
                           A 2009 Annual Reports 

1 

 

Table of Contents  
 

SOLAS Australia ................................................................................................................................. 2 

SOLAS Belgium .................................................................................................................................. 5 

SOLAS Canada ................................................................................................................................... 9 

SOLAS China .................................................................................................................................... 14 

SOLAS Denmark ............................................................................................................................... 18 

SOLAS Germany............................................................................................................................... 20 

SOLAS India ..................................................................................................................................... 24 

SOLAS Ireland .................................................................................................................................. 30 

SOLAS Japan .................................................................................................................................... 35 

SOLAS Korea .................................................................................................................................... 38 

SOLAS Netherlands .......................................................................................................................... 40 

SOLAS New Zealand ......................................................................................................................... 45 

SOLAS Norway ................................................................................................................................. 47 

SOLAS Southern Africa ..................................................................................................................... 50 

SOLAS Spain .................................................................................................................................... 54 

SOLAS Taiwan .................................................................................................................................. 59 

SOLAS Turkey .................................................................................................................................. 62 

SOLAS UK ........................................................................................................................................ 68 



                           A 2009 Annual Report for SOLAS Australia 

2 

 

SOLAS Australia              

compiled by Michael Grose 
 
 

1. Scientific highlights  
 

Southern ocean foraminifera are showing reduced calcification 

It is now established that anthropogenic carbon dioxide accumulates in the oceans causing a 
change to the carbonate chemistry and a reduction in pH. These effects are shown in lab 
experiments to reduce the ability of calcareous organisms to produce shells.  

New Australian research has shown that the shell weights of a foraminifera in the modern ocean 
are significantly lighter (by 30-35%) than those in the sediments laid down throughout the 
Holocene. A reduction in the ability or calcareous organisms to make shells may affect marine 
ecosystems and the uptake of carbon dioxide by the oceans from the atmosphere. 

Link: http://www.nature.com/ngeo/journal/v2/n4/abs/ngeo460.html  

Renewed focus on aerosol and climate 

Aerosol has a large effect on the climate system, and is one of the largest areas of uncertainty in 
understanding the current climate and climate changes. Aerosol has both natural and 
anthropogenic sources.  

There are several issues specific to the Australian region regarding aerosol. On the large scale, 
Australia is adjacent to major sources and sinks of aerosol in the Southern, Pacific and Indian 
Oceans, as well as continental Asia. Global circulation also allows changes in aerosol in the 
northern hemisphere to be felt here. Within Australia, biomass burning, wind-blown dust, 
anthropogenic aerosol and vegetation and soil interactions have some characteristics that are 
distinct from elsewhere. A major review of current knowledge and the identification of research 
priorities for the future are outlined in a recent article.  

Link: http://www3.interscience.wiley.com/journal/119879137/abstract  

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 

  
New findings in Southern Ocean biogeochemistry 
Australia kept a strong focus on the Southern Ocean through 2009, with the continuation of 
numerous programs and new science coming out. Ongoing programs include ocean-atmosphere 
carbon fluxes (program led by Bronte Tilbrook), carbon fluxes to the deep ocean (program led by 
Tom Trull), cycling of micronutrients (led by Ed Butler), ocean acidification, productivity and iron 
limitation.  
 
Clean air research and monitoring 
The Cape Grim Baseline Air Pollution Station continues to play a key role in the world wide network 
of air monitoring stations, and also host numerous research programs and special projects. Exciting 
new work includes the detection of volatile organic compounds in clean marine air that were 
previously either unknown or unquantified. This work has helped to raise the profile of VOCs in the 
clean marine boundary layer, and highlight the importance of the ocean as a source of a large suite 
of trace gases, not just a few well known ones. 
 
Ocean-atmosphere cycles in climate and climate change 
Numerous groups in Australia are contributing to the understanding of the role of large-scale 
ocean-atmosphere phenomena in the climate system. Features of particular interest to Australia 
include the Southern Annular Mode (SAM), El Nino Southern Oscillation (ENSO), and the Indian 

http://www.nature.com/ngeo/journal/v2/n4/abs/ngeo460.html
http://www3.interscience.wiley.com/journal/119879137/abstract
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Ocean Dipole (IOD).  
Groups include the Centre for Australian Weather and Climate Research 
(http://www.cawcr.gov.au/), CSIRO Marine and Atmospheric Research (http://www.cmar.csiro.au), 
the Climate Change Research Centre at UNSW (www.ccrc.unsw.edu.au), as well as numerous 
other universities and centres. 
 
Equipment and information integration 
The major new Integrated Marine Observation System (IMOS) represents a major step forward in 
coordinating the deployment of equipment and in assembling and delivering the data and 
information outputs. One important facility is the Southern Ocean Time Series set of moored 
instruments that will collect observations of ocean-atmosphere physical, chemical and biological 
properties in the Sub-Antarctic Zone. 
More details are at http://imos.org.au/about.html 
 
Research cruises 
During 2007-2009 Australian scientists conducted major biogeochemistry research work on board 
three Southern Ocean research cruises (named SAZ-Sense, SIPEX and CASO-SR3-
GEOTRACES). Work on SIPEX included an investigation of biogeochemical cycling of iron in the 
ocean, atmosphere and in sea-ice in the open Southern Ocean and eastern Antarctic sea ice zone. 
The SAZ-sense cruise represented a major collaborative effort examining productivity, carbon 
cycling, responses to changing CO2 levels and iron limitation in two contrasting areas of the 
Southern Ocean, and is published in a special issue of Deep Sea Research. The CASO-SR3-
GEOTRACES cruise included work on the cycling of methyl-mercury, micronutrients (Fe, Mn, Co, 
Zn, Cu, Cd, Se), productivity and the carbon cycle.  
 
New research vessel 
The national science organisation CSIRO has announced $120m in funding for a new marine 
research vessel to replace the Southern Surveyor. 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
 
A D Moy, W R Howard, S G Bray and T W Trull 2009. 'Reduced calcification in modern Southern 
Ocean planktonic foraminifera.' Nature Geoscience, 2: 276-280 
 
L D Rotstayn, M D Keywood, B W Forgan, A J Gabric, I E Galbally, J L Gras, A K Luhar, G H 
McTainsh, R M Mitchell, SA Young, 2009, Possible impacts of anthropogenic and natural aerosols 
on Australian climate: a review. International Journal of Climatology, 29: 461-479. 
 
I Allison, N L Bindoff, R A Bindschadler, P M Cox, N de Noblet, M H England, J E Francis, N 
Gruber, A M Haywood, D J Karoly, G Kaser, C Le Quéré, T M Lenton, M E Mann, B I McNeil, A J 
Pitman, S Rahmstorf, E Rignot, H J Schellnhuber, S H Schneider, S C Sherwood, R C J 
Somerville, K Steffen, E J Steig, M Visbeck, A J Weaver, 2009 The Copenhagen Diagnosis 2009: 
Updating the world on the Latest Climate Science. The University of New South Wales Climate 
Change Research Centre (CCRC), Sydney, Australia, 60pp. 
 
A R Bowie, D Lannuzel, T A Remenyi, T Wagener, P J Lam, P W Boyd, C C Guieu, A T Townsend 
T W Trull, 2009, Biogeochemical iron budgets of the Southern Ocean south of Australia: 
Decoupling of iron and nutrient cycles in the subantarctic zone by the summertime supply. Global 
Biogeochemical Cycles, 23 
 
A S Taschetto, C C Ummenhofer, A Sen Gupta, M H England, 2009, The effect of anomalous 
warming in the central Pacific on the Australian monsoon. Geophysical Research Letters, 36, 
L12704, doi:10.1029/2009GL038416 
 
Numerous authors 2008-2009, Kerguelen: compared study of the Ocean and the Plateau in 
Surface water (KEOPS) research program. Numerous publications, including 23 papers in a special 
issue of: Deep Sea Research Part II: Topical Studies in Oceanography, 55(5-7) 
 
 

http://www.cawcr.gov.au/
http://www.cmar.csiro.au/
http://www.ccrc.unsw.edu.au/
http://imos.org.au/about.html
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4. International interactions and collaborations 
  
Australia is a key member of the GEOTRACES international partnership. The Australian 
GEOTRACES representative is Andy Bowie (Andrew.Bowie@acecrc.org.au) 
 

5. Goals and plans for future activities  
 
There are numerous goals and plans for the various groups in Australia, too numerous to list here. 
 
One area of interest to the international community is that Australian researchers looking into DMS 
cycling in the ocean, atmosphere and ice are looking to continue and expand their work. Increased 
coordination and international collaboration is being investigated. 

6. Other comments  
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SOLAS Belgium 

Compiled by Christiane Lancelot 

1. Scientific highlights  

1-Historical reconstruction of air-sea CO2 fluxes in the eutrophied North Sea and interaction with 

ocean acidification: a model study 

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). Results 

distinguish two major periods on the basis of N and P river loads and coastal enrichment: increased 

eutrophication (1951-1990) when nutrient enrichment is accompanied by a shift from a source to a 

sink of atmospheric CO2 as well as an increase in pH and saturation state of aragonite (ɋar) and 

the decreased P loads period (1990-1998) when P limitation leads to a shift of the coastal system to 

a source of atmospheric CO2 and decrease pH and ɋar (Fig.1). Overall, 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. 

 

 

 

 

Fig.1: 1951-1998 evolution of 

Scheldt loads and of R-MIRO-

CO2-simulated winter-time 

DIN:PO4 ratio, GPP, NCP, air-

sea CO2 fluxes, pH and ɋar in 

the Belgian coastal zone.  

Adapted from Gypens et al. 

(2009) and Borges & Gypens 

(2010) 

 

 

 

 

 

 

 

2- Measuring CO2 exchange between land fast sea-ice and the atmosphere during the winter and 

spring season 

A meteorological mast equipped for eddy-covariance measurements was installed on landfast sea-

ice near Barrow (Alaska), 1 km off the coast, from end of January 2009 to beginning of June 2009, 

before ice break-up. These data were supported by continuous measurement of solar radiation, 

snow depth, ice thickness and temperature profile in the ice. The CO2 dynamics in sea-ice were 

also investigated through regular ice coring. First results show in April some effluxes from the ice to 

the atmosphere (Fig.2) 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 were triggered by 

wind speeds over 7 m s
ī1

 suggesting that wind pumping through the snow (snow thickness was 

about 20 cm) was one of the main processes controlling air-ice fluxes at that time. 
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Fig.2: CO2 flux and wind speed  in April 2009 over sea-ice in Barrow (Alaska 

Borges A.V. & N. Gypens (2010) Carbonate chemistry in the coastal zone responds more strongly 

to eutrophication than ocean acidification, Limnology and Oceanography, 55, 346-353 

Burba, G.G., McDermitt, D.K., Grelle, A., Anderson, D.J. and Xu, L.K., 2008. Addressing the 

influence of instrument surface heat exchange on the measurements of CO2 flux from open-path 

gas analyzers. Global Change Biology, 14(8): 1854-1876. 

Gypens N., A.V. Borges & C. Lancelot (2009) Effect of eutrophication on air-sea CO2 fluxes in the 

coastal Southern North Sea: a model study of the past 50 years, Global Change Biology, 15(4), 

1040-1056 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
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. 
 
