interactions are still one of
the most uncertain aspects of the climate
system (IPCC, 2007) due to the complex
microphysical processes associated with
cloud formation and to the large spatial
variability in aerosol chemical composition,
especially when multiple sources exist. For
example, continental outflow of pollutants
from populated coastal regions to the marine
boundary layer (MBL) can dramatically
change the concentration and chemical
composition of aerosol particles acting as
cloud condensation nuclei (CCN) since the
natural background concentration of CCN
in the marine boundary layer is generally
very low. Separating the natural and
anthropogenic contribution of CCN to the
marine boundary layer is an important step
towards predicting the future role of aerosolcloud interactions as coastlines become
increasingly populated and anthropogenic
particle sources change and grow.

The southeast Pacific MBL is home to one
of the world’s largest and most persistent
stratocumulus cloud decks, and is influenced
by continental outflow of anthropogenic
pollutants such as non-seasalt sulfate (nssSO42-) and organic compounds from Peru
and Chile (Huneeus et al., 2006) that
enhance particle concentrations and
affect particle composition. Shipboard
measurements of submicron aerosol
chemistry collected during October and
November 2008 as part of the VAMOS
Ocean-Cloud-Atmosphere-Land Study
Regional Experiment (VOCAS-REx) have
been used to identify and separate the
continental and marine contributions to
submicron particle mass. The measurements
show significant differences in organic
composition and organic and sulfate
concentrations between air masses with
high and low continental influence.

Figure 1b: 3-day NOAA HYSPLIT back trajectories from the midpoint of each filter sample are coloured by
random concentration. Markers are coloured by continental fraction OM and sized by total OM, ranging
from 0.18 to 1.9 g m-3.
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Organic aerosol composition was
determined from Fourier Transform Infrared
(FTIR) Spectroscopy of submicron particles
collected on board the NOAA R/V Ronal H.
Brown followed using sample collection
described in Russell et al. (2009). Quantified
organic functional groups above detection
limit include saturated aliphatic (alkane),
non-acidic hydroxyl (alcohol, including
phenol), primary amine, carboxylic acid,
and organosulfate groups.

Figure 1a: Average functional group composition
of continental and marine source factors.
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Positive Matrix Factorization (Paatero and
Tapper, 1994) was used to identify two
organic factors from the 31 FTIR sample
absorbance spectra. Factor 1, referred to as
the “Continental Factor,” is dominated by
alkane (44%) and carboxylic acid (35%)
groups and was associated with
organosulfate groups (6%) (Figure 1a).
Factor 2, referred to as the “Marine Factor,”
is dominated by organic hydroxyl groups
(51%). Continental OM was correlated to
submicron sulfate measured with an
Aerodyne Quadrupole Aerosol Mass
Spectrometer (AMS) and anthropogenic
and dust elements measured by X-ray
Fluorescence (XRF) including sulfur,
vanadium, potassium, bromine, calcium,
and iron. When radon was greater than 300
mBq m-3 continental OM composed more
than 50% of total OM (Figure 1b)
supporting the assignment of Factor 1 as
“Continental”. Marine OM was either not
correlated with
or inversely correlated with most elements.
When average radon was less than 300 mBq
m-3 marine OM composed 50% to 100% of
total OM.
Sources of continental OM include traffic
emissions and energy related fossil fuel
combustion and are concentrated in large
coastal cities like Santiago, Chile. Clearly
much the OM observed in the MBL of the
southeast Pacific Ocean is derived from
anthropogenic emissions. Sources of marine
OM are thought to include large molecular
weight biological compounds such as
polysaccharides, fatty acids, fatty alcohols,
and amino acids (Mochida et al., 2002;
Cavalli et al., 2004; Kuznetsova et al., 2005).
These compounds have a higher fraction of
organic hydroxyl groups than generally
found in processed urban organic aerosol.
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MSA used to quantify changes
in Antarctic sea ice extent prior
to the satellite era
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In the Southern Ocean, dimethylsulphide
(DMS) is predominantly produced in
association with sea ice – during the summer
melting phase (Curran and Jones, 2000). This
association between DMS production and sea
ice led to the idea that it may be possible to
reconstruct past changes in sea ice extent
through records of methanesulphonic acid
(MSA) in ice cores. MSA is one of the stable
oxidised end products of DMS in the
atmosphere and is preserved in the Antarctic
ice sheet. Ice cores can be drilled into the ice
sheet to provide records of MSA back in time.
The advent of regular passive microwave
information in the 1970s has allowed an
insight into the extent and character of sea
ice surrounding Antarctica, however, the
lack of data prior to this precludes a useful
assessment of long-term variability and
trend in sea ice coverage. Over this short
instrumental period, Antarctic sea ice
shows no clear trend, and differs from
what is observed in the Arctic.
Analysis of MSA concentrations from a
Law Dome ice core (East Antarctica) reveals
a close correlation between winter ice extent
and MSA. Using this MSA-proxy, sea ice
extent is believed to have decreased by 1.5°
(equating to a 20% decline) in the 80-140°E
sector since the 1950s (Curran et al., 2003).
The decline is not uniform, showing large
decadal variations that confuse trenddetection over the relatively short satellite
era. Recent studies of MSA records from
West Antarctic show similar sea ice decline
in the Weddell Sea and Admundsen/
Bellingshausen sea (Abram et al, 2008).
A very recent report by Rhodes et al., (2009)
presents evidence supporting the mechanism
proposed in Curran et al. (2003). Sea ice is
required to ‘capture’ an area of ocean, and
after the sea ice recedes, DMS production
occurs in the open water fraction remaining.
The tight correlation between MSA and sea

ice extent around Law Dome is due to the
fact that the sea ice generally retreats fully
to the coast, and therefore maximum extent
is directly related to the area of open ocean
remaining for DMS production. In
embayments such as the Weddell Sea or
Ross Sea, it is a little more complicated. A
large winter ice year can promote sea ice
remaining throughout the summer, therefore
not allowing much open water for DMS
production. This can lead to negative
correlations between MSA and sea ice (e.g.
Abram et al., 2007). Rhodes et al. (2009)
demonstrated that reduced summer sea ice
extent in the Ross Sea can lead to increased
primary production and higher MSA levels in
ice cores. The different sea ice regimes
(between Law Dome coastal region and Ross
Sea) result in different correlation, however
the mechanism remains the same – winter
sea ice followed by open ocean in summer
result in DMS/MSA production. The next step
is to combine MSA records from around
Antarctica to investigate regional variability
with a view to producing regional sea ice
reconstructions and perhaps an Antarctic
wide sea ice history.
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Reconstructing oceanic nutrient cycling in the past
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A principle goal of current paleoceanographic
research is to gain a mechanistic
understanding of the glacial/interglacial
changes in atmospheric CO2 and N2O
measured in ice cores. Reconstructions of
global nutrient cycles lie at the core of these
efforts. The low latitude oceans are nutrient
limited but they are also responsible for the
majority of export production in the oceans.
Nutrients are supplied to the low latitudes
via thermocline waters that form at high
latitudes. At the poles, nutrients are
abundant. The biological utilization of
nutrients in the surface ocean and the physical
conditions surrounding water mass formation
together regulate the efficiency of the
biological pump and changes in nutrient
supply to the low latitudes with consequences
for global biogeochemical cycles.
Multiple continental margin nitrogen
isotope records show systematic changes
in the extent of denitrification, the bacterial
reduction of nitrate, on glacial-interglacial
and millennial timescales. The observed
pattern in the oceanic records, with low

