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2009 was certainly a busy year for SOLAS,
with two major events taking place within the
space of 4 months - the 4th SOLAS summer
school in August and the Open Science
Conference (OSC) in November. In between
the two, there was a change of staff within
the SOLAS IPO, with the departures of Georgia
Bayliss-Brown and Hannah Mossman and the
arrival of Sophie Seeyave in September.

This issue includes highlights, reports and
photographs from both events, as well as
scientific articles written by both summer
school alumni and OSC participants. In this
issue, we highlight the role the summer
schools play in shaping young scientists’
careers, making them an integral part of
the SOLAS community and forming the
next generation of leading SOLAS scientists.
Many students have reported to us that the

school helped them to establish a network of
potential collaborators and this was evident at
the OSC, which included 37 alumni, presenting
posters, leading discussion sessions, giving
plenary talks and generally networking and
discussing their science with colleagues. This
issue presents the winners of the summer
school and OSC poster competitions and
summaries of the OSC discussion sessions, as
well as updates of COST Action 735 activities,
partner projects and national SOLAS networks.

Plans are already underway for the next
summer school which will take place in
Cargèse in 2011 and for the next OSC (location
to be determined) in 2012. Look out for further
information that will follow in due course on
the SOLAS website, in the e-bulletins and in
subsequent newsletters.

Sophie Seeyave, SOLAS Project Officer

Two major SOLAS international events

Drawing: “Dust flying with the wind: Turning ocean desert into forest”, drawing by Jeanne, Pin-Jen Gong.
See back cover for more information.



North Atlantic N2O emissions
Alina Freing1, Douglas W. R. Wallace1, Toste Tanhua1, Sylvia Walter1,2 & Hermann W. Bange1

1Chemical Oceanography, Leibniz Institue for Marine Sciences IFM-GEOMAR, Kiel, Germany, 2now at Institute for Marine and Atmospheric Research Utrecht
(IMAU), Utrecht, The Netherlands Contact: afreing@ifm-geomar.de

Alina Freing studied mathematics at the University of Wuerzburg (1999-2005) before she came to the
IFM-GEOMAR (Leibniz Institute of Marine Sciences), Kiel, Germany, in December 2005 to start a Ph.D.
project on the production and emissions of oceanic nitrous oxide (N2O) with Dr. Hermann W. Bange.
She completed her Ph.D. in December 2009.

Alina attended the SOLAS summer school in 2007 and presented a poster at the OSC 2009
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Figure 2: Annual mean Fgasex (µmol m-2, W92 blue,
LM86 dark red), integrated annual Fgasex (µmol m-2,
W92 blue, LM86 dark red) and extrapolated annual
mean Fgrad (µmol m-2).

Figure 1: Tropical (red triangles), western subtropical (green diamonds) and eastern subtropical (blue
circles) Fgasex-Fgrad (nmol m-2 d-1, (a) LM86, (b) W92) versus month. The solid line denotes a harmonic
function fitted to Fgasex-Fgrad.

Nitrous oxide (N2O) is an important
atmospheric trace gas, which contributes to
the greenhouse effect. Since the beginning
of the industrial revolution the global mean
tropospheric N2O mole fraction has risen
rapidly from 270 ppb up to 319 ppb in
2005. One of the main natural sources of
atmospheric N2O is microbial production in
the ocean.

The data presented here were collected in
the mid-latitude North Atlantic Ocean
during spring 2004 from Martinique to
Lisbon on board the German research
vessel RV Meteor (Walter et. al., 2006).
We estimated the N2O flux into the mixed
layer (Fgrad) based on the N2O gradient
and the diapycnal mixing rate, which was
estimated following Watson & Ledwell
(2000). Additionally, the N2O flux across the
air-sea interface (Fgasex) was estimated based
on the data of Weiss et. al. (1992) and
different gas-exchange parameterisations
(Liss & Merlivat, 1986, denoted by LM86;
Wanninkhof, 1992, denoted by W92).

Fgasex can change its sign due to seasonal
(thermal) effects and displays a harmonic
seasonal cycle (cf. Figure 1). This seasonal
cycle turns out to be mainly controlled by
temperature. However, due to the seasonal
cycle of windspeed (not shown), the same
absolute surface anomaly (ΔpN2O) on
average results in higher fluxes during
autumn/winter. It should be noted that

temperature-induced changes in stratification
and mixed layer depth might induce a
seasonal effect in Fgrad, but this effect cannot
be resolved in our data.

This kind of seasonality is of consequence for
estimating the average net flux. A simple
mean, especially a mean based on seasonally-
biased sampling, cannot adequately represent
the net annual flux. Using the extrapolated
mean daily N2O flux results in an annual flux
of 71±211 µmol (LM86) and 157±412 µmol
(W92), respectively. In comparison, integrating
the fitted function over a full annual cycle
yields a net annual N2O ocean-atmosphere
flux of -2±1 µmol m-2 (LM86) and 10±2 µmol
m-2 (W92), respectively. The mean annual
Fgrad of 3±1 µmol m-2 is still about a factor of
3 smaller than Fgasex (W92). It should be noted
that the small net negative Fgasex (LM86) is
likely due to the 4-months data gap and
resulting uncertainty in the fit. A true net
negative annual flux is unlikely because of the
vertical profile structure. The different flux
estimates are illustrated in Figure 2.

Even though there is no conclusive evidence
for a biologically-controlled seasonal cycle of
surface pN2O/Fgasex, there is likewise no
compelling evidence that the difference
between Fgasex and Fgrad is not due to
biological effects on N2O in the mixed layer.
However, the difference between the flux
estimates could also be due to the 4-months
data gap in the seasonal fit, uncertainties in

estimating the diapycnal mixing rate or an
overestimation of the gas transfer velocity.
Thus the potential mixed layer source of N2O
and its influence on the N2O emissions need
to be further investigated to better constrain
the N2O budget.
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Quantifying ocean acidification during the Palaeocene Eocene Thermal Maximum
Daniela N. Schmidt1, Andy J. Ridgwell1, Simone A. Kasemann2 & Ellen Thomas3

1University of Bristol, UK 2University of Bremen, Germany 3Yale University, USA Contact: d.schmidt@bristol.ac.uk

Dani Schmidt is a Royal Society University Research Fellow at the University of Bristol working on
Calcification and ocean acidification. She studied Geology at the University of Bremen and the
Alfred Wegener Institute. Her Dr. Sc. Nat. at ETH Zurich focused on the effect of biotic interaction
and climate change on plankton evolution.

Dani was scheduled to give a plenary presentation at the OSC 2009. Unfortunately, she was
unable to attend in person but some of her slides were shown by other speakers in the session.

Over the last 200 years the oceans have
absorbed about 25% of the CO2 emitted
into the atmosphere from human activities
(Sabine et al., 2004), effectively reducing
CO2 in the atmosphere and therefore
buffering climate change. This has resulted
in the measurable alteration of surface
ocean pH and the concentrations of CO2,
bicarbonate and carbonate ions (e.g.,
Santana-Casiano et al., 2007) as well as
the reduction of the saturation state and
movement of the saturation horizons of
calcium carbonate minerals towards the
ocean surface (shoaling). This change in
ocean carbonate chemistry is termed
“Ocean Acidification” and is increasing in
response to rising atmospheric CO2.

Changes in the ocean pH in response to
rising atmospheric CO2 has lead to a
decrease in global pH by an average of 0.1
and 0.7 change is predicted for the end of
this millenium. However, the long-term
ability of organisms to adapt to such
changes and carbon feedback is poorly
understood. Laboratory experiments are of
limited duration and thus cover a restricted
number of generations of the organism.

Therefore it is imperative to study analogues
in the geological past to investigate carbon
feedbacks and how organisms adapt over
time to lowered ocean pH.

The Palaeocene-Eocene Thermal Maximum
(PETM, Figure 1) has been suggested as a close
palaeo-analogue for future climate change
and ocean acidification as the carbon release
is thought to be comparable to that possible
over the coming centuries. However, a
prerequisite for the use of evaluated ecological
response during the PETM as a constraint on
future impacts on ecosystems of acidification
due to fossil fuel burning is knowing how the
paleo-pH changed at this time. The analysis of
these past ocean acidification events is
hampered by the availability of material. Firstly,
dissolution is strongly affecting microfossil
preservation. Secondly, the strong changes in
chemistry diagnostically alter the preserved
material. We applied the boron isotope proxy
in benthic foraminifers for paleo pH to sections
from Maud Rise (deep sea sites, Southern
Ocean) and Bass River (shelf of New Jersey).
We used secondary ionization mass
spectrometry on individual specimens across
the event (Figure 2).

Mg/Ca ratios of the foraminiferal carbonate
indicate a two-step temperature increase
from 12.7°C to 18.5°C comparable to other
sections . As seawater boron isotope values,
an important part of the conversion of boron
isotopes to pH are not known for the
Paleocene Ocean, we combined our data
with model outputs using an Earth System
model of intermediate complexity (GENIE).
The reconstructed pH record across the
PETM shows a large reduction coeval with
temperature rise, with a recovery period to
pre-event values significantly more drawn
out than that of the isotopic composition of
the ocean. The pH change provides additional
constraints on the amount of carbon
input, the rate of change and hence our
understanding of this past acidification event.
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Anthropogenic carbon and ocean pH.
Nature 425: 365.
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oceanic sink for anthropogenic CO2. Science
305(5682): 367-371.

Santana-Casiano, J.M., González-Dávila, M.,
et al. (2007). The interannual variability of
oceanic CO2 parameters in the northeast
Atlantic subtropical gyre at the ESTOC site.
Global Biogeochem. Cycles 21: GB1015,
doi:10.1029/2006GB002788.

Tripati, A. & Elderfield, H. (2005). Deep-sea
temperature and circulation changes at the
Paleocene-Eocene Thermal Maximum.
Science 308(5730): 1894-1898.

Figure 2 Cross sections of typical benthic
foraminifers (Lencitulina sp.) from the PETM
of Bass River. On the right, specimen with the
black holes indicating dissolution; on the left,
specimen showing dissolution and infilling
with oxides and sulphides which lead to
boron contamination of the bulk material.

Figure 1 (Above) Paleocene-Eocene boundary of
Site 1262, Leg 208. Note the sharp contact
between the carbonate rich sediments of the
Paleocene and the dissolved red clay of the PETM.
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Dissolved inorganic nitrogen (DIN) fluxes from tropical rivers and wet
atmospheric deposition to the Cariaco Basin, Venezuela
R. Rasse1, T. Perez1, A. Giuliante1, L. Donoso1, A. Rojas1, F. Muller-Karger2 & L. Lorenzoni2

1Instituto Venezolano de Investigaciones Científicas, Laboratorio de Química Atmosférica, Caracas, Venezuela
2College of Marine Science, University of South Florida, St. Petersburg, Florida, USA

Contact: rrasse@ivic.ve

Rafael Rasse is a fourth year graduate student in the Atmospheric Chemistry Laboratory at
the Venezuelan Institute for Scientific Research (IVIC). His dissertation work focuses on the
determination of DIN and DON fluxes from tropical rivers and atmospheric deposition to
the Cariaco Basin, Venezuela.

Rafael attended the SOLAS summer school in 2007 and presented a poster at the OSC 2009

The Cariaco basin, located on the
continental margin of Venezuela, has been
the place of numerous paleoclimate studies
due to its anoxic conditions that allow the
preservation of the organic matter in the
sediments through time (Martinez et al.,
2007). The main sources of nutrients in the
basin are upwelling processes, four tributary
rivers and the atmosphere. Little is known
about dissolved inorganic nitrogen (DIN)
input from local rivers and there is no data
available of atmospheric DIN deposition to
the basin. A recent estimate shows that
nitrogen contribution from local rivers (~1.4
x 103 ton-N/year) to the Cariaco basin is not
significant in comparison to upwelling
processes (2.0 x 105 ton-N/year) (Muller et
al., 2009). However, in developing
countries, nitrogen delivered to the coastal
zones has increased by 18-35 % from 1970
to 1995 (Bouwman et al., 2005).
Additionally, total atmospheric reactive
nitrogen (Nr) deposition to the ocean is 67
Tg N/year, and from 1860 until present the
potential impact of anthropogenic
atmospheric Nr (AAN) on net primary
productivity has increased ~10-fold (Duce et
al., 2008). We measured DIN concentrations
from: A sea surface area that includes the
continental margin and the basin; from four
tributary rivers to the basin (Tuy, Unare,
Neveri and Manzanares rivers) and from wet
atmospheric deposition during a non-
upwelling period in September 2008. We
calculated DIN wet deposition, and river
fluxes. Tributary rivers DIN fluxes were larger
in comparison to wet atmospheric DIN
deposition (Table 1). However, atmospheric
N input to the basin could potentially be a
larger contributor of net primary
productivity (NPP). This assumption is
supported by a previous estimate of 80 %
Nr deposition contribution to NPP, based
on15N stable isotope study in the Eastern
Mediterranean Sea (Spokes & Jickells, 2005;

Krom et al., 2004). Tuy river had the largest
DIN fluxes from the evaluated rivers. This
river flux alone was approximately two
times larger than a previous annual
discharge estimate to the Cariaco basin [1.4
x 103 Ton N/year (Duce et al. 2008)] which
did not include the influence of Tuy river. In
spite of Tuy river having the largest N fluxes,
the plume influence seems localized to the
continental shelf as shown by DIN
concentrations (Figure 1a-c) and chlorophyll
a values (Figure 1d) in the sea surface grid.
Such large N discharge is attributed mainly
to input of urban waste from the
metropolitan area of Caracas (population
about 4.43 million). This plume could be
also enhancing the N2O ocean source.

These results suggest that: 1) During
September, in the absence of an upwelling
event, the relative contribution of DIN from
local rivers to the Cariaco basin seems less
important than atmospheric deposition due
to the fact that sea surface DIN
concentration decreased to very low values
at a distance from the river mouths no
greater than 13km and 2) DIN input to the
continental margin from the Tuy river
probably could be enhancing the source of
N2O to the atmosphere and/or enhancing
primary productivity and sediment
deposition in the coastal zones.
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DIN source ton N/ month

Rivers

Tuy (n=3) 1900 ± 100

Unare (n=3) 38 ± 8

Neveri (n=3) 55 ± 2

Manzanares (n=3) 28 ± 3

Total DIN river discharge 2021 ± 113

DIN Atmospheric Wet Deposition (n=8) 122 ± 103*

Table 1: DIN fluxes from rivers and atmosphere measured during September 2008.
*Calculated for the entire basin area during September.
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Figure 1: (a) NO3-, (b) NO2- and (c) NH4+ concentration (µM-N) in the sea surface grid sampling sites and (d) SeaWIFS chlorophyll a concentration (mg/m3) (September
11, 2008, black or gray areas in the image represent land, turbid costal water, or clouds. Source: http://imars.usf.edu).



What regulates spatial patterns in marine
phytoplankton diversity?
Andrew D. Barton1, Stephanie Dutkiewicz1, Glenn Flierl1, Jason Bragg2 & Mick Follows1

1Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology,
Cambridge, MA, USA 2CSIRO Plant Industry, Canberra, Australia

Contact: adbarton@mit.edu

Andrew Barton is a doctoral student at the Massachusetts
Institute of Technology in the Program on Atmospheres, Oceans,
and Climate. His research interests include the ecology and
physiology of marine microbes and marine biogeochemistry.

Andrew attended the SOLAS summer school in 2007

Ecologists have long observed that species
diversity is generally greater in the tropics than
at higher latitudes in both marine and terrestrial
environments. Increasingly, it appears that
species diversity has important implications for
ecosystem structure, stability, and function (e.g.,
Ptacnik et al., 2008). In the ocean, a diverse
microbial community plays a crucial role in
regulating biogeochemical cycles, and
biogeochemical models have begun to reflect
this diversity (Le Quéré et al., 2005). In this work,
we have used a global phytoplankton community
model (Follows et al., 2007) to consider what
regulates the diversity of marine phytoplankton.

The Follows et al. (2007) model is a global ocean
circulation, biogeochemistry, and phytoplankton
community model with a relatively large number
(78) of virtual phytoplankton types whose traits
are assigned stochastically from plausible ranges
of possibilities. Phytoplankton communities “self
assemble” according to the relative fitness of the
phytoplankton types in the regionally and

seasonally varying physical, chemical, and
predatory environment (there are zooplankton
grazers). An equator-to-pole decrease in
phytoplankton diversity emerges in the global
model solutions (Figure 1), which is consistent
with several field surveys of marine microbial
diversity (e.g., Pommier et al., 2007). The global
model also indicates local “hot spots” of highest
diversity associated with regions of energetic
ocean circulation such as the western boundary
currents (Figure 1).

Using an idealized version of the global model
(see Grover, 1990), we have found that the
balance between the rates of competitive
exclusion and reintroduction of phytoplankton
via dispersal is critical in setting the local
phytoplankton diversity. The long-range
dispersal of phytoplankton in the ocean can
occur rapidly in energetic regions such as the
western boundary currents, but generally
occurs more slowly within ocean gyres (years)
and between gyres (decades) and ocean basins

Figure 1: (A) shows the diversity of phytoplankton types in the uppermost 260 meters, or the euphotic zone, averaged
annually across ten model ensemble members, each with a different initialization of the phytoplankton community.
We define the diversity as the number of phytoplankton types comprising greater than 0.1% of the total biomass at
that location. (B) shows the zonal mean diversity (using the threshold index of 0.1% of total biomass) and Shannon
Index for the map shown in (A). The Shannon Index is calculated as H= - ∑ Pj In(Pj), where Pj is the biomass of species j
divided by the total biomass of n species. There is an equator-to-pole decrease in phytoplankton diversity, as well as
local increases, or "hot spots", along frontal and western boundary current regions.
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partner project

Ocean physics, fish and people:
IAI research highlights

The Collaborative Research Network
(CRN) program of the Inter-American
Institute for Global Change Research
(IAI) has produced a number of research
highlights that contribute to better
natural resource management and
disaster preparedness.

One project (CRN2076) has used state
of the art numerical simulations over the
Patagonian continental shelf, the largest
and most productive shelf in the
Southern Hemisphere, to show that the
circulation over the shelves is strongly
controlled by a remote effect of the
Malvinas Current (Palma et al. 2008;
doi:10.1029/2007JC004720).

Another project (CRN2050) is updating
understanding of the Intra-Americas
Seas Low-Level Jet (IALLJ) based on the
numerical modeling of its structure and
interactions with the underlying ocean
(Amador 2008; doi: 10.1196/annals.
1446.012). This low-level jet and its role
in the regional climate were hitherto
practically unknown.

One recent paper (Lam et al. 2009:
http://tinyurl.com/yb47br9) investigates
the number of people living in areas
vulnerable to climate change impacts,
to help improve planning for coastal
disasters. It reported that about 19 million
people reside within one kilometer from
the shoreline in the conterminous U.S.,
whereas about 11.6 million people live
below three-meter elevation.

Upcoming training events

• IAI-NCAR Colloquium on “Knowledge
Innovation at the Science-Policy
Interface” (12-23 April, 2010, Costa Rica)

• IAI Training Institute on the use of
seasonal predictions for applications
in Latin America (2 -13 August,
2010, Argentina).

• IAI Training Institute on cities’
responses to climate change (date
and venue to be determined)

For information please contact Marcella
Ohira: marcella@dir.iai.int

Other key publications in 2009

• “Atlas of the Patagonian Sea, Species
and Spaces” (http://modelo-mar.org).

• Mann et al. (2009). Atlantic hurricanes
and climate over the past 1,500 years.
Nature 460, doi: 10.1038/nature08219

• Saenger et al. (2009) Surface-
temperature trends and variability in the
low-latitude North Atlantic since 1552.
Nature Geoscience 2, doi:
10.1038/NGEO552

Christopher Martius (cmartius@dir.iai.int)
& Ione Anderson (IAI)

http://www.iai.int

n

j



SOLAS Germany

SOPRAN Phase II: 2010-2013

A 2nd phase proposal for SOPRAN was recently funded by the German BMBF with more than
8 million EUR for the period February 2010 to January 2013. A total of 37 PIs from 10 partner
institutions (IFM-GEOMAR, IOW, AWI, U Bremen, U Hamburg, U Heidelberg, IfT Leipzig, GKSS,
MPI Mainz and MPI Jena) will work collaboratively in 27 sub-projects. Under SOPRAN II, the
work is organised around “platforms” which correspond closely to the infrastructure established
during Phase I. The FOUR platforms are: Cape Verde/Mauritania, Equatorial Atlantic Ocean,
Mesocosms, and the Heidelberg Aeolotron/FINO2 platform. SOPRAN II includes an expanded
modelling programme in order to allow its results to be more readily transferrable to global
assessments. Major field campaigns planned for SOPRAN II include a quasi Lagrangian
experiment combining a land campaign and a ship campaign to the Mauritanian coastal areas
in May/June 2010, a cruise to the equatorial Atlantic Ocean in Summer 2011, as well as two
mesocosm campaigns in the Central Baltic Sea (Summer 2011) and at the Bergen facility
(Spring 2012). These activities will be complemented by regular work conducted at the Cape
Verde Observatory and ongoing measurement campaigns at the FINO2 platform (Baltic Sea)
and Heidelberg Aeolotron.

For further information about SOPRAN II activities contact Doug Wallace (dwallace@ifm-
geomar.de) or Hermann Bange (new national representative for German SOLAS,
hbange@ifm-geomar.de) or visit the SOPRAN homepage: http://www.sopran.pangaea.de.

The next SOPRAN Annual Meeting will take place in Hamburg from 23/24 March 2010.
If you wish to join the SOPRAN mailing list contact Hermann Bange.

(centuries; Martiny et al., 2008).
In our analysis of the tropical and
subtropical seas, the relatively stable
environment allows many “gleaners”, or
phytoplankton capable of living at lower
nutrient concentrations, to coexist for a
long duration (centuries to millennia).
Here, local competitive exclusion very
slowly removes less fit phytoplankton, but
the relatively rapid dispersal reintroduces
them such that diversity remains high. In
the subpolar and polar seas, the seasonality
of the environment favors “opportunists,”
or those phytoplankton capable of growing
quickly in resource replete conditions, over
slower growers. Here, phytoplankton are
excluded relatively rapidly, and the
equilibrium diversity is lower. In the “hot
spots” of highest diversity, ocean dynamics
rapidly mix together phytoplankton from
differing habitats, and diversity is high.