Last year of the BELSPO BELCANTO-III (http://www.co2.ulg.ac.be/belcanto/) and PEACE 
(http://www.co2.ulg.ac.be/peace/) projects was 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, Chile 
 
Supporting projects 
ASSESSMENT OF MODELLING UNCERTAINTIES IN LONG-TERM CLIMATE AND SEA LEVEL 
CHANGE PROJECTIONS «ASTER» (Belgian science policy ï SD/CS/01A,B). 15/12/2005 ï 
31/01/2010.  
 
AMORE III (ADVANCED MODELLING AND RESEARCH ON EUTROPHICATION) 
COMBINED EFFECT OF CHANGING HYDROCLIMATE AND HUMAN ACTIVITY ON COASTAL  
ECOSYSTEM HEALTH. Belgian Science Polic. Science for Sustainable Development Program 
 
EU-FP6 CARBOOCEAN. 2005-2010 
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3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
Gruber, N., M. Gloor, S. C. Doney, S. E. Mikaloff Fletcher, S. Dutkiewicz, M. J. Follows, M. Gerber, 
A. R. Jacobson, F. Joos, K. Lindsay, D. Menemenlis, A. Mouchet, S. A. Mueller, J. L. Sarmiento, 
and T. Takahashi, 2009. Oceanic sources, sinks, and transport of atmospheric CO2, Global 
Biogeochemical Cycles, 23, GB1005, doi:10.1029/2008GB003349. 
 
Cao, L., Eby, M., Ridgwell, A., Caldeira, K., Archer, D., Ishida, A., Joos, F., Matsumoto, K., 
Mikolajewicz, U., Mouchet, A., Orr, J. C., Plattner, G.-K., Schlitzer, R., Tokos, K., Totterdell, I., 
Tschumi, T., Yamanaka, Y., and Yool, A., 2009. The role of ocean transport in the uptake of 
anthropogenic CO2, Biogeosciences, 6, 375-390 (1726-4189/bg/2009-6-375). 
 
Takahashi T., S.C. Sutherland, R. Wanninkhof , C. Sweeney, R.A. Feely, D.W. Chipman, B. Hales, 
G. Friederich, F. Chavez, C. Sabine, A. Watson, D.C.E. Bakker, U. Schuster, N. Metzl, Hi. 
Yoshikawa-Inoue, M. Ishii, T. Midorikawa, Y. Nojiri, A. Körtzinger, T; Steinhoff, M. Hoppema, J. 
Olafsson, T.S. Arnarson, B. Tilbrook, T. Johannessen, A. Olsen, R. Bellerby, C.S. Wong , B. Delille, 
N.R. Bates, H.J.W. de Baar (2009), Climatological Mean and Decadal Change in Surface Ocean 
pCO2, and Net Sea-air CO2 Flux over the Global Oceans, Deep-Sea Research II, 56(8-10), 554-577 
 
Chen C.T.A. & A.V. Borges (2009) Reconciling opposing views on carbon cycling in the coastal 
ocean: continental shelves as sinks and near-shore ecosystems as sources of atmospheric CO2, 
Deep-Sea Research II, 56 (8-10), 578-590 
 
Gypens N., A.V. Borges & C. Lancelot (2009) Effect of eutrophication on air-sea CO2 fluxes in the 
coastal Southern North Sea: a model study of the past 50 years,Global Change Biology, 15(4), 
1040-1056 
 
Prowe F.A.E., H. Thomas, J. Pätsch, W. Kühn, Y. Bozec, L.-S. Schiettecatte, A.V. Borges & H.J.W. 
de Baar (2009) Mechanisms controlling the air-sea CO2 flux in the North Sea, Continental Shelf 
Research, 29, 1801ï1808 
 
Thomas H., L.-S. Schiettecatte, K. Suykens, Y.J.M. Koné, E. H. Shadwick, A.E.F. Prowe, Y. Bozec, 
H.J.W. de Baar & A. V. Borges (2009) Enhanced ocean carbon storage from anaerobic alkalinity 
generation in coastal sediments, Biogeosciences, 6, 1ï8 
 
Koné Y.J.M., G. Abril, K.N. Kouadio, B. Delille & A.V. Borges (2009) Seasonal variability of carbon 
dioxide in the rivers and lagoons of Ivory Coast (West Africa), Estuaries and Coasts, 32:246ï260 
 
Delille B., A.V. Borges & D. Delille (2009) Influence of giant kelp beds (Macrocystis pyrifera) on diel 
cycles of pCO2 and DIC in Sub-Antarctic coastal area, Estuarine Coastal and Shelf Science, 81, 
114ï122 
 

4. International interactions and collaborations 
  
Collaboration with IPRC, SOEST, University of Hawai'i. NSF-funded project Understanding Climate-
Biogeochemical Feedbacks During the Last Glacial Cycle: A Systematic Modeling and Paleo-Data 
Synthesis Approach. 01/07/2007 ï 30/06/2010. 
 
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, Chile. 
 

5. Goals and plans for future activities  
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ULg in collaboration with ULB will carry out DMS measurements in the Bay of Calvi from 2010 
onwards, and a project proposal is planned for 2010 to start DMS measurements in the North Sea in 
2011 onwards. 
 
ULg has started a high temporal resolution monitoring of CH4 and N2O in parallel with pCO2 in the 
Scheldt and Belgian coast that will be maintained for the coming years. 
 
ULg will aslo participate in The Global Carbon Project 
(http://www.globalcarbonproject.org/index.htm) and will regularly provide the yearly ocean CO2 
uptake as modelled by our global ocean carbon and circulation model constrained with 
reconstructed atmospheric fields. 
 
ULB is planning to further develop the MIRO-CO2 model to describe DMS emissions in the 
eutrophied Southern North Sea. 

6. Other comments  
 

 

 

http://www.globalcarbonproject.org/index.htm
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SOLAS Canada 
                      compiled by M. Lizotte and M. Levasseur 

 

 

1. Scientific highlights  
 

1.1. Natural iron supply stimulates DMSP production in the NE Pacific 

Results from an oceanographic cruise conducted in summer 2007 along the monitoring transect ñLine Pò 
in the North East (NE) subarctic Pacific reveal the impacts of a natural inshore-offshore gradient of iron 
(Fe) on phytoplankton and bacterioplankton communities, and on the microbial cycling of 
dimethylsulfoniopropionate (DMSP) and dimethylsulfide (DMS). Pools of DMSP, as well as 
concentrations of chlorophyll a - normalized DMSP, were found to be positively correlated with natural 
levels of Fe in the surface ocean (Fig). These results suggest that Fe supplied by mixing, either laterally 
or vertically, stimulates DMSP production through an increase in the abundance of DMSP-rich 
phytoplankton species, a response similar to the one observed during the first days of many large scale 
Ocean Iron Fertilizations (OIFs). Overall, findings from this Canadian SOLAS (C-SOLAS) study suggest 
that the stimulation of DMSP production may take place regardless of the type of Fe supply to the surface 
ocean: artificially, as the simulated atmospheric dust deposition provided during the OIFs, or naturally, 
either through vertical or lateral mixing, as reported in Royer et al. (submitted manuscript). 

1. Royer, S.-J., M. Levasseur, M. Lizotte, M. Arychuk, M. G. Scarratt, C. S. Wong, C. Lovejoy, M. 
Robert, K. Johnson, A. Peña, S. Michaud, R. P. Kiene. Microbial dimethylsulfoniopropionate 
(DMSP) dynamics along a natural iron gradient in the North East subarctic Pacific. Manuscript 
accepted for publication in Limnology and Oceanography (submitted in 2009 and accepted 
January 20, 2010). 

 

 
 
 
 
 

Figure. Spatial variations in (A) Fe 
concentrations (total dissolved) and (B) DMSPp 
concentrations and DMSPp : chl a ratios along 
the portion P8 to P26 of the Line P cruise 
transect, conducted in May-June 2007, in the NE 
subarctic Pacific Ocean (map below).  
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1.2. Exploratory study of the formation, distribution and global mapping of surfactant films (sea-
surface microlayers) on the ocean's surface. 
 
Principal investigators: O. Wurl, S. Vagle, and L. Miller from the Institute of Ocean Sciences (IOS) ï 
Department of Fisheries and Oceans Canada. 
 

A long-term study on the enrichment of surface-active substances (SAS) in the sea-surface microlayer 
(SML) has been conducted from June 2008 to November 2009 with about 400 paired samples (SML and 
bulk water). Samples have been collected in Saanich Inlet (Canada) from June 2008 to May 2009, in the 
Santa Barbara Channel (USA) aboard the R/V Kilo Moana in September 2008, near the West Coast 
Vancouver Island (Canada) aboard the CCGS John P. Tully in May - June 2009, in the Northeast Pacific 
during the Line P cruise aboard the CCGS John P. Tully in June 2009, in the subtropical North Pacific 
offshore Hawaii aboard the RV Kilo Moana in August - September 2009, and in the Canadian Arctic 
aboard the CCGS Amundsen in October ï November 2009. The data will be used to interpolate a 
threshold value for primary production (supply of surfactants to SML) and wind speed (dispersion of SML) 
as indicators of the presence of the SML. Global maps of primary production (SeaWiFS) and wind speed 
are then used to estimate the coverage of the ocean with microlayers. Preliminary results show that 
microlayers persist, as enrichment of SAS relative to bulk surface waters, at wind speeds exceeding an 
average global wind speed of 6.6 m s

-1
 (Fig. 1). Some of the samples have been collected with a state-of-

the-art microlayer sampler (Fig. 2) designed and built at IOS, Sidney, BC, Canada. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Enrichment factor (EF) of 
surface-active substances (SAS) in the 
surface microlayer (SML) versus 
windspeed. Points above and below 
the dark line show enrichment and 
depletion, respectively, of SAS in the 
SML compared to the bulk surface 
water.  