denitrification during cooler times and
more extensive denitrification during warm
periods, fits with observed changes in
atmospheric N2O, a by-product of
denitrification. Denitrification in the
open ocean is controlled by the oxygen
concentration (<6µM O2) of subsurface
waters. Evidence for weak denitrification
during the last glacial maximum (LGM)
suggests an increase in oxygen supply to
the major oxygen minimum zones (OMZ)
and/or a net decrease in oxygen demand
in the low latitude oceans. Changes in
the strength of the OMZ have been
attributed to changes in Atlantic meridional
overturning circulation , ventilation rates
of mode waters in the Subantarctic , and
oxygen demand due to a lowering of the
nutrient content of intermediate waters
formed at high latitudes . In any case, the
timing and pattern of variation in both the
sedimentary records of denitrification and
ice core N2O point to strong links between
high latitude bio-physical conditions and
low latitude biogeochemical cycles.

Sedimentary records from the Southern
Ocean support this view that polar biology
and the physical circulation are playing a
role in global biogeochemical cycles.
Nitrogen isotope records from across the
Southern Ocean indicate that enhanced
nitrate consumption during the LGM was
widespread. Export productivity south of
the Antarctic Polar Front was also significantly
lower. Higher degrees of nutrient
consumption despite a reduction in export
productivity must stem from a decrease in
the supply of nutrients to the surface ocean .
A reduction in the resupply of nutrients to
the Southern Ocean surfaces indicates a
slowdown of the vertical overturning
circulation that ventilates the deep sea. In
short, the data suggest that the return of
CO2 to the surface ocean-atmosphere system
was limited by the physical circulation during
the LGM. The evidence for enhanced nutrient
consumption in the Subantarctic, to the north
of the polar front, could have augmented
CO2 drawdown during the LGM and is
consistent with the idea of lowered nutrient
supply to low latitudes and a net decrease in
oxygen demand.
There is significant work to be done.
Additional nutrient proxy records, including
more nitrogen isotope records as well as
coupled records of multiple nutrients such
as nitrogen and carbon or nitrogen and
silicon, are needed to improve spatial
coverage, temporal resolution and temporal
precision of our reconstructions. Modeling
efforts to incorporate the nutrient cycling
and the isotope systematics are needed in
order to separate biological and physical
mechanisms of change, push our
interpretations forward and improve
quantification of the key processes.

Figure 1: Modulation of low latitude nitrogen cycle by high latitude climate change. The colored layer is
the ventilated thermocline, in which darker blue represents greater nutrient concentrations. Downward
pointing green arrows represent export productivity and upward, wiggly arrows reflect enhanced N2O
(yellow) and CO2 (red) evasion during warmer times.
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A coherent effort to assemble a past
marine nitrogen cycling and nitrogen
isotope working group is underway.
The initial group goals are to synthesize
available nitrogen isotope records with a
focus on the precise timing of key changes
in global marine nitrogen cycle, data-model
comparisons, and global nutrient budgets.
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Eolian dust has profound impacts on global
climate by altering the radiation balance and
chemical composition of the atmosphere, and
providing nutrients to the terrestrial and
marine biosphere. On the other hand, eolian
dust accumulated over the land and the
ocean records the past climate changes such
as aridity of the source areas and wind system
changes through its flux, grain size, and
provenance variations (e.g., Rea et al., 1985;
Nagashima et al., 2007a). Here we present a
provenance study of eolian dust utilising a
new development method, electron spin
resonance (ESR) signal intensity of quartz,
using a sediment core KR02-06 DGC-6
(37°03 58 N, 134°42 11 E) (Fig.1) from the
south-central part of the Japan Sea, in an
attempt of reconstructing the changes of
Asian monsoon intensity and the westerly jet
(WJ) path between the glacial and interglacial
periods. We focused on quartz because it is
the major component of aeolian dust and
resistant to alteration. The ESR signal intensity
of quartz is proportional to the age of quartz
(e.g., Toyoda and Hattori, 2000), and the
tracer successfully discriminated two
dominant sources of Asian dust, the
Taklimakan Desert and the Gobi deserts in
southern Mongolia (Mongolian Gobi) (Sun et
al., 2007). In previous studies, we showed
that quartz in silt fraction (>4 m, up to 20 m
of the diameter) of hemipelagic sediments
from the Japan Sea is mostly composed of
aeolian quartz from the Eurasian continent
whereas quartz in clay fraction (<4 m) is
dominantly composed of quartz delivered
from the Japanese islands by rivers
(Nagashima et al., 2007b). Thus we analyzed
the ESR intensity of quartz in silt fraction of
DGC-6 samples for the last 30 kyr.
The ESR signal intensity of silt size quartz
in the DGC-6 samples show the value from
7.4 (spin units) to 12.8, which falls between
the Taklimakan Desert (7.7±1.2) (Isozaki,
2009) and the Mongolian Gobi (12.9±0.8)
(unpublished data) within the error of the
measurement, suggesting that the silt size
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quartz is a mixture of quartz from these two
source areas (Figure 1a). Moreover, the ESR
value gradually decreased from ca. 11.5 of
20 ka to ca. 8 of 6 ka, suggesting the main
source of the eolian dust shifted from the
Mongolian Gobi (glacial period) to the
Taklimakan Desert (interglacial period).

although there is another possibility that
aridity changes in the source areas
contributed to the provenance shift.

Dust emitted from the Mongolian Gobi is
transported to proximal to intermediate
regions by the near-surface northwesterly
wind of the East Asian Winter Monsoon
(EAWM), whereas dust from the Taklimakan
Desert is lifted up to an altitude exceeding
5 km by the surface winds blowing against
the northern margin of the Tibetan Plateau
and transported long distances via the highaltitude WJ (Sun et al., 2001). Therefore, dust
provenance shift between the Mongolian
Gobi and the Taklimakan Desert probably
represent wind system changes of the EAWM
or WJ, namely northward (southward) shift of
the WJ or weakened (intensified) EAWM
during interglacial (glacial) period (Figure 1b),

Nagashima, K., et al. (2007a), Palaeogeogr.
Palaeoclimatol. Palaeoecol. 247, 144-161.
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Figure 1: a) Temporal
variation in the ESR
signal intensity of
quartz in the silt
fraction of DGC-6
samples. The agecontrol datums, one
tephra date and 14
radiocarbon dates, for
the core DGC-6
(Yokoyama et al.,
2007) are shown at
the bottom. b)
schematic illustration
of the dominant wind
system related to the
eolian dust transport
during the glacial and
interglacial periods.
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Syee Weldeab is currently at the Leibniz Institute for Marine Science (IFM-GEOMAR) in Kiel,
Germany. On July, he will assume a tenure track position at the Department of Earth Science,
University of California at Santa Barbara, USA. His research works focus on the reconstruction
of past African monsoon variability and its linkage to tropical ocean sea surface temperatures and
high latitude climates.