Taken together, these three hypothetical
regimes make up the phytoplankton
diversity patterns seen in the global model
(Figure 1). In future work, we seek to link
the diversity of phytoplankton to their
roles in biogeochemical cycles and consider
how these roles may change in different
climate scenarios.
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SOLAS Germany

SOPRAN Phase I (2007-2010, Completed)

Surface Ocean PRocesses in the ANthropocene (SOPRAN) is a German contribution to SOLAS.
The 1st phase of SOPRAN was funded by the German Ministry for Research and Education
(BMBF) from February 2007 to January 2010. It involved more than 40 principle investigators
from 11 partner institutions from all over Germany working in 22 sub-projects. The sub-projects
were 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. Under SOPRAN I, considerable effort was devoted to establishment
and use of new, shared infrastructure for atmosphere-ocean studies. This included development
and use of new floating mesocosms (Kiel-KOSMOS) further development and use of the Cape
Verde Observatory1, as well as two ship campaigns to the eastern tropical North Atlantic. Studies
of gas exchange included pCO2/O2 measurements from a volunteer observing ship between
Lübeck (Germany) and Helsinki (Finland), micrometeorological measurement of CO2 fluxes at the
FINO2 platform2 and work conducted at the Aeolotron facility in Heidelberg3. SOPRAN-supported
educational activities included the BIOCAT (Biogeochemical Interactions between the OCean and
the ATmosphere) Summer School (Kiel, September 2008) and a training course for the General
Ocean Turbulence Model (GOTM)4 in Warnemünde in September 2007. First results from the
various SOPRAN subprojects have been presented at the SOPRAN annual meetings and at the
SOLAS Conference in Barcelona. Poster abstracts and the SOPRAN midterm report can be
downloaded from the ‘Meetings/ Events’ link on the SOPRAN webpage.

1 http://www.tenatso.com

2 http://www.fino2.de/
3 http://www.iup.uni-heidelberg.de /institut/forschung/groups/gw/aeolotron.html
4 http://www.gotm.net

http://www.sopran.pangaea.de
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iLEAPS, the Land Ecosystem-Atmosphere
Processes Study, is the land-atmosphere
interface core project of IGBP.

Recent publications addressed measuring
stations to monitor climate change (Hari
et al, Boreal Environment Research 14,
2009), aerosol effects on clouds and
precipitation (Stevens and Feingold,
Nature 461, 2009), uncertainties in
climate responses to past land cover
change (Pitman et al. Geophysical
Research Letters 36, 2009), air pollution
and climate (Arneth et al. Science 326,
2009), and changes in the properties of
organic aerosols in the atmosphere
(Andreae, Science 326, 2009).

The 2nd iLEAPS Science Conference
took place in Melbourne, Australia, in
August 2009 in parallel with the 6th
International Scientific Conference on
the Global Energy and Water Cycle
(GEWEX), and included 3 joint sessions
in addition to several side events.

A tender in fall 2009 for ALANIS
(Atmosphere-LANd Integrated Study)
will enhance collaborations between
the European Space Agency (ESA) and
iLEAPS. Furthermore, ESA and iLEAPS
are organizing an open workshop in
fall 2010. iLEAPS is also increasing
collaboration with FLUXNET and
regional flux networks such as
JapanFlux and AsiaFlux. An iLEAPS
session was organized in AsiaFlux
Workshop in October 2009 on global
biogeochemical cycles.

In 2009 iLEAPS published 3 newsletters:
“Towards Process-Based Modelling of
Terrestrial Trace Gas Emissions” (no. 6),
“Land-atmosphere-climate dynamics”
(no. 7) and “Permafrost and the Arctic”
(no. 8). The next issue will be dedicated
to the Melbourne events.

Markku Kulmala, Professor and Head of
the Division of Atmospheric Sciences at
the University of Helsinki, Finland, has
been nominated as the SSC co-chair for
the next three years (2010-12). Two new
SSC members started in 2009: Nobuko
Saigusa (Japan) and Sonia Seneviratne
(Switzerland), with expertise in flux
measurements (JapanFlux, AsiaFlux) and
land-climate modeling. Seven new
members will start early 2010.

The next iLEAPS SSC meeting will take
place in February 2010. In May 2010,
iLEAPS co-sponsors 12 sessions at the
European Geosciences Union General
Assembly in Vienna, Austria. The 3rd
iLEAPS International Science Conference
will take place in Garmisch-Partenkirchen,
Germany, 18-23 September 2011.

Anni Reissell (anni.reissell@helsinki.fi)

http://www.ileaps.org
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In the present-day context of growing
anthropogenic activities and climate change
scenario, the atmospheric transport of
pollutants to the open ocean region and their
subsequent deposition is gaining significant
importance due to possible impacts on the
sea-surface biogeochemistry (Jickells et al.,
2005). Payton et al (2009) have suggested
that atmospheric deposition of copper can
potentially alter the pattern of marine
productivity and community structure.
Although atmospheric deposition of heavy
metals is well documented in coastal waters,
real-time data from open ocean areas are
rather sparse, in particular from the tropical
Indian Ocean (Duce et al., 1991). Our recent
studies (Kumar et al., 2008) carried out in the
marine atmospheric boundary layer (MABL)
of Bay of Bengal, beginning 2001, have been
designed to assess the impact of continental
outflow (mineral dust and pollutants) from
south and south-east Asia based on the
ambient concentrations of Al, Fe and heavy
metals (Pb, Cd, and Cu) in aerosol particles
transported during the late NE-monsoon
(Jan-March). A typical cruise-track undertaken
during Dec 2008-Jan 2009 for aerosol sampling
in the Bay of Bengal is shown in Fig.1.

The concentrations of Al and Fe exhibit large
spatial variability; with systematically lower
concentrations observed over the southern
Bay of Bengal (S-BoB; south of 15 °N latitude)
compared to the northern Bay of Bengal (N-
BoB) as shown in Fig. 2. The linear regression
analysis between Fe and Al show significant
covariance (R2 = 0.83); suggesting that similar
sources (dust derived) impact their
concentrations in the MABL. However,
dominance of combustion sources is also
reflected in the relatively enriched Fe/Al ratios
over the southern Bay of Bengal (Fig.2).

The impact of anthropogenic sources is further
evident from the concentrations of heavy
metals over the Bay of Bengal; concentrations
varying as Cu >0.4 to 21.0 ng m-3; Pb: 1.4 –
69.6 ng m-3; Cd: 0.03 – 2.8 ng m-3. The
enrichment factors (EFs) averaging around 100
for Cu and Pb and as high as 200-1000 for Cd,
are common over the northern Bay of Bengal
during the late NE-monsoon. Such regional
scale studies are essential in documenting the
impact of anthropogenic sources and
constituent fluxes across the air-sea interface.
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The International Geosphere-Biosphere
Programme (IGBP) – a co-sponsor of
SOLAS – is planning a second major
international synthesis. This initiative
will help identify gaps in our knowledge
of the Earth system, and contribute to
a baseline for international research
and policy in the area of global
environmental change in the coming
decades. Ten areas have been identified
for the synthesis, including: Earth
system impacts from changes in the
cryosphere; mega-cities in the coastal
zone; global environmental change and
sustainable development: needs of least
developed countries; geoengineering;
the role of changing nutrient loads in
coastal zones and the open ocean in
an increased CO2 world; global nitrogen
assessment and a future outlook;
Earth system resilience (rates of change
with respect to forcing): Earth system
prediction; the role of land cover and
land use in modulating climate; aerosols
in the Earth System; supporting
adaptation responses to climate change.
Core projects are invited to contribute
to the process. Consultation opens
1 January 2010.

IGBP held side-events at the United
Nations Climate Change Conference
in Copenhagen in December. The IGBP
climate change index – which could
be described as a Dow Jones index for
climate – was launched to communicate
climate change to policymakers and
the public. Side-events were held to
promote the global carbon budget,
the IGBP synthesis activity and a global
nitrogen assessment (through the
International Nitrogen Initiative).
A booth was also manned for the
first week of the conference.

IGBP is pleased to announce the
publication of the first issue of its
new quarterly magazine, Global
Change. The issue includes news and
research highlights from the IGBP and
broader global environmental change
communities, as well as several feature
articles. As the issue is aimed to coincide
with the Copenhagen climate talks,
many of the articles focus on recent
carbon-cycle research.

http://www.igbp.net

www.so las - in t .o rg / /09

Figure 1: A typical cruise track undertaken for aerosol sampling during Jan 2009.

Figure 2: Average concentrations of Fe and Al (µg m-3) and Fe/Al ratios over north and south Bay of Bengal (N-BoB
& S-BoB) based on data collected during Feb-Mar 2001, Sept 2002, Feb 2003, Mar-April 2006 and Jan 2009.

Figure 3: Enrichment Factors (EFs) for cadmium (Cd), copper (Cu) and lead (Pb) with respect to Al (Aluminum)
based on their ambient concentration in the aerosol samples from MABL of Bay of Bengal.
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2009 has been a year full of both
opportunities and achievements for IHDP,
including a Nobel Prize to one of its
community members. Since the successful
organisation of the 7th Open Meeting,
“Social Challenges of Global Change”,
which brought around 1000 delegates
from all over the world to Bonn in April
(http://www.openmeeting2009.org), the
IHDP community has kept a dynamic and
productive pace.

In early December, 2009, IHDP
participated in the 2009 Amsterdam
Conference on the Human Dimensions of
Global Change through the global launch
of the IHDP Earth System Governance
Project (ESG). The Earth System Project is a
new ten-year research programme under
the auspices of the IHDP. As a part of the
launch, the Programme has just published
a special issue of our UPDATE magazine
on Governance as a Crosscutting Theme
in Human Dimensions Science, available at
http://www.ihdp.unu.edu/category/54?me
nu=158.

On 12 December, IHDP, IGBP and
ICSU had a side event on Science,
Society and Adaptation at the COP 15 in
Copenhagen. The organizers, along with
the ISSC and the UNU, will present new
insights regarding food security, land use,
sea level rise, and ocean acidification.

In January 2010, IHDP welcomed its
new Executive Director, Dr Anantha
Duraiappah. Dr Duraiappah is an
environmental-development economist
with more than two decades of
experience at the international level.
Until his appointment with IHDP,
Dr Duraiappah served as the Chief of the
Ecosystem Services and Economics Unit
with the United Nations Environment
Programme (UNEP) in Nairobi, Kenya.
He replaces Dr Andreas Rechkemmer,
who served as IHDP’s Executive Director
from 2005 to 2009.

Finally, IHDP celebrated the award of the
Nobel Prize in Economics to its former
Scientific Committee member, Professor
Elinor Ostrom. Ostrom was awarded the
Nobel Prize along with Oliver Williamson
in recognition of her superlative
contribution to the study of institutions,
environmental governance and common
property regime management. In her long-
term relationship with the IHDP, Ostrom
has always contributed both her expertise
and creativity to foster research on the
social and economic impacts of global
environmental change. Ostrom is a regular
contributor of IHDP’s UPDATE magazine.

The latest edition of the IHDP electronic
newsletter (e-zine) is available at
http://www.ihdp.unu.edu/article/857.

The Sahara and Sahel deserts are the world’s
largest sources of aeolian dust to the oceans;
the North Atlantic Ocean receives over 40 % of
global oceanic dust inputs (Jickells et al., 2005).
However, little is known of the influence of
dust inputs on oceanic trace-metal and
nutrient cycles, and subsequent effects on
marine microbial communities. Some of the
major challenges associated with investigating
these effects include capturing the sporadic
nature of dust inputs and assessing the
solubility of nutrients and metals within the
dust. The Cape Verde islands are located in the
tropical eastern North Atlantic, an area which
receives massive inputs of Saharan dust. Their
remote location, far from any major industrial
or urban centres, makes them an ideal
sampling location for marine aerosols.

As part of the UK-SOLAS programme,
aerosol dust was collected at the Cape Verde
Atmospheric Observatory between July 2007
and October 2009 in order to study its
chemical composition and to investigate the
solubility of its constituent trace-metals and
nutrients (NO3-, NH4+ and PO43-). Samples were
collected simultaneously onto four
47 mm 0.4 µm pore-size filters; two
polycarbonate filters and two polypropylene
filters. Mass flow meters were used to
determine the volume of air sampled through
each filter. The total chemical composition of
the dust samples was investigated by total acid
digestion of the polycarbonate filters followed
by ICP-MS analysis for a broad suite of metals.
A simple ultrapure water leach was used with
the polypropylene filters to investigate the
readily soluble fraction of metals and nutrients
in the samples. 100 ml of ultrapure water was
passed through the filter using a filtration
apparatus and a small vacuum pump (Buck et
al., 2006). The resulting filtrate was analysed
for nutrients (NO3-, NH4+ and PO43-) using a
standard nutrient autoanalyser, anions (Cl- and

SO42-) using ion chromatography, and a broad
suite of metals measured using ICP-MS.

Selected results from the ultrapure water
leaching experiments for the first 11 months
of sampling are shown in Figure 1. Numerous
dust events are apparent as spikes in soluble
aluminium (Figure 1a) (aluminium is
predominantly associated with crustal
materials and is often used as a tracer for
mineral dust). Peaks in soluble Fe and soluble P
coincide with those of Al (Figures 1a and 1b),
due to these elements all having essentially a
crustal source. In addition, the particularly
strong correlation between soluble Fe and Al
becomes clearer if they are plotted against one
another (Figure 2). This indicates that Fe and
Al are leaching out of the dust in a fixed ratio
with Fe/Al = 0.33. Interestingly, a higher ratio
is found in the total acid digestions (Fe/Al =
0.55 – data not shown) which suggests that
one or more minerals may be dominating the
dissolution in our experiments.

Some seasonal trends are also apparent in
Figure 1 with higher concentrations of
leachable trace metals (Figure 1a) and
phosphate (Figure 1b) present in the winter
months, which is in line with expectations
based on seasonal changes in the
meteorogical conditions around Cape Verde
(Chiapello et al., 1997). Concentrations of
leachable ammonium (Figure 1c) follow the
opposite trend, with higher concentrations in
the summer. Leachable ammonium
concentrations are also significantly correlated
with elements associated with oil combustion
such as vanadium and lead (data not shown),
suggesting that the ammonium has a
predominantly anthropogenic source. There
appears also to be an association between
nitrate and non-sea-salt sulphate
concentrations in the leachate (Figure 1d,
R2 = 0.62), again indicating a significant
anthropogenic source for nitrate.

Soluble metals and nutrients in dust collected at the
Cape Verde Atmospheric Observatory
Matthew Patey1, Pornsri Mingkwan1, Sebastian Steigenberger1, Micha Rijkenberg1,2,
Luis Mendes Neves3 & Eric Achterberg1

1University of Southampton, National Oceanography Centre, Southampton, UK, 2Now at NIWA, Hamilton,
New Zealand, 3Instituto Nacional de Meteorologia e Geofísica (INMG), São Vicente, Cape Verde
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Figure 2: Correlation between iron and aluminium concentrations
in ultra-pure water leaches.

Figure 1: Ultra-pure water leaches for July 07 to June 08. Data
are shown for (a) Fe and Al, (b) phosphate, (c) ammonium, (d)
nitrate and non-sea-salt sulphate (nssSO42-). Concentrations
have been normalised to sample air volumes. nssSO42-

concentrations have been corrected using the sulphate-to-
sodium ratio in seawater.

In summary, the solubility results from the first
year of data capture the high variability of
aeolian trace metal and nutrient inputs to the
region. Differing seasonal cycles are apparent
in some of the species measured, suggesting
an influence from different dust sources
during different times of the year. Further
analysis to categorise individual samples
according to their air-mass back-trajectories
and a full comparison of the solubility data
with the total digest data will cast further light
on the dataset.
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Persistent Organic Pollutants (POPs) are toxic,
bioaccumulative and ubiquitous chemicals
that during the last decades have raised
international concern due to their negative
effects to ecosystems and human health.
Policy issues and regulatory measurements
require a good knowledge of the regional and
global cycling of these substances and even
though the importance of the ocean is in this
sense unquestionable, POP fate in the marine
environment is not yet fully understood.
Especially in a global change scenario, it is
important to understand the potential of the
oceans to act as a sink or secondary source of
POPs back to the atmosphere.

Atmospheric deposition is important as a main
entrance and driver of the concentrations of
POPs in the surface waters of open oceans.
Particularly the diffusive air-water exchange
due to its bidirectional character is one of the
main pathways for entry and loss of POPs in
the ocean compartment. Once in the water,
fate and impact of pollutants are the result of
the interplay of numerous physical and trophic
forcing. Models have already dealt with
physical aspects of air-ocean exchange but
there is still a lot of uncertainty associated with
biogeochemical controls affecting these
dynamics. Particularly, there are major

questions to be answered regarding the role of
the biological pump, degradation by microbes
and their overall importance in terms of air-
ocean interactions.

Measurements of POP atmospheric
deposition fluxes in oceanic regions, and
the Mediterranean Sea in particular, are
very scarce. Therefore, in order to provide
the necessary database we have carried out
two cruises along the Mediterranean Sea.
The used sampling strategy has allowed
the simultaneous collection of gas, aerosol,
dissolved, particulate and plankton matrices
to enable the characterization of
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Figure 1 (a) Net air- water exchange fluxes for less hydrophobic PCBs (i.e. PCB99) in light blue and more hydrophobic congeners (i.e. PCB180) in dark blue are
represented along the Mediterranean transect. Positive values are indicative of a net volatilization flux, while negative values are pointing out a net deposition flux.
(b) Relationship between PCB concentrations in plankton and sample biomass.

(a)

(b)
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atmosphere-ocean-plankton interactions of
two families of POPs with different physical
chemical characteristics: Polychlorinated
biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHs).

Although the use of PCBs has been regulated
for several decades, they are still present in
the atmosphere due to their persistence and
interact with oceanic waters in near
equilibrium condition with a modulated
response controlled by the trophic status
depending on the physical-chemical properties
of the particular compounds. While less
hydrophobic PCBs tend to volatilize, more
hydrophobic compounds are deposited to a
greater extent. This differential behaviour is
reflected in the relationship between PCB
concentrations in plankton and biomass.
Less hydrophobic compounds in gas phase
are equilibrated with the dissolved phase,
which in turn is equilibrated with plankton.
Consequently any potential depletion of the
dissolved phase is compensated by a faster
air-water exchange and concentrations in
plankton become independent of biomass.
On the contrary, for more hydrophobic PCBs,
losses associated with bioaccumulation
processes gain importance and thus
concentration in plankton will decrease at
higher biomass due to air-water disequilibria
driven by sequestration by bioaccumulation
processes and settling.

Conversely the primary emissions of PAHs
produced by the incomplete combustion
of fossil fuels have not decreased apparently.
In this case the depositional processes
dominated PAH net air-water exchanges
for all sampling sites, the less hydrophobic
compounds being the ones that show a
more intense downward flux. The obtained
results evidence that the trophic status is in
this sense a key factor. The dependence on
biomass is significant for less hydrophobic
PAH concentrations in plankton samples,
consistent with controls due to losses of
those chemicals associated with degradation
processes in the photic zone. This is in
agreement with previous studies that
have already pointed out the existence of
important losses within the water column.
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The World Climate Research
Programme keeps advancing the
understanding of the climate system
and its predictability through the
combined use and development of
observational networks, modelling and
analysis. In 2009 the Programme
community published a WCRP
Implementation Plan 2010-2015 aimed
at achieving the objectives formulated
in the WCRP Strategy 2005-2015
“Coordinated Observation and
Prediction of the Earth System”. WCRP
is concentrating its work on the
following major areas of delivery:

• Anthropogenic Climate Change

• Atmospheric Chemistry and Climate

• Sea-level Rise

• Climate Extremes

• Seasonal Prediction

• Decadal Predictability

• Monsoon Prediction

WCRP actively participated and its
affiliated scientists led the preparation
of the OceanObs’09 Symposium held in
Venice, Italy, on 21-25.09.2009 and the
third World Climate Conference (WCC –
3) held in Geneva, Switzerland on 31.08
– 04.09.2009 under the auspices of the
World Meteorological Organization.
WCC-3 resolved to establish a Global
Framework for Climate Services (GFCS),
a long-term cooperative arrangement to
“enable better management of the risks
of climate variability and change and
adaptation to climate change at all levels,
through development and incorporation
of science-based climate information and
prediction into planning, policy and
practice”. The following GFCS
components are envisaged:

• Observation and Monitoring

• Research, Modelling and Prediction

• Climate Services Information System

• User Interface Programme

Among the many WCRP current
activities, one particularly important is
CMIP5, a new set of numerical runs
aimed at ensemble climate prediction
at the decadal and long-term time
scales. Like in the case of the WCRP
experiment CMIP3, which had a
tremendous impact on the climate
change impact analyses for IPCC AR4,
the output will be made freely available
for the analysis by the scientific
community before the completion
of IPCC AR5 analysis.

A major WCRP Science Conference
is scheduled for spring 2011.

Vladimir Ryabinin (JPS for WCRP, Geneva)
VRyabinin@wmo.int
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Soot particles are the dominant absorber
of visible solar radiation in the atmosphere.
Recent studies have suggested that soot particles
in the atmosphere engender global and regional
climate change (Ramanathan & Carmichael,
2008). Although fresh soot particles are mostly
hydrophobic, these might be coated with water-
soluble materials due to atmospheric ageing
processes. In other words, such ageing processes
may alter the size and hygroscopicity of soot
particles. However, changes in mixing states of
soot particles with water-soluble materials during
transport are not well known. In order to
characterize aged soot particles a few days after
their emission, we made observations at Cape
Hedo, Okinawa, Japan (26.87°N, 128.25°E),
during 19–30 March, 2008. Cape Hedo has been
used to study the outflow of pollution from East
Asia (Takami et al., 2007).