Figure 2. Little Kilo Moana (in front) skims 
thin layers from the oceanôs surface near 
its namesake (in back), a research vessel 
from the University of Hawaii. 
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2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  

2.1. Workshops 
 

2.1.1. Arctic-SOLAS synthesis workshop in Quebec city, Canada, October 19-20, 2009. The main 
objective of Arctic-SOLAS investigators is to determine how variability in sea ice and water masses in the 
Arctic influence the ocean-ice-atmosphere exchange of climate-active gases and particles and the 
chemical and radiative properties of the Arctic atmosphere. Co-sponsored by the oceanographic research 
centre Quebec-Ocean, SOLAS Canada, and the International Polar Year (IPY) program, the synthesis 
workshop brought together approximately 20 investigators and students at Laval University in Quebec. 
The workshop allowed participants to showcase findings from two oceanographic cruises conducted in 
the Canadian Archipelago in 2007-2008 aboard the Canadian Coast Guard Ship (CCGS) Amundsen. 
Tackling themes such as surface oceanïclimate interactions as well as atmosphere dynamics and 
climate feedbacks, workshop participants focused on the integration of two datasets encompassing both 
oceanographic and atmospheric measurements. The workshop was successful in initiating a plan for data 
integration-collection-archiving, as well as in establishing collaborations and co-authorships; 
approximately 20 papers have been projected for publication. (Participants: J. Abbatt, M. Arychuk, M. 
Berrouard, M. Blais, R. Chang, C. Gagné, V. Galindo, M. Gosselin, Y. Gratton, K. Keats, R. Leaitch, M. 
Levasseur, M. Lizotte, S. Michaud, J. Mélançon, J. Motard-Côté, A.-L. Norman, K. Randall, O. Rempillo, 
R. Rivkin, M. Scarratt, S. Sjostedt, H. Xie) 
 

2.2. Research projects and cruises 

2.2.1. Biogeochemical impacts of Asian dust on the North Pacific ecosystem and climate 
fieldwork in the subarctic Pacific Ocean, June 6-23, 2009. Taking part in the Line P monitoring program 
run by the Department of Fisheries and Oceans (DFO) Canada, several investigators and students from 
Laval University and the Institute of Ocean Sciences (IOS) conducted experiments onboard the CCGS 
John P. Tully in order to determine the impact on the North Pacific ecosystem and on climate of 
atmospheric dust deposition originating from Asian deserts. Preliminary results from this project were 
presented at the SOLAS Open Science Conference (OSC) in Barcelona, Spain, November 16-19, 2009. 
(Mélançon, J., M. Levasseur, M. Lizotte, J.-E. Tremblay, G.-P. Yang, M. Blais, G.-Y. Shi, H.-W. Gao, M. 
Arychuk, K. Johnson, N. Sutherland, M. Robert, W. Richardson, M. Scarratt. Impact of Asian dust on 
phytoplankton and dimethylsulfide (DMS) production in the NE subarctic Pacific, poster presentation). 

 2.2.2. Impact of sea ice dynamics on atmospheric CO2 export: Canadian Arctic fieldwork. Two 
cruises took place in the Canadian Arctic Archipelago: ArcticNet-GEOTRACES aboard the CCGS 
Amundsen, August 27 ï September 12, 2009; and the Beaufort Gyre Exploration Project aboard the 
CCGS Louis St-Laurent, September 17 ï October 15, 2009. Among the participants of these cruises, a 
group from the University of British Columbia (R. François, P. Tortell, and K. Brown) and IOS (L. Miller, 
and F. McLaughlin) investigated how biotic versus abiotic sea ice processes contribute to the export of 
atmospheric carbon dioxide (CO2). The main goal of this study is to gain a better understanding of how 
sea ice influences the movement of CO2 at the ocean-atmosphere interface in order to better predict how 
changing sea ice conditions will affect CO2 distributions globally. 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
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3.1. Articles  
 
Brugel, S. C. Nozais, M. Poulin, J.-E. Tremblay, L. Miller, K.G. Simpson, Y. Gratton, S. Demers, (2009). 
Phytoplankton biomass and production in the southeastern Beaufort Sea in autumn 2002 and 2003. 
Marine Ecology Progress Series 377: 63-77. 
Lizotte, M., M. Levasseur, I. Kudo, K. Suzuki, A. Tsuda, R.P. Kiene, M.G. Scarratt (2009). Iron-induced 
alterations of bacterial DMSP metabolism in the western subarctic Pacific during SEEDS-II. Deep-Sea 
Research Part II 56: 2889-2898. 

Mucci, A., B. Lansard, L.A. Miller, T.N. Papakyriakou, in press (accepted 13-11-2009). CO2 fluxes across 
the air-sea interface in the southeastern Beaufort Sea: The ice-free period.Journal of Geophysical. 
Research. doi: 10.1029/2009JC005330. 

Seguin A. M., A.-L. Norman, S. J. Eaton, M. Wadleigh, S. Sharma (submitted in 2009 and accepted in 
January 2010). Elevated Biogenic Sulphur Dioxide concentrations over the North Atlantic. Atmospheric 
Environment. 
 
Royer, S.-J., M. Levasseur, M. Lizotte, M. Arychuk, M. G. Scarratt, C. S. Wong, C. Lovejoy, M. Robert, K. 
Johnson, A. Peña, S. Michaud, R. P. Kiene (submitted in 2009 and accepted in January 2010). Microbial 
dimethylsulfoniopropionate (DMSP) dynamics along a natural iron gradient in the North East subarctic 
Pacific. Limnology and Oceanography. 

Wurl, O., L. Miller, R. Röttgers, S. Vagle. (2009). The distribution and fate of surface-active substances in 
the sea-surface microlayer and water column. Marine Chemistry 115: 1-9. 

3.2. Website reports 

Can gases be used to offset greenhouse gas emissions? Featuring the work of M.G. Scarratt and S. 
Michaud of the Maurice Lamontagne Institute (MLI) - DFO, and colleagues. Posted on July 20, 2009. 

http://www.dfo-mpo.gc.ca/science/publications/article/2009/07-20-09-eng.html 

Air-sea carbon dioxide transfer and sea ice: An unexpected climate change complication. Featuring the 
work of L. Miller of the Institute of Ocean Sciences (IOS) - Department of Fisheries and Oceans (DFO) in 
Canada and colleagues. Posted on December 7, 2009. 

http://www.dfo-mpo.gc.ca/science/publications/article/2009/12-07-09-eng.html 

4. International interactions and collaborations 
 

4.1. International vocational training. As part of the ongoing collaborations and exchanges between 
SOLAS investigators from Canada and China, Laval University in Quebec City hosted an MSc student, 
M. Jian Yang from the Ocean University of China in Qingdao, during a three month internship from June 
to August, 2009. M. Yang took part in the Line P cruise in June 2009 aboard the CCGS John P. Tully as 
and participated in SOLAS-related laboratory work at Laval University. 
 
4.2. International conference attendance. Participation of 7 Canadian SOLAS investigators and 
students to the SOLAS Open Science Conference in Barcelona, Spain, November 16-19, 2009. 
Attending scientists included M. Levasseur (Laval University), M.G. Scarratt (MLI ï DFO), N. Steiner (IOS 
ï DFO, Canadian Centre for Climate Modelling and Analysis), C. Gagné (MSc candidate Laval 
University), J. Mélançon (PhD candidate Laval University), J. Motard-Côté (MSc candidate Laval 
University) and K. Randall (MSc candidate Laval University). Presentations focused primarily on the 
biogenic production of climate-active gases such as dimethylsulfide (DMS) and nitrous oxide (N2O). 
 
Participation of A.-L. Norman (University of Calgary), A. M. Seguin and O. Rempillo (PhD candidates 
University of Calgary) to the American Geophysical Union Fall Meeting, December 14-18, 2009, San 
Francisco, USA. Presentations focused on measurements of nitrate and DMS in the atmosphere. 

http://www.dfo-mpo.gc.ca/science/publications/article/2009/07-20-09-eng.html
http://www.dfo-mpo.gc.ca/science/publications/article/2009/12-07-09-eng.html
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4.3. International SOLAS summer school attendance. Three Canadian students, K. Giesbrecht (MSc 
candidate University of Victoria), A. Lapoussière (PhD candidate University of Quebec in Rimouski), and 
J. Motard-Côté (MSc candidate Laval University), were selected to participate in the 4

th
 edition of the 

SOLAS summer school at the Scientific Institute of Cargèse in Corsica, August 3-15, 2009. 
 

 

 

5. Goals and plans for future activities  
 
5.1. Co-stressors in the North Pacific ecosystem: impacts of aeolian iron inputs and ocean 
acidification on the production of climate-active gases. Future activities in the North Pacific will involve 
participation of several C-SOLAS investigators and students on two Line P cruises in June and August, 
2010, aboard the CCGS John P. Tully. The main objective of this project is to further examine the impact 
of aeolian iron inputs (from dust and volcano deposition) on the production of climate-active gases by 
pelagic communities within the North Pacific as well as to determine the effect of ocean acidification on 
the availability of iron to these communities. Principal investigators from Canada : M. Levasseur, J.-E. 
Tremblay, P. Tortell, N. Steiner, M. Scarratt, S. Takeda, G.-P. Yang. 
 
5.2. Ice and light interactions in the Arctic Ocean: impacts of increased light exposure on the 
production of climate-active gases by pelagic and bottom-ice communities. The main objective of this 
project is to understand the complex system responsible for marine trace-gas production in the Arctic and 
how it will be affected by warming and ice reduction in this region. The specific goal is to experimentally 
assess the impact of a rapid increase in natural light availability and intensity on the production of 
dimethylsulfide (DMS) by conducting short-term incubations during a 6 week ice-camp involving several 
investigators and students at Resolute Bay in the Canadian Arctic, in May-June 2010. Principal 
investigators from Canada: M. Levasseur, L. Miller, M. Scarratt, T. Papakyriakou, M. Gosselin. 
 
5.3. Quebec-Shandong Joint Ocean pH Workshop. Sponsored by the Quebec Ministry of International 
Relations, this 4 day international workshop is scheduled to take place in fall 2010 in Shandong (China). 
Participants from both provinces Quebec (Canada) and Shandong (China) will discuss diverse aspects 
related to ocean acidification. The main objectives are to share relevant information, promote meshing 
between students and principal investigators of both provinces and, more specifically, to elaborate a new 
multidisciplinary research program focused on the impact of ocean acidification on marine ecosystems 
and resources, and biogeochemical cycles. Principal Investigators: M. Levasseur, J.-E. Tremblay, G.-P. 
Yang, S Demers. 
 

6. Other comments  
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SOLAS China 
                      compiled by Minhan Dai 

 

 

1. Scientific highlights  

 

The highly productive western East China Sea acts as a CO2 source in autumn 

Underway pCO2 surveys showed that the western inner shelf of the highly productive East China 

Sea served as a moderate or significant sink of atmospheric CO2 in winter, spring and summer, 

while it turned to a net source in autumn. Associated with the CO2 degassing was a slight DO 

deficit as compared with the air equilibrium level. Such a seasonal signal in autumn as a source of 

atmospheric CO2 may be associated to complex physical and biogeochemical processes, such as 

the low biological productivity in autumn. Alternatively, the fact that the study area became a 

source of atmospheric CO2 may be associated with the collapse of summer stratification and 

thereby a recovery of bottom hypoxia in autumn. Therefore we contend that the bottom hypoxia 

was weakened by vertical mixing in October and eventually disappeared in November. As a 

consequence, the hypoxic and CO2-rich bottom water became mixed and degassed CO2 to the 

atmosphere in late autumn. This is the first evidence linking shelf air-sea CO2 exchanges to 

seasonal hypoxia.   

Zhai WD and Dai MH, 2009. On the seasonal variation of air - sea CO2 fluxes in the outer 

Changjiang (Yangtze River) Estuary, East China Sea. Marine Chemistry, 117: 2-10.  

 

Figure:  Seasonal aqueous pCO2 distribution (in ɛatm) in the western inner shelf of the highly 

productive East China Sea during the underway pumping surveys. Yellow color represents the 

atmospheric CO2 level. The frame shows the approximate location of summer hypoxia area in the 

region.  