Monsoon response to global climate changes: a clue from the past
Syee Weldeab, IFM-GEOMAR, Kiel, Germany Contact: sweldeab@ifm-geomar.de

The livelihood of the largest part of
the world’s population depends on
monsoon rainfall. Because of its societal
importance, internationally concerted
efforts such as the “African Monsoon
Multidisciplinary Analysis” attempt to better
understand regional variability with the aim
to provide robust monsoon predictions. In
order to understand monsoon responses
under different boundary conditions,
insights from past monsoon rainfall
variability may provide crucial constraints.
Here I report a record of past West African
monsoon rainfall variability from a sediment
core drilled from the Gulf of Guinea. Mg/Ca
and Ba/Ca measured from calcite shell of
mixed layer-dwelling planktonic foraminifers
(Globigerinoides ruber) provide insights into
past eastern equatorial Atlantic SST and
changes in discharge of Niger and SanagaNyon-Ntem Rivers that drain large part of
West Africa monsoon area [Weldeab, et al.,
2007a; Weldeab, et al., 2007b]. The

incorporation of Mg in foraminiferal calcite
shell is thermodynamically controlled and thus
the Mg/Ca provide a quantitative seawater
temperature estimate at which the foraminifer
calcified [Nürnberg, et al., 1996]. Dissolved Ba
is enriched in riverine water relative to
seawater [Edmond, et al., 1978], and thus
near-river mouth Ba concentration in sea
water reflects changes in runoff. Because the
uptake of Ba in foraminiferal calcite co-varies
linearly with changes in Ba concentration of
sea water [Lea and Spero, 1994], I used the
former to track past changes in riverine
discharges [Weldeab, et al., 2007a; Weldeab,
et al., 2007b].
Estimates of Mg/Ca-based SST and Ba/Cabased riverine discharge over the last 20,000
years are shown in Figure-1. The most
outstanding feature is that when superimposed over the long-term trends, the
Ba/Ca record is punctuated by several sharp
centennial-scale minima. These prominent
drops in Ba/Ca occurred at 12,900-11,600,

11,000–10,780, 9,450–9,150, and 8,430–
8,140 years before present (BP), suggesting
an abrupt decline of riverine runoff and
precipitation over the monsoon-affected
areas at these times. Another striking feature
of these data is the rapidity with which the
changes occurred. For instance, the highest
riverine discharge of the early and middle
Holocene declined within ~20 years to a level
close to that of the late Holocene.
The role of the eastern equatorial Atlantic SST,
as indicated by the Mg/Ca record, in shaping
the monsoon precipitation is difficult to assess.
For instance, the most severe deterioration in
West Africa climate during the Younger Dryas
(12,900-11,600 years BP) is not accompanied
by changes in eastern equatorial SST
estimates, suggesting the SST did not exert a
primary control over the West Africa
precipitation at that time. In contrast, all
intervals with significant drops in monsoon
precipitation, as suggested in the Ba/Ca
record, correlate well to or overlap with the
timing of cooling over Greenland [NGRIPmembers, 2004]; fresh water fluxes into the
North Atlantic; and perturbation of the
Atlantic meridional thermohaline circulation
(THC) [Clark, et al., 2001]. It is thus suggested
that fresh water-induced perturbation of the
THC had a strong control on the West Africa
monsoon rainfall variability, most likely by
modulating the extent of northward migration
of the intertropical convergence zone.
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Figure 1: Results of Mg/Ca-based SST estimates (e) and Ba/Ca (d) analyses performed in G. ruber test (c)
from a core retrieved from the Gulf of Guinea (a). Semi-qualitative Ba/Ca-based sea surface salinity (SSS)
estimate (d) based on modern Baseawater-salinity relationship off the Congo River (b) and partition
coefficient for Ba incorporation in foraminifera calcite.
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Motoki Sasakawa, who is fascinated with stable isotope method to clarify the biogeochemical
cycle in the atmosphere-ocean, has been a post-doctoral fellow at the National Institute for
Environmental Studies in Japan since April 2008. He completed his PhD in Earth Science at Tokyo
University, after which he worked at Hokkaido University in Japan and Utrecht
University in the Netherlands.

Production mechanisms of trace gases produced through
biogeochemical processes in the North Pacific
Motoki Sasakawa; National Institute for Environmental Studies, Tsukuba, Ibaraki Prefecture, Japan. Contact: sasakawa.motoki@nies.go.jp

Biogeochemical processes at the sea surface
are known to play an important role in
producing various trace gases. Recently we,
Geochemistry group at Hokkaido University
(http://marchem.ep.sci.hokudai.ac.jp/index_
e.html), have completed two articles
concerning the production mechanisms of
dissolved trace gases in the North Pacific
with stable isotope measurements. In the
first paper [Sasakawa et al., 2008], we
collected samples of seawater, zooplankton,
and sinking particles to determine the
source of excess CH4 over the saturation
value in equilibrium with the atmospheric
CH4 in the oxygenated open ocean. We
found that subsurface (~100 m depth)
seawater is supersaturated (up to 12%)
with 13C-enriched CH4 (up to -33.1‰)
relative to surface seawater in equilibrium
with the atmosphere (-47‰), indicating that
in-situ addition of 13C-enriched CH4 must

be responsible for CH4 enrichment at sea
depth. Assuming that the observed
concentrations and isotope values of CH4
in the samples from <100 m depth were a
mixture of CH4 in equilibrium with the
atmosphere and excess CH4 produced in
the seawater column, we calculated the
δ13C of the fraction of excess CH4 (Figure
1). One possible candidate for this excess
CH4 is zooplankton, whose δ13C-CH4 values
(-54.4‰, -61.3‰, -59.1‰, and -58.4‰)
are, however, lower than predictions for
excess CH4 found in subsurface seawater.
On the other hand, the δ13C of CH4 emitted
from sinking particles (from -36.7 ± 1.2‰
to +5.9 ± 7.5‰) is within the range of that
of excess CH4 in seawater, suggesting that
the major source of subsurface excess CH4
is sinking particles. The unusually δ13Cenriched 13C composition of CH4 emitted
from sinking particles implies that active