Aerosol number concentration (0.1–0.5 µm)
and size segregated (<0.3 µm and <1.5 µm)
soot mass concentration of atmospheric aerosol
particles were continuously monitored. Aerosol
particles were collected on collodion films by
using a cascade impactor. Individual particles
(0.2–1.0 µm) on the films were analyzed by
transmission electron microscopy (TEM) using
dialysis of water-soluble materials described in
Okada (1983). Here we present results on
samples (A, B and C) collected in air masses
transported across the East China Sea from the
Shandong area in China for 1, 2 and 5 days.

Figure 1 shows temporal variations of aerosol
data and date of collection for samples A, B and
C. These samples were collected under high
aerosol concentrations. According to the air
trajectory analysis, these air masses were derived
from a source area without precipitation during
transport. Transport time from the coast of
China to Cape Hedo is 22, 47 and 113 hours
respectively, for samples A, B and C. For samples
A, B and C, the soot mass concentrations were
high and dominated by larger soot particles
(0.3–1.5 µm) (Figure 1b). The fraction of smaller
soot particles (<0.3 µm) relative to total soot
mass (<1.5 µm) was slightly higher (ca. 20 %)
for sample A relative to samples B and C (10 %).

The photographs in Figure 2 represent TEM
images of sample B. Most of the particles in
samples A, B and C were ball-like particles or
clusters of ball-like particles as indicated by the
red and green allows in Figure 2, respectively.
These particles were mostly water-soluble.
Some particles (magnification photograph in
Figure 2) showed insoluble cores having a
characteristic shape of soot (chain-like or
aggregated) after water-dialysis. We estimated
individual particle volumes by image analysis
based on a shadowing method. The scatter
plots in Figure 2 show volume fractions of
insoluble cores in soot particles for samples A,
B and C. The volume fractions for smaller soot
particles (approx. <0.5 µm) displayed a wide
range, with some high values, although larger
soot particles always displayed lower (<20 %)
values. For larger soot particles (>0.4 µm),
insoluble soot cores were found in clusters
of water-soluble ball-like particles. If aerosol
concentrations at the source area were
sufficiently high, the clusters might be
formed by coagulation processes during
transportation. On the other hand, median
values of the insoluble volume fractions for
samples A, B and C were below 10 %,
independent of transport time after about
1 day. Other parameters of mixing state of soot
particles will be analyzed in detail and results
compared with simulated changes in size and
number of soot particles due to condensation
and coagulation processes during transport.
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SOLAS-IMBER Working Group
on ocean acidification (SIOA)

SIOA is the Sub-Group 3 of the SOLAS-
IMBER Carbon Group (SIC!)

The SOLAS-IMBER Working Group on
ocean acidification had its first meeting
on 1-3 December at IOC-UNESCO in
Paris. The tasks of this group are to:

1. Coordinate international research
efforts in ocean acidification

2. Undertake synthesis activities in ocean
acidification at the international level

Several synthesis and review activities
have been performed in the recent past
and others are in progress. The group
feels that it is critical to generate new
knowledge at this time and will initially
focus on activities that will support new
research. It plans to launch an ocean
acidification coordination initiative
covering the following aspects:

• Integration of ocean acidification
observing network with ocean
carbon network

• Promotion of international experiments

• Sharing experimental platforms

• Regular updates of the “Guide for
best practices on ocean acidification
research and data reporting”

• Guiding principles on data sharing

• Training students and young scientists

• Intercomparison exercises

• Promote international exchange
of students and postdocs

• Promote collaboration between
the natural and social sciences

Furthermore, the group has identified the
following topics for immediate attention:

• Seek clarification on the involvement
of the ocean acidification community
in the next IPCC AR5

• Launch a web site that will provide
information on programs and projects
as well as key reports and publications

Any comments and suggestions
from the community are welcome.
Please send correspondence to:
sioa@listes.obs-vlfr.fr.

Jean-Pierre Gattuso (gattuso@obs-vlfr.fr)
Chair of the Working Group on
ocean acidification

Figure 1: Temporal variations of (a) aerosol volume concentration calculated from number concentration and (b)
size-segregated soot mass concentration, and sample collection time for TEM analysis (arrows at the top).

Figure 2: Electron micrograph of aerosol particles before and after water-dialysis for the same region in sample B
(photos in upper panel) and volume fractions of insoluble cores in soot particles for samples A, B and C (graphs in
lower panel).
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Recent Activities:

OCB Short Course on Ocean
Acidification (November 2-13, 2009,
Woods Hole, MA)

http://www.us-ocb.org

The OCB Project Office with co-
sponsorship from the European Project
on Ocean Acidification (EPOCA)
coordinated and hosted a hands-on
ocean acidification short course from
2-13 November 2009 in Woods Hole,
MA, USA. For more information, please
visit the course website at www.whoi.
edu/courses/OCB-OA. The Course
Materials page includes a full course
syllabus, background materials, lecture
files, and video footage of all lectures.

2009 OCB Summer Workshop (July
20-23, 2009, Woods Hole, MA)

http://www.whoi.edu/workshops/ocbw
orkshop2009/
Report: Benway, H. M. and S. C. Doney
(2009). Eos 90 (45).

2009 OCB Scoping Workshops

New frontiers in Southern Ocean
biogeochemistry and ecosystem research
(June 8-11, 2009, Princeton, NJ)

http://www.whoi.edu/sites/soscoping
Report in preparation.

Observing biogeochemical cycles at
global scales with profiling floats and
gliders (April 28-30, 2009, Moss
Landing, CA)

www.whoi.edu/sites/OCBfloatsgliders
Report: Johnson, K. S. et al. (2009).
Oceanography 22(3), pp. 216-225.

OCB subcommittee on
Ocean Fertilization
This will be chaired by Ken Buesseler
(WHOI) and other members include
Mary-Elena Carr (Columbia U.), Fei Chai
(U. Maine), Kendra Daly (USF), David
Karl (U. Hawaii), and Marian Westley
(NOAA/GFDL). The committee will first
begin to work with the OCB Project
Office to develop a dedicated web
page for ocean fertilization resources.

Upcoming OCB activities:
2010 OCB Scoping Workshops

The molecular biology of
biogeochemistry: Using molecular
methods to link ocean chemistry with
biological activity (dates and venue TBD)
– Organizers: Jim Moffett, Eric Webb

Sea Change: Charting the course for
ecological and biogeochemical ocean
time-series research (dates and venue
TBD) – Organizers: Matt Church, Frank
Muller-Karger, Mike Lomas

2010 OCB Summer Workshop
July 19-22, 2010 (Scripps Seaside
Forum, La Jolla, CA)

Air-sea gas exchange of CO2 and DMS in the North
Atlantic by eddy covariance
Scott Miller1 1Atmospheric Sciences Research Center, State University of New York, Albany, NY, USA

Contact: smiller@albany.edu

Scott Miller is a research scientist at the Atmospheric Sciences
Research Center at the State University of New York at Albany.
His research is focused on micrometeorology and turbulent flux
measurements in a range of environments including ocean,
freshwater, and terrestrial.

Scott presented a poster at the OSC 2009

A process-oriented understanding of the
factors controlling air-sea gas exchange is
critical to simulate future oceanic uptake
and release of important trace gases in
climate models. Most current gas exchange
parameterizations utilize a wind speed (only)
dependent coefficient k (the piston velocity)
to relate the gas flux to the air-sea
concentration difference. Quantifying the
impacts of factors other than wind speed
(e.g., surfactants, buoyancy, waves) remains
challenging, in part due to the limited
amount of field data available. An important
unresolved question is whether gas solubility
enhances the transfer of low solubility gases
(such as CO2) when whitecaps are present
due to bubble-mediated transport.

We measured CO2 and DMS fluxes and piston
velocities, kCO2 and kDMS, in situ in the North
Atlantic during summer 2007 using the eddy
covariance (EC) technique. The EC approach
involves the direct measurement of turbulent
fluxes on relatively short temporal (< 1 hour)
and spatial (km) scales using fast response
instrumentation to measure wind and trace
gas fluctuations at ~10 m above the ocean
surface (Figure 1). Details of the methods
used to measure DMS and CO2 fluxes and air-
sea concentration differences are given in
Marandino et al. (2007) and Miller et al.
(2009a). The measurements were made from
the research vessel R/V Knorr during a cruise
from Reykjavik, Iceland to Woods Hole, MA.
This region was characterized by relatively high
chlorophyll concentrations (0.2-3.8 mg m-3),

Bosun Locker
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Figure 1: R/V Knorr. Anemometers, a motion sensor, GPS, and gas inlets were mounted to the bow mast (inset)
~14-m above the ocean surface. Gas analyzers were located in the bosun’s locker, directly below the mast.
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with the sea surface undersaturated with
respect to pCO2 (mean water-air pCO2
difference -49±22 ppm) and supersaturated
in DMS (mean concentration of 2.5±1.1 nM).

High-quality estimates of the piston velocity
were obtained during 126 14-minute intervals
(kCO2) and 128 hourly intervals (kDMS) over the
10-day cruise, with roughly 40 simultaneous
kCO2 and kDMS values obtained between 50°N
and 54°N latitude. The relationship between
kCO2 and wind speed was markedly different
from previous EC results (i.e., the GasEx-1998
and GasEx-2001 experiments, Figure 2a).
Meanwhile, the piston velocities for CO2
and DMS were remarkably similar and were
slightly larger than the Wanninkhof (1992)
parameterization (Figure 2b). The data for
both kCO2 and kDMS suggest a linear
relationship with wind speed at the low wind
speeds measured. The similarities between
kCO2 and kDMS measured in situ also suggest
that solubility did not play a major role in gas
transfer under these conditions (Miller et al.,
2009b). While the Knorr-07 data set is
relatively limited in terms of the overall number
of flux measurements, the temporal overlap
between the CO2 and DMS flux
measurements, and the wind speed range,
it demonstrates the utility of this approach
as a means of improving our understanding
of air-sea gas transfer.

Acknowledgements
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Figure 2: Piston velocity (cm hr-1) versus 10-m wind speed for Schmidt number of 660 for a) kCO2 from different EC
datasets, and b) kCO2 and kDMS from the Knorr-07 cruise.

SOLAS India

Integrated Campaign on Aerosols
gases and Radiation Budget (ICARB)

This major campaign (2006-2009)
involved 26 laboratories and involved
concurrent measurements of optical and
physical properties. The study helped in
the first-ever precision mapping of aerosol
radiative forcing over the Northern Indian
Ocean and brought out contrasting
radiative characteristics between the air
masses over the Bay of Bengal and
Arabian Sea. Several publications have
resulted from the project1,2,3.

Chemical characteristics of aerosols
in MABL of Bay of Bengal

The study conducted by Physical Research
Laboratory, Ahmedabad, revealed that
anthropogenic SO42- is a dominant
constituent of aerosols and accounts for
about 65 % of the total water-soluble
species. Furthermore, large enrichment
of heavy metals (Pb, Cd and Cu) in
aerosols indicates long-range transport of
pollutants. Relatively large chloride deficit
in the aerosols is associated with smaller
size particles and strongly correlated with
SO42-, suggesting that sea-salts are a
potential sink for anthropogenic SO2 over
the Bay. These results have important
implications for evaluating climate forcing
by sulphate aerosols in the MABL.

Influence of extreme climatic events
on physical and biogeochemical
processes in the coastal Bay of Bengal

Time-series observations conducted by
National Institute of Oceanography
(2007-2009) revealed the injection of
anthropogenic nutrients to the coastal
Bay of Bengal as a result of an extreme
rain fall event that caused a two-week
phytoplankton bloom and a substantial
decrease of oxygen in the subsurface
layer. The impact could be seen all
along the east coast of India due to the
equatorward flow of East India Coastal
Currents (EICC) during winter. This
study also suggests that, in contrast to
the Arabian Sea, seasonal suboxic to
hypoxic conditions are not favoured in
the Bay of Bengal due to frequent
formation of eddies.

This research was supported by the
Indian Space Research Organization
(ISRO), the Departments of Space
(DOS), Science and Technology (DST)
and the Council of Scientific and
Industrial Research (CSIR).
1Moorthy KK et al. (2009). Q. J. R.
Meteorolog. Soc., doi:10.1002/qj.525.
2Satheesh SK et al. (2009). J. Geophys.
Res. 114, D05204.
3Nair VS et al. (2009). J. Atmos. Sci. 66:
2640-2658.

Dileep Kumar (dileep@nio.org),
National Representative
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SOLAS Korea (ROK)

Enhanced DMS production due to
grazing activity in greenhouse world

We examine the effects of seawater pCO2
concentration (400 and 950 ppm) and
temperature (ambient and 2.5 °C higher)
on the DMS production from a natural
assemblage of mixed phytoplankton
obtained from a carefully-controlled,
21-day mesocosm experiment. This
experiment was carried out between
26 November and 17 December 2008, in
Jangmok (34.6°N and 128.5°E), located
near the southern coast of Korea. During
the experimental period, in all treated
enclosures (high CO2 and high CO2/
high temperature), the population of
microzooplankton increased considerably
relative to that in controlled enclosures.
Grazing activity was also enhanced in the
treated enclosures. Consequently, the
production of DMS (high pCO2 and high
pCO2/high temperature) was substantially
higher in the treated enclosures than in
the controlled enclosures. Our study
indicates that grazing-induced DMS
production can be enhanced in the
future greenhouse world.

Temporal trends in oceanic uptake
of anthropogenic CO2 in the
East/Japan Sea

The East/Japan Sea in the western
temperate North Pacific is ventilated from
the surface to the bottom over decades.
This short overturning circulation indicates
that the anthropogenic CO2 content of
the East/Japan Sea is intimately tied to
changing surface conditions over similarly
short periods. As a consequence of the
changing nature of the East/Japan Sea,
this basin is an excellent site for
investigating temporal trends in oceanic
uptake of anthropogenic CO2 in response
to regional or global climatic change. As
part of the East Asian Seas Time-series-1
project (funded by the Ministry of Land,
Transport and Maritime Affair of Korea),
the 2009 data were collected on the
Russia R/V Akademik M.A. Lavrentyev
from 9-18 July 2009. A team of 33
scientists from six institutes (POI, SNU,
POSTECH, PNU, CNU, KDU) participated
in this cruise. At 38 hydrographic stations
salinity, temperature, oxygen and
nutrient concentrations were measured,
and concentrations of total dissolved
inorganic carbon and total alkalinity
were determined at 27 of these stations.
Total inorganic carbon and total alkalinity
were measured using coulometric
titration and potentiometric acid titration
in a VINDTA system.

Kitack Lee (ktl@postech.ac.kr),
National representative

Atmospheric dry deposition fluxes of dust and
nitrogen to the Yellow Sea in spring
Gao Huiwang1, Yan Han1, Shi Jinhui1, Qi Jianhua1, Wang Bin1, Zhang Tianran1 & Yao Xiaohong1

1Key Laboratory of Marine Environment and Ecology, Ocean University of China, Qingdao, China

Contact: hwgao@ouc.edu.cn

Huiwang Gao is a professor at Ocean University of China.
His research interests include atmospheric deposition and
its ecosystem effects, marine ecosystem dynamics and
modeling. He is a member of the China SOLAS Scientific
Steering Committee.

Huiwang presented a poster at the OSC 2009

The Yellow Sea (YS) is a semi-closed area
of shallow sea, surrounded by the mainland
of China and Korean Peninsula. Atmospheric
deposition (AD) is a vital pathway by which
substances in atmosphere are delivered to
the surface ocean, and plays a significant
role in marine biogeochemical cycling. AD
over this area is influenced by anthropogenic
activities and season-dependent dust events
which frequently occur in spring (Zhang and
Gao, 2007).

A few studies have investigated the deposition
flux of atmospheric matters over YS, although
the flux was derived from limited observations.
Those observations were short-term in nature;
however, atmospheric matters varied a lot in
composition, concentration and size. It is not
surprising that there was a marked difference
between those reported results. The conclusive
deposition flux of atmospheric matters over this
area is still far away to obtain.

In this study, seven-year-long monthly (in Korea
and Japan) and daily (in China, retrieved from
API data) concentrations of particles <10µm
(PM10) at the west and east coast sites of YS
(Figure 1) were used to estimate the monthly
dry deposition fluxes of total suspended
particles (TSP) and particulate nitrogen over
YS in spring (Mar.-May).

An exponential function was used to fit the
decay of PM10 from the west coast to the east
coast of YS. Assuming a fixed ratio of TSP/PM10

obtained from previous studies, the derived
equation was then used to estimate the
concentration of TSP over YS. The estimated dry
deposition flux of TSP over YS in spring during
2001–2007 ranged from 3.1 to 9.5 g m-2 mon-1,
with an average of 6.4 g m-2 mon-1. The
estimation was close to the result from Zhang
et al. (2007), but about two times higher than
those from Zhang et al. (1993) and Gao et al.
(1997) (Table 1). The difference could be
explained either by the different sampling
time or the approach used to estimate the
concentration of atmospheric particles.

Based on the ratio of inorganic nitrogen (IN) to
TSP (i.e. 5.5 %, Yu et al., 2007), which may be
a low ratio for this area, the dry deposition flux
of IN was estimated 50.5–154.1 mg N m-2

mon-1, with an average of 103.4 mg N m-2

mon-1. This range of dry deposition flux of IN
in this study was comparable with the results
reported by Wan et al. (2003) (i.e. 73.2 mg N
m-2 mon-1). Considering the contribution of
30 % of organic nitrogen to total nitrogen in
TSP (Neff et al., 2002), the dry deposition flux
of total nitrogen was about 72.1–220.1 mg
N m-2 mon-1, with an average of 147.7 mg
N m-2 mon-1.

In the future, more data will be used to
examine the exponential decay equation in
various seasons and locations. Additionally,
we attempt to map the deposition flux in a
large spatial range over the Northwest Pacific
marginal seas.

Table 1 A comparison of dry deposition fluxes of aerosols over YS between this study and others.

Deposition fluxes Period References
(g m-2 mon-1)

6.4 (3.1–9.5) Mar.–May 2001–2007 This study

~6.0 May, 2002 Zhang et al. (2007)

2.5 (0.6–3.5) Dec. –May,1989–1991 Zhang et al. (1993)

1.9 (0.3–6.9) Feb.–Jun.,1992 Gao et al. (1997)
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SOLAS Denmark

Analysis of the data from the Danish
Galathea 3 cruise (www.galathea3.dk ),
which took place from 2006-2007, is
coming to an end and several papers
are in preparation. The work is focused
on sea spray fluxes and air-sea
exchange of CO2 and part of the data
analysis is carried out in collaboration
between The National Environmental
Research Institute, Aarhus University
and Uppsala University in a Ph.D. study.
Spectral techniques are being used to
estimate the air-sea fluxes measured at
the cruise in order to validate air-sea
flux parameterisations. This work will
be further expanded to study air-sea
flux in coastal Arctic regions.

A new Nordic project on air-sea CO2
flux in the coastal area of Greenland
has been granted by the Nordic
Council of ministers and the
measurements will start spring 2010.
Activities on air-sea CO2 exchange
in the coastal area of Greenland are
planned for 2010. A measurement
station will be established in the
Godthaabs Fjord in spring 2010 as
a collaboration between the National
Environmental Research Institute,
Aarhus University (contact person: Lise
Lotte Soerensen; email: lls@dmu.dk),
the Nature Institute in Greenland
(Soeren Ryesgaard), Uppsala University
(Anna Rutgersson) and University of
Lund (Torben Kristensen). A second
measurement station will be
established within this project in 2011
at the coastal station Daneborg on
the east coast of Greenland.

Lise Lotte Sørensen (lls@dmu.dk)
National representative
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Figure 1 Locations of measurement used for this study
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SOLAS Belgium

The coupled river-coastal sea model
RIVERSTRAHLER-MIRO-CO2 (R-MIRO-
CO2) has been successfully applied in
the Channel and Southern North Sea
to assess the decadal changes of
carbon cycling in the Belgian coastal
zone over the period from 1951 to
1998 in response to the increase of
atmospheric CO2 and changing
nutrient river loads (Gypens et al.
2009). The results highlight that
changes in river nutrient delivery
loads due to management regulation
policies can modify carbon cycling in
the coastal zone, and lead transiently
to stronger changes in carbonate
chemistry than ocean acidification.

B.Delille, J.-L. Tison, B. Heinesch
together with Belgian colleagues,
and in collaboration with H. Eicken
(University of Alaska Fairbanks) and T.
Papakyriakou (University of Manitoba)
carried out a 6 months survey (from
January to June 2009) of air-sea ice
CO2 fluxes, sea ice physics and
biogeochemistry in Barrow, Alaska.
First results show in April some effluxes
from the ice to the atmosphere despite
low temperature at the ice-snow
interface (-14°C). This is consistent
with the CO2 oversaturation of sea-ice
brines observed at the site. The fluxes
are triggered by wind speed over 7m s_1

suggesting that wind pumping trough
the snow is one of the main process
controlling the air-ice fluxes
at that time.

Last year of the BELSPO BELCANTO-III
(http://www.co2.ulg.ac.be/belcanto/) and
PEACE (http://www.co2.ulg.ac.be/peace/)
projects were used for the synthesis of
data generated by the projects. Main
results of these two projects were
presented at the SOLAS Open Science
Conference 2009.

A.V. Borges co-organized a workshop
in January 2009 in Kiel regarding
synthesis of CO2/N2O/CH4 data in
coastal ocean (jointly organized as
COST Action 735 WG3 and SOCAT
activities), with 31 participants from EU,
USA, China, Taiwan, India and Chile.

Christiane Lancelot (lancelot@ulb.ac.be)
National representative
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Several case studies with isolated phytoplankton
species were conducted recently to understand
the response of autotrophs to elevated CO2
concentrations to be expected for the future
ocean (Tortell et al. 2002, Barcelos e Ramos et
al. 2007, Czerny et al. 2009).

In this study we investigated changes in the
activity and biogeochemistry of two diazotrophic
cyanobacterial strains common in the Baltic Sea
(Aphanizomenon sp. and Nodularia spumigena).
We grew both in co-culture with a native
community of heterotrophic bacteria until
stationary phase under a wide range of different
CO2 concentrations. This was done to better
understand the impact of different CO2
concentrations on the coupling between
autotrophic phytoplankton and heterotrophic
bacteria – an issue poorly explored so fare
(Allgaier et al. 2008).