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 

New Research Projects  

1) Carbon cycling in China Seas - budget, controls and ocean acidification (CHOICE-C,  
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http://973oceancarbon.xmu.edu.cn) (2009-2013): a SOLAS endorsed project  

CHOICE-C is a new project of China National Basic Research ñ973ò Program, with funding period 

of 2009-2013; the PI of this project is Prof. Minhan Dai of Xiamen University. CHOICE-C focuses 

on the carbon budget, controls, ecological response and future changes in coastal ocean systems. 

The focal area includes, but not limited to the continental shelves in both the South and East China 

Seas. Through an integrated study of the carbon cycling between field observation, remote sensing 

as well as numerical modelling in China seas with a contrast/ comparison strategy, CHOICE-C 

aims to determine the source and sink terms of atmospheric CO2 and their associated controlling 

processes. What follows concentrates on the ecological response of the uptake of anthropogenic 

CO2, primarily on the ocean acidification during the past 1-2 hundred years. 

2) Response of marine ecological system in the marginal seas to open ocean of the western 

North Pacific to climate change (2010.03-2013.02) 

This three-year project was newly funded by Strategic Japanese-Chinese Cooperative Program on 

ñClimate Changeò, with a total budget of 1.2 M RMB. The goals of this project are to realize the 

natural and anthropogenic materials from the Asian continent to the western North Pacific, and to 

understand the different response of marine ecosystems between marginal seas and open ocean 

to the climate change and human impact.  The PIs of this project are Prof. Huiwang Gao (Ocean 

University of China, China) and Prof. Uematsu Mitsuo (the University of Tokyo, Japan). 

3) Yellow Sea Large Marine Ecosystem Assessing and Monitoring the Impacts of Climate 

Change on the Yellow Seaôs Ecosystem (2009) 

This project was just funded with 97 K USD by UNDP/GEF.   Prof. Ruixiang Li from the First 
Institute of Oceanography (FIO), SOA serves as PI of the project. 
 

4) Biogeochemical Impacts of Asian Dust on the North Pacific Ecosystem and Climate (2010-

2012) 

This project was funded by Ministry of Science and Technology with 1.2 M RMB. Prof. Guipeng 
Yang from Ocean University of China and Prof. Maurice Levasseur from the University of Laval 
(Canada) are co-PIs of this project.  

 

CHOICE-C Cruises completed in 2009:  

1) The first cruise of CHOICE-C was organized between July 18-Sept. 1, 2009, 105 scientists 

and students from 12 Chinese institutions participated, covering areas of Northern South 

China Sea, East China Sea and Yellow Sea. 

2) The second cruise of CHOICE-C happened on December 23, 2009 and is planned to end in 

February, 2010, covering areas of East China Sea, Northern South China Sea, and SEATS 

(South East Asia Time Series Station). 

 

Workshops: 

1) Coastal Ocean Carbon Cyclingïan international workshop was held on March 6-8, 2009 in 

Xiamen, China. Over 80 scientists and students participated in this event. 

2) The Joint 4th Workshop on Asian Dust and Ocean Ecosystem (ADOES) with Asian-SOLAS 

was organized by CNC-IGBP-SOLAS, State Key laboratory of Numerical Modelling for 

Atmospheric Science and Geophysical Fluid Dynamics and Ocean University of China, and 
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held jointly by A3 SOLAS working group during 12-16 October 2009 at Jeju Island, Korea. 

More than 30 scientists from A3 countries attended this workshop. The objective of this 

workshop was to improve the understanding of the transport processes, especially the 

changes in physical and chemical properties of Asian dust particles during their transport from 

source regions to the ocean, and the impacts of nutrient-rich dust particles on different marine 

ecology systems, the potential feedback of marine ecosystems to dust deposition.  

3) Ten Chinese scientists attended the 2009 SOLAS Open Science Conference held on 16-19, 

November, 2009 in Barcelona, Spain. Four Ph.D students from Xiamen University, Ocean 

University of China and Fudan University attended the 2009 SOLAS Summer School. 

 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
1) Dai MH, Lu ZM, Zhai WD, Chen BS, Cao ZM, Zhou KB, Cai WJ and Chen CTA, 2009. Diurnal 

variations of surface seawater pCO2 in contrasting coastal environments. Limnology and 

Oceanography, 54: 735-745.  

2) Zhai WD, Dai MH and Cai WJ, 2009. Coupling of surface pCO2 and dissolved oxygen in the 

northern South China Sea: impacts of contrasting coastal processes. Biogeosciences, 6: 

2589-2598.  

3) Zhai WD and Dai MH, 2009. On the seasonal variation of air-sea CO2 fluxes in the outer 

Changjiang (Yangtze River) Estuary, East China Sea. Marine Chemistry, 117: 2-10.  

4) Zhu Y, Shang SL, Zhai WD and Dai MH, 2009. Satellite-derived surface water pCO2 and air-

sea CO2 fluxes in the northern South China Sea in summer. Progress in Natural Science, 19: 

775-779. 

5) Tan SC and Shi GY, 2009. Spatiotemporal variability of satellite-derived primary production in 

the South China Sea, 1998ï2006. Journal of Geophysical Research, 114, G03015, 

doi:10.1029/2008JG000854. 

6) Zhu MY, Xu ZJ, Li RX, Wang ZL, Shi XY, 2009. Interspecies competition for nutrients between 

Prorocentrum donghaiense Lu and Skeletonema costatum (Grey) Cleve in mesocosm 

experiments. Acta Oceanologica Sinica, 28(1): 72-82.  

7) Li JB, Zhang GL, Zhang J, Liu SM and  Ren JL, 2009. Phosphine in the Lower Atmosphere of 

Qingdao - a Coastal Site of the Yellow Sea (China). Water, Air and Soil Pollution, 204: 117-

131.  

8) Yang GP, Zhang HH, Su LP and Zhou LM, 2009.Biogenic emission of dimethylsulfide (DMS) 

from the North Yellow Sea, China and its contribution to sulfate in aerosol during summer. 

Atmospheric Environment, 43: 2196-2203. 

9) Yang GP, Chen Y and Gao XC, 2009. Distribution of dissolved free amino acid (DFAA) in the 

surface microlayer and subsurface water of the Yellow Sea, China. Continental Shelf 

Research, 29 (14): 1737-1747. 

10) Yang GP, Levasseur M, Michaud S, Merzouk A, Lizotte M and Scarratt M, 2009. Distribution of 

dimethylsulfide (DMS) and dimethylsulfoniopropionate (DMSP) in the surface microlayer of the 

western North Atlantic during summer. Biogeochemistry, 94: 243-254. 

4. International interactions and collaborations 
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China SOLAS community continues its active interactions with the international community. Three 
international collaborative projects were funded in 2009 (see above). 

5. Goals and plans for future activities  
 
1) Continue to promote SOLAS in China 
2) Implement the ñAsian Dust and Ocean Ecosystem (ADOES)ò task team 

6. Other comments  
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SOLAS Denmark 
                      compiled by Lise-Lotte Soerensen 

 

 

1. Scientific highlights  

 

Atmosphere-surface fluxes of CO2 using spectral techniques 

A method using spectral techniques to estimate air-sea fluxes of scalars has been validated based on 

air-sea flux data of CO2 and H2O.  

To improve the reliability of global climate models it is important to accurately parameterize the CO2 

air-sea exchange. This requires good air-sea exchange or flux measurements for validation of the 

parameterization of the exchange coefficient. Different flux estimation techniques have been 

compared in order to evaluate air-sea exchange measurement methods used on moving platforms. 

Techniques using power spectra and cospectra to estimate fluxes have been applied to 

measurements of wind speed and sensible heat, latent heat and CO2 fluxes. Momentum and scalar 

fluxes have been calculated from the dissipation technique utilizing the inertial sub-range of the power 

spectra and from estimation of the cospectra amplitude. The flux estimates have been compared to 

covariance derived fluxes and it has been shown how even data having poor signal-to-noise ratio can 

be used for flux estimations. 

 

Fig. 1 CO2 Fluxes derived from covariance calculations compared to CO2 flux estimated from the 

dissipation technique 

The work is described in a paper, which has been accepted for publication in Boundary Layer 

Meteorology. 

 
 
 



                           A 2009 Annual Report for SOLAS Denmark  

19 

 

 
 
 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
Analysis of the data from the Galathea 3 cruise (www.galathea3.dk ) has been carried out and 
several papers are in preparation and one has been accepted for publication. The work is focused 
on sea spray fluxes and air-sea exchange of CO2. One Masters thesis by Thomas Bjerring 
Kristensen, Department of Geophysics at Copenhagen University, was based on the sea spray 
measurements and the CO2 flux data are used by Ph.D. Student Maria Norman from Uppsala 
University in Sweden. 
A research cruise on air-sea CO2 exchange in the coastal area of Greenland has been carried out 
in 2008 and the data are processed and papers are now in preparation.  
A new 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.  

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
Hilligesoe K M, Richardson K, Bendtsen J, Lyngsgaard M M,Soerensen L L, Nissen J, 2009, The 
biological pump: How large and how vulnerable a component of the oceans carbon uptake, oral 
presentation at the Climate Change Congress, Copenhagen, March 10-12. 

4. International interactions and collaborations 
 Professor Sara Pryor, Indiana University has been affiliated as a professor at the National 
Environmental Research Institute, Aarhus University in summer 2009. During her stay she has 
been analysing data from the Galathea 3 cruise on sea spray fluxes. 
Ph. D. student Maria Norman from Uppsala University has visited the National Environmental 
Research Institute, Aarhus University in spring 2009 as a part of COST action 735. During her stay 
she has been analysing CO2 flux data from the Galathea 3 cruise. 

5. Goals and plans for future activities  
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 in 2011 at Daneborg on the east coast of 
Greenland. 
Professor Sara Pryor will be visiting Aarhus University in summer 2010 in order to finish the data 
analysis and paper on sea spray fluxes. 
 

6. Other comments  
 

 

http://www.galathea3.dk/
mailto:lls@dmu.dk
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SOLAS Germany 
                      compiled by Ulrich Platt and Hermann Bange  
 

1. Scientific highlights  
 

First detection of BrO in the troposphere over the eastern tropical North Atlantic Ocean 
(M. Martin et al., Univ. Heidelberg) 
 
As part of the Surface Ocean PRocesses in the ANthropocene project (SOPRAN) tropospheric BrO 
was measured with a MAX-DOAS instrument during the SOPRAN cruise P348 along the West 
African coast off Mauritania in February 2007. BrO could be detected at peak mixing ratios of 10.2 ± 
3.7 ppt at an assumed layer height of 1 km on 18 February 2007 (see Figure). Furthermore, it was 
found that the mean BrO concentrations increased when cruising close to the Mauritanian coast 
suggesting that at least part of the BrO might have originated from coastal sources [1]. 
 

 
 
The daily mean 1SCD values of BrO measured during the SOPRAN cruise P348 (8 February to 24 
February 2007) are indicated by red bars. Thin lines indicate the mean standard deviations. The 
yellow circle indicates the location where the tropospheric BrO peaked on 18 February 2007. Each 
bar is plotted at the ship coordinates at 12:00 UTC of the respective day. 
 