microbial CH4 oxidation occurs within the
oxic/anoxic boundary of these particles.
Based on the Rayleigh equation, we
estimated that at least 62% of CH4
produced within the anoxic center of
sinking particles is oxidized within 100 m
of the surface.
In the second paper [Kameyama et al.,
submitted], we have shown variations
in the concentrations and stable isotopic
compositions of non-methane hydrocarbons
(NMHCs), CH3Cl, and N2O within a
phytoplankton bloom during the Subarctic
Pacific Iron Experiment for Ecosystem
Dynamics Study (SEEDS-II) [Tsuda et al.,
2007]. Although there was little variation
in either the concentrations or the stable
isotopic compositions of alkenes, CH3Cl,
and N2O during the 23-day observation
period, alkane concentrations increased
substantially as the phytoplankton bloomed.
The column-integrated quantities of alkanes
increased to 3 times of pre-bloom levels for
C2H6, 5 times for C3H8, and 20 times for
n-C4H10. The δ13C values of both C2H6
and C3H8 remained almost constant while
concentrations increased, whereas that o
f n-C4H10 increased by about 12‰. To
evaluate the sources of the alkanes
produced during the bloom, we compared
their δ13C values with those of alkanes
produced in axenic phytoplankton cultures
in our laboratory. We concluded that during
the SEEDS- experiment the major portions
of C2H6 and C3H8 were produced during
degradation of diatoms cells, whereas
n-C4H10 was mainly produced during
degradation of other phytoplankton cells
such as cryptophytes and dinoflagellates.
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Figure 1: Depth profile of δ C of excess CH4 in seawater (δ Cex) and δ C-CH4 of sinking particles. δ Cex data
from supersaturated seawater samples (>3%) are plotted. Dashed lines indicate δ13C-CH4 of living zooplankton
trapped from the water column at 150 m depth. The horizontal bars indicate 1 sigma for the data.
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Cécile Guieu is a senior scientist with the ‘Centre National de la Recherche Scientifique’. She works
at the Laboratoire d'Océanographie de Villefranche sur Mer (LOV), France, where she leads the
Geochemistry Group. She obtained her PhD in Earth Sciences in 1991 at University of Paris VI and
since, she spent 4 years as a visiting scientist in the USA (URI, TAMU, Caltech). Her research interests
focus on the atmospheric inputs to the open ocean and their role in biogeochemical cycles.

DUNE- a DUst experiment in a low Nutrient, low chlorophyll Ecosystem Quantifying the role of atmospheric input on marine ecosystem using large
‘clean’ mesocosms
Cécile Guieu, CNRS-INSU, Villefranche sur Mer, guieu@obs-vlfr.fr

In order to study the effect of natural
atmospheric input on typical low nutrient,
low chlorophyll (LNLC) ecosystem, we
recently performed aerosol additions over in
situ large and clean (all plastic) mesocosms
in the framework of the DUNE project. In
June 2008, 6 large mesocosms (each 33 m3)
were deployed in Scandola Marine
Preservation Area (an oligotrophic coastal
but remote environment), located in
Northern Corsica (NW Mediterranean Sea).
Two successive seeding experiments were

performed. The objective was to follow
simultaneously the marine cycle of key
elements (P, N, Fe) and the ecosystem
response (bacteria, phytoplankton
(including diazotrophs), zooplankton) after
a Saharan dust event. Here we report on
results of the first experiment that lasted
nine days. The dust used for the seeding
results from Saharan soils collected in
southern Tunisia, a source region for
Mediterranean aerosols in spring. A series
of clean treatments (drying, grinding,

sieving) was conducted from the bulk
particles to obtain the fine fraction (< 20
µm) out of it. Following a protocol modified
from Desboeufs et al., (2001), the dust was
then artificially ‘aged’ in order to mimic the
physico-chemical transformations that take
place during transport. The dust, mixed
with ultra-pure water was sprayed at the
surface of 3 of the mesocosms (‘DUSTMeso’) in order to mimic, in each, a wet
deposition event representing a deposition
of 10 g.m-2 of dust.

Figure 2: Evolution of the chlorophyll concentration: left, in each of the 3 ‘CONTROL-Meso’ and right, in each of the 3 ‘DUST-Meso’.
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The other 3 mesocosms, with no dust, were
triplicates of control (‘CONTROL-Meso’).
The sampling was performed everyday at
the same hour with an ultra-clean system
allowing to sample directly at surface, 5 m,
10 m. Small sediment traps at the base of the
mesocosms (figure 1) allowed collecting the
sinking material. In addition, sampling was
also performed at the same depths outside
of the mesocosms to test the reliability of the
measurements inside the mesocosms.
The main results from this experiment are
the following:
1) Before the seeding, dissolved inorganic
phosphorus was low (4-6 nM) and typical of
surface concentrations during stratification
period, indicating a potential P-limitation of
the bacteria and phytoplankton community.
Few hours after the seeding, a significant
increase (+12nM) was measured in surface
of the 3 ‘DUST-Meso’ that was followed by
a rapid return to initial concentrations.
2) A significant and rapid decrease of
dissolved iron was measured in the 3 ‘DUSTMeso’ at the 3 sampling depths indicating
that after the introduction of the dust, 1nM
of DFe was rapidly transferred to the
particulate phase.
3) A significant response of the autrotroph
community with a very rapid increase (x 2.5)
of the Chl-a in the 3 ‘DUST-Meso’ was
observed with no decrease observed 8 days
after the seeding (figure 2). For diazotrophs,
a clear and significant response in one of the
‘DUST-Meso’ occurred right after the seeding
and lasted ~ 5 days with moderate fixation
rates (up to 2.5 nmol N L-1 d-1) ; from
molecular analysis (TSA-FISH), some samples
presented significant concentrations of
picocyanodiazotrophs (<3µm).

6) The nanomolar [DFe] and [DIP]
concentrations measured outside and inside
the 3 ‘controls’ were identical indicating that
there was no contamination induced by the
mesocosms and the sampling system.
7) For both ‘CONTROL-Meso’ and
‘DUST-Meso’, the triplicates were very
reproducible for all the parameters,
except for nitrogen fixation in ‘DUST-Meso’,
indicating heterogeneity of this process at
small spatial scale.
Results demonstrate that the methodology
developed in the DUNE project is a
representative way to quantify and
parameterize the impact of atmospheric
forcing to LNLC ecosystem. Using the
parameterisation of the experimentally
described processes, a modeling of the
ecosystem response to the atmospheric
input is currently being performed. Another
campaign will take place in 2010.
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Ocean biogeochemistry and air-sea gas
fluxes are strongly influenced by the
specific activity of various types of
plankton. In an effort to improve the
representation of marine ecosystems,
ocean biogeochemistry models include a
growing number of organisms aggregated
according to their functionality into
"Plankton Functional Types" (PFTs). The
most widely represented PFTs are diatoms,
coccolithophores, pico-phytoplankton, N2fixers, Phaeocystis, and several types of
heterotrophs including bacteria, micro,
meso, and macro zooplankton. Such
models open up new and exciting avenues
of research to explore interactions
between marine ecosystems and climate
on various time scales.
The parameterisation and evaluation
of PFTs in models requires a wide
range of observations. Much work has
been done to measure the rates and
biomass of plankton species using in situ
observations, laboratory studies, and
more recently satellite data. However the
efforts of the observational and modelling
communities are fragmented: much of
the available data need to be synthesised
and analysed before they can be used by
models, models need to be compared and
evaluated, and gaps in data and in our
understanding of ecological processes
need to be more clearly identified.
In an effort to foster the development
of global models based on PFTs and
bring together the observational and
modelling communities, we are
launching a "MARine Ecosystem Model
Intercomparison Project" (MAREMIP).
MAREMIP will hold its kickoff meeting in
Cambridge (UK) in October 28-30 2009.
More than 20 people have confirmed
their participation. The kickoff meeting
will lay plans for MAREMIP for the coming
decade, and discuss common projects,
benchmarks for model developments,
data needs, and funding opportunities.