Our experimental setup allowed us to investigate
how elevated CO2 concentrations directly altered
autotrophic and/or heterotrophic activities.

Autotrophic processes, like primary production
(PP), and nitrogen (N2) fixation of filamentous
cyanobacteria showed a direct positive
response towards changing pCO2 (Figure
1a, 1b), which was supported by lowering
nutrient concentrations (DIP – phosphate;
NO3- – nitrate) due to the stimulation of
nutrient uptake rates with increasing pCO2.
We detected a more pronounced stimulation
of N2 fixation compared to PP, which may have
induced decreasing POC:PON ratios (POC –
particulate organic carbon; PON – particulate
organic nitrogen) of filamentous cyanobacteria
and/or a higher release of DON (dissolved
organic nitrogen) compared to DOC (dissolved
organic carbon) into the water column.
Furthermore compared to present pCO2 values
at predicted CO2 concentrations elevated
POC:POP and PON:POP (POP – particulate
organic phosphorus) ratios were detected,
which suggests more organic matter production

per mol nutrient. The decreasing DIP turnover
time was presumably the consequence of lower
phosphate concentrations and a higher activity
(Figure 1c), which was also mirrored by an
increasing DIP affinity at higher CO2
concentrations (Figure 1d).

Summarizing these results we argue that
elevated pCO2 may enhance the input of
“new” N in the future, leading to internal N
fertilization of the system. In a future Baltic
Sea we may observe a fast shift from N to P
limitation during the summer. Direct effects
on heterotrophic activities were not observed
in this study. However, increasing primary
production will most likely also enhance
bacterial productivity eventually due to higher
POM production and DOM release under
nutrient depleted conditions. Furthermore we
need more research on the role of microbial
phosphate regeneration under elevated pCO2.
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SOLAS Turkey

Although the Turkish SOLAS network
is very recent, the Institute of Marine
Sciences (IMS) of Middle East Technical
University (METU) and the Euroasia
Institute of Earth Sciences of Istanbul
Technical University (ITU) have already
initiated many SOLAS related EU and
national projects.

Aerosol samples were collected in 2009
in the Mediterranean, Aegean Sea, Sea
of Marmara and Black Sea, as part of
FP6 SESAME (Southern European Seas:
Assessing and Modelling Ecosystem
change) project. IMS-METU also has an
atmospheric sample collection tower
situated off the Turkish Mediterranean
coast. Aerosol and rain samples have
been collected on the tower in order to
perform nutrient (nitrate, ammonium,
phosphate, silicate) analyses since
1999. Within the scope of the FP7
CityZen project (megaCITY-Zoom for
the Environment) current air pollution
distribution in and around certain
megacities/hot spot regions are
quantified and the future impact from
emission changes will be estimated.
Within the framework of the Turkish
Scientific and Technical Research
Council (TUBITAK) supported projects,
IMS-METU carries out observational
studies on the chemical and optical
aerosol characteristics of the boundary
layer. Modelling studies carried out by
IMS-METU focus on the effect of
atmospheric CO2 on O2 sensitive cycles
of P and N in ocean basins of decreased
O2. Additionally, aerosol dust transport
models are used to investigate the
influence of atmospheric nutrient
inputs on marine nutrient cycles and
production in the Mediterranean and
Black Sea basins.

The climatic effects of urbanization in
Istanbul have been investigated by the
Eurasia Institute of ITU using statistical
and numerical modeling tools. Both
methods indicated significant warming
in the atmosphere over the city. The
model results have exhibited a
significant expansion of the urban heat
island in Istanbul from 1951 to 2004,
fairly consistent with the expansion of
the city in this period.

With the support of the SOLAS IPO and
TUBITAK, for the first time, two Turkish
students joined the SOLAS Summer
School in 2009. The first SOLAS
national network meeting is planned to
take place in spring 2010.

Baris Salihoglu (baris@ims.metu.edu.tr),
National representative
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Figure 1 Nutrient utilization under the influence of elevated pCO2 – a) C fixation measured by 13C incorporation
(POC normalized); b) N2 fixation measured by 15N incorporation (POC normalized); c) DIP turnover time measured
by 33PO43- incorporation; d) DIP affinity measured by 33PO43- incorporation (POP normalized).

Figure 2 Regression of N2 fixation over NO3- incorporation vs increasing pCO2 levels. The experiment showed a
faster rise of N2 fixation compared to NO3- incorporation, which resulted in an increasing ratio of N2 fixation to
NO3- uptake. As a result more “new” N seems to enter the system. However, the data showed no direct response
in the secondary production to increasing pCO2.



The 2009 SOLAS Summer School was held from 3 to 14 August,
once again at the Institut d’Etudes Scientifiques de Cargèse, on
the West coast of the French “Ile de Beauté” (Island of Beauty),
Corsica. Organised by the SOLAS International Project Office
and coordinated by Véronique Garçon, the school welcomed
71 PhD students and early career scientists from 24 countries
from a wide range of scientific backgrounds, covering all of
the SOLAS foci. The Summer School offers young researchers
the opportunity to expand their knowledge of all aspects of
SOLAS science and to create and strengthen future
collaborations with SOLAS scientists from around
the world.

The lectures covered a range of SOLAS topics, including
an introduction to SOLAS (Doug Wallace); the carbon,
iron and DMS cycles (Laurent Bopp, Phil Boyd and Peter
Liss); greenhouse gases, climate change and variability
(Laurent Bopp and Isabelle Ansorge); atmospheric
physics, chemistry and dust sources (Uli Platt and Andy
Ridgwell); air-water gas exchange (Phil Nightingale);
biogeochemical modelling and changes (Corinne Le Quéré
and Andy Ridgwell); remote sensing and time-series
observations (Mike Behrenfeld, Eric Saltzman
and Phil Boyd); marine ecology, aerosols and
macronutrients (Osvaldo Ulloa, Eric Saltzman
and Phil Boyd); and processes in the coastal
zone (Minhan Dai).

Special sessions covered topical science issues,
such as the IPCC process (Corinne Le Quéré)
and key feedbacks in the climate system
(Thomas Schneider). Other sessions were aimed
at teaching the students about more practical
issues such as communicating with the press
(Phil Boyd) and ethics in science (Doug Wallace).

As well as attending lectures, the students took part in hands-on
practicals where they were introduced to techniques used in
atmospheric chemistry, modelling, gas exchange, nutrient
measurements and cruise work. Science communication
workshops gave the students guidance and constructive criticism
on presenting their research via posters, manuscripts and oral
presentations. The students then had the opportunity to present
their improved work to the rest of the school.

Evenings provided students with the opportunity to get to know
each other better and to mix with the lecturers, over dinner
and drinks in the town of Cargèse. Several made the most of
the day off to explore the
coastal waters on a
day-cruise or to go hiking
in the surrounding hills.
Feedback from the students
was extremely positive, as
the students felt they had
gained both knowledge
and future collaborative
opportunities while having
an enjoyable time in
beautiful surroundings.
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The French research vessel Tet
hys II

used for the “research
cruise”

practical.
Photo Kirsten Richter

The amazing view from the Institut

d’Etudes
Scientifiq

ues de Cargèse.

Photo Monique Albert

Students learning to measure gas
exchange with Peter Liss.Photo Kirsten Richter

SOLAS Summer School 2009

Students sampling the CTD during
the “research cruise” practical.Photo Zongbo Shi

The 2009 summer school
students a

nd

lecturers.
Photo Pierre-Eric

Grossi



It was a memorable experience for me to join
the 4th SOLAS Summer School, which was a great gathering for
Ph.D students and young scientists from different fields. Through
the SOLAS summer school, I understood that one science
question may be explained in different ways by different scientists
from different fields and sometimes should be solved by the
integration of different disciplines. The SOLAS summer school
provides a very good platform for young scientists and Ph.D
students to communicate with each other, learn the way for
doing research and talk with SOLAS experts face to face. I think
I benefitted a lot from the school both in science and English.

AAiiqqiinn  HHaann,,  SSttaattee  KKeeyy  LLaabboorraattoorryy  ooff  MMaarriinnee
EEnnvviirroonnmmeennttaall  SScciieennccee,,  XXiiaammeenn  UUnniivveerrssiittyy,,  CChhiinnaa

The SOLAS summer school was, without a doubt, the most
rewarding and important training event I’ve attended. As a
second year PhD student, I’ve found myself specialising in 
only two or three areas of biogeochemistry. The summer 
school greatly expanded my knowledge of the surrounding
biogeochemical topics, and provided a mental framework for the
links between them. Most importantly, the school introduced me
to fellow scientists in related
fields, and allowed time for 
a level of networking and 
co-operation which would
have been impossible at a
shorter conference.

AAnnddrreeww  MMoogggg,,
DDuunnssttaaffffnnaaggee  MMaarriinnee
LLaabboorraattoorryy,,  
OObbaann,,  SSccoottllaanndd Dancing on the beach after a hard

day’s work! Photo Katherine Baer

Student Testimonals

Summer School Alumni
As this was the 4th SOLAS Summer School, the organisers have
been able to watch the evolution of its past students. Although
it is difficult to keep track of all of them, a significant number
are continuing to carry out SOLAS science, as shown by their
participation at the last Open Science Conference (OSC). The
conference in Barcelona included 9 participants from the 2003
summer school, 4 participants from 2005, 14 from 2007 and 10
from 2009. At the OSC, the professional maturity reached by the
students from the earlier summer schools was demonstrated by the
fact that 3 of the alumni were invited to give plenary presentations
(Christa Marandino, Eric Galbraith and Ashwini Kumar) and one

was leading a discussion session on ship plumes (Roland von
Glasow). Furthermore, 2 alumni won the student poster
competition (Wiebke Mohr and Annette Kock), showing the
high caliber of the summer school students. The 2007 summer
school was particularly well represented at the OSC, and the
alumni from this year took the opportunity to get together for
dinner on the first night of the conference. Thus, they were able
to rekindle friendships and reinforce their links with potential
future collaborators.

If you attended one of the summer schools, please inform the
IPO (solas@uea.ac.uk) of your career evolution (e.g. postdoc,
permanent position etc), publications and any changes to your
contact details.

The SOLAS summer school provided me an excellent opportunity
to learn more about the multi-disciplinary field of ocean and
atmospheric studies. All the lectures were very well organized and
laid down in simple format making them easy to understand. Also,
getting the rare opportunity of meeting the school lecturers, who
are pioneer researchers in their respective areas of expertise, was
an added advantage. It was also wonderful to meet and interact
with people from other parts of the world working in similar areas
of research.

The practical sessions, especially the ones on gas exchange,
carbonate chemistry and computer modelling, were very useful.
The session on communication in science was of utmost
usefulness as I got some very vital tips for improving my oral 
and poster presentation. The sessions on ethics in science and
scientists and press were also very interesting. 

I came to the beautiful village of Cargese to attend the SOLAS
SS 09 and left the place with a broad vision of various aspects of
ocean and atmospheric studies and a lot of friends from various
parts of the world.

VViinneeeett  GGoosswwaammii,,  PPhhyyssiiccaall  RReesseeaarrcchh  LLaabboorraattoorryy,,  
AAhhmmeeddaabbaadd,,  IInnddiiaa

Students c
ollecting a

 plankton
 net

sample. Photo
 Monique Albert
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Community shifts and productivity changes in the Southern Ocean
Scarlett Trimborn, Biogeosciences/ ERC Research Group Phytochange, Alfred Wegener Institute for Polar and Marine Research,Bremerhaven, Germany; scarlett.trimborn@awi.de, http://www.awi.de/People/show?trimborn

In her Postdoc project, Scarlett investigates how CO2-related changes in environmental conditions, through oceanseawater acidification and via increasing thermal stratification, will shape phytoplankton community structure andpossibly alter productivity in the Southern Ocean. Therefore the sensitivity of key diatom species and Phaeocystis to ocean acidificationunder different iron availability and light regimes is assessed by laboratory and field experiments.
Scarlett also won an award for best oral presentation.

Summer school poster competition 

As in previous SOLAS Summer Schools,
 poster sessions were held during

which the students were judged on bot
h the quality of their poster and

their ability to present and discuss their 
results. The standard was

particularly high this year and the choic
e was difficult, thus the judges

decided to award 8 prizes! The winners
 and their research topics are

presented briefly in the next pages.

An al fresco
 poster se

ssion. 

Photo Kir
sten Richt

er

Estuary turbulence and air-water
CO2 exchange
Philip Orton, Lamont-Doherty Earth Observatoryof Columbia University, Palisades, NY, USA;
orton@ldeo.columbia.edu

Air-sea exchanges and deep water ventilation are typicallydriven by turbulence, and the goal of Philip’s PhD researchhas been to gain a better understanding of how
atmospheric and tidal processes control these processes.Some interesting findings of research on the Hudson Riverestuary include: (1) Wind dominates near-surface
turbulence, but peak ebb tidal currents can also enhancethe turbulence due to strong shear and local turbulenceproduction. (2) The sea breeze often travels as a gravitycurrent, so that it arrives in phase with solar forcing andbiological PCO2 drawdown near the ocean, but increasinglyout of phase with propagation up-estuary. (3) Strong storm-driven turbulence, destratification, deep waterventilation, and air-sea gas exchange are observed using an autonomous platform, and appear driven by
topographically channeled along-estuary winds.

Isotopic composition of the 
nitrate

trapped in the Vostok ice co
re:

towards new paleo-proxies

Joseph Erbland
1, Samuel Morin

1 & Joël Savarino
1

1Laboratoire de Glaciologie e
t Géophysique de

l'Environnement, CNRS – U
JF – INSU, Grenoble,

France; erbland@lgge.obs.u
jf-grenoble.fr

Nitrate trapped in Antarctic
 ice contains important info

rmation

about the atmospheric NOx
chemistry in ancient atmosp

heres.

Post-depositional loss proce
sses however occur at the t

op snow

surface at low accumulation
 sites (like Vostok). The inter

pretation

of nitrate concentration pro
files in terms of past NOx

concentrations remains thu
s very difficult.

Nitrogen stable isotopes of
 nitrate measured in the Vo

stok ice

core allows to assess that i
ntense nitrate surface loss 

processes

occurred even during glaci
al periods. Estimated nitrat

e

concentrations deposited t
o the surface of the snow 

show

that deposited nitrate conc
entrations over the last 15

0 000

years were one to two ord
ers of magnitude higher th

an nitrate

concentrations found in th
e ice.
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Triple oxygen isotopes and oxygen/argon ratio measurements to enhance coastal and
open ocean production/respiration comparisonsJohanna Gloël, School of Environmental Sciences, University of East Anglia, Norwich, UK;  j.gloel@uea.ac.ukJohanna’s PhD project compares plankton production and respiration in the coastal and open ocean with two
methods. Gross production can be determined by the analysis of triple oxygen isotopes and the oxygen/argon ratio is a
measure for net community production. 

She is based in Plymouth at the moment for one year of her PhD to conduct a weekly time series at a study site in the Western English

Channel to determine the seasonal cycle of production and respiration. She will additionally take measurements on the Atlantic Meridional

Transect cruise (2010) in the oligotrophic gyres, to enhance knowledge about productivity, which is highly variable in this region.
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Role of bioaerosols in the iron

biogeochemical cycle at the ocean

atmosphere interface
Marie Cheize, LEMAR, Place Copernic, P

louzané;

marie.cheize@univ-brest.fr

Iron concentrations have been shown to
 limit primary

productivity in at least 40 % of the ocea
n. Wet and dry

atmospheric inputs constitute one of the
 main sources of iron

to the surface open ocean. Organic iron
 in rainwater may be

an important source of soluble iron but 
has never been directly

measured. In addition, sources of atmos
pheric organic

compounds able to bind iron are still po
orly identified. Recent

studies have shown that atmospheric ba
cteria can metabolize

and transform organic compounds in th
e atmosphere. The aim

of this project is to study the role of atm
ospheric bacteria on

the iron organic speciation. Atmospheric
 bacteria in wet and

dry inputs were collected during the AM
T 19 cruise (Oct-Nov

2009). Both chemical and biological mea
surements will be

performed on these samples.

Sensitivity of the oceanic biological
nitrogen cycle to changes in
dissolved oxygen
Carolin Löscher, Institut für Allgemeine
Mikrobiologie, Christian- Albrechts- Universität Kiel,
Germany; cloescher@ifam.uni-kiel.de.

Within Carolin’s PhD project, the effects of changing oxygen
conditions in tropical ocean regions on the marine nitrogen
cycle are investigated. Hereby, the focus is on the examination
of direct ([O2]) and indirect (N/P) effects of O2 on rates of N2
fixation and the functional gene diversity of N2- fixing
microorganisms (diazotrophs). Additionally, the effects of
oxygen concentrations on N-loss processes and especially on
the production of the greenhouse gas nitrous oxide (N2O) 
are investigated. Biogeochemical methods combined with
molecular genetic tools will be used to characterize the
nitrogen cycle in different marine areas. A metagenomic
approach will lead to an extensive set of information about 
the potential metabolisms and the specific contribution of
microorganisms to the nitrogen cycle. 

Impact of OMZ on the distribution

of redox environment sensitive trace

elements in the Arabian Sea

Vineet Goswami, Physical Research labo
ratory,

Ahmedabad, India; vineetg@prl.res.in

Arabian Sea is one of the most product
ive zones of the world

due to intense upwelling owing to mon
soon winds and high dust

flux from the nearby landmass. High pri
mary productivity causes

oxygen minimum zone (OMZ) in the int
ermediate waters of the

Arabian Sea. The OMZ and process of d
enitrification in the

Arabian Sea is expected to have sufficie
nt control on the internal

cycling and distribution of the various tr
ace elements and

isotopes (TEIs) particularly of those sens
itive to redox condition,

such as U, Mo, Re and Os. An effort is b
eing made to assess the

impact of the OMZ on the distribution o
f TEIs in the Arabian Sea.

Our preliminary results seem to indicate
 little impact, if any, of

the denitrification process on the vertica
l distribution of U, Mo

and Re in the Arabian Sea.

Developing new understandings ofthe fundamental pathways of ironin mineral aerosols from Saharansoils to the marine ecosystem insurface seawater 
Zongbo Shi, School of Earth and Environment, University of Leeds, UK;shizongbo@163.com 

Zongbo’s research area is linked to biogeochemical processescontrolling flux of nutrients input from aerosol to the ocean.His work involves: (1) changes in physical and chemicalproperties of iron and phosphorus particles in aerosols,especially in mineral dust, during atmospheric processing andafter deposition to the ocean, (2) fundamental parameterscontrolling iron solubility and bioavailability in dust aerosol, and(3) dissolution kinetics of nutrient elements in mineral dust andtheir applications to regional and global modelling of solubleand bioavailable nutrients flux to the ocean.

SOLAS Summer School 2009



Summer school presentations 
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Modeling pCO2 variability and air–sea
CO2 fluxes in the North Atlantic
Nsikak Benson, Covenant University, Nigeria;
nsikak_benson@yahoo.com

Numerical models have been employed in understanding and
capturing real-time spatiotemporal trends, interseasonal to decadal
variability and characterization of thermal (pCO2-T), nonthermal
(pCO2-nonT) components of surface ocean pCO2 and air–sea CO2
fluxes. Nsisak uses MITgcm and newly available data from two North
Atlantic timeseries observatories to capture in situ pCO2 observations
and deconvolute bio-physical controlling processes. The model
suggests that pCO2 cycle is marked by summertime minimum and
wintertime maximum. It captures the observed cycles of pCO2,
pCO2-T and pCO2-nonT reasonably well. Thermal and nonthermal
composites of model pCO2 agrees with observational data,
suggesting that the CO2 cycle is governed by contrasting effects of
seasonal cooling and warming, spring and summer biology activities.
Model outputs also predict year-round undersaturation, indicating
that the region is a moderate to weak sink of CO2. 

Best improvement winner

Biological productivity in the subarctic
North Pacific: results and comparisons
between incubation and non-
incubation methods along Line P
Karina Giesbrecht, School of Earth and Ocean Sciences,
University of Victoria, Victoria, BC, Canada; karinag@uvic.ca

Biological productivity is an important process controlling the export
of carbon into the deep ocean. A number of methods have been
developed to estimate this carbon export, the most common
technique involving incubation of a water sample spiked with an
isotopic tracer. Karina’s research aims to compare productivity
estimates from measurements of the dissolved O2/Ar ratio in seawater,
a non-incubation technique, with estimates obtained from dual tracer
13C/15N bottle incubations. For this project, she had collected three
years of dissolved gas samples and one year of incubation samples
along Line P, an oceanographic line that extends into the High-
Nutrient/Low-Chlorophyll (HNLC) region of the subarctic North Pacific.
Her work also involves investigating any spatial and seasonal trends in
biological productivity along Line P, in addition to comparing results
from the incubation and non-incubation techniques.

Student’s vote winner

The students were also asked to give a 4-min presentation about their
research. They were given the opportunity to practise their presentations
during a workshop and were given feedback by the workshop coordinators,
which helped them to improve their presentations, taking into account the
advice they had been given. Prizes were awarded to the best presentations,
as judged by both fellow students and lecturers. In addition, a prize was
given to the student who demonstrated the best improvement. 

SOLAS Summer School 2009

Photo by Mingxi Yang
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Summer school presentations 

Marine Algal Biological Cycling
Merry Zacharias, Martin Ryan Institute, National 
University of Ireland, Galway; m.zacharias1@nuigalway.ie

Algae play a key role in biogeochemical cycling in coastal and off-shore
waters, with their basic photosynthetic functions controlled by light,
nutrients and temperatures. Algal metabolic (stress) compounds are
released into the water in potentially large quantities, significantly
contributing to the DOM pool. Although neither their origin,
production nor the mechanisms of their effects on other biota are
understood, organic exudates appear to influence productivity of other
algal species, thus having direct feedback potential. My project aims to
assess algal responses under different environmental scenarios and
evaluate exudation and emission of organic compounds from
representative algal species for ocean model input. Controlled bubble-
mediated aerosol production experiments are being conducted in
DOM/POM-rich culture waters and the aerosols formed are chemically
quantified to examine the air-sea transfer of DOM and POM under
different algal regimes.