[1] Martin, M, D Pöhler, K Seitz, R Sinreich, and U Platt, 2009, BrO measurements over the eastern 

North-Atlantic, Atmospheric Chemistry and Physics, 9, 9545-9554. 
 
Active Thermography (ACFT) Pilot Experiment in the Baltic Sea 

(B. Jähne, U. Schimpf, L. Nagel, Heidelberg Univ.) 

Within the framework of the SOPRAN (Surface Ocean Processes in the Anthropocene) initiative a 
pilot experiment in the Baltic Sea with a novel active thermography technique was conducted. Heat 
is used as a proxy tracer for gases to study the transport processes across the sea-surface 
microlayer with high spatial and temporal resolution. A constant heat flux density is applied to a 
rectangle area (size 0.4 m x 1 m) of the water surface to achieve dynamic equilibrium of the surface 
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temperature. The ACFT instrument was deployed on a cradle at the bow of the research vessel FS 
ALKOR in the Baltic Sea 2009. Heat transfer rates were estimated by fitting the temporal decay of 
surface temperature and by analysis in the Fourier domain. During six deployments local heat 
transfer rates were derived with a temporal resolution of 1 to 30 minutes, depending on the mode of 
operation. Applying Schmidt number scaling, the transfer rates are in good agreement with empirical 
gas transfer wind speed relationships for moderate winds speeds (4-6 m/s). At high wind speed (12 
m/s), the ACFT transfer rates are lower, which is explained by the fact that heat transport is 
insensitive to bubble-mediated gas transfer, i.e. it measures only a part of the transfer process 
directly at the water surface. 

 

a) Setup during the research cruise ALKOR-336 in the Baltic Sea, April/Mai 2009. b) Infrared image 
of the water surface before heating and c) after 2 s of heating with a CO2 laser. d) Estimate of the 
skin-bulk temperature difference across the thermal sublayer. e) Temporal decay of the surface 
temperature. 
 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
Research projects 
* TransBrom: With a new transport model and hot-spot measurements in the Western tropical Pacific 
the WGL project TransBrom investigates the contribution of marine emissions of very short lived 
bromine compounds on stratospheric bromine. PI Kirstin Krüger (IFM-GEOMAR, Kiel), 
http://www.ifm-geomar.de/index.php?id=5390&L=1 . 
* EU project SHIVA (Stratospheric ozone: Halogen Impacts in a Varying Atmosphere): SHIVA aims 
to reduce uncertainties in present and future stratospheric halogen loading and ozone depletion 
resulting from climate feedbacks between emissions and transport of ozone depleting substances 
(ODS). Of particular relevance will be studies of short and very short-lived substances (VSLS) with 
climate-sensitive natural emissions. SHIVA will perform field studies of ODS production, emission 
and transport in understudied, but critical, regions of the tropics using ship, aircraft and ground-
based instrumentation. Moreover, SHIVA will parameterise potential climate sensitivities of 
emissions based on inter-dependencies derived from SHIVA field studies, and surveys of ongoing 
work in this area. SHIVA will study the chemical transformation of ODS during transport from the 
surface to the tropical tropopause layer (TTL), and in the stratosphere, using a combination of 
aircraft and balloon observations together with process-oriented meso-scale modelling. These 
investigations will be corroborated by space-based remote sensing of marine phytoplankton biomass 
as a possible proxy for the ocean-atmosphere flux of ODS. From this a systematic emission 
inventory of VSLS ODS will be established to allow construction of future-climate scenarios. The 
impact of climate-sensitive feedbacks between transport and the delivery of ODS to the stratosphere, 
and their lifetime within it, will be studied using tracer observations and modelling. Further global 
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modelling will assess the contribution of all ODS, including VSLS (which have hitherto normally been 
excluded from such models) to past, present and future ozone loss. Here, the sensitivity of natural 
ODS emissions to climate change parameters will be used in combination with standard IPCC 
climate model scenarios in order to drive measurement-calibrated chemical transport model (CTM) 
simulations for present and future stratospheric ozone; to better predict the rate, timing and climate-
sensitivity of ozone-layer recovery. Coordinator: Klaus Pfeilsticker, Univ Heidelberg. 
http://shiva.iup.uni-heidelberg.de/  
* MEMENTO: The MarinE MethanE and NiTrous Oxide database; A joint SOLAS/COST Action 735 
Initiative, Contact: Hermann Bange (IFM-GEOMAR, Kiel), Tom Bell (UEA, Norwich, UK) 
* HALOCAT: Halocarbons in the Ocean and Atmosphere database project. It brings together global 
oceanic and atmospheric data of mainly short-lived brominated and iodinated trace gases, Contact 
B. Quack (IFM-GEOMAR) and Tom Bell (UEA, Norwich, UK). 
 
Workshop 
* COST Action 735 WG3 Technical Workshop on Coastal CO2, N2O and CH4 Data, Kiel, 22/23 
January 2009, Co-chairs H. Bange (IFM-GEOMAR, Kiel), A. Borges (Univ. Liege), 30 participants 
from 13 countries. The workshop report can be downloaded from http://www.cost-
735.org/meetings/minutes/wg3jan09.pdf 
 
Cruises 
* R/V Sonne cruise TransBrom from Tomakomai (Japan) to Townsville (Australia), 9 ï 24 Oct 2009, 
PI B. Quack (IFM-GEOMAR, Kiel). 
* SOPRAN mesocosm CO2 enrichment experiment in Kiel Bight, Baltic Sea, May-June, 2009. PI Ulf 
Riebesell (IFM-GEOMAR, Kiel) 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
Articles describing German SOLAS or SOLAS related activities. German SOLAS authors are given 

in bold: 
 
Arnold, S R, D V Spracklen, J Williams, N Yassaa, J Sciare, B Bonsang, V Gros, I Peeken, A C 

Lewis, S Alvain, and C Moulin, 2009, Evaluation of the global oceanic isoprene source and its 
impacts on marine organic carbon aerosol. Atmospheric Chemistry and Physics, 9, 1253-1262, 
2009. 

Bange, H W, T G Bell, M Cornejo, A Freing, G Uher, R C Upstill-Goddard, and G Zhang, 2009, 
MEMENTO: A proposal to develop a database of marine nitrous oxide and methane 
measurements, Environmental Chemistry, 6, 195-197. 

Czerny, J, Barcelos e Ramos, J, Riebesell, U, 2009, Influence of elevated CO2 concentrations on 
cell division and nitrogen fixation rates in the bloom-forming cyanobacterium Nodularia 
spumigena, Biogeosciences, 6, 1865-1875. 

Glessmer, M S, C Eden, and A Oschlies, 2009, Contribution of oxygen minimum zone waters to 
the coastal upwelling off Mauritania, Progress in Oceanography, 83, 143-150. 

Hense I and B Quack, 2009, Modelling the vertical distribution of bromoform in the upper water 
column of the tropical Atlantic Ocean, Biogeosciences, 6, 535--544. 

Martin, M, D Pöhler, K Seitz, R Sinreich, and U Platt, 2009, BrO measurements over the eastern 
North-Atlantic, Atmospheric Chemistry and Physics, 9, 9545-9554. 

Orlikowska, A, and D E Schulz-Bull, 2009, Seasonal variations of volatile organic compounds in 
the coastal Baltic Sea, Environmental Chemistry, 6, 495-507. 

Riebesell, U, Körtzinger, A, Oschlies, A, 2009, Sensitivities of marine carbon fluxes to ocean 
change, Proceedings of the National Academy of Sciences, 106, 20602-20609. 

Taddei S, P Toscano, B Gioli, A Matese, F Miglietta, F P Vaccari, A Zaldei, T Custer, and J 
Williams, 2009, Carbon dioxide and acetone airīsea fluxes over the southern Atlantic, 
Environmental Science and Technology, 43, 5218ï5222. 

Watson, A J, Friedrich, T, Körtzinger, A, Oschlies, A, Steinhoff, T, Wallace, D W R , et al. 2009, 
Tracking the variable North Atlantic sink for atmospheric CO2, Science, 326, 1391-1393. 

 

 

4. International interactions and collaborations 
 Interactions and collaboration within various projects world-wide. 
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5. Goals and plans for future activities  
* SOPRAN mesocosm CO2 enrichment experiments in the Gotland Sea, June-July 2011, PI Ulf 
Riebesell (IFM-GEOMAR, Kiel) 
* SOPRAN mesocosm experiment in 2012 (location and scientific objectives to be decided) PI Ulf 
Riebesell (IFM-GEOMAR, Kiel) 
* SOPRAN cruise P399/2 to the upwelling off Mauritania, 31 Mayï17 June 2010, PI Hermann Bange 
(IFM-GEOMAR, Kiel) 
* SOPRAN cruise with R/V Merian to the equatorial Atlantic Ocean, Summer 2011, PI Arne 
Körtzinger (IFM-GEOMAR, Kiel) 
 

6. Other comments  
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SOLAS India 
                      compiled by Dileep Kumar 

 

 

1. Scientific highlights  
 

Integrated Campaign on Aerosols gases and Radiation Budget (ICARB) 

To characterise the atmospheric diversity over the North Indian Ocean and Indian landmass a 
major multi-platform field campaign Integrated Campaign for Aerosols, gases and Radiation Budget 
(ICARB), initiated in the pre-monsoon period of 2006, continued until January 2009. This was the 
biggest such campaign over this region involving 26 national laboratories and sponsored by Indian 
Space Research Organization (ISRO) for studying high-resolution multi-parameter data from 
concurrent measurements of the optical and physical properties over the oceans. The recent 
experiments helped in the first-ever precision mapping of spatial distribution of aerosol radiative 
forcing [Fig. 1] over the Northern Indian Ocean and brought out contrasting radiative characteristics 
between the air masses over the Bay of Bengal and Arabian Sea [1]. The study revealed the 
presence of a convectively mixed layer extending up to about 1 km over the Arabian Sea and Bay 
of Bengal [2] and a convectively stable layer above, sandwiched between unstable layers above 
and below, acting as a seat for elevated aerosol layers and as conduit for long-range transport [Fig. 
2; [3]].   

 

1. K. Krishna Moorthy, Vijayakumar S Nair, S. Suresh Babu and S. K. Satheesh, Spatial and 
vertical heterogeneities in aerosol properties over oceanic regions around India: 
Implications to radiative forcing, Quarterly Journal of the Royal Meteorological Society, 
doi:10.1002/qj.525, 2009. 

2. Satheesh, S. K., K. Krishna Moorthy, S. Suresh Babu, V. Vinoj, V. S. Nair, S. Naseema 
Beegum, C. B. S. Dutt, D. P. Alappattu, and P. K. Kunhikrishnan, Vertical structure and 
horizontal gradients of aerosol extinction coefficients over coastal India inferred from 
airborne lidar measurements during the Integrated Campaign for Aerosol, Gases and 
Radiation Budget (ICARB) field campaign, Journal of Geophysical Research., 114, 
D05204, doi: 10.1029/2008JD011033, 2009.  