4) Heterotrophic community was also highly
stimulated by the dust addition with
significant increase in bacterial respiration
(from 3 to 8 µmol C L-1 d-1) as well as an
increase of biovolume and a change in size
spectra for the dominant zooplankton
species (copepodes).
5) A rapid and important export of
particulate matter in the 3 ‘DUST-Meso’ was
observed. Visual observation and chemical
analysis indicate that the collected material
was highly aggregated and associated with
a viscous material of organic origin. In
addition to have produced organic matter
by fertilisation effect, the added particles
have favored the downward export of a
large amount of organic matter present in
the water column before the seeding.

The MARine
Ecosystem Model
Intercomparison
Project (MAREMIP)

Corinne Le Quéré and Scott Doney
(co-chairs, MAREMIP)
Figure 1: One of the two groups of 3 mesocoms
from below. At the base: the sediment traps that
are replaced every 48 hours by divers.

For information contact
c.lequere@uea.ac.uk
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project manager of EPOCA.

The European Project on Ocean Acidification –
a large-scale research effort to explore an ocean rich in CO2
Jean-Pierre Gattuso, Lina Hansson and the EPOCA Consortium. EPOCA Project Office : CNRS-Université de Paris 6, Laboratoire d'Océanographie, BP 28,
06234 Villefranche-sur-Mer Cedex, France. Contact: hansson@obs-vlfr.fr; web site: epoca-project.eu; blog: oceanacidification.wordpress.com

The world’s oceans have absorbed about
30% of the carbon dioxide released to
the atmosphere by anthropogenic activities
during the industrial era. The consequences
of this uptake are subject to rising concern
from scientists, policy-makers and the
general public.
The dissolution of CO2 in seawater provokes
changes in carbonate chemistry (Fig. 1). These
perturbations ultimately result in a reduction
in pH and in the concentration of carbonate
ions. Many calcifying organisms, which are
directly dependent on the supply of carbonate
to produce their shells and skeletons, exhibit
a lower rate of calcification at lower pH. But
calcification is far from being the only process
of physiological, ecological or biogeochemical
interest. For example, trace metal speciation,
reproduction, acid-base metabolism, nitrogen
fixation and primary production are also
known to be pH-dependent and can
therefore be affected in a high CO2 ocean.

Figure 1: When CO2 dissolves in seawater, perturbations in the carbonate chemistry lead to a reduced pH
as well as a decrease in carbonate ion concentration. Adapted from Körtzinger.

The European Project on Ocean
Acidification (EPOCA) is a large-scale
research effort involving more than a
hundred scientists from 27 institutions.
Funded by the European Commission,
this four year long project launched in
May 2008 has the objective to make
major advances on ocean acidification
and its consequences. The research
carried out within EPOCA is structured
around four main themes.
Theme 1 - Changes in ocean chemistry
and biogeography
An important part of EPOCA focuses on
past and present fluctuations in carbonate
chemistry and geographical distribution
of marine biota. Past variability in ocean
chemistry is studied via paleo-reconstruction
methods on archives such as cold-water
corals and foraminifera. Continuous
sampling and measurements in time-series
stations and along transects constitute the
observational component of EPOCA.
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Figure 2: Projected average carbonate ion concentration in surface waters of the Arctic, Southern Ocean and
the Tropics as simulated with the NCAR CSM1.4-carbon model for SRES CO2 emission scenarios A2 and B1.
Solid lines show annual mean values and dashed lines indicate annual minimum values (monthly mean). The
gray shading indicates the spatial variability in the corresponding region (one standard deviation). Blue and
green squares display estimates of annual mean surface carbonate ion concentration in the Southern Ocean
and the tropics for present and pre-industrial conditions (based on observational data from GLODAP and World
Ocean Atlas 2001). Like the gray shading, error bars indicate the spatial variability. The red square shows an
estimate of summer surface carbonate ion concentration in the Arctic Ocean (based on observational data from
the CARINA database). Figure courtesy of Marco Steinacher (steinacher@climate.unibe.ch).
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EPOCA devotes most of its efforts to
the largely unknown impacts of ocean
acidification on marine organisms and
ecosystems. Laboratory and field-based CO2
enrichment experiments are used to study
key organisms in an attempt to quantify the
biological response and assess acclimation
and adaptation possibilities.
EPOCA concentrates its research on
high latitude areas, which are particularly
threatened by ocean acidification. In these
geographical hotspots, carbon dioxide
dissolves more easily due to the cold polar
waters. Modelling scenarios indicate that
the Arctic Ocean is among the most sensitive
geographical regions (Fig. 2). EPOCA just
completed its first large-scale experiment in
Ny-Ålesund, Svalbard. About fifteen scientists
investigated the impact of ocean acidification
on Arctic benthic organisms such as
echinoderms, molluscs, crustaceans and algae,
and sedimentary processes using indoor
mesocosm facilities.
Theme 3 - Biogeochemical impacts
and feedbacks
Results from themes 1 and 2 are collated
and fed into biogeochemical, sediment,
and coupled ocean-climate models to project
future variability in carbonate chemistry,
responses to ocean acidification from the
Earth system and estimate feedbacks. Special
attention is paid to the potential feedbacks of
the biological changes in the carbon, nitrogen,
sulphur and iron cycles.
Theme 4 – Synthesis, dissemination
and outreach
Outcomes from the other themes are synthesized
within theme 4 in order to evaluate uncertainties,
risks and potential critical thresholds or “tipping
points” associated with ocean acidification. The
results are presented to policy makers, media and
the general public in a comprehensible format.
The EPOCA Reference User Group of targeted
stakeholders from industries, NGOs and
governmental organisations works with the
project to optimize its dissemination procedures.

www.solas2009.confmanager.com

Theme 2 – Biological responses
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16th - 20th November 2009
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POSTER SESSIONS

CALL FOR POSTER ABSTRACTS
Come to Barcelona and
present your SOLAS science
during our three focus based
poster sessions
Submit your abstract on the
conference website

DISCUSSION SESSIONS

CALL FOR DISCUSSION SESSIONS
Discussion sessions provide an
informal opportunity for round
table discussions of hot topics
Submit your proposal for a
discussion session theme on
the conference website

DEADLINES

Poster abstracts:
31 July 2009
Discussion session proposals:
31 July 2009
Early registration closes:
15 September 2009
Hotel booking:
10 October 2009