Student’s vote winner

Measurement and parameterisation of
the air-sea CO2 flux in high winds
John Prytherch, University of Southampton, National
Oceanography Centre, Southampton, UK; jpp@soton.ac.uk

John’s PhD is based on direct eddy-correlation measurement of the
air-sea CO2 flux. The data come from an autonomous system based
on the Norwegian weathership Polarfront. John is using these
measurements to develop and test a novel correction method for 
a long-standing error in CO2 flux measurements made from open-
path infrared instruments. He will then work on reducing the
uncertainty in the air-sea gas transfer velocity parameterisation.

Lecturer’s vote winner

New schemes for fast measurements
of air-sea gas exchange in the
aeolotron lab
Kerstin E. Richter, Institute of Environmental Physics,
University of Heidelberg, Germany;
kerstin.richter@iup.uni-heidelberg.de

A number of novel experimental techniques to measure the transfer
rates of gaseous tracers in the wind/wave flume Aeolotron was
developed. With the aid of the recently remodeled air conditioning
system, the temperature, humidity and air flush rate can be
controlled precisely in an open (exchange of air) and closed
circulation system. The newly developed experimental schemes 
were optimized to measure transfer rates of half a dozen gases
simultaneously using FTIR and UV spectroscopy. The new
technique's temporal resolution of less than a minute allows 
for measurements in non-stationary and transient conditions.
Experimental results are expected to include transfer velocities and
the Schmidt Number exponent at a clean water surface and a water
surface covered with soluble and insoluble surfactants.

Lecturer’s vote winner

δ13C of particulate organic material in
the Southern Ocean
Elizabeth Sweet, Alfred-Wegener-Institute, 
Bremerhaven, Germany

Isotopically very light organic material (δ13Corg -28 to -35 ‰) 
and the large variation of δ13Corg observed in the Southern 
Ocean present a major problem for the application of δ13Corg as a 
paleo-proxy. No such light material has been found in corresponding
northern latitudes and thus the occurrence of very light material in
the Southern Ocean cannot be explained by low temperatures or
high CO2 concentrations alone. This north-south asymmetry in
δ13Corg has been an enigma for more than a decade. The purpose 
of this project is to identify the exact cause(s) of the anomalously
low and variable Southern Ocean δ13Corg and in light of these, 
assess the reliability of δ13C as a paleo-proxy. 
Lecturer’s vote winner

Shipboard high precision 
atmospheric oxygen measurements 
in the Atlantic Ocean
Phil Wilson, School of Environmental Sciences, University
of East Anglia, Norwich, UK; p.wilson1@uea.ac.uk

Phil’s PhD project is to develop an automated system to measure
atmospheric oxygen and carbon dioxide concentrations that is both
small and robust enough to be deployed, unmanned, on a cargo
ship sailing along a latitudinal tract in the Atlantic Ocean. From the
ship’s foremast air is drawn in by a pump and measured using a 
LI-COR infra-red absorption analyser for CO2 and an Oxzilla fuel cell
analyser for O2. The required precision is achieved by careful gas
handling and fine control of pressures, flows and temperatures
within the system, and regular calibration with a suite of calibration
cylinders. A cargo ship is being sought to build up a regular time
series of data along a latitudinal tract in the Atlantic. The scientific
goal of this project is to better understand the present and future
states of the Atlantic Ocean carbon sink.

Student’s vote winner

Study of eddy and filamentary
structures in the Gulf of Lion, 
and their impacts on the coast-
offshore exchanges
Ziyuan Hu, Université de la Méditerranée, Centre
d'Océanologie de Marseille, France; ziyuan.hu@univmed.fr

Ziyuan’s Ph.D research focuses on (sub)mesoscale structures on 
the western side of the Golf of Lion, using realistic simulations to
reproduce the (sub)mesoscale eddies. WATERS (Wavelet Analysis for
Time-tracking Eddies) analysis has been done on model outputs in
order to identify eddies and to define their area, position and tracking
duration. The numerical modeling also helps to set up the sampling
strategy. In reverse, data acquired in situ are used to validate the
numerical model. Numerical results, combined with in situ data and
satellite observations, are used to increase our knowledge on the
(sub)mesoscale eddies of the Gulf of Lion and to quantify their roles
on the coast-offshore exchanges in matter and energy fluxes.

Student’s vote winner
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Yukihiro Nojiri
Yukihiro Nojiri is currently Vice Director of the Center
for Global Environmental Research, National Institute
for Environmental Studies (NIES) and Manager of the
Greenhouse Gas Inventory Office of Japan. He is also 
a Professor at the Interdisciplinary Graduate School of
Science and Engineering, Tokyo Institute of Technology.

His areas of expertise are Marine Chemistry, Green House Gas
Observation in the Atmosphere, Terrestrial and Aquatic Environment.
His current research focuses on:

1. CO2 flux at the surface ocean from ship-board observation
NIES and IOS (Canada) have initiated a joint monitoring program to
undertake CO2 measurements on board cargo ships in the north
Pacific from 1995 to the present. Results identified the distribution,
seasonal and inter-annual change in CO2 source and sink intensity 
of the north Pacific. The program is still ongoing with two
atmosphere/ocean Volunteer Observation Ships (VOSs) and two
atmosphere VOSs, in collaboration with NIWA (New Zealand) and
CSIRO (Australia). In 2002, a collaboration with Professors D.
Wallace and A. Kortzinger of the University of Kiel was initiated 
to undertake CO2 measurements on board a car carrier between
Europe and US, using a CO2 system developed by Dr. Nojiri, to
identify the CO2 sink intensity of the north Atlantic.

An observing pCO2 program with Gothenburg University is also
continuing to operate a pCO2 system on board a Swedish Arctic
survey vessel. These data sets are joining CDIAC (US) data set and
newly designed collaboration of global scientists for ocean surface
CO2 study database (SOCAT).

2. Development of on-board monitoring system for CO2

and related ocean biogeochemical parameters 
Yukihiro developed a novel pCO2 equilibrator for on board ship
observation. The pCO2 equilibrator and CO2 system are operated for
the monitoring program by VOSs in the Pacific and north Atlantic.
NIES organized jointly with UNESCO/IOC ocean carbon program
(International Ocean Carbon Coordination Program) of ocean pCO2
measurement systems. Two campaigns were carried out in 2003 and
2009 utilizing a seawater pool facility in Japan. This facilitates global

improvement of pCO2 observation technology and results in the
increasing accuracy of CO2 flux estimation.

3. Biological impact of ocean acidification
Yukihiro is leading an experimental study of the impact of ocean
acidification on calcifiers, funded by the Japanese Ministry of
Environment since 2008. He developed a precise pCO2 controlling
system for manipulation experiments. He just started a collaboration
with an EU ocean acidification group of scientists (EPOCA) to have
common knowledge about accurate laboratory set-up for ocean
acidification experiments.

4. Iron fertilization experiment in the North Pacific
Yukihiro is a core member in Japanese ocean fertilization
experiments in which three meso-scale iron fertilization experiments
were conducted in the high latitude north Pacific in 2001, 2002 
and 2005. These programs were carried out under international
collaboration with Canada and the US.

5. Biogeochemical process study and modeling with ocean
time series measurement
Yukihiro was the chief scientist in the ocean time series program
KNOT in the north west Pacific (44°N, 155°E). The intensive
observation was conducted from 1998 to 2000. The observation
data is analyzed and compared with the existing ocean time series
programs at Hawaii, Bermuda and the Gulf of Alaska.

6. Atmospheric monitoring of greenhouse gases
Yukihiro is supervising the NIES atmospheric observation program
using multiple platforms. CO2, CH4, N2O and isotopes are observed
by two ground-based stations in Japan, aircrafts over Siberia and
ships in the Pacific Ocean.

Contact: nojiri@nies.go.jp

Christoph Heinze
Christoph Heinze carried out his PhD on “Reduction
of atmospheric carbon dioxide concentration by 
the world ocean during the last glaciations” at the
University of Hamburg and Max Planck Institute 
for Meteorology. After a 2-year postdoc at the
University of Hamburg, he crossed the Atlantic as 

a visiting research scientist to the Lamont-Doherty Earth Observatory
of Columbia University, New York. In 1994 he returned to the Max
Planck Institute as a senior scientist, where he evolved as a group
leader in 2003 after a short period at the National Environmental
Research Institute, Roskilde, Denmark. He is currently a professor in
Chemical Oceanography at the University of Bergen and leader of the
research group “Biogeochemical Cycles” at the Bjerknes Centre for
Environmental Research, also in Bergen.

Christoph is the Project Director of the EU FP6 Integrated Project
CARBOOCEAN (Marine Carbon Sources and Sinks Assessment,
http://www.carboocean.org), which runs from 2005-2009, includes
35 contractors (50 groups from Europe, USA, Canada, and Morocco)
and has a total budget of €14.5 million. CARBOOCEAN is a SOLAS-
endorsed project that aims for an accurate scientific assessment of the

marine carbon sources and sinks within space and time. It focuses 
on the Atlantic and Southern Oceans and a time interval of -200 to
+200 years from now. CARBOOCEAN will determine the ocean’s
quantitative role for uptake of atmospheric carbon dioxide (CO2). 
The ocean has the most significant overall potential as a sink for
anthropogenic CO2, therefore the correct quantification of this sink is
a fundamental necessary condition for all realistic prognostic climate
simulations.The results from CARBOOCEAN will enable a quantitative
risk/uncertainty judgement on the expected consequences of rising
atmospheric CO2 concentrations. Based on this judgement, it will be
possible to guide the development of appropriate mitigation actions,
such as management of CO2 emission reductions within a global
context (e.g., Kyoto Protocol, United Nations, 1997). 

The 5 CARBOOCEAN core themes are:
1. North Atlantic and Southern Ocean CO2 air-sea exchange on a
seasonal to interannual scale. 

2. Detection of decadal to centennial Atlantic and Southern Ocean
carbon inventory changes. 

3. Carbon uptake and release at European regional scale.
4. Biogeochemical feedbacks on the oceanic carbon sink.
5. Future scenarios for marine carbon sources and sinks. 

Contact: Christoph.heinze@gfi.uib.no

   In Focus
The SOLAS Scientific Steering Committee would like to extend their gratitude to departing
members Nilgun Kubilay, Shigenobu Takeda, Wade McGillis and Gerrit de Leeuw, and a
warm welcome to new members Christoph Heinze and Yukihiro Nojiri. 

As of January 2010, the new list of SSC members is as follows: 
Doug Wallace (Chair, Germany), Isabel Cacho Lascorz (Spain), 
Minhan Dai (China), Veronique Garçon (France), Cécile Guieu (France),
Sergey Gulev (Russia), Christoph Heinze (Norway), Dave Kieber(USA),
Cliff Law(New Zealand), Yukihiro Nojiri (Japan), Patricia Quinn (USA),
Eric Saltzman (USA), Guang-Yu Shi (China), Rafel Simó (Spain),
Jacqueline Stefels (Netherlands) and Roland von Glasow (UK)
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Barcelona, 16-19 November 2009

The Open Science Conference (OSC)
that took place at the CosmoCaixa
science museum in Barcelona from
16 to 19 November 2009 brought
together 250 participants from 28
different countries. Plenary talks
covered many aspects of SOLAS
science, including overviews and
updates of the well-established
research areas such as air-sea gas
exchange, marine aerosols and
atmospheric deposition. The
programme also featured some
new additions to the “traditional”
programme. These included the application of new techniques
to SOLAS research, such as the deployment of an autonomous
network of gliders to map ocean physics and phytoplankton
distribution, which can be controlled and
monitored via the internet. Molecular
biology featured strongly at this OSC,
with a session dedicated to genomic
and genetic studies of ocean-
atmosphere exchanges, which covered
the application of functional genomics
to the study of bacterial
dimethylsulfoniopropionate (DMSP)
cycling, N2 fixation and nutrient-limited
growth.  The topical issues of ocean
fertilization and geo-engineering were
covered by both a plenary talk and a
discussion session (see section reporting
on the discussion sessions).

The CosmoCaixa museum also organised 
an evening of public lectures, which 
attracted both locals and conference attendees.
Stimulating talks were given by Rafel Simó (Institut
de Ciencies del Mar, Barcelona, Spain), Corinne Le
Quéré (University of East Anglia, UK) and Jeremy
Jackson (Scripps Institution of Oceanography, USA)
on the subjects of the marine biosphere, CO2 in the
ocean and ecosystem extinction and evolution. 

SCOR kindly partially sponsored 5 scientists from
developing countries to participate in the conference
and present a poster. The OSC was a valuable
experience for them, as shown by some 

of their testimonials (see below).

SOLAS Open Science Conference

“The conference SOLAS OSC09 was well organized and a wonderful platform 
for young scientists to take part in. Plenary talks

were informative and well chosen and it seemed as if the sequence of the talks
 was actually a sequel of questions and answers.

Discussion sessions were quite interactive, presenting present knowledge of the
 chosen theme and posing the new challenges

for future research at the same time. Poster sessions were interactive and also h
elpful to share the knowledge in short time.

Interaction with eminent scientists and young researchers was helpful in terms 
of sharing the problems and application of

different techniques and approaches to solve the problems. I personally feel tha
t students should take advantage of these

conferences to develop the steps for future collaborations and to contribute to
 SOLAS science.” 

DDaammooddaarraarraaoo  VVaallaavvaallaa,,  NNaattiioonnaall  IInnssttiittuuttee  ooff  OOcceeaannooggrraapphhyy,,  GGooaa,,  IInnddiiaa..

“This was a thoroughly well organised conference with some of the most interesting talks and discussions I have been presentat. The ideas and collaborations from it will have a direct impact on my work and build capacity for science in South Africa.Some of the most constructive sessions were the poster sessions particularly with regards to discussion of my own poster.Roland von Glasow gave very useful feedback on the methods employed while Peter Liss and John Plane provided a usefuldiscussion of the implications of the work. Most importantly Alfonso Saiz-Lopez expressed an interest in using my ocean modelestimates as boundary conditions for his atmospheric model, opening up a new and exciting research direction.”
CCaarrll  PPaallmmeerr,,  UUnniivveerrssiittyy  ooff  CCaappee  TToowwnn,,  SSoouutthh  AAffrriiccaa  

The conference venue, CosmoCaixa.Photo Sophie Seeyave

Opening speeches on
 the first day 

of the conference.

Photo Sarah-Jeann
e Royer

Plenary talk by Peter Liss on "the spectre of geo-engineering". Photo Sophie Seeyave
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Student poster competition
All 65 student posters were entered into this OSC’s student poster competition. The
posters were judged by a different panel of judges for each of the 3 SOLAS foci: Eric
Saltzman and Marcel Kuypers for Focus 1; Rik Wanninkhof and Christoph Garbe for Focus
2; Nicolas Metzl and Laura Farias for Focus 3. All panels were chaired by Alison Green, the
managing director of the journal Environmental Chemistry. Environmental Chemistry was
the official sponsor of the poster sessions and competition. The winners received a year’s
journal subscription, the recently published SOLAS textbook Surface Ocean-Lower
Atmosphere Processes, and last but not least, an open-mouthed ceramic fish made of deep-
sea mud! It was a difficult decision for the judges, due to the very high overall standard.
However, after much deliberation, 4 winners were selected based on the scientific quality of
the poster and the students’ ability to present and discuss their results. Some of the winning
posters are available on the SOLAS website.

Joint winner Focus 1 Sophie Tran

Experimental characterization of the oceanic source of light volatile organic compounds
(VOC) and carbon monoxide (CO)
Sophie Tran, Laboratoire des Sciences du Climat et de l’Environnement (LSCE), France ; sophie.tran@lsce.ipsl.fr

In Open Ocean, previous studies have shown diurnal and seasonal cycles of CO and light COV (like alkenes and isoprene) which have 
an important impact on local and regional chemistry. To better characterize these oceanic emissions, laboratory and in situ studies 
are required to understand the mechanisms from which they are produced. Laboratory experiments are devoted to determine the
contribution of light (PAR and UV radiations), species, chromophoric dissolved organic matter (CDOM) and other factors influencing the
emissions whereas in situ studies are used to define spatial distributions in water with on-line measurements. Combination of laboratory
and in situ measurements integrated into meso/global scale models will help us (in collaboration) to better constrain the oceanic
contribution of these gases to the atmosphere.

In our first laboratory study, measurements have been conducted in Kiel (Germany) in 2008, in order to characterize the impact of 
UV radiation on the production of non methane hydrocarbons and carbon monoxide by phytoplankton. The results showed that UV
radiations have an important impact on the production of CO and alkenes (ethene, propene, isobutene) which come from photolytic
destruction processes involving CDOM and dissolved organic carbon (DOC). During these experiments, we have observed that CO (and
maybe isobutene) are emitted by two different processes: an indirect production from CDOM under UV radiations (major contribution)
and a direct production by living algae under PAR (minor but still significant contribution). 

Poster ses
sion. 

Photo Sar
ah-Jeanne

 Royer

Joint winner Focus 1  Wiebke Mohr
Environmental controls on nitrogen fixation
Wiebke Mohr, Leibniz Institute of Marine Sciences (IFM-GEOMAR), Kiel, Germany;  wmohr@ifm-geomar.de

Crocosphaera watsonii, a unicellular diazotrophic (i.e. N2-fixing) cyanobacterium, was used in several laboratory
studies revealing diel patterns of nitrogen fixation and photosynthesis accompanied by diel variation in gene expression (Mohr et al.
2009). Incubations with the stable isotopes 15N2 and 13C-bicarbonate followed by nanoSIMS (nanometer-scale secondary ion mass
spectrometry; CAMECA) analysis showed high variability in single-cell nitrogen fixation and photosynthesis rates. Within this
variation, the highest nitrogen fixation rate was nine times higher than the average population rate. Thus, the potential nitrogen
fixation, i.e. if every cell would be as active as the most active one, could be as high as ninefold the average rate.

Besides the laboratory-based studies, part of my research is taking place at the TENATSO (Tropical Eastern North ATlantic Time Series
Observatory) time-series station near the Cape Verde Islands where we conduct nutrient-addition bioassay experiments. The Cape
Verde site is characterized by open, mostly oligotrophic, ocean conditions with a deep chlorophyll a maximum and a mesopelagic
oxygen minimum zone. The work in these experiments focuses on the extent and the limitation of nitrogen fixation as well as the
abundance and activity of diazotrophic organisms.

Reference: Mohr, W., Intermaggio, M.P., LaRoche, J. (2009) Diel rhythm of nitrogen and carbon metabolism in the unicellular,
diazotrophic cyanobacterium Crocosphaera watsoniiWH8501. Environmental Microbiology (online in advance of print): DOI
10.1111/j.1462-2920.2009.02078.x.

SOLAS Open Science Conference



The conference organisers and 
Chair of SOLAS. Left to right: Rafel
Simo, Isabel Cacho, Emilie Breviere,
Sophie Seeyave and Doug Wallace. 
Photo Sarah-Jeanne Royer
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Winner Focus 3  Kevin Randall
Arctic sea-ice: source or sink for nitrous oxide? 
Kevin Randall, département de biologie (Québec-Océan), Université Laval, Québec, Canada; kevin.randall.1@ulaval.ca

Nitrous oxide (N2O) is a greenhouse gas that also plays a role in stratospheric ozone depletion. Some natural sources
and sinks of N2O are still poorly-quantified or unidentified, especially at high latitudes where the observed high atmospheric
concentrations in winter remain partially explained. As part of the Canadian International Polar Year Program, we measured bulk
concentrations of N2O in the bottom 10 cm of the annual sea-ice and underlying surface waters in the Beaufort Sea from March to
April 2008. Our sea-ice measurements, based on a recently developed syringe sampling technique, consistently revealed N2O bulk
concentrations being ca. 40 % lower than those in the underlying waters and in the atmosphere. On the other hand, our estimation 
of N2O concentrations in brine revealed concentrations super-saturated (323%) with respect to those in the atmosphere. These low
values in bulk sea ice suggest a physical expulsion of the N2O from the sea-ice via the ejection of super-saturated brine during the
freezing process. These results suggest that the sea-ice may be a N2O source during its formation which could alter the sea-ice-air
exchange of N2O in the Arctic. This new input of N2O during sea ice formation could then participate in the augmentation of
atmospheric N2O concentrations observed in fall and winter over the Arctic region. 

The winning
posters are
available at
http://www.solas-
int.org/news/conference

meetings/posters.html

Winner Focus 2  Annette Kock
The role of diapycnal mixing for N2O emissions in the Mauritanian upwelling system 
Annette Kock, Jens Schafstall, Peter Brandt, Marcus Dengler & Hermann W. Bange  

IFM-GEOMAR, Kiel, Germany; akock@ifm-geomar.de

Oceanic nitrous oxide (N2O) is produced mainly during microbial nitrification in the subsurface ocean. In upwelling areas, such as the
region off Mauritania, the transport of subsurface N2O to the mixed layer leads to enhanced outgassing of N2O to the atmosphere.

To study the transport of N2O from the subsurface ocean to the mixed layer in the region of the Mauritanian upwelling we combined
N2O measurements with diapycnal mixing rates derived from simultaneous microstructure measurements. We hypothesized that
turbulent mixing plays a significant role for the transport of N2O through the pycnocline. The contribution of turbulent mixing to the
N2O flux was evaluated by comparison of the diapycnal and air-sea flux of N2O, where the integrated air-sea flux from the region gives 
a measure for the total flux of N2O from the subsurface ocean while the diapycnal flux accounts for the component of the flux that is
induced by turbulent mixing.

We found enhanced diapycnal fluxes in a narrow band above the continental slope (between the 100 and 450 m isobaths). Averaged
fluxes were 15 times higher on the slope than offshore. Elevated air-sea fluxes extended farther offshore however (~19°W) and decayed
exponentially with distance from the coast due to offshore transport of surface waters occurring on a similar time scale as air-sea
exchange. Regionally averaged integration of the fluxes revealed a significant, but not dominant role of turbulent mixing: About 20%
of the emissions of N2O could be assigned to diapycnal transport associated with turbulent mixing. 