3. Vijayakumar S Nair, K. Krishna Moorthy, S. Suresh Babu and S. K. Satheesh., Optical and 
physical properties of atmospheric aerosols over the Bay of Bengal during ICARB, Journal 
of the Atmospheric Science, 66, 2640 - 2658, 2009. 
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Fig.1 Spatial distribution of aerosol radiative forcing efficiency at the top of the atmosphere (top 
panel),in the atmosphere (middle panel) and at the surface (bottom panel) over Bay of Bengal and 
Arabian Sea. The aerosol radiative forcing efficiency (in W m

-2
 Ű

-1
) is defined as the ARF per unit 

AOD at 500 nm, delineates the efficiency of the aerosols to interact with the radiation and is an 
indicator of the aerosol type and their extinction efficiencies. The high values of atmospheric forcing 
efficiencies are seen over the central parts of the AS and BoB, and not over the head BoB or 
southeastern AS where aerosol abundance were high. This is a rather unexpected outcome, 
because the regions of high aerosol forcing efficiencies are far away from the óso called source 
regionsô such as Indo-Gangetic Plain and coastal India. 
 

 

Fig.2 The elevated aerosol layers over Indian region, which exhibited a well-defined meridional 

gradient with its elevation and amplitude increasing from South to North. A substantial fraction (as 
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much as 50 to 70%) of aerosol optical depth was found to be contributed by aerosols above 

(reflecting) clouds over central India. The consequent absorption and hence atmosphere warming 

above the clouds was found to be larger by several degrees (K) compared to that near the surface. 

The resulting aerosol-induced elevated warming, which was very low (< 0.5 K) over northern Indian 

Ocean, gradually increased in amplitude and the peak height northwards reaching around 2 to 4 K 

occurring at ~ 3 to 3.5 km altitude over central India.  This forms the first experimental evidence of 

elevated aerosol induced warming over India and meridional gradient in it and has important 

implications to regional weather including Indian monsoon. 

Chemical characteristics of aerosols in MABL of Bay of Bengal 

A long-term study on the chemical characteristics of aerosols over the Bay of Bengal (conducted by 

Physical Research Laboratory, Ahmedabad) reveals that anthropogenic SO4
2-

 is a dominant 

constituent and accounts for about 65% of the total water-soluble species. Furthermore, large 

enrichment of heavy metals (Pb, Cd and Cu) in aerosols [Fig. 3] indicates long-range transport of 

pollutants to the Bay of Bengal. The impact of enhanced levels of SO4
2-

 is conspicuously reflected 

in the widespread depletion of chloride (50-98%) from sodium chloride (NaCl) particles. A relatively 

large chloride deficit in the aerosols is associated with smaller size particles and strongly correlated 

with SO4
2-

, suggesting that sea-salts are a potential sink for anthropogenic SO2 over the Bay. 

These results have important implications to evaluating climate forcing by sulphate aerosols in the 

MABL. In addition, the reactive chloride from sea-salt particles undergoes direct photolysis to yield 

gas-phase chlorine radical, which in turn affects the chemistry of tropospheric ozone, dimethyl 

sulphide and hydrocarbons. 

 
Fig. 3. Evidence for the transport of pollutants to the MABL of Bay of Bengal. The atmospheric 
deposition of heavy-metals has potential to influence the surface ocean biogeochemistry 

 

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 and supported by 
Department of Science and Technology, New Delhi) off Visakhapatnam, central west coast of Bay 
of Bengal since October 2007 to April 2009, revealed the occurrence of extreme rain fall event (234 
mm in one day) and the resultant injection of anthropogenic nutrients to the coastal Bay of Bengal 
facilitating the formation of phytoplankton blooms over a two-week period. Studies also revealed 
that irrespective of where the cyclone hits the coast, the impact can be seen all along the east 
coast of India due to equatorward flow of East India Coastal Currents (EICC) during winter. 
Cyclone Sidr that hit the Bangladesh coast led to enhanced production along the east coast of 

India. The enhanced production resulted in substantial decrease of oxygen (to ~5 mmol kg
-1

) in the 
subsurface layers. This study also suggests that unlike in the Arabian Sea where seasonal suboxic 
to hypoxic conditions form these are not favoured in the Bay of Bengal due to frequent formation of 
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eddies.  
 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
 
 

1. A second cruise (W_ICARB), focusing on the BoB, with special focus on regions due east 
of the Andaman and Nicobar island chain and equatorial Indian Ocean during the winter 
season,  was conducted during 27 December 2008 to 30 January 2009, in which again 30 
scientists selected from 26 national laboratories participated with 70 instruments. This was 
the first time tethered balloon measurements of aerosol altitude profiles were made over 
different parts of the BoB. The figures below show the cruise track of SK 254 during 
W_ICARB and the balloon profiling 

 
 

       

 
 
2. Time-series biogeochemistry experiments, along a perpendicular section off the central 

east coast of India, were initiated in 2006. 
3. Focused experiments were conducted from September 2007 to December 2009 in the 

Godavari Estuarine system, one of the major monsoon fed rivers of India draining into the 
Bay of Bengal, to study the biogeochemical dynamics with emphasis on land-atmosphere-
ocean interactions. 

4. Three doctoral students Mr. Tamoghna Acharyya and Mr. Amit Sarkar (both from National 
Institute of Oceanography) and Ms Anuradha Modi (Indian Centre for Climate and Societal 
Impacts Research, Ahmedabad) participated in the SOLAS ï Summer School 2009. 

 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  

1. K. Krishna Moorthy, Vijayakumar S Nair, S. Suresh Babu and S. K. Satheesh, Spatial and 
vertical heterogeneities in aerosol properties over oceanic regions around India: 
Implications to radiative forcing, Quarterly Journal of the Royal Meteorological Society, 
doi:10.1002/qj.525, 2009. 

2. Satheesh, S. K., K. Krishna Moorthy, S. Suresh Babu, V. Vinoj, V. S. Nair, S. Naseema 
Beegum, C. B. S. Dutt, D. P. Alappattu, and P. K. Kunhikrishnan, Vertical structure and 
horizontal gradients of aerosol extinction coefficients over coastal India inferred from 
airborne lidar measurements during the Integrated Campaign for Aerosol, Gases and 
Radiation Budget (ICARB) field campaign, Journal of Geophysical Research., 114, 
D05204, doi: 10.1029/2008JD011033, 2009.  

3. Vijayakumar S Nair, K. Krishna Moorthy, S. Suresh Babu and S. K. Satheesh., Optical and 
physical properties of atmospheric aerosols over the Bay of Bengal during ICARB, Journal 
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of the Atmospheric Science, 66, 2640 - 2658, 2009. 

4. Satheesh S. K., V. Vinoj, S. Suresh Babu, K. Krishna Moorthy, Vijayakumar S. Nair, 
(2009), Vertical distribution of aerosols over the east coast of India inferred from airborne 
lidar measurements, Annales Geophysicae, 27, 4157- 4169, 2009.  

5. Naseema Beegum, S, K. Krishna Moorthy, S. Suresh Babu, S.K. Satheesh, V. Vinoj, 
K.V.S. Badarinath, P.D. Safai, P.C.S. Devara, Sacchidanand Singh, Vinod, U.C. Dumka, P. 
Pant, Spatial distribution of aerosol black carbon over India during pre-monsoon season, 
Atmospheric Environment 43, 1071ï1078, 2009.  

6. Kalapureddy, M. C. R., D. G. Kaskaoutis, P. Ernest Raj, P. C. S. Devara, H. D. 
Kambezidis, P. G. Kosmopoulos, and P. T. Nastos, Identification of aerosol type over the 
Arabian Sea in the premonsoon season during the Integrated Campaign for Aerosols, 
Gases and Radiation Budget (ICARB), Journal of Geophysical Research, 114, D17203, 
doi:10.1029/2009JD011826, 2009. 

7. Kedia, S., and S. Ramachandran , Variability in aerosol optical and physical characteristics 
over the Bay of Bengal and the Arabian Sea deduced from Angstrom exponents, Journal of 
Geophysical Research, 114, D14207, doi:10.1029/ 2009JD011950, 2009. 

8. N.Rastogi and M.M.Sarin. Quantitative chemical composition and characteristics of 
aerosols over western India : One-year record of temporal variability. Atmos.Environ. 43 
(2009) 3481-3488; doi:10.1016/j.atmosenv.2009.04.030 

9. Ashwini Kumar and M.M.Sarin. Mineral aerosols from western India: Temporal variability                                    
of coarse and fine atmospheric dust and elemental characteristics. Atmos. Environ. 43 
(2009) 4005-4013; doi:10.1016/j.atmosenv.2009.05.014 

10. Kirpa Ram and M.M.Sarin. Absorption coefficient and site-specific mass absorption 
efficiency of elemental carbon (EC) in atmospheric aerosols over  urban, rural and high-
altitude sites in India. Environ. Sci. Technol. 43 (2009) 8233-8239   

 

4. International interactions and collaborations 
 NIL 
 
 

5. Goals and plans for future activities  
Aerosol Radiative Forcing over India - Regional Aerosol Warming Experiment 

(ARFI_RAWEX) 

The ICARB experiment provided unequivocal evidence for the persistence of elevated layers of 

enhanced aerosol concentration over the Indian region. Examining this exciting and very unique 

discovery of the ñelevated atmospheric warming and its northward gradient in height and 

amplitudeò, in the backdrop of the climate simulations of the possible impacts of the elevated 

warming on monsoon circulation and rainfall distributions over Asia, a new multi-year, multi-

disciplinary, field campaign called ARFI_RAWEX (Aerosol Radiative Forcing over India - Regional 

Aerosol Warming Experiment) is being designed. More integrated campaigns are planned under 

this Experiment 

Atmospheric deposition of N, P, Fe and toxic trace metals over the Bay of Bengal 

The atmospheric transport and deposition of nutrient species (N, P and Fe) to the marine 

environment is of utmost importance because of their role in photosynthetic activity and hence 

affecting the abundance of phytoplankton species. Our specific objective is to assess the temporal 

variability in the atmospheric abundances of micro-nutrients (N, P and Fe) and select trace metals 

in the MABL and their deposition fluxes to the Bay of Bengal. Also, to quantify the fractional 

solubility of aerosol iron and assess the environmental factors affecting its solubility (chemical 

processing of mineral dust during long-range transport vis-à-vis the potential source of Fe from 
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combustion sources). A systematic sampling carried during March-April 2006 and Jan 2009 has 

provided ideal opportunity to meet the stated objectives. 

Time-series oceanographic studies in the central east coast of India 

Time-series measurements of physical and biogeochemical properties will be continued off the 

coast of Visakhapatnam and Godavari estuarine system. 

 

6. Other comments  
The above listed research was supported by the Departments of Space (DOS), Science and 
Technology (DST) and  the Council of Scientific and Industrial Research (CSIR)  
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SOLAS Ireland 

                      compiled by Brian Ward 

 

 

1. Scientific highlights  
 

Upper ocean turbulence from the Air-Sea Interaction Profiler 

The upper ocean is a turbulent region mainly due to input from the wind stress. Although estimates 

of turbulent dissipation are becoming more routine due to improvements in sensor and platform 

technology, the upper few metres of the ocean are largely undersampled with very few studies 

focussing on quantification of turbulence in this region. The Air-Sea Interaction Profiler (ASIP) was 

developed to provide information on processes at the ocean surface, and it had its first opportunity 

for deployment in the Indian Ocean in 2007 on the successful Cirene campaign. The data from 

ASIP shows that the mixing layer and the mixed layer are two distinctive regions, and that there is 

an enhanced turbulence immediately at the ocean surface (Figure 1). These results were published 

at the SOLAS Open Science Conference in Barcelona. 