‘Connecting Horizons…
Connectant Horitzons’

Present your new findings in
biogeochemical and physical feedbacks
between the ocean and the atmosphere

PLENARY TALK SESSIONS

• Long-lived gases and
ocean acidification
• Advances in gas
exchange parameterisation
* Surface Ocean Lower Atmosphere
interactions of the past
• Aerosols over the ocean
• Advanced techniques for SOLAS
• Ozone and halogens over the ocean
• Nutrient limitation and
atmospheric deposition
• Genomics and genetic studies of
ocean-atmosphere exchanges

CONTACT US

SOLAS International Project Office
School of Environmental Sciences
University of East Anglia
Norwich, NR4 7TJ United Kingdom
Email: solas@uea.ac.uk

Sponsor the OSC
All our previous SOLAS Open Science Conferences (OSC) have been incredibly
successful thanks to the speakers, hosts and attendees but a fantastic amount of
gratitude must be directed to our sponsors without whom we would not be able
to organise such an event.
The next SOLAS OSC is to be held in Barcelona, Spain, 16th – 19th November 2009
and we are looking for interested sponsors. A contribution can be as small or as
large as one can afford and offers the perfect outreach opportunity to the SOLAS
community. We have a range of funding options available from having your logo
on the conference pen and putting a leaflet in the conference bag to sponsoring
the website or the evening banquet.
If you are interested in sponsoring the OSC, or if you are aware of a company
or person who might be, and would like more information please email the
SOLAS IPO (solas@uea.ac.uk)
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SOLAS Special Reports
SCOR Brings Major International Ocean Research Projects Together
for Third Project Summit
Ed Urban, Executive Director, Scientific
Committee on Oceanic Research, College
of Marine and Earth Studies, University of
Delaware, Newark, DE 19716 USA
Contact: Ed.Urban@scor-int.org

Thanks to funding from the Alfred P. Sloan
Foundation, the Scientific Committee on
Oceanic Research (SCOR) was able to bring
together representatives of the major
SCOR-sponsored/affiliated ocean research
projects to discuss common opportunities
and challenges. These included the Census
of Marine Life (CoML), Global Ecology and
Oceanography of Harmful Algal Blooms
(GEOHAB) program, GEOTRACES project,
Global Ocean Ecosystem Dynamics
(GLOBEC) project, Integrated Marine
Biogeochemistry and Ecosystem Research
(IMBER) project, International Ocean
Carbon Coordination Project (IOCCP), and
Surface Ocean – Lower Atmosphere Study
(SOLAS). SOLAS was represented at the
meeting by Emily Breviere, the SOLAS
Executive Officer. Representatives from the

Intergovernmental Oceanographic
Commission, International Council for
the Exploration of the Seas, North Pacific
Marine Sciences Organization, and Scientific
Committee on Antarctic Research also
participated. This third SCOR Project
Summit was held at the University of
Delaware (USA) on 30 March-1 April 2009.
The meeting provided a good opportunity
for the projects to share information about
how they promote project visibility and
disseminate the results of project activities,
how they interact with regional and global
intergovernmental organizations, what they
are doing in terms of capacity building, their
plans for time-series sites, and how their
data management and modeling activities
are developing. Participants agreed to
several actions to increase cooperation
among projects, including:

• Outreach to intergovernmental
organizations and development of
sessions and posters for their meetings
• New linkages from projects and
intergovernmental organizations to
SCOR’s capacity-building activities
• Investigation of a Web-casting facility
supported by SCOR for the projects.
• Encouragement of a proposal for
a SCOR working group on Ocean
Observation Simulation Experiments
• Exploration of the benefits of a
cross-project modeling meeting
Participants agreed that another summit
in two to three years would be useful, as
would cross-project meetings on several
specific topics, such as data management
and capacity building.

• Greater linkage of project newsletters
and Web sites, and help from SCOR in
disseminating project newsletters to the
global ocean science community

Open session on SOLAS and sensitivity of marine ecosystems
and biogeochemical cycles to climate change
The Surface Ocean Lower Atmosphere
Study (SOLAS) project had a special
session at the European Geosciences
Union General Assembly 2009 (20-24
April 2009, Vienna, Austria) . This was
a joint session with topics dealing on
sensitivity of marine ecosystems and
biogeochemical cycles to climate change”
topics, organized by Baris Salihoglu,
Christiane Lancelot and Véronique Garçon.
Thus, the session comprised many aspects
of marine biogeochemistry and ecosystem
dynamics and their links to lower
atmosphere and climate change effects.
The total number of presentations was 30.
Our first keynote speaker Hermann Bange
focused on trace gas measurements (N2O,
CH4, DMS) in the upwelling area off
Mauritania performed between 2005 and
2008. Results showed that this region is a
hotspot of trace gas emissions exhibiting a
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complex seasonal and spatial variability.
The next talk by Nicolas Metzl reported
decadal variability of oceanic pCO2 observed
in the Southern ocean. The oceanic pCO2
growth rate was shown to be always
greater or equal to the atmospheric growth
rate over the last decade. The observed
trend in oceanic CO2 was found consistent
with the positive phases of the Southern
Annular Mode with a difference in trend
before and after year 2000. Some results
from the North Atlantic CO2 data set
showed that the recent rapid shifts in CO2
flux over the 1979-2004 period are decadal
perturbations superimposed on the secular
trends emphasizing the need for long-term
carbon observations. A presentation
discussed carbon storage in the North
Atlantic and the intra-annual changes of
the DIC carbon fluxes at 24.5°N. Most of
the carbon flux variability was determined
by the oceanic circulation variability.

Oceans are one source of atmospheric
H2, produced by biological processes such
as fermentation, N2 fixation and abiotic
photochemical processes. First results on
hydrogen measurements carried out off
the West African coast of Mauritania
were presented.
Our session continued the next morning
focusing more on modelling studies from
various regions. It started with our second
keynote speaker Stephanie Dutkiewicz.
She examined the interplay between
ecology and biogeochemical cycles within
a 3D context where self-assembling
phytoplankton communities may emerge
from a wide set of potentially viable cell
types. This elegant modelling approach
yields plausible organization of the
emergent community structure by the
physical regime: fast growing bloom
specialists are encountered in strongly
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seasonal regions whereas organisms
growing at low nutrient concentrations are
found in stable, low-seasonality regimes.
Sensitivity experiments clearly showed that
changes to the phytoplankton physiology
have a predictable effect on nutrients
concentrations. One of the presentations
demonstrated that the North West
European Shelf is a net sink of atmospheric
CO2: shelf edge regions tend to be strong
sinks, open stratified regions are neutral or
weaker sinks and the very coastal areas are
either sources or sinks. Zouhair Lachkar
then showed a nice comparative study of
the four Eastern Boundary Upwelling
systems by investigating the impacts of
changes in upwelling favorable winds on
the productivity of the EBUS, using eddy
resolving simulations with the ROMS model
and a simple NPZD type model. Results from
the CROZEX experiment around the Crozet
Islands in the SW Indian ocean were shown
highlighting the greater efficiency of carbon
export for the natural iron fertilisation
experiments, confirming the KEOPS results
around Kerguelen Island. The subsequent
talks reported on physical/biogeochemical
interactions altering the uptake of CO2 in
the Barents Sea, on the sensitivity of air-sea
CO2 exchange and calcite saturation depth
to the remineralization depth of marine
particulate organic and inorganic carbon,
and on the temperature sensitivity of
organic matter remineralization in the
mesopelagic zone. J. Chen presented a
quite complete overview of the Chinare
expedition program in the Arctic Chukchi
Sea and canadian Basin over the recent
years (1999, 2003, and 2008). Because of
its sea ice cover, the Arctic ocean was not
considered as a CO2 sink. Preliminary results
shown suggest that this region, one of the
largest shelves in the world, might play a
crucial role in the global carbon sink when
sea ice shrinks. Finally the Southern
Australia Integrated Marine Observing
System (SAIMOS) designed to observe
Australia’s oceans, both coastal and bluewater was presented.