Rafel Simo preparing to sing "Dust in
the wind". Photo Sarah-Jeanne Royer

The winners: Kevin Ran
dall, Annette

Kock, Wiebke Mohr and Sophie Tr
an

Photo Sarah-Jean
ne Royer  
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David Kieber is a chemical oceanographer studying biological and chemical transformations 
of naturally-occurring organic matter in atmospheric and aquatic environments. He is a member
of the SOLAS Scientific Steering Committee.

Ocean-derived aerosols: Production, evolution and impacts
David Kieber1 (Convener), Patricia Quinn2 (Co-convener) & Gerrit de Leeuw3
1State University of New York, College of Environmental Science and Forestry, Syracuse, USA   2NOAA Pacific Marine Environmental
Laboratory 3Finnish Meteorological Institute, University of Helsinki & TNO

The importance of marine aerosol in atmospheric chemistry, cloud
formation and climate was highlighted in a brief introduction, and
several high-priority research questions were identified. This was
followed by six introductory presentations: 1. Global primary marine
aerosol emissions (Monique Albert), 2. Primary production of sea spray
aerosol (Gerrit de Leeuw), 3. Biogenic primary and secondary organic
components in marine aerosol (Cristina Facchini), 4. Size-resolved
production and composition of nascent marine aerosol (William Keene),
5. Scavenging by marine aerosol (Jacek Piskozub), and 6. Interactions
between air pollutants and marine gases and aerosols (Timothy Bates).
An open discussion ensued on the key questions outlined in the aerosol
white paper (see mid-term strategy on SOLAS website). Much of this
discussion focused on reported number distributions of size-resolved
marine aerosol, since large differences have been observed below an   -
ambient geometric mean radius of ~ 0.2 µm. Resolving these
differences is critical to assessing the impact of submicron marine

aerosol on atmospheric processes. Another discussion ensued on how
the sea-spray aerosols with r ~ < 0.1 µm are produced. In biologically
active regions the submicron fraction contains increasingly more
organics as their size decreases. A discussion followed regarding the
nature and composition of the organic matter produced in marine
aerosol and whether this organic matter originated primarily from the
sea surface microlayer or from the underlying “bulk” seawater. Two
other salient comments that were raised during the discussion session
were (1) the SOLAS community should conduct fundamental studies to
evaluate bubble plume dynamics and evolution and (2) we should not
lose sight of or ignore the production and processing of supermicron
size fractions that dominate the mass flux of marine aerosol. Finally, the
importance of determining whether marine-derived organic matter
associated with nascent marine aerosols scaled linearly or nonlinearly
with surfactant organic carbon in seawater was addressed, since these
functional relationships yield very different global-model flux estimates.  

Peter Liss is a biogeochemist studying ocean-atmosphere interaction in a global context. He has
been Chair of the Scientific Committee of IGBP and the Scientific Steering Committee of SOLAS.

Large-scale experiments for SOLAS
Peter Liss1 (Convener) & Tom Bell1 (Rapporteur)
1School of Environmental Sciences, University of East Anglia, UK

Seven ideas have been submitted to the SOLAS Scientific Steering
Committee (SSC) concerning potential ‘large-scale field experiments’
for the future.  For the purposes of the discussion, ‘large-scale field
experiments’ were defined as:

“Larger in scale (horizontal, vertical, temporal and resource) 
than has been attempted before and trying to answer questions 
that are new, or older questions tackled in a new way”

Only five of these ideas were presented in the Barcelona 
discussion session (more information can be found at
http://tinyurl.com/yajyu32). Debate mainly focussed on developing
existing understanding of iron fertilisation experiments toward more
natural large-scale addition experiments (i.e. using some type of
atmospherically-processed dust).  In particular, some of the debate
considered the impact that rain may have on dust/iron solubility.  

It might be possible to examine a natural system situated to the
North of the Tasman Front.  This region is subject to regular dust
events from Australia (these tend to be low in inorganic nitrogen)
and, during cyclone season, there is the potential to be able to 
study a natural wet iron deposition event.  Such an experiment
would require substantial planning and relatively small vessels ‘ready
to go’ during the period when the event is most likely to occur.
However, the results would be very valuable, especially if interpreted
in conjunction with remotely sensed data.

The discussion session provoked a lot of ‘food for thought’ 
(a more complete write-up of the session can be downloaded 
from http://tinyurl.com/yajyu32) and will hopefully stimulate 
the community toward at least one more large-scale SOLAS 
field experiment!”

Monday 16th November 2009

The following reports are brief summaries of the discussion sessions that took place. 
The full reports can be downloaded from http://www.solas-int.org/news/conferencemeetings/discsess.html
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Laurens Ganzeveld is Assistant
Professor in Earth System Sciences -
Climate Change. His main interest is
the role of surface reactive trace gas
and aerosol exchanges in atmospheric
chemistry and climate.

Stephen Archer is a biological
oceanographer interested in 
processes that control air-sea flux 
of trace gases. 

Does a halogen-ozone exchange feedback exist and dominate MBL reactive
iodine atom  sources?
Stephen Archer1 and Laurens Ganzeveld2; (Conveners); Liz Coleman3; (Rapporteur); Philip Nightingale1 (Chair)
1Plymouth Marine Laboratory, Plymouth, UK  2Department of Environmental Sciences, Wageningen University, Wageningen, The Netherlands  3National
University of Ireland Galway, Ireland.

This discussion explored: 
1. the evidence for a feedback mechanism involving increased ozone
removal in the marine boundary layer (MBL) resulting from reactions
at the sea surface that increase O3 deposition to the oceans but also
enhance emission of reactive, ozone-depleting halogens from the
ocean; 2. how the proposed feedback compares in terms of O3
depleting potential with water-column processes that also provide 
a source of reactive halogens to the MBL.

Direct and indirect evidence indicates the existence of enhanced
deposition of ozone substantially higher than that due to dissolution
alone. These include: observed deposition rates; improved global
models of ozone that incorporate enhanced deposition; experimental
observations of reactions with dissolved iodide; and reactions involving
photosensitive organic matter at the sea surface. Both of these
reaction schemes potentially release reactive halogens to the MBL.

New, pertinent information was discussed: 
IO concentrations in the MBL at Cape Verde cannot be explained
without invoking a sea-surface source of reactive iodine; enhanced
reactive halogen production influences DMS fate in the atmosphere;
glyoxyl and IO concentrations in the remote oceanic atmosphere are
linked to biological activity; global iodide fields are poorly constrained
but iodine speciation is linked to O2, productivity and influences air-
sea flux of reactive iodine. Back-of-the-envelope calculations indicate
reactive iodine sources, derived from O3, dissolved iodide and organic
matter, may be of a similar magnitude to water-column based
organoiodine compounds. However, neither source explains the diel
patterns of IO concentration observed at Cape Verde, suggesting
alternative processes and sources of reactive iodine may exist. 

This joint meeting will highlight the important synergisms that exist
between these three areas of research. Just a few examples include:

• Satellite atmosphere and ocean/land-surface retrievals from 
multi-sensors/multi-platforms 

• Observations and modeling of coastal and global ocean winds 
and current dynamics

• Long-term data records for climate process and coupled earth
system interaction study

• Satellite derived air-sea heat and gas fluxes and ocean 
bio-optical characteristics

• Air-sea carbon dynamics in coastal oceans

• Observations, modeling, and forecasting of air-sea interaction 
and coastal climates

• Assessing the quality of coastal ocean and atmospheric 
parameter retrievals

• Regional model downscaling of coastal processes and
evaluation using remote sensing

• Observations for use in multi-scale global climate change 
impact assessments

• High latitude air-sea-ice interaction

The Westin Annapolis is a great venue 
for this meeting with a $119/nt room rate.
(http://www.Westin.com/Annapolis)  
It’s not far from the town center 
with nearby shops and restaurants.

For more information, abstract submission
and meeting registration, see the AMS
Web site.http://www.ametsoc.org/MEET/meetinfo.html

Abstract Deadline is May 3rd 2010 
See you in Annapolis!

September 27-30, 2010, Annapolis, Maryland
Join us for an exciting AMS meeting that includes: 

17th Conference on Satellite Meteorology and Oceanography
17th Conference on Air-Sea Interaction 

9th Conference on Coastal Atmospheric and Oceanic Prediction and Processes
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Véronique Garçon, CNRS Senior
Scientist, is leading the Physical
Dynamics/ Marine Biogeochemistry
group at LEGOS (Laboratory of Space
Geophysics and Oceanography),
Toulouse, France. She is a member of the
SOLAS Scientific Steering Committee.

Air-sea gas fluxes at Eastern Boundary upwelling and OMZ systems
Véronique Garçon1 & Aurélien Paulmier1 (Conveners)  1Laboratoire d’Etudes en Geophysique et Oceanographie Spatiales, France

All Eastern Boundary Upwelling EcoSystems (EBUES) are associated
with relatively high biological activity, and a more or less intense
oxygen minimum zone (OMZ). They play a crucial role in climate
evolution (greenhouse gases production) and marine ecosystems
(respiratory barrier, nitrogen deficit). The scientific objectives are:

1) to quantify the overall role of the OMZs on climate change
considering their impact on the greenhouse gases, clouds formation
and the O3 and O2 control,

2) to determine the responsible mechanisms associated with the 
bio-, photo- or chemio-degradation of the organic matter 

The session yielded an enthusiastic response in order to develop into an
articulated international project, connected with other mid-term SOLAS
strategies and IGBP programmes. The interests focused on the need for
in situ observations (e.g. CO2, N2O, but also DMS) to quantify the
coupled or decoupled source and sink effect in the EBUES, due to their
high spatio-temporal variability. In particular, the Atlantic EBUES appear
to be very different from those in the Pacific (weaker N2O emissions,
lower denitrification and no report of H2S emissions off Mauritania).
The upwelling fuelling of the oligotrophic gyres due to filaments is also
to be studied (e.g.: nitrogen source/sink; DMS increase/decrease linked

with the shift of plankton/bacterial communities and grazing). In
paleoceanographic records, fluctuations observed on several decades
are important to be considered with specific OMZ proxies. Finally, the
impact of chemical low O2 conditions (e.g. higher iodide and reduced
iron off Peru than off Mauritania) have to be investigated.

The project covering the low atmosphere, the ocean micro-layer,
surface and subsurface, and all their interfaces, will combine: 

i) short- and long-term data acquisition (cruises, laboratory experiments,
network, moorings, gliders, ARGO floats, ASIP, aircrafts) associated with
the use of historical and new databases (e.g. MEMENTO for N2O and
CH4, and maybe later for H2S), remote sensing and analysis, 

ii) parameterizations, coupled biogeochemical/physical modelling,
new numerical tools and large scale validation based on
intercomparisons (mainly between the Atlantic and Pacific).

The overarching outcome will be a complete understanding of the
OMZ’s role in the present ocean. The first step will be a SOLAS
workshop on 8-10 November 2010 in Lima (Peru) at IMARPE with
~30-40 participants. 

Richard Sempéré is a CNRS Organic
Biogeochemist specialized in UV
impact on DOM biogeochemistry. 

Marc Mallet is specialized in aerosol
radiative properties and impacts on the
atmospheric radiative budget.

Ocean-atmosphere interactions in the Mediterranean Sea 
Marc Mallet1 & Richard Sempéré2 (Conveners)   1LA, Toulouse, France  2LMGEM, Centre d’Océanologie de Marseille, Marseille, France

First, two presentations were given in order to present the MERMeX
and ChArMEx projects (scheduled for the 2010 to 2020 period over
the Mediterranean basin) and related to marine ecosystems and
atmospheric composition modification due to the global change 
and anthropogenic pressure. Others presentations were also given,
including the effect of dust deposition and dust sea surface
dimming on the net primary production (NPP), the presentation of
an original satellite retrieval for estimating UV attenuation,  Kd(UV)
as well as CDOM absorbance from ocean-color, the sea-to-air
emissions of biogenic marine organic matter and subsequent
photochemical oxidation reactions, the effect of solar radiations on
the DMS production, as well as the penetration of UV radiations in
the Mediterranean Sea. Several discussions highlighted the need to
develop long-term measurements of the aerosol deposition over the

Mediterranean basin in order to validate outputs from chemical-
transport models, including a distinction between the dry and wet
deposition. The discussion underlined also the need to conduct
“bubble-bursting” observations over this region for investigating the
production of secondary organic aerosols and their possible impact
on the radiative budget. Finally and due to the strong impact of UV-
B, UV-A radiations on marine ecosystems (photo-degradation of the
CDOM, carbon cycle, DMS production...), the discussions revealed
that few UVR measurements were currently performed over the
Mediterranean basin. In that sense, accurate observations of UVR
irradiances are clearly needed over this specific region (weak cloudy
coverage associated with high doses of UVR compared to oceanic
areas located at the same latitude).

Tuesday 17th November 2009

Aurélien Paulmier integrated IRD in
2009, after a PhD (Paris VI) and various
post-doctoral experiences (LEGOS, MPI,
IFM-Geomar).
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Doug Wallace is working primarily 
on trace gas and CO2 fluxes between
the atmosphere and ocean and has
special interest in the biogeochemistry
of tropical oceans. He is presently 
Chair of the SOLAS Scientific 
Steering Committee.

Cécile Guieu has been working 
over 10 years on the characterisation 
of the atmospheric input to the 
ocean and its relation to marine
biogeochemical cycles with a focus 
on Fe. She is a member of the SOLAS
Scientific Steering Committee. 

Atmospheric deposition and ecosystem response
Cécile Guieu1 & Doug Wallace2 (Conveners)  
1Laboratoire d’Océanographie de Villefranche sur Mer (CNRS), France  2Leibniz-Institut für Meereswissenschaten (IFM-GEOMAR), Germany

Cécile Guieu, in her opening presentation, identified a set of
research needs in the areas of: a) atmospheric transport, processing
and deposition; b) organic nutrient and carbon deposition; c)
temporal and spatial variability in the response of ecosystems to
deposition; and d) how future ocean conditions (e.g. acidification,
temperature / stratification change) will affect ecosystem response. 

An overall need for more and better information concerning the
timing and magnitude of deposition, the partitioning of nitrogen
between organic and inorganic forms, and more measurements 
of aerosol-derived phosphorus and speciation was identified.

The participants noted the need to maintain and extend time-series of
aerosol composition that can be coupled to ocean time-series in order
to observe the response of the marine ecosystem to deposition events.
Given that anthropogenic nitrogen forcing is largely a Northern
Hemisphere phenomenon, whereas climate and acidification effects

are global, the need for time-series in both hemispheres was
emphasized. Meridional transects of research vessels can provide
spatial coverage and remote sensing is of particular use for this topic. 
It was noted that dedicated SOLAS studies, including regional time-
series, could be of considerable value in identifying possible aerosol-
derived artefacts in the interpretation of ocean color data.

A set of ongoing, planned and potential regional studies was identified
by the participants, which should be expanded, and systemized under
SOLAS. The groups involved with these presently separate efforts 
were urged to link their proposals and plans together so that similar
experimental and analytical approaches can be applied in different
regions, thereby allowing for later comparison between regions. It 
was also suggested that the individual regional projects should seek
funding for student exchanges and other forms of linkage and
communication with closely-related projects in other regions.

Nadja Steiner works on ocean-sea-ice models and on coupled atmosphere-ocean-ecosystem
models to study surface fluxes and parameterisations for the marine sulphur cycle. 

Towards a better representation of DMS emissions in global climate
models – Status of measurement issues and model parameterisations
Nadja Steiner1 (Convener), Gill Malin2,(Co-convener), Maurice Levasseur3 (Co-convener/Rapporteur)
1IOS & CCCma, Fisheries and Oceans Canada, Sidney, Canada  2University of East Anglia, UK  3Universite Laval, Canada

Nadja Steiner and Gill Malin began with an introduction on the
status of DMS modelling in GCMs and the upper water column
processes leading to DMS. Mechanistic 1-D and 3-D DMS ocean
models show some success in reproducing regional and seasonal
variations, but computing capability precludes incorporating these
into GCMs. The short term challenge is to define and include the
key players and processes sensitive to climate change. 

Arancha Lana showed the DMS-GO climatology of 47,313 data points
which is now available. Application of new high frequency DMS
analysis techniques will give further insight into spatio-temporal
variability. A coupling with frequent measurements of DMSPt and
supporting biological parameters would be beneficial. Further work is
warranted on how the microlayer influences gas exchange. Dave Kieber
discussed direct production of DMS by DMSP-producing phytoplankton
via a DMSO reduction pathway, i.e. without the need for DMSP-lyase
activity. Tessa Vance found a 160-fold increase in the DMSP:
chlorophyll-a ratio within 24 to 48 hours of exposing an under ice
Antarctic phytoplankton community to light and UV. Rapid springtime
sea ice break-up could result in pulses of DMS, CCN and MSA.

Adding ‘boxes’ (pools) to models substantially increases computing
time. DMSPd is generally < 2 nmol L-1 and turns over within a few
hours; the general consensus was that it need not be explicitly included
in models. Hendrik Schäfer highlighted 2 new DMS sink pathways
through bacterial DMS oxidation: DMS carbon assimilation via a novel
pathway to tetrathionate and thiosulphate, and utilisation of DMS as an
auxiliary energy source via oxidation to DMSO. Bacteria are clearly a
major sink for DMSP and a source and sink for DMS. The need for a
bacterial ‘box’ in the models was supported, but better understanding
of the controls on bacterial uptake of DMSP and DMS yield, and their
sensitivity to chemical and environmental conditions is needed. 

Future IPCC runs will use earth system models which tend to provide 
an integrated view of the climate system. The challenge will be to
implement a simplified but realistic representation of the ocean DMS
cycle in these models. The approach using a more complex ecosystem-
DMS model to help make decisions as to the key processes to be
included in the full scale GCMs was seen as an advantage.

In conclusion, the session did achieve the goal of providing guidance
to modellers and experimentalists for further research even though
it did not provide concrete answers to all the key questions. 



Roland von Glasow is a Reader in Atmospheric Chemistry at the School of Environmental Sciences,
University of East Anglia, Norwich, UK. He is a member of the SOLAS Scientific Steering Committee.

Ship plumes
Roland von Glasow1 (Convener) & François Dulac2 (Co-convener)
1School of Environmental Sciences, University of East Anglia, UK  2CEA/LSCE, France

The session was opened by Roland von Glasow with an introduction
to the topic. In addition to the production of ozone due to ship-
derived NOx, the mix of sea salt aerosol and ship-derived pollution 
is potentially important for the release of chlorine from sea salt and
resulting effects on the oxidation of CH4 and DMS. The extent of 
the deposition of nitrate to the oceans has only started to be
assessed and its impact are still unknown.

François Dulac and Nicolas Marchand introduced ChArMEx
(Chemistry-Aerosol Mediterranean Experiment) which includes 
long term sampling, several focused field campaigns and computer
modelling. Ship plumes are important contributors to anthropogenic
emissions in the Mediterranean Sea which receives a significant part
of the global ship traffic. 

Jerome Hilaire showed first results using a ship plume parameterization
accounting for nonlinear effects in the early plume in a global CTM
(MOZART4). The predicted small effect on resulting ozone production

(<-2% difference on 1-month) is surprising as more detailed, 
process based models have suggested a significant effect on 
the non-linearities in plumes. 

Bärbel Langmann showed the impact of ship emissions on
Mediterranean pollution, where 58 % of aerosol surface sulphate is
from ship emissions, the remainder being from continental emissions. If
ship lanes in the summer Arctic would become important in the future
this would simply reduced ship traffic in the Mediterranean/Suez Canal.

The ensuing discussion focused on atmospheric points as the
representation of the oceanic community was unfortunately very
limited so that we could not discuss the potential importance of
deposition to the oceans from ship plumes on ocean biogeochemistry. 

We plan to organise a session on “ship plumes” with a “SOLAS”
focus in an upcoming international conference (e.g. EGU 2011) and
look forward to input from the ocean community on the relevance
of ship-derived pollutants or nutrients into the ocean.

Huiwang Gao works on atmospheric
deposition and its impact on marine
ecosystem, and marine ecosystem
dynamical modeling. 

Mitsuo Uematsu’s major research
interests include long-range transport
of natural and anthropogenic
substances over the ocean, and their
impact on climate change.

Future for the Asian Dust and Ocean Ecosystem (ADOES) with Asian SOLAS
Mitsuo Uematsu1 (Convener), Huiwang Gao2 (Co-convener) & Maurice Levasseur3 (Rapporteur)
1University of Tokyo, Japan  2Ocean University of China, Qingdao, China  3Laval University, Canada

The goals of the session were 1) to start planning an international
experimental program, 2) to identify key scientific issues that the
program should address, and 3) to establish an international
network to exchange information on dust and its impact on ocean
ecosystems. The main message from this session was the need for 
a network, which would bring together researchers working on the
four main dust sources: Asian, Saharan, Australian, and Patagonian.
ADOES will be the contact point for related studies in the North
Pacific. The next ADOES workshop will take place in Nagasaki,
Japan, in spring 2010.

The discussions generated the following recommendations: 

1. Establish a SOLAS-GEOTRACE Dust working group.  

2. Establish mineral dust standards (such as CJ-1 and CJ-2) for
purpose of inter-laboratory calibration of chemical analysis. 

3. Develop standardised experimental protocols (e.g. onboard
incubation techniques with dust) to allow comparison between 
the different dust sources and oceanic region/basins. 

4. Evaluate the potential effect of dust deposition on water turbidity
and macro-nutrient depositions.

5. Investigate the co-effect of dust and ocean pH on ecosystems 
and climate relevant gases (particularly important in regions where
calcifiers often dominate the phytoplankton assemblage).

6. Study the effect of volcanic ash deposition (e.g. Fe input and
decrease in pH) to better evaluate the respective role of dust and 
ash on ocean ecosystems.

7. Include funds to allow students from different regions (dust source
and ocean) to participate in cruises when submitting proposals. 
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Could adding iron, or any other means of stimulating ocean
productivity, provide an effective means of counteracting global
warming?  And if it could, should we do it?  Those were the topics
for the “Ocean fertilization” discussion session, which covered not
only the current scientific understanding but also considered
legislative and ethical considerations.  

The starting point was recent legal developments (by the
Convention on Biological Diversity and the London Convention),
that limit open ocean research and restrict commercial activities in
this area.  Whilst an international scientific framework has been
drafted to re-allow research subject to impact assessment, the
international approval process has still to be resolved.  