 

Figure 1: Temperature and turbulence dissipation from the ASIP profiler during the Cirene 

campaign. 

The time-dependent emission of molecular iodine from Laminaria digitata measured with 

incoherent broadband cavity-enhanced absorption spectroscopy 

The release of molecular iodine (I2) from the oceans into the atmosphere has been recognized to 

correlate strongly with ozone depletion events and aerosol formation in the Marine Boundary Layer 

(MBL), which in turn may affect global radiative forcing. The detailed mechanisms and dominant 

sources leading to the observed concentrations of I2 in the marine troposphere are still under 

intense investigation. In a campaign on the Irish west coast at Mace Head Atmospheric Research 

Station [1], it was found that significant levels of molecular iodine correlated with times of low tide, 

suggesting that the emission of air-exposed macro-algae may be a prime source of molecular 

iodine in coastal areas [2]. To further investigate this hypothesis we tried to detect the I2 emission 
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of the brown seaweed Laminaria digitata, one of the most efficient iodine accumulators among 

living systems, directly by means of highly sensitive incoherent broadband cavity-enhanced 

absorption spectroscopy (IBBCEAS) [3,4]. 

In this work we showed the first time dependence of molecular iodine emission from Laminaria 

digitata under desiccation stress naturally experienced by the algae at low tide [5]. After an 

instantaneous strong burst of I2 lasting several hours, the release of I2 occurs in short, strong bursts 

with quasi-oscillatory behaviour (see Figure 1). 

[1]  Saiz-Lopez A. & Plane, J. M. C. Novel iodine chemistry in the marine boundary layer. 

Geophys. Res. Lett. 31, L04112 (2004) doi:10.1029/2003GL019215. 

[2]  McFiggans, G., Coe, H., Burgess, R., Allan, J., Cubison, M., Alfarra, M. R., Saunders, R., 

Saiz-Lopez, A., Plane, J. M. C., Wevill, D. J., Carpenter, L. J., Rickard, A. R. & Monks, P. S. Direct 

evidence for coastal iodine particles from Laminaria macroalgae - linkage to emissions of molecular 

iodine. Atmos. Chem. Phys. 4, 701ï713 (2004). 

[3]  Fiedler, S. E., Hese, A., Ruth, A. A. Incoherent broad-band cavity-enhanced absorption 

spectroscopy. Chem. Phys. Lett. 371, 284ï294 (2003). 

[4]   Vaughan, S., Gherman, T., Ruth, A. A., Orphal, J. Incoherent broadband cavity-enhanced 

absorption spectroscopy of the marine boundary layer species I2, IO and OIO. Phys. Chem. Chem. 

Phys. 10, 4471ï4477 (2008). 

[5]   Dixneuf, S., Ruth, A. A., Vaughan, S., Orphal, J. The time dependence of molecular iodine 

emission from Laminaria digitata. Atm. Chem. Phys. 9, 823-829 (2009). 

Figure 1: Time-dependences of the I2 

mixing ratio [nmol mol
ï1

] in the probe volume inside the (static) sample chamber containing a fresh 



                           A 2009 Annual Report for SOLAS Ireland  

32 

 

thallus of Laminaria digitata out of water. The inserts show the first 30 min of the measurements. 

(a) Thallus length 117cm (no holdfast), 25g DW. (b) Length 130cm (including holdfast), 33g DW. 

The temperature inside the chamber during the experiment was ~6.5 ï 8.5 
o
C and the plant was in 

complete darkness. 

 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
* Gogasmos Cruise: In collaboration with the LOCEAN laboratory in Paris, the Air-Sea Interaction 
Profiler (ASIP) was deployed in the Bay of Biscay on the R/V Antea over 20 days during May [Brian 
Ward (NUIG) and Adrian Callaghan (NUIG)].  
 
* Gogasmos workshop: a 1-day workshop was held in Paris to discuss the results from Gogasmos, 
which will be presented at the AGU Ocean Sciences 2010 [Brian Ward (NUIG) and Adrian 
Callaghan (NUIG)].  
 
* SOLAS-Ireland 5

th
 annual workshop held at NUIG in December, attended by about 20 Irish 

researchers as well as 1 UK presentation. 
 
* Eddy covariance flux measurements on the R/V Celtic Explorer 
 
* Iodine monitoring at Mace Head: a field campaign on the detection of molecular iodine I2, and the 
halogen radicals IO, BrO and OIO was organized for the 3

rd
 and 4

th
 week of August 2009. Two 

IBBCEA instruments were set up near the shoreline at Mace Head Research Station, Co. Galway, 
at the location where previous field measurements by other teams were performed over the 
summer using other techniques [Andy Ruth (UCC), Sophie Dixneuf (UCC), and Dean Venables 
(UCC)]. 
 
* ACCENT Final Event, European Commission, Brussels, Invited presentation on ñAerosol 
Production from Natural Systemsò.  
 
* Mace Head project on new particle formation by iodine oxides and secondary organic aerosol 
Mace Head project on primary organic aerosol characterization from various plankton species in 
controlled bubble-mediated tank experiments. 
 
* Mace Head ICOS campaign on quantification of marine boundary layer structure through remote 
sensing. 
 
* Using an updated version of the OôDowd et al. (2008) combined organic-inorganic sea-spray 
source function, the global budget of primary organic marine aerosol was quantified.  The global 
budget for submicron aerosol was found to be 8.2 Tg yr

-1
 while the supermicron budget was found 

to be 4.5 Tg yr
-1
. this amounts to approximately 25% of the global anthropogenic budget. Results 

are from the EU-funded SOLAS related project MAP (coordinated by Colin OôDowd).  
 
* Several attendees fom NUIG at the SOLAS OSC 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
Callaghan, A. H. And M. White, 2009, Automated processing of sea surface images for the 
determination of whitecap coverage, J. Atmos. Ocean. Tech., DOI: 10.1175/2008JTECHO634.1 
 
DallôOsto M, Ceburnis D, Martucci G, Bialek J, Dupuy R, Jennings S G, Berresheim H, Wenger J C, 
Sodeau J R, Healy R M, Facchini M C,  Rinaldi M, Giulianelli L, Finessi E, Worsnop D, and OôDowd 
C D, 2009, Aerosol properties associated with air masses arriving into the North East Atlantic 
during the 2008 Mace Head EUCAARI intensive observing period: an overview Atmos. Chem. 
Phys. Discuss., 9, 26265ï26328. 
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Dixneuf S, Ruth A A, Vaughan S, Varma R M, and Orphal J, 2009, The time dependence of 

molecular iodine emission from Laminaria digitata, Atmos. Chem. Phys., 9, 823-829.  

Fowler, D., K. Pilegaard, M.A. Sutton, P. Ambus, M. Raivonen, J. Duyzer, D. Simpson, H. Fagerli, 

S. Fuzzi, J.K. Schjoerring, C. Granier, A. Neftel, I.S.A. Isaksen, P. Laj, M.Maione, P.S. Monks, J. 

Burkhardt, U. Daemmgen, J. Neirynck, E. Personne, R. Wichink-Kruit, K. Butterbach-Bahl, C. 

Flechard, J.P. Tuovinen, M. Coyle, G. Gerosa, B. Loubet, N. Altimir, L. Gruenhage, C. Ammann, S. 

Cieslik, E. Paoletti, T.N. Mikkelsen, H. Ro-Poulsen, P. Cellier, J.N. Cape, L. Horváth, F. Loreto, Ü. 

Niinemets, P. I. Palmer, J.Rinne, P. Misztal, E. Nemitz, D. Nilsson, S. Pryor, M.W. Gallagher, T. 

Vesala, U. Skiba, N. Brüeggemann, S. Zechmeister-Boltenstern, J. Williams, C. OôDowd, M. C. 

Facchini, G. de Leeuw, A. Flossman, N. Chaumerliac, J.W. Erisman, Atmospheric Composition 

Change: Ecosystems - Atmosphere interactions, Atmos. Environ., 

doi:10.1016/j.atmosenv.2009.07.068,  2009. 

Lehtipalo, K., Kulmala, M., Sipilä, M., Petäjä, T., Vana, M., Ceburnis, D., Dupuy, R., and 

O'Dowd, C.: Nanoparticles in boreal forest and coastal environment: a comparison of observations 

and implications of the nucleation mechanism, Atmos. Chem. Phys. Discuss., 9, 26627-26651, 

2009.  

Monks, P.S., C. Granier, S. Fuzzi, A. Stohl, M. Williams, H. Akimoto, M. Amman, A. Baklanov, U. 

Baltensperger, I. Bey, N. Blake, R.S. Blake, K. Carslaw, O.R. Cooper, F. Dentener, D. Fowler, E. 

Fragkou, G. Frost, S. Generoso, P. Ginoux, V. Grewe, A. Guenther, H.C. Hansson, S. Henne, J. 

Hjorth, A. Hofzumahaus, H. Huntrieser, I.S.A. Isaksen, M.E. Jenkin, J. Kaiser, M. Kanakidou, Z. 

Klimont, M. Kulmala, P. Laj, M.G. Lawrence, J.D. Lee, C. Liousse, M. Maione, G. McFiggans, A. 

Metzger, A. Mieville, N. Moussiopoulos, J.J. Orlando, C. O'Dowd, P.I. Palmer, D.D. Parrish, A. 

Petzold, U. Platt, U. Poeschl, A.S.H. Prévôt, C.E. Reeves, S. Reimann, Y. Rudich, K. Sellegri, R. 

Steinbrecher, D. Simpson, H. ten Brink, J. Theloke, G.R. van der Werf, R. Vautard, V. Vestreng, 

Ch. Vlachokostas and R. vonGlasow, Atmospheric Composition Change ï Global and Regional Air 

Quality, Atmos. Environ.,  doi:10.1016/j.atmosenv.2009.08.021  , 2009 

Mulcahy, J. P., C. D. O'Dowd, and S. G. Jennings, Aerosol optical depth in clean marine and 

continental northeast Atlantic air, J. Geophys. Res., 114, D20204, doi:10.1029/2009JD011992, 

2009.  

Rinaldi, M., M. C. Facchini, S. Decesari, C. Carbone, E. Finessi, M. Mircea, S. Fuzzi, D. Ceburnis, 

M. Ehn, M. Kulmala, G. de Leeuw and C. D. OôDowd, On the representativeness of coastal aerosol 

studies to open ocean studies: Mace Head ï a case study, Atmos. Chem. & Phys., 9, 9635-9646, 

2009. 

Ryan, O., R. Greaney, S.G. Jennings and C.D. OôDowd, Description of a biofluorescence optical 

particle counter J.Q.S.R.T., DOI: 10.1016/j.jqsrt.2009.01.033, 2009.  