2nd Annual SOPRAN Meeting 2009 in Kiel
Doug Wallace and Hermann Bange, IFM-GEOMAR, Kiel, Germany; hbange@ifm-geomar.de

Surface Ocean PRocesses in the
ANthropocene (SOPRAN) is a German
contribution to SOLAS. The project started
in spring 2007 and involves more than 40
principle investigators from 11 partner
institutions from all over Germany working
in 22 sub-projects. The sub-projects are
organised within four inter-related Themes:
(i) The oceanic response to atmospheric
dust, (ii) effect of high CO2 on marine
ecosystems and sea-to-air gas fluxes, (iii)
production and emissions of radiatively and
chemically active gases in the tropical ocean
and (iv) inter-phase transfer at the sea
surface. These Themes are further
interlinked by three over-arching activities
including coordination, data management
and modelling. SOPRAN is funded by the
German Ministry for Research and
Education (BMBF).
The 2nd Annual SOPRAN Meeting took
place at the IFM-GEOMAR in Kiel from
19 to 20 March 2009. More than 80
scientists came together to present and
discuss their recent findings. The first day
saw overview talks by the SOPRAN Theme
Leaders followed by the "Young Scientist
Highlight Presentations" of Bernd Heinold
(IfT, Leipzig), Nidia Martinez (U Hamburg),
Jan Czerny (IFM-GEOMAR, Kiel), Stefan
Solloch (U. Hamburg), Jens Schafstall
(IFM-GEOMAR, Kiel), Björn Fiedler
(IFM-GEOMAR, Kiel), Kerstin Richter
(U. Heidelberg) and Robert Schmidt
(IOW, Warnemünde). The presentations
by the young scientists covered the broad
thematic spectrum of SOPRAN incl. ocean
biogeochemistry and atmosphere/ocean

interactions in the eastern tropical North
Atlantic, effects of CO2 enrichment on
algae cultures, halogen emissions from
coastal sites in Mauritania, physical
processes in the upwelling off NW Africa
as well as studies of the air-sea gas
exchange in the Heidelberg Aeolotron and
on a VOS (voluntary observing ship) line in
the Baltic Sea. During the poster session
on Thursday afternoon more than 50
posters were presented and sparked many
lively discussions about the presented
results. On Friday morning the planned
work for the second phase of SOPRAN
(2010-2012) was introduced. The
SOPRAN Phase II is organised according
to “platforms” (incl. Cape Verde/
Mauritania, Equatorial Atlantic Ocean,
mesocosms, Heidelberg Aeolotron and
FINO-II platform, modelling and data
management as well as project
coordination). The collection of meeting
abstracts and the meeting agenda can
be downloaded from
http://www.sopran.pangaea.de ->
Meetings/Events. The 3rd Annual SOPRAN
Meeting in March 2010 will be hosted by
the University of Hamburg. SOPRAN is
funded by the German Ministry for
Education and Research (BMBF). More
details about SOPRAN can be found under
http://www.sopran.pangaea.de.

The corresponding poster session also
included a diversity of interesting topics.
They can be found in the Programme details
of the EGU 2009 “Open session on SOLAS
and sensitivity of marine ecosystems and
biogeochemical cycles to climate change”
can be found under:
http://meetingorganizer.copernicus.org/EGU
2009/poster_programme/725
Photo: Group photo of the participants of the 2nd Annual SOPRAN meeting in Kiel,
19th and 20th March 2009.
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SOLAS Data Integration
Tom Bell
University of East Anglia
Norwich

A number of SOLAS integration projects are highlighted in this issue of the SOLAS newsletter. Arancha
Lana has been leading the way with DMS-GO, a project that utilised a COST Action 735 (see centre fold)
Short Term Scientific Mission (STSM) to update the DMS database and from this formulate new
climatological concentration and flux fields. In addition, we have exciting news of two new initiatives to
assemble global oceanic and atmospheric databases of halocarbons (HalOcAt) and methane and nitrous
oxide (MEMENTO). Read on to find out more!
MEMENTO: A Marine Methane and Nitrous Oxide database
Hermann W. Bange1 and Thomas G. Bell2 1IFM-GEOMAR, Kiel, Germany, Contact: hbange@ifm-geomar.de
Tel +49-431-600 4204 Fax +49-431-600 4202 2University of East Anglia, Norwich, UK