The role of the SOLAS community in policy development was
considered in some detail, recognizing the key contributions of 
the SOLAS researchers in knowledge production and assessment. 

A range of future approaches was discussed, from collaboration
with commercial organizations on geoengineering trials to no
further iron addition experiments. The majority of session
participants did not consider that ocean fertilization had potential
for geoengineering, on the basis of three perceived flaws: that
carbon ‘sequestration’ was mostly temporary, not permanent;
production of other trace gases may negate some benefits of CO2
drawdown; and quantification and verification of carbon removal
from the atmosphere would be complex, costly and uncertain.

Overall, these views closely matched the 2007 SOLAS position
statement on large-scale ocean fertilization.  A more detailed report
of the discussion is available on the SOLAS website, which includes a
suggested update of the SOLAS position statement to take account
of recent developments, for consideration by the SOLAS Scientific
Steering Committee.  

Cliff Law’s research has focussed on biological and physical controls on trace gas and nitrogen
cycling, iron limitation in HNLC regions, nutrient supply in oligotrophic systems, and methane seeps.
He is a member of the SOLAS Scientific Steering Committee.

Ocean fertilization: Legislation, ethical considerations and 
the role of SOLAS
Cliff Law1 (Convener) & Phil Williamson2 (Rapporteur)  1National Institute for Water and Atmospheric research (NIWA), Wellington,
New Zealand  2School of Environmental Sciences, University of East Anglia, UK.

Jacqueline Stefels’ specialization is ecophysiology of marine phytoplankton and the role of algae
in the marine sulphur cycle. She is dedicated to the interdisciplinary field of oceanography and
started in 2004 to work in polar pelagic and sea-ice ecosystems. She is a member of the SOLAS
Scientific Steering Committee.

Sea-ice biogeochemistry and exchange with the atmosphere
Jacqueline Stefels1 (Convener), Dave Kieber2 (Co-convener) & Claire Hughes3 (Rapporteur)  1University of Groningen, the Netherlands
2State University of New York, USA  3School of Environmental Sciences, University of East Anglia, UK

After a short introduction based on the SOLAS White Paper (see:
midterm strategy on SOLAS website) by Jacqueline Stefels, three
topical presentations were given and discussed: Exposure of sub-ice
phytoplankton to spring sunlight and subsequent DMS(P) production
(Tessa Vance); Arctic sea ice: source or sink for nitrous oxide? (Kevin
Randall), and Ecosystem variability and sea-to-air bromocarbon fluxes
from the western Antarctic Peninsula (Claire Hughes).

Several additional climate relevant processes were discussed. Laurens
Ganzeveld mentioned the impact of carbon deposition on ice
albedo. Dave Kieber discussed the light field in the ice, implications
for photochemistry and photobiology and the influence of snowfall
on the light field. Someone brought up the inclusion of polar
regions and sea ice in CO2 models, the consequence of ocean
acidification in polar regions and the impacts of ice reductions
and/or acidification on community structure and carbon budgets.
Jacqueline Stefels discussed the use of satellite observations for
biomass estimations in ice and open-leads, mentioning a possible
collaboration with the European Space Agency (ESA). Wade McGillis

addressed the question of how to quantify gas movement through
sea-ice and the potential for ice-tank experiments studying gas
exchange and ice.

The way SOLAS could proceed with this theme is to link with or
build on several ongoing studies and initiatives. As part of the
International Polar Year legacy, several initiatives were mentioned:

Circumpolar Flaw Lead System Study (Arctic, Canada, CCGS
Amundsen), the IPY Science Conference 2010 in Oslo (8-12 June)
and PolarCat. Other interesting initiatives are: ArcticNet, a newly
planned Chinese expedition (three in the Arctic so far, another in
2010), several relevant iLEAPS-recognised projects, follow-up of EU
project DAMOCLES (Developing Arctic Modeling and Observing
Capabilities for Long-term Environmental Studies) [see full report for
web addresses].

For future activities on sea-ice research within SOLAS, you are
requested to visit the SOLAS website, mid-term strategy 
page, regularly.
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The SOLAS IPO is still accepting proposals to host the next SOLAS Open Science Conference in 2012. 
Please e-mail solas@uea.ac.uk by April 2010 if you are interested. 

If you attended the 2009 OSC in Barcelona and you haven’t already done so, please help us to prepare for the next
conference by completing the on-line evaluation questionnaire at http://www.surveymonkey.com/s/TF8V6BV.
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SOLAS Session Report
Carl Palmer
(carl.j.palmer@googlemail.com)
University of Cape Town, South Africa

The premise for this meeting started from
the observation that our knowledge of the
Earth’s Climate System and its evolution is
still far from perfect. The uncertainties
include parameter uncertainties of known
physical processes, which could be reduced
through better observations/modelling, and
insufficient knowledge of physical processes
themselves (structural uncertainties), which
could be reduced only through theoretical
development and design of new, original
observations/experiments (Oppenheimer et
al., Science, 2007). One of the most
prominent structural uncertainties in the
ongoing transient climate change is related
to poor understanding, and hence incorrect
modelling, of the turbulent physics and
dynamic processes in the planetary
boundary layer.

Thus, to further the understanding of these
processes, the International Conference 
on Planetary Boundary Layers and Climate
Change was held at the Kirstenbosch
Botanical Gardens in Cape Town from the
26-28 October 2009. The choice of the
forum location was motivated by the role of
tropical oceans and convection in the climate
system, and the prominent demonstration 
of the climate sensitivity to the ocean heat
uptake observed off Cape Town. With a view
of highlighting this important role of the
oceans, the meeting incorporated a plenary
SOLAS session showcasing southern African
SOLAS science. The meeting was attended
by a small but eminent audience including
specialists in atmospheric dynamic from the
Ukraine, Norway, Russia and the USA along
with local scientists. 

One of the primary aims of the meeting was
to advertise the activities of the Southern
African SOLAS network to the scientists from
overseas. The second and potentially more

important aim was to inform the South
African atmospheric community about the
SA-SOLAS initiative; a process that was started
at the recent South African symposium on
Atmospheric Sciences (SASAS), held in Cape
Town in September. This is particularly
important in Southern Africa, as the SOLAS
initiative currently has an ocean science bias.
To achieve this, the current activities of the SA-
SOLAS and the international project overview
were highlighted in a talk given by myself.
This was followed by highlights of local
science, including recent work from Mathieu
Rouault (UCT) entitled “Boundary Layer
modification across the Agulhas Current” 
and Brett Kuyper (UCT/South African Weather
Services) on “Time series data for bromoform
in the Cape Town marine boundary layer”. 
In the discussions after the session the
foundation for a new SA-SOLAS newsletter
where drawn up and the names of various
atmospheric scientists added to the SA SOLAS
distribution list.

Stephanie Dutkiewicz (stephdut@mit.edu)
Massachusetts Institute of 
Technology, USA

The PICES Annual Meeting (“Understanding
ecosystem dynamics and pursuing
ecosystem approaches to management”)
was held in Jeju, Korea from 23 Oct. – 1
Nov. 2009. On 25 Oct. a workshop entitled
“Natural supplies of iron to the North 
Pacific and linkages between iron supply 
and ecosystem responses” was convened 
by Fei Chai (U.S.A.), William R. Crawford
(Canada) and Shigenobu Takeda (Japan).
The goal of the workshop was to examine
mechanisms of iron supply, including
atmospheric deposition, lateral transport 
of coastal waters, and vertical mixing of
deep waters. Such knowledge is important
to identify key biogeochemical pathways
and an important requirement for improving
ecosystem models.

The workshop started with an invited talk by
Kenneth Bruland. Bruland first provided a nice
overview of the state of understanding from

observational and modeling studies about 
the supply of iron, especially from sediments.
Specific examples were given of the
importance of particulate iron in the coastal
regions of the Bering Sea and North Gulf of
Alaska. Very high (order 100 nM) particulate
iron was observed that formed a “buffer”,
leaching into the dissolved (potentially
bioavailable) pool as that becomes drawn
down. This talk was followed by several that
looked at regional supplies of iron in the
subarctic Pacific. The results included the
importance of the location of the iron source
relative to water formation (Jun Nishioka), 
the influence of Haida Eddies in mixing iron
from deep (Mark Wells), impact of iron supply
on variability of the spring bloom (Hiroaki
Saito), and the potential enhancement of
phytoplankton blooms by iron from volcanic
dust (presented by William Crawford). 
Ai Hattori-Saito presented work looking 
at iron nutrition in micro-sized diatoms. 
Her work examined the ability of some
phytoplankton to substitute flavodoxin for
ferrodoxin in iron starved situations.

The afternoon session switched to modeling,
with two invited speakers: Yasuhiro Yamanaka
and Stephanie Dutkiewicz. Yamanaka
presented new developments in the NEMURO
model. These included optimal uptake
kinetics, cell quotas and the inclusion of the
cycling of iron. Results from various model
setups, including a high resolution 46 year run
(1959-2004) were shown. Dutkiewicz showed
results from the Darwin Project ecosystem
model, using theoretical constructs to
understand the strong linkage between iron
supply, ambient iron concentrations and
phytoplankton community structure.

The major gaps and issues related to the study
of the iron cycle identified during this workshop
were: the solubility of iron in seawater, the
nature and concentration of organic ligands
involved in iron complexation, and the cellular
iron requirements and iron specific physiological
parameters of phytoplankton.

International Conference on Planetary Boundary Layers and Climate Change
26-28 October 2009 Kirstenbosch Botanical Gardens Cape Town, South Africa

PICES BIO Workshop: Natural supplies of iron to the North Pacific and
linkages between iron supply and ecosystem responses
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SECOND ANNOUNCEMENT
5th INTERNATIONAL SYMPOSIUM ON BIOLOGICAL AND

ENVIRONMENTAL CHEMISTRY OF DMS(P) AND RELATED COMPOUNDS

Goa, India 19th – 22nd October 2010

Dimethylsulphide (DMS) is the most abundant marine biogenic sulphur gas that contributes to direct and indirect
cooling of the Earth’s atmosphere. While the ubiquity of this reduced sulphur gas was discovered in the 1970’s, its
potential influence on the Earth’s radiation balance was suggested in the 1980’s. Since then a lot of research has 
been done in this field. Despite the relatively simple schematic that biogenic dimethylsulphoniopropionate (DMSP), 
an osmolyte produced by phytoplankton, leads to the formation of DMS and later to aerosols and clouds in the
atmosphere, there is substantial complexity within the processes and intermediate compounds produced by cells 
and abiotic processes, as well as the reactions leading to particle and cloud formation in the atmosphere. Though 
our current level of knowledge represents significant progress, we are yet to understand the intricacies (biological 
and chemical) of these processes. Understanding these processes better and modeling their role in the Earth’s 
climate system are the challenges for the scientific community working on the Biological and Environmental 
Chemistry of DMS(P) and related compounds.

As part of a series of meetings that facilitates periodic review of work in this field and invigorates and stimulates 
new research, the 5th International Symposium on biological and environmental chemistry of DMS(P) 
and related compounds will be held at the National Institute of Oceanography, Goa, India, 
19 – 22 October 2010.We welcome oral and poster contributions on all aspects related to the Symposium topic. 
We are expecting leading researchers from all over the world to participate in the Symposium and we encourage 
international biogeochemical community to participate in the Symposium. Please feel free to pass this announcement
to your colleagues.

Registration: Opens online on 1st February and closes on 31st July 2010.

Abstract submission: Opens online on 1st February and closes 31st July 2010.

Accommodation: Online reservation facility from 1st February 2010.

For further details please contact: Damodar M Shenoy, National Institute of Oceanography Dona Paula,
Goa – 403 004. India.  Email: dmshenoy@nio.org  Or visit http://dmsp.nio.org 

International

Indian

Scientist

Student

Scientist

Student

US$ 125/-

US$ 50/-

Rs. 2500/-

Rs. 1000/-

Registration Fee



COST Action 735 Management
Committee Meeting
Barcelona, 19th November 2009

The Management Committee (MC) members met for their annual
meeting mainly to assess the progress of the Action over the financial
year 2008-2009 and to discuss the Action’s activities and funding for
the financial years 2009-2010 and 2010-2011. The approved minutes
of the MC meeting are available to download from the COST Action
735 website (http://www.cost-735.org/meetings/meetings).

Most of the workshops and Short-Term Scientific Missions (STSMs)
held between June 2008 and May 2009 were reported in the SOLAS
News Issue 9 and reports are available at http://www.cost-
735.org/science/STSM. Below are listed the 5 workshops and STSMs
approved by the members for the financial year 2009-2010:

Meetings:
‘Iron bioavailability in the surface ocean’ meeting, proposed by
Peter Croot. The overall aim of the meeting is to synthesize present
understanding of the processes that affect iron bioavailability in the
surface ocean and provide guidelines for future work in order to
better link measurements of iron speciation with bioavailability for
both field work and ocean models.

‘Marine Secondary Organic Aerosols (SOA) formation’ meeting,
proposed by Cristina Facchini. The aim is to discuss new processes of
SOA formation in the marine environment from oxygenated and
nitrogen containing Volatile Organic Compounds (VOCs) from both
laboratory and modelling perspectives.

‘Particle deposition in the marine environment: how far have we
progressed since Slinn & Slinn?’meeting, proposed by Jacek Piskozub
and Tom Bell. The aim is to discuss progress in particle deposition
measurements in recent decades. Both dry and wet deposition over 
the ocean will be included. The progress in parameterisation of particle
deposition for regional and global models will be discussed.

‘Evaluation of strategies used to determine physical and
chemical sea spray fluxes’ meeting, proposed by Ian Brooks. 
The aims are: 1) evaluation of experimental techniques to measure
total and size resolved aerosol fluxes; 2) evaluation of techniques to
measure chemical fluxes; 3) evaluation of different analysis
procedures to extract fluxes and 4) produce a report of
recommendations for experimental and analysis procedures.

‘Identification of the scientific themes potentially leading to 
a collaboration between SOLAS and the European Space
Agency (ESA)’ meeting, proposed by Véronique Garçon. The aim is
to identify and describe the scientific themes where the ESA and
SOLAS could collaborate.

Short-Term Scientific Missions:
2 STSMs (Katja Seitz and Mercedes de la Paz) were already approved
and completed before the end of the year 2009. Their reports are
presented over the next two pages.

The MC approved another 3 STSMs for 2009-2010.

Xose Antonio Padin (IIM, Vigo, Spain), to visit Brian Ward (NUI,
Galway, Ireland) to study the biological effect on air-sea CO2 fluxes
as measured by eddy covariance method.

Rachel Beale (PML, UK) to visit Christa Marandino (IFM-GEOMAR,
Germany) to discuss use of PTR-MS technique for measurement of
oxygenated volatile organic compounds.

Frances Hopkins (PML, UK) to visit Jacqueline Stefels (University 
of Groningen, the Netherlands) to work on a novel technique for
measuring DMS and organo-halogens.

Short Term Scientific Mission Reports

Modelling DOAS measurements of reactive
halogen species
Katja Seitz (katja.seitz@iup.uni-heidelberg.de)
Institute of Environmental Physics, University of Heidelberg, Germany

STSM host: Roland von Glasow, School of Environmental Sciences,
University of East Anglia, UK.  Dates: 5-24 October 2009

Project description

In the framework of my PhD thesis, I performed field measurements
of reactive halogen species at Mace Head and Mweenish Bay at the
Irish West Coast using long path Differential Optical Absorption
Spectroscopy (DOAS). To get a better understanding of the spatial
distribution of the trace gases and the mechanisms that lead to the
formation of new particles, it is necessary to implement the data in 
a model. The aim of this STSM was to implement the experimental
results in the model MISTRA to obtain a better understanding of the
related processes and also to be able to make global estimates for
both emission of reactive halogen species and particle formation in
coastal environments, both of which have important implications for
local climate. 

First, the iodine flux necessary to explain the observed formation 
of iodine oxide (IO) was determined. Therefore, iodine emissions
corresponding to a seaweed abundance similar to that at the
measurement sites were varied in the model until the obtained mixing
ratios of IO matched the observations. Then, more iodine sources
were included in the model run, to make the runs more realistic and
to study the impact of more sources on the obtained mixing ratios.
When including more sources, the iodine emissions in the model had
to be reduced in order to reproduce the observed mixing ratios with
the model. With the final iodine emission three model runs were
performed: In run 1 a daytime model run over 4 hours starting at
noon with an output every minute was performed. In an attempt to
make the model set-up as close to reality as possible, the seaweed
abundance implemented was based on seaweed maps of the study
area. Run 2 was a nighttime model run over 8 hours with an output
every minute to compare model results to nighttime measurements
and to study nighttime chemistry. In run 3 a high-resolution run with
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an output every 10 seconds and just crossing one seaweed bed 
was performed to test if the model is able to reproduce the high
heterogeneity observed in the field measurements.

In the first step of the STSM, the iodine flux necessary to explain the
observed formation of iodine oxide IO was determined. Therefore,
iodine emissions corresponding to a seaweed abundance similar to
that at the measurement sites were varied in the model until the
obtained mixing ratios of IO matched the observations. In the next
step more iodine sources were included in the model run, to make
the runs more realistic and to study the impact of more sources on
the obtained mixing ratios. It turned out, that when including more
sources the iodine emissions in the model had to be reduced in order
to reproduce the observed mixing ratios with the model. With the
final iodine emission three model runs were performed: In run 1 a
daytime model run over 4 hours starting at noon with an output
every minute was performed. In an attempt to make the model set-
up as close to reality as possible, the seaweed abundance
implemented was based on seaweed maps of the area around Mace
Head. Run 2 was a nighttime model run over 8 hours with an output
every minute to compare model results to night time measurements
and to study nighttime chemistry. In run 3 a high-resolution run with
an output every 10 seconds and just crossing one seaweed bed was
performed to test if the model is able to reproduce the high
heterogeneity that was in the framework of the field measurements.

Results

First we discovered that there is a strong vertical transport of inorganic
iodine. About 75% of the inorganic iodine is transported upwards,
which is in good agreement with field measurements using multi-axis
DOAS that indicate a significant amount of IO in higher layers of the
lower troposphere. Furthermore the model was able to reproduce the
field measurements of IO and molecular iodine during day and night.
Not only the modeled mixing ratios, but also the spatial distribution of
the iodine species was in good agreement with the field studies. The
model also showed the formation of fresh particle, which was observed
during the field campaigns. However, the formation of fresh particles as
it is implemented in the model, is more of qualitative than quantitative
nature.  The model also showed that the IO2- in sulphate as well as sea
salt particles gets oxidized to IO3- during the model runs. Most
interestingly the model showed strong indication for aqueous cycling:
The iodine is taken up on the particles in form of HOI, which acts as a
source of I- to the aqueous phase. This then leads to the release of ICl,
IBr and later Br2 back into the gas phase . These species get photolyzed
quickly and yield bromine atoms, which then rapidly react with ozone
to form bromine monoxide BrO. In this process a significant amount of
ozone is destroyed (0.6ppt/h). Surprisingly not as a direct result of the
iodine source, but as an indirect effect via bromine chemistry.

High precision chromatography analysis of nitrous
oxide and methane in seawater
Mercedes de la Paz Arándiga (mercedes.delapaz@iim.csic.es)
Marine Research Institute-CSIC, Vigo, Spain.

STSM host: Prof. Robert Upstill Goddard, School of Marine Science
and Technology, University of Newcastle upon Tyne, UK
Dates: 1 October - 15 December 2009

Project description

My research is focused on air-water CO2 exchange and associated
biogeochemical processes, mainly in coastal waters. Our research
group is very keen to incorporate coastal measurements of N2O and

CH4 into our work, for a more complete assessment of  greenhouse
gas emissions from the coastal ocean. The purpose of this STSM was
to visit the laboratory of Prof. Upstill-Goddard in order to receive
training in the simultaneous, high precision measurement of N2O and
CH4 in seawater and in atmospheric air by single-phase equilibration
gas chromatography (SPE-GC) using flame ionization (FID: CH4) and
electron capture (ECD: N2O) detection. This was carried out under 
the guidance of Dr. J. Barnes and the supervision of Prof. Upstill-
Goddard. The analytical apparatus used was a modified version of
one described in detail by Upstill-Goddard et al. (1996).

Results

The coupled equilibration-GC system was first run manually without 
the use of the software that fully controls all GC chromatography valves
switching and ancillary operations. This task enabled me to identify and
gain insight into the operation of each of the principal components of
the SPE:GC. It was especially useful to match the switching of the
different chromatography valves with the different paths through which
these direct water samples, atmospheric air or calibration standards.

The resolution of some unexpected problems with the automated
control of the SPE-GC taught me to identify the components, functions
and troubleshooting aspects of the data processing units and also the
sequence of events that run the analytical system automatically.

Once all the automation problems of the GC were solved, different
analytical routines were developed, i.e. :

• Stabilisation of the base line of the ECD and FID detector:
identification of the main sources of the base line noise, especially
for the N2O analysis.

• Maintenance and troubleshooting for a clear and reproducible
signal in the chromatogram.

• Manual integration of sample peaks as required.

• Calibration

• Standardisation of the compressed air used during the water
sample equilibration process.

Some local water and atmospheric air samples were collected from
the Tyne estuary. During sample collection special attention was paid
to the sampling and storage procedures. On return to the Newcastle
laboratory water samples to be analysed were first warmed at 25 ºC
in a thermostatic water bath. All samples were analysed within a few
hours of collection. Following sample analysis the raw sample peak
areas were converted to in situ N2O and CH4 water partial pressures
and concentrations using standard solubility equations and by
applying a phase-partitioning correction based on water sample and
headspace volumes during the equilibration step, and the N2O and
CH4 mixing ratios in the equilibrator gas (compressed air). The second
general objective of the STSM was to transfer the SPE-GC technology
to the Marine Research Institute-CSIC in Vigo in order to develop a
high precision N2O and CH4 analytical capability there. A detailed list
of the full specifications of the SPE:GC system component parts and
the relevant suppliers was assembled during my stay in Newcastle.
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Surface Ocean CO2 Atlas (SOCAT)
Project Atlantic and Southern Oceans
Regional Meeting in Norwich, UK

The SOCAT Atlantic and Southern Oceans Regional Groups met for
a COST Action 735 workshop at the University of East Anglia in
Norwich, UK, from 25-26 June 2009. The workshop was hosted by
Ute Schuster and Dorothee Bakker and attended by twenty-eight
scientists from seven different countries. 

The two main aims of SOCAT are to establish: 

• a 2nd level quality controlled (QC) global surface ocean fCO2 data set 

• a gridded global SOCAT product of monthly surface water fCO2
means, with no temporal or spatial interpolation (i.e. bin averages). 

These data products will be made publicly available, as discussed at
the 2007 SOCOVV meeting in Paris (meeting report on
http://www.ioccp.org/). 

The aims of the meeting of the Atlantic and Southern Ocean groups
were to introduce the participants of SOCAT to the Live Access
Server (LAS), to start 2nd level data quality control for these regions,
to set a time table for 2nd level QC for these regions and to discuss
scientific outcomes from SOCAT. 

The Atlantic and Southern Oceans regional group met with the
developers of the Live Access Server tools to learn how LAS can be
used in the QC effort for SOCAT. The participants checked the data
files for their regions, set up the shared QC environment, and
worked through several exercises to become familiar with the
system. The groups began working through the data sets for their
region (flagging, determining which 2nd level QC tests may be
applied, testing those, etc.)

The group discussed criteria for analytical methods that need to be
met for a voyage to be given flag “A” or “B”, which correspond to 
an accuracy of 2 µatm. The group also agreed on a set of QC checks 
to be carried out by all groups prior to assigning a quality flag. Full
details of these criteria can be found in the meeting report (see below). 

The current version of SOCAT (version 1.3) contains data from 2175
voyages, with 7.6 million recalculated fCO2 values, covering a time
frame from 1968 to 2007. The group decided to delay its release
until mid-2010.

The full meeting report can be found at 
http://www.cost-735.org/meetings/meetings.html.

For more information on SOCAT please visit the SOCAT 
website http://www.socat.info.

Figure 1 The distribution of cruises in SOCAT v1.3 (Pfeil). 

‘Halogen and ozone in the 
remote marine boundary layer'
meeting in York

Lucy Carpenter1, Roland von Glasow2, Laurens Ganzeveld3, Rolf Sander4, 
Steve Archer5, Liz Coleman6, Christian George7, Saso Gigorovski8, Jeff Hare9,
Dwayne Heard10, Manuela Martino2, Johannes Ofner11, John Plane10, Xin Yang12

1Department of Chemistry, University of York, UK; 2School of Environmental
Sciences, University of East Anglia,  UK; 3Department of Environmental
Sciences, Wageningen University and Research Centre, Netherlands.; 4Max-
Planck Institute of Chemistry, Germany; 5Plymouth Marine Laboratory, UK;
6CCAPS, National University of Ireland, Galway; 7Institut de Recherches sur la
Catalyse et l'Environnement de Lyon UMR, France; 8Universités d'Aix-Marseille,
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Participants at the COST Action 735 workshop hosted by Lucy
Carpenter at the University of York on 12 May 2009 heard of 
new research regarding the control of ozone in the remote marine
boundary layer (MBL) by halogen-related processes and by
deposition to the sea surface, and discussed key uncertainties in 
our current understanding of these processes.  

As shown in the simplified scheme of Figure 1, iodine oxide (IO)
radicals in the MBL are believed to be produced mainly via photolysis
of iodine-containing halocarbons volatilised from the ocean and BrO
is produced from seaspray. These halogens influence tropospheric
oxidation capacity via a number of inter-related reaction cycles
including catalytic O3 destruction, modification of NOx and HOx ratios
with resulting effects on lifetimes of other climatically important trace
gases, oxidation of CH4, non-methane hydrocarbons (NMHCs) and
DMS, and oxidation of S(IV) in  acidified sea salt aerosol and cloud
droplets.  A further potentially significant effect arises from
nucleation of particles involving iodine oxides, which has been
observed in laboratory studies and in coastal regions.

During the COST workshop, new field and modelling data were
presented that suggest that sea-air fluxes of organoiodines,
calculated from subsurface seawater data in the tropical north
Atlantic ocean and corrected for photolytic degradation in surface
seawater, are not sufficient to supply enough atmospheric iodine to
account for the concentrations of iodine oxide (IO) recently observed
at the Cape Verde Observatory. These data lend support to the
existence of additional mechanisms for supply of reactive halogens
to the remote MBL. For example, the direct oxidation of I- in the sea
surface microlayer by atmospheric O3 has recently been shown to
result, presumably via HOI/I2, in potentially significant production of
reactive organoiodine compounds including CH2I2, CHICl2 and CHI31

and possibly even molecular iodine which for technical reasons
could not be detected in that study. Another potential route to
direct ocean surface production of small halogen molecules is via
oxidation of halogen anions by photosensitisers2, which are a
known component of marine DOM.  Chlorophyll and
benzophenone have both been shown to oxidise halogen anions to
their radical forms, which in turn will lead to the formation of
organic halogens in the presence of organic compounds in the sea
surface microlayer. The oxidation is enhanced in the presence of
atmospheric O3, which acts as an electron acceptor, thus promoting
the cationic form of the photosensitiser. The possibility of direct I2
emissions from the open ocean also remains an open question.
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The nature of surface reactive iodine sources is important not only to
understand what controls their variability now and in the future, but
also to determine the vertical profile of iodine oxide radicals (IO) and
other radicals which are closely coupled (BrO, OH, HO2), which in
turn determines the overall effect of halogens in the MBL.
Measurements of vertical profiles of radicals within the MBL and
also at the transition between the MBL and free troposphere are
required, as are measurements close to the ocean surface with
higher vertical resolution. These measurements could possibly be
made with aircraft and/or zeppelins.

Study of MBL bromine chemistry is somewhat more advanced 
than that of iodine, with several studies already published. 
However, significant model-model and model-field data differences
exist. The use of parameterisations instead of  full sea salt chemistry
schemes in models, the treatment of meteorology and especially the
absence/presence of precipitation (i.e. wet deposition), and the limited
resolution of global models were identified as possible causes for
model-model and model-field data differences. Models also still seem
to underestimate reactive chlorine amounts in the MBL, but data 
are sparse and often not very well specified3,4,5,6,7,8. It is important 
to confirm, through high quality, widespread and long term
measurements in the MBL, whether the implications of the presence
of halogen chemistry in the MBL are indeed consistent with available
observations including bromide enrichment factors, ozone, OH/HO2 ,
NO/NO2 and hydrocarbon ratios, and effects on DMS/DMSO. 
Global model studies of bromine chemistry in the MBL appear to 
be consistent in predicting rather large BrO mixing ratios over the
Southern Ocean, where no measurements are currently available.

As well as a lack of data on halogen sources and good quality field
data in the remote MBL, important uncertainties remain with regard
to a number of rate coefficients, including those of higher iodine
oxide gas-phase and aqueous-phase chemistry, the gas phase rate
coefficient for CH3O2 + IO, non-pH dependent reactions on aerosol
surfaces and the ocean, and the reactions of halogens with organic
compounds in the surface ocean and also in airborne aerosol.
Further, rates of bacterial oxidation or other biological degradation
of polyhalogenated reactive organoiodine compounds in the ocean
are currently unknown.

A further implication of recently-proposed mechanisms for halogen
formation is that O3 deposition, especially to high DOM-containing
marine regions, may be higher than previously thought. Indeed,  recent
studies employing a mechanistic representation of oceanic ozone
uptake and including chemical enhancement of ozone uptake through
reaction with iodide (I-) found that the model simulates realistic VdO3

values for remote sites but underestimates the coastal VdO39. Including
the role of chlorophyll-ozone chemical interactions (using a highly
parameterized reaction rate) suggests a substantial decrease in MBL
ozone concentrations compared to the constant surface uptake
approach in both global and regional scale analyses.  Further validation
of these simulations of oceanic ozone deposition can profit from ship-
borne eddy correlation ozone flux observations. The observations of five
cruises10 indicate that the oceanic VdO3 is generally very small and
contains a large uncertainty, due to various experimental challenges,
requiring long-term averaging of the observations. The observed mean
dry deposition velocities for the five campaigns, which have covered a
wide range of meteorological and biogeochemical regimes, are on the
low side of the previously observed range. The observations also do not
show such a clear dependence of VdO3 on wind speed for some of the
campaigns. Identification of other correlations and, consequently, of
controlling processes (e.g. VdO3-SST) is also complicated by the large
scatter in the observations.

Summary

New data support the hypothesis that marine halogens exert a
significant atmospheric impact, and further indicate that there may
be links between the deposition of ozone to the sea surface and its
control in the remote marine boundary layer by halogen-related
processes. However, there are clearly large uncertainties in our
current understanding of the marine sources and sinks and in the
atmospheric chemistry of halogens, and major differences exist
between model halogen mechanisms. A comprehensive
multidisciplinary approach is required to take forward our
understanding of halogen processes on a regional and global scale.
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Figure 1 Halogen processes in the marine
boundary layer. Rolf Sander and Lucy Carpenter.
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Where next for SOLAS data integration?

This issue of the SOLAS Newsletter discusses what SOLAS Integration has achieved and what should 
be planned for the future. Since November 2006, I have been funded by the UK Natural Environment
Research Council (NERC) on a Knowledge Transfer project within UK SOLAS. My role was complex and
not easy to define, but in a nutshell I was tasked with galvanising the relevant parts of the international
SOLAS community toward achieving large-scale synthesis of past and existing work.  

Tom Bell  Thomas.Bell@uea.ac.uk
University of East Anglia
   Norwich

SOLAS Integration has been very successful, and projects have been
developed to assemble surface ocean databases of DMS (DMS-GO),
halocarbons (HalOcAt), methane and nitrous oxide (MEMENTO) and
atmospheric measurements of aerosol iron over the Atlantic Ocean
(IRONMAP).  Many of these projects have been discussed in the last
issue of the SOLAS Newsletter (Issue 9; see http://solas-
int.org/news/newsletter/newsletter.html).  Some are ongoing, with
initial outputs anticipated in approximately a year or so (e.g. HalOcAt
and MEMENTO).  Others such as DMS-GO and IRONMAP are closer 
to completion, and we aim to publish the results (and make them fully
available to the community) in the very near future.  Of course, none 
of this would be possible without the excellent levels of engagement,
interaction and data contribution(s) from the SOLAS community.

Aside from assembling databases, synthesis of intellectual
understanding has also been an important component of SOLAS
Integration. Facilitated in no small way through COST Action 735 
(see page 40 of this Newsletter as well as Issues 8 and 9), discussion
workshops have been held on various SOLAS-relevant topics (see
http://www.cost-735.org/meetings/meetings.html for more details).  
In particular, this has brought about a number of outputs that are
highly relevant to the air-sea gas/particle interaction community.  
A particular project that resulted from a COST-funded workshop

involves Jeff Hare and colleagues at the US National Oceanographic
and Atmospheric Administration (NOAA) who are working to 
produce global climatologies of k (an all-important component 
of air-sea gas transfer) from satellite products.  Furthermore, a
workshop is planned for March 2010 (in Sopot, Poland) to synthesise
current understanding of particle deposition rates. Please contact the
SOLAS IPO if you think you can contribute to this workshop.

So, as the title to this piece states, “Where Next For SOLAS
Integration?”.  A key reason for this project being labelled as
‘Knowledge Transfer’ is that the datasets and synthesis products 
from this work represent a substantial resource that can be used by
modellers and others to help inform policy makers on issues such as
climate change and atmospheric pollution.  When individual project
outputs from SOLAS Integration are combined (e.g. the new DMS
climatology and the climatology of k), best estimates of sea-to-air
transfer can be made for SOLAS-relevant compounds and particles.
Such synthesis outputs and the global databases collated as a result 
of SOLAS Integration have the potential to make large impacts to
climate and Earth System models as they can be used as external
boundary conditions as well as validation tools to check outputs.  
The future of SOLAS Integration looks bright.

To participate in ongoing SOLAS data collation initiatives, please contact 
Tom Bell (thomas.bell@uea.ac.uk) or for halocarbons, methane and nitrous 
oxide specifically, contact the intiative leaders for HalOcAt (Birgit Quack;
bquack@ifm-geomar.de) and MEMENTO (Herman Bange; hbange@ifm-geomar.de).

The SCOR Secretariat will accept proposals for new working
groups from now until 14 April 2010. Model proposals and other
information about working groups can be found at
http://www.scor-int.org/wkgrpinfo.htm.

For 2010, SCOR particularly welcomes proposals based in marine
geology, chemistry and paleoecology and related disciplines.
Additionally, SCOR would welcome proposals specifically in 

• Climate-related studies in preparation for the next 
IPCC assessment

• Identifying limitations to prediction and confidence in the 
future state of the ocean

• Interactions and mechanisms in abrupt climate change

• Human health and disaster impact

• Sea level changes and ice movement

Announcement of 2010 SCOR General Meeting and Call for Working Group Proposals
The XXXth SCOR General Meeting will take place in Toulouse, France on 14-16 September 2010 
(see http://www.scor-int.org/2010GM/2010GM.htm). 

Please contact: secretariat@scor-int.org



Uptake of anthropogenic CO2 by the surface
ocean has caused a measurable increase in
ocean acidity over the past two decades.
This process, termed ocean acidification, 
is bound to aggravate as CO2 emissions
continue. The magnitude of future changes
in seawater chemistry can be predicted 
with reasonable certainty for a given CO2
emission scenario. Much less is known,
however, about the biological impacts 
of ocean acidification.

• What effects does ocean acidification have
on marine organisms and ecosystems and
how are they modulated by other
environmental stressors?

• What are the underlying mechanisms 
of biological responses to ocean
acidification and do organisms have 
the potential to adapt? 

• What are the consequences for marine
ecosystems and biogeochemical cycles 
and how do these feed back to the
climate system? 

• What are critical thresholds beyond which
marine ecosystem function and services
start to collapse? 

These are the questions which BIOACID, a
coordinated national project funded by the
German Ministry for Education and Research
(BMBF), will address. 

Launched in September 2009, BIOACID
combines the expertise of research 
groups from 14 marine science institutes,
universities and SMEs2. Aiming towards 
a holistic understanding of the impacts 
of ocean change on marine biodiversity,
ecosystem function and services and a
systems-based assessment of the associated
risks and possible tipping points, BIOACID
will take an integrated approach combining
the expertise of molecular biologists,
physiologists and medical scientists,
ecologists, biogeochemists, ecosystem 
and biogeochemical modelers, paleo-
oceanographers, and economists. Research
activities will focus on the North and Baltic
Seas, as well as on regions with ecosystems
considered most vulnerable to ocean
acidification, such as the Polar Regions 
and the Tropics. BIOACID is funded with 
€8.9 Mio. for an initial three-years period.

The interaction between BIOACID scientists
across disciplines and research topics will be
strengthened through joint experiments,

collaborative use of equipment and
measurement capacity, data sharing 
and coordinated data management. 
These activities will be complemented by
training workshops on “Best Practices in
Ocean Acidification Research and Data
Reporting” (http://www.epoca-
project.eu/index.php/ Home/Guide-to-OA-
Research/) and specialized courses in
carbonate chemistry measurements and
manipulations, microsensor approaches,
isotope geochemistry and laser-ablation
techniques, and physiological approaches 
to body fluid physicochemistry and acid-
base regulation.

BIOACID activities will be closely
coordinated with those in complementary
programmes. This includes the UK Project 
on Ocean Acidification and the EU projects
EPOCA (European Project on OCean
Acidification), CalMarO (Calcification by
Marine Organisms), MESOAQUA (Network
of leading MESOcosm facilities to advance
studies in AQUAtic ecosystems) and the
German SOLAS project SOPRAN (Surface
Ocean PRocesses in the ANthropocene).
Coordinated activities with other projects
include joint field and lab-based CO2
perturbation experiments and sea-going
activities, compatible data management 
and archiving, joint training workshops 
and annual meetings. 
2The BIOACID consortium: Alfred-Wegener-
Institute for Polar and Marine Research,
Bremerhaven - Christian-Albrechts-University, 
Kiel - Heinrich-Heine-University, Düsseldorf -
Jacobs-University, Bremen – Leibniz Institute 
for Freshwater Ecology and  Inland Fisheries,
Berlin - Leibniz Institute for Baltic Sea Research,
Warnemünde – Leibniz Institute of Marine
Sciences IFM-GEOMAR, Kiel - Max-Planck-
Institute for Marine Mikrobiology, Bremen -
PreSens Precision Sensing GmbH, Regensburg -
Ruhr-University Bochum – University of Bremen -
University of Hamburg - University of Rostock -
Westfälische Wilhelms University Münster 

http://bioacid.ifm-geomar.de 

SOLAS endorsed project

Ulf Riebesell is professor in marine biogeochemistry at the Leibniz Institute of Marine Sciences in
Kiel, Germany. His research interests focus on the impacts of ocean change on marine organisms
and ecosystems and their consequences for biogeochemical cycling. Ulf coordinates the ocean
acidification research programme BIOACID. 

BIOACID – Biological Impacts of Ocean Acidification - 
coordinated national research programme launched in Germany
Ulf Riebesell1 for the BIOACID consortium2 1Leibniz Institute of Marine Sciences, IFM-GEOMAR, Kiel, Germany (uriebesell@ifm-geomar.de)

Figure 1 Participants at the BIOACID kick-off meeting in Kiel, Germany, 27-29 September 2009.
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SOLAS endorsed project

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 makes it a
huge challenge to be included in any realistic
prognostic climate simulations (Figure 1). 
The marginal seas adjacent to China (Figure
2), 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 is not limited 
to the continental shelves in both the South 
and East China Seas (Figure 2). 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. What follows
concentrates on the ecological response of
the uptake of anthropogenic CO2, primarily
on the ocean acidification during the past
100-200 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 (Figure 3). 

Eight subprojects are designed for the
CHOICE-C program. The linkage between
CHOICE-C core themes and subprojects is
illustrated in Figure 4:

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

Minhan Dai is Cheung Kong Chair Professor at Xiamen University (XMU). His research primarily
focuses on carbon biogeochemistry in marginal and estuarine systems. He is now the leading 
PI of CHOICE-C project.

Carbon cycling in China Seas - budget, controls and 
ocean acidification (CHOICE-C)
Contact: Director of CHOICE-C project office: Prof. Chunyuan Li, 86-592-2182833, cyli@xmu.edu.cn

Figure 1 Schematic of the coastal ocean carbon cycling. Note the pathway has been simplified. Coastal
ocean carbon cycling is determined to a large extend by the coastal ocean physics and the hydrological
dynamics, and is characterized by large amount of land input, intensified surface-bottom sediment
interaction, and dynamic exchanges with open ocean. Coastal ocean is also characterized by general high
biological production and diverse ecosystems. 

Figure 2 Map of the China Seas showing CHOICE-
C domains. Boxed areas including the East China
Sea and South China Sea shelves are the focused
regions of this study while flux mapping will cover
the whole China Seas northern to 10°N. 
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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

Progress in 2009

CHOICE-C activities in 2009 include among others
finalization of the implementation plan and execution 
of major field campaigns. 

On March 6-8, 2009 CHOICE-C international workshop
was held at Xiamen University, with more than 80
participants. The primary objectives of the workshop 
were to review the current knowledge on carbon cycling 
in marginal seas, to examine the implementation plan of
CHOICE-C. CHOICE international advisory committee
members were invited to the workshop and their
comments and suggestions have added tremendous values
to the workshop and implementation of the project. 

Four major cruises covering the CHOICE-C domains are
planned in CHOICE-C project. The first cruise was conducted
on July 18 – August 31, 2009, in which 105 scientists and
students from 12 Chinese institutions participated. 

(More information at http://973oceancarbon.xmu.edu.cn)

Figure 3 CHOICE-themes and approaches.

Figure 4 Research themes and subprojects. 

Figure 5 Map of the China Seas showing the cruise tracks and
sampling stations during the first CHOICE-C cruise carried out on
July 18 – August 31 2009.
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Photo Participants to the 1st CHOICE-C international workshop on
March 6-8, 2009 in Xiamen China (photo by Vera Shi). 
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This volume is an outgrowth of the Surface Ocean-Lower Atmosphere
Study (SOLAS) Summer School. The volume is designed to provide graduate
students, postdoctoral fellows, and researchers from a wide range of academic
backgrounds with a basis for understanding the nature of ocean-atmosphere
interactions and the current research issues in this area.

The volume highlights include the following:
• Background material on ocean and atmosphere structure, circulation,
and chemistry and on marine ecosystems

• Integrative chapters on the global carbon cycle and ocean biogeochemistry
• Issue-oriented chapters on the iron cycle and dimethyl sulfide
• Tool-oriented chapters on biogeochemical modelling and remote sensing
• A framework of underlying physical/chemical/biological principles, as well
as perspectives on current research issues in the field.

The readership for this book will include graduate students and/or advanced
undergraduate students, postdoctoral researchers, and researchers in the fields
of oceanography and atmospheric science. It will also be useful for experienced
researchers in specific disciplines who wish to broaden their perspectives on
the complex biogeochemical coupling between ocean and atmosphere and the
importance of this coupling to understanding global change.
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The focus of Surface Ocean-Lower Atmosphere Processes is
biogeochemical interactions between the surface ocean and
the lower atmosphere.

Cover Drawing: “Dust flying with the wind: Turning ocean desert into forest”, drawing by Jeanne, Pin-Jen Gong, a 21-year-old undergraduate student in fine art and
multimedia creation at Dayeh University, Changhua, Taiwan. The drawing was shown at the Open Science Conference in a talk delivered by her father, Gwo-Ching
Gong. It describes the status of marine organisms and phytoplankton gene expression in the upper ocean in calm (left panel) and rough seas (right panel). In the calm
sea, phytoplankton and zooplankton are sparse and the flux of particulate organic material is low. Gene expression shows that phytoplankton are nutrient-starved.
During the spring Asian dust storm period, primary producers proliferate because they receive large amounts of nutrients from dust deposition and nutrient entrainment
from subsurface waters. Gene expression shows that they are nutrient-replete.
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SOPRAN (Surface Ocean PRocesses in the ANthropocene).
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