The COST Action 735 (www.cost-735.org) Working Group 3
Technical Workshop on coastal CO2/N2O/CH4 data took place at
IFM-GEOMAR in Kiel on 22nd/23rd January 2009. During the
workshop two task groups on CO2 and N2O/CH4 were formed in
order to discuss various aspects of marine CO2, N2O and CH4
databases (a workshop report is available from http://www.cost735.org/meetings/meetings.html). Members of the N2O/CH4 task
group were H.W. Bange and A. Freing (IFM-GEOMAR), M. Cornejo
(University of Concepcion, Chile), G. Uher and R. Upstill-Goddard
(University of Newcastle, UK) and G. Zhang (Ocean University of
China, Qindao, China).
Nitrous oxide (N2O) methane (CH4) are important atmospheric
trace gases: In the troposphere they act as strong greenhouse
gases and in the stratosphere they are indirectly involved in the
ozone depleting reaction cycles. Oceanic and coastal areas are
known as sources of atmospheric N2O and CH4. The discussions in
the N2O/CH4 task group identified an urgent need to establish a
global database in order to make a comprehensive and accessible
compilation of marine N2O and CH4 measurements.
To this end a joint initiative between SOLAS and COST Action 735
called MEMENTO (MarinE MethanE and NiTrous Oxide; MEMENTO
is the Latin word for ‘remember!’; the official logo is shown in
Figure 1) was proposed. MEMENTO’s aims are to:
1. collect available N2O and CH4 data from the global ocean (both
open and coastal) and overlying atmosphere, sourcing data from
both peer reviewed publications and unpublished reports;
2. archive such data in a database with open access for the
scientific community;
3. process the data into a common framework to enable the
intercomparison of different research groups’ results (see e.g.
Freing and Bange, 2007);
4. compute global fields of dissolved N2O/CH4 concentrations
as well as air-sea fluxes in both the open and coastal ocean;
5. publish the database and the derived flux data with a wide
authorship inclusive of the data originators;
6. keep the database “live” into the future by widely publicising its
availability and encouraging further data submission(s) after having
made it publicly available.
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A more detailed description of MEMENTO is given in Bange et al.
(2009). MEMENTO will be linked to and cooperate with wellestablished CO2 databases.
We envisage that once all existing datasets have been incorporated
into MEMENTO it will rapidly become a valuable tool for
identifying regions of the world ocean that should be targeted in
future work to improve the quality of air-sea flux estimates. Such a
database will also be tremendously useful for validating and tuning
existing global models that estimate the magnitude of natural
processes, which determine the sea-air flux of N2O and CH4 and
thus their atmospheric concentrations.
We would encourage all colleagues in the international N2O and
CH4 community to pro-actively participate. In the first phase of
MEMENTO, all archive data will be assimilated. In the second phase,
new datasets will be added routinely as they are published. Further
details of the MEMENTO initiative and how to contribute your data
as well as full details of data requirements including ancillary and
metadata can be obtained by contacting the corresponding author
or via the SOLAS Project Integration webpage
http://www.bodc.ac.uk/solas_integration/
implementation_products/group3/.
References
Bange, H.W., Bell, T.G., Cornejo, M., Freing, A., Uher, G., UpstillGoddard, R.C. and Zhang, G., 2009. MEMENTO: A proposal to
develop a database of marine nitrous oxide and methane
measurements. Environ. Chem., in press.
Freing, A. and Bange, H.W., 2007.
Towards a global database of oceanic
nitrous oxide measurements. IMBER
Update, issue 8 (Oct 2007): 3-4.
Figure 1: Logo of MEMENTO
illustrating the idea of collecting
widespread and unsorted data in
order to form a database: N, 2, O, C,
H and 4 are falling out from the sea of
data to form CH4 and N2O that will
be stored in the database.
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Halocarbons in the Ocean and Atmosphere (HalOcAt) database project
Thomas G. Bell1 and Birgit Quack2 1University of East Anglia, Norwich, UK Contact: thomas.bell@uea.ac.uk
Tel +44-1603-593837 Fax +49-1603-591327 2IFM-GEOMAR, Kiel, Germany

The HalOcAt (Halocarbons in the Ocean and Atmosphere) database
project has been initiated to work with the research community to
bring together global oceanic and atmospheric halocarbon data with
an emphasis on short-lived brominated and iodinated trace gases
from the surface ocean and lower atmosphere. The project aims to
utilise data collected during numerous hydrographic cruises and other
relevant platforms. Such data is vital for estimating and predicting
stratospheric halogen loading and ozone depletion in the context of
changes in future climate and atmospheric pollution levels.
HalOcAt (https://portal.ifm-geomar.de/web/halodata/welcome) is an
initiative of SOLAS Project Integration (http://tinyurl.com/4xwzpa) as
part of COST Action 735 (an EU-funded networking tool), both of
which have the express aim of providing best-estimates of global airsea fluxes. At a COST-funded meeting in February 2009 (see meeting
report http://www.cost-735.org/meetings/minutes/wg1feb09kiel.pdf)
we set out a plan to assemble a truly global database, which would
represent a substantial resource that will be made available to the
community toward the end of 2010. We will publish global surface
concentration fields and air-sea fluxes, with all data providers as coauthors for use in global models (as a validation tool and/or input

field). Furthermore, this database will be a useful source of
comparison for individual data sets (we will strive to utilise and
incorporate any results from future halocarbon intercalibration
initiatives that have recently been identified as necessary ) and a
resource for the community to develop tools to predict surface
ocean/lower atmosphere halocarbon concentrations and fluxes.
We encourage those with relevant data to contribute to and be a
part of HalOcAt as soon as possible as we will start producing bestestimates of global air-sea flux in January 2010 using all data that
has been collated at that time. You can either send your data to
halocat@ifm-geomar.de where it will then be transferred into a
common template, or you can submit your data using our web
server and filling in the template we have devised.
In 2011, the database will eventually be published in a global data
centre, accompanied by a publication in the ESSD (Earth System
Science Data) journal. There is no obligation to make your data
available beyond the flux publication if you do not wish to do so.
We welcome your questions or comments about this project. Please
contact either of the authors of this article for more information.

DMS-GO: DiMethylSulfide concentrations and emission fluxes in the Global Ocean
Aránzazu Lana, CSIC, Barcelona, Spain Contact: lana@cmima.csic.es Tel +34-93-230 9500 Fax +34-93-230 9555

The dimethylsulfide (DMS) emissions from the ocean are the main
natural source of volatile sulfur to the atmosphere. The significant role
of DMS emissions to the atmosphere on the radiation budge makes
it necessary to accurately represent seawater DMS. The DMS data
footprint of 1x1 degree in the global ocean (figure) shows that the
coverage is not enough to resolve the global distribution of DMS on a
monthly basis, this is the reason why climatologies are generated. Real
data analysis and interpolation schemes, where our current knowledge
of ocean biogeochemistry and DMS variability is applied, allow to
construct monthly maps of global sea surface DMS concentration that
will be used, e.g., to feed atmospheric and Earth system models.

The main objective of the project, namely, the updated annual and
monthly climatology of surface seawater DMS concentrations, is
almost complete, and is being prepared for publication. In the
generation of the climatology, some seasonal and geographical
features have been confirmed and some new one have been
unveiled. The overwhelming data contribution from the scientific
community and the awareness of those areas with sparse coverage
that could deeply influence the DMS emission budget, are considered
project results and are as useful as the updated climatology itself.

The currently used global DMS climatology was published a decade
ago by Kettle et al. (1999). Since then, the number of DMS
measurements in the surface ocean has increased significantly.
The DMS-GO (DiMethylSulfide concentrations and emission fluxes in
the Global Ocean) project is a joint initiative of the SOLAS Integration
Project (http://www.bodc.ac.uk/solas_integration/), COST Action 735
(http://www.cost-735.org/), and EUR-OCEANS (http://www.euroceans.au) with the aim to produce an updated DMS climatology,
based on the methodology used by Kettle et al. (1999).
The first effort of this project was a call to gather the available DMS
measurements that were not already submitted into the global database
maintained at the NOAA-PMEL (http://saga.pmel.noaa.gov/dms/). As a
result of this call, a large number of measurements were archived and
have been used to update the DMS climatology, which today has three
times as many data than that created by Kettle et al. (1999).
However, there still are areas with severe lacks of data. The identification
of the ocean regions that are under sampled for DMS, should be a very
useful tool for the planning of future field studies.
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Figure: DMS data footprint in the global ocean, at 1x1 degree
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