Varma R M, Venables D, Ruth A A, Heitmann U, Schlosser E, and Dixneuf S, 2009, Long optical 

cavities for open-path monitoring of atmospheric trace gases and aerosol extinction, Appl. Opt., 48, 

B159-B171. 

Vignati,, E.,  M. C. Facchini, M. Rinaldi, C. Scannell, D. Ceburnis, J. Sciare, M. Kanakidou, S. 

Myriokefalitakis, F. Dentener and C. D. OôDowd , Global scale emission and distribution of sea 

spray aerosol: sea-salt and organic enrichment, Atmos. Envniron., 

doi:10.1016/j.atmosenv.2009.11.013  , 2009 

 

http://dx.doi.org/10.1016/j.atmosenv.2009.08.021
http://dx.doi.org/10.1016/j.atmosenv.2009.11.013
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4. International interactions and collaborations 
 
* Marie Curie ITN proposal submitted with air-sea fluxes as the focus 
  
* Visiting junior scientist funding through COST735 awarded to Toni Padin to spend 3 months at 
NUIG for air-sea flux studies. 
 
* Attendance at the JPL SPURS upper ocean salinity workshop 
 
* The UCC spectroscopic group (PI Andy Ruth)  and NUIG seaweed botany group (PI Dagmar 
Stengel) established an excellent interdisciplinary collaboration for the study of the emission of 
molecular iodine from macro- and micro-algae. This led to both laboratory and field measurements 
at NUIG. 
 
* MAP, EUCAARI, EASI-AQCIS, ICOS, EUSAAR, COST Action 735 (Tools for Assessing Global 
AirïSea Fluxes of Climate and Air Pollution Relevant Gases),  COST Action ES0702 (European 
Ground-based observations of essential variables for CLImate and operational METeorology -EG-
CLIMNET),  COST Action ES0804: Advancing the integrated monitoring of trace gas exchange 
between biosphere and atmosphere 
 

5. Goals and plans for future activities  
* ASIP deployment in May 2010 on the Canadian ship CCGS Hudson to look at upper ocean 
salinity 
 
* European participation (ship) in the SPURS upper ocean salinity experiment to be held in the 
Tropical Atlantic salinity maximum in 2012 
 
* Experiments outlined under highlights 2 and 4 should be repeated in spring of 2010 in order to 
check whether noticeable seasonal differences in the I2 emission rates from Laminaria digitata 
manifest themselves. The same measurements should be carried out for one or two other 
Laminaria species among which Laminaria hyperborea and Saccharina latissima [UCC]. 
 
* COST Action 735 workshop on Primary Marine Aerosol Fluxes ï Galway 2010 

6. Other comments  
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SOLAS Japan 
                      compiled by A. Tsuda and M. Uematsu 

 

Notes: 

Reporting Period is January 2009 ï December 2009 

Information will be used for: reporting, fundraising, networking, strategic development & outreach 

1. Scientific highlights  

Describe 1 or 2 scientific highlights with a title, a text (max. 200 words), a figure with legend and full 

references for each highlight. Please focus on results that would not have happened without 

SOLAS. 

Asian dust transported one full circuit around the globe 

Mineral dust is usually long transported in the lower troposphere. There are examples of Asian dust 

being transported across the Pacific Ocean, and traces of Asian dust have also been found in ice 

and snow cores in Greenland and the French Alps. Here, we use measurements from the Cloud-

Aerosol Lidar with Orthogonal Polarization, an air parcel trajectory model and a three-dimensional 

aerosol transport model to map the transport of dust clouds generated during a storm in China's 

Taklimakan Desert during May 2007. We show that the dust-veiled clouds were lofted to the upper 

troposphere around 8-10 km above the Earth's surface and transported more than one full circuit 

around the globe in about 13 days. When the dust reached the northwestern Pacific Ocean for the 

second time, the subsidence of a large-scale high-pressure system caused it to descend into the 

lower troposphere; some of the dust was then deposited over the ocean. Our analysis also 

indicates that the dust particles may have acted as ice nuclei in these high-altitude clouds, leading 

to the formation of cirrus clouds. We suggest that Asian dust can influence the global radiation 

budget by stimulating cirrus cloud formation and marine ecosystems by supplying nutrients to the 

open ocean. [1]  

1. Uno, I &  W-PASS Project Members (2009). Asian dust transported one full circuit around the 

globe Nature Geoscience 2: 557 ï 560. 

 

 
 

Figure Dust extinction coefficient  by  
the standard SPRINTARS simulation. 
 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
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1.  Mirai (MR09-01), South Pacific: Trans-oceanic measurement of aerosols with ATOFMS was 
performed by ORI-UT. 
2. R.V. Tansei Maru (KT-09-04), Western Pacific:  VOC and DMS in air and surface water were 
continuously measured during the spring bloom season by multiple organizations of W-PASS.  
3. R.V. Tansei Maru (KT-09-20), Western Pacific: N2 fixation and diazotrophic organisms were 
measured around Ryukyu Islands by UT. 
4. R.V. Hakuho Maru (KH-09-04), Bering Sea and subarctic Pacific: Dissolved Iron concentration  
was continuously measured with biological mapping by HU and UT. 
5. R.V. Hakuho Maru (KH-09-06), Indian Ocean: Trace metals and VOC were measured by W-
PASS member with GEOTRACES group. 
Time Series observation 
Time series observations in subarctic and subtropical western North Pacific has started by 
JAMSTEC with R.V. Mirai (PI: T. Saino). 
Symposium 
1. UT-ORI symposium on ñData synthesis symposium on Hakuho Maru cruise KH-08-02ò. Tokyo,  
12-13 Dec. 2009. The symposium was convened by M. Uematsu, H. Ogawa and A. Tsuda. KH-08-
02 cruise was mainly organized by Japanese SOLAS members and progress in analysis and future 
corroboration was discussed. Over 50 scientists attended the symposium. 
2.  UT-ORI symposium on ñFuture direction of oceanography in western Pacificò. Tokyo, 19-20 Dec. 
2009. The symposium was convened by H. Saito and H. Ogawa. This symposium summarized the 
accomplishments of Japanese SOLAS and IMBER activities and the future directions. Over 80 
scientists attended the symposium. 
Others 
1. Over 30 scientists attended the SOLAS-OSC in Barcelona. U. Tsunogai gave an invited talk and 
M. Uematsu had a discussion session on Asian dust with H. Gao (China).  
2. One young scientist jointed the SOLAS Summer School from Japan. 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
 

1. Kameyama, S., Tanimoto, H., Inomata, S., Tsunogai, U., Ooki, A., Yokouchi, Y., Takeda, S., 
Obata, H., and Uematsu, M., ñEquilibrator inlet-proton transfer reaction-mass spectrometry (EI-
PTR-MS) for sensitive, high-resolution measurement of dimethyl sulfide dissolved in seawaterò 
Analytical Chemistry 81, 9021ï9026, (2009). 

 
2. Iwamoto, Y., Narita, Y., Tsuda, A., and Uematsu, M., ñSingle particle analysis of oceanic 
suspended matter during the SEEDS II iron fertilization experimentò Marine Chemistry 113, 
212ï218, (2009). 

 
3. Uno, I., Eguchi, K., Yumimoto, K., Takemura, T., Shimizu, A., Uematsu, M., Liu, Z. Wang, Z., 
Hara, Y., and Sugimoto, ñAsian dust transported one full circuit around the globeò Nature 
Geoscience, 2, 557 ï 560, doi: 10.1038/NGEO583, (2009). 

 
4. Yasuda, I. ñThe 18.6-year period moon-tidal cycle in Pacific Decadal Oscillation reconstructed 

from tree-rings in western North Americaò Geophysical Research Letter 36, L05605, 
doi:10.1029/2008GL036880, (2009). 

 
5. Saito, T., Kawamura, K., Tsunogai, U., Chen, T.-Y., Matsueda, H., Nakatsuka, T., Gamo, T., 
Uematsu, M., and Huebert B.J., ñPhotochemical histories of nonmethane hydrocarbons inferred 
from their stable carbon isotope ratio measurements over east Asiaò Journal of  Geophysical 
Research 114, D11303, doi:10.1029/2008JD011388, (2009). 

 
6. Takahashi, Y., Miyoshi, T., Higashi, M., Kamioka, H. and Kanai, Y., "Neutralization of calcite in 

mineral aerosols by acidic sulfur species collected in China and Japan studied by Ca K-edge 
X-ray absorption near-edge structure" Environmental Science Technology 43, 6535-6540 
(2009). 

 
7. Hosoda S., T. Suga, N. Shikama, and K. Mizuno, 2009: Global surface layer salinity change 

detected by Argo and its implication for hydrological cycle intensification. Journal of   
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Oceanography, 65, 579-586 (2009). 
 
8. Siswanto, E., Morimoto, A. and Kojima, S., ñEnhancement of phytoplankton primary 

productivity in the southern East China Sea following episodic typhoon passageò Geophysical 
Research Letter, 36, L11603, doi:10.1029/2009 GL037883, (2009). 

 
9. Sato, K. and T. Suga, Structure and Modification of the South Pacific Eastern Subtropical Mode 

Water. Journal of Physical Oceanography 39, 1700-1714 (2009). 
 
10. Fe-enrichment experiment (SEEDS II) special volume, Deep-Sea Research II, vol. 56, ed. M. 

Uematsu, M, L.Wells, A. Tsuda and H. Saito, 19 articles.  
 

4. International interactions and collaborations 
 
Å ADOES has officially started as task team of SOLAS. 
The 4th joint workshop on Asian Dust and Ocean EcoSystem (ADOES) with Asian-SOLAS  
 12-16 October 2009, JeJu Island, Korea. 
Å PICES Annual meeting in Jeju, Korea. 
 W1.  Natural supplies of iron to the North Pacific and linkages between iron supply and ecosystem 
responses ((3/4-day BIO Workshop, co-sponsored by SOLAS; Sun. Oct. 25) 
 Convenors:  Fei Chai (U.S.A), William R. Crawford (Canada) and Shigenobu Takeda (Japan) 
 Invited speakers: 
 Ken Bruland (UCSC, USA) 
 Stephanie Dutkiewicz (MIT, USA) 
 Yasuhiro Yamanaka (Hokkaido Univ, Japan) 
Å IGBP SC Meeting in Otaru, 15-17 April 
Å The East Asian Seas Congress 2009- 23-27 November 2009, Manila, Philippines 
Å SCOR working group on Sea ice biogeochemistry: Proposal has submitted. J. Nishioka is a 
proposed member of the WG. 
Å Strategic Japanese-Chinese Cooperative Program on ñClimate Changeò (METMOP) has started. 
Co-chaired by M. Uematsu and H. Gao. Kickoff Meeting, Tokyo. 4-5 Mar. 2009  
 

5. Goals and plans for future activities  
 
Å May, 2010 
SNIFFS II (Subtropical Nitrogen Fixation Flux Study)  
 Cruise by R/V Hakuho-Maru (KH-10-1: SOLAS/W-PASS cruise):  
 subtropical western North Pacific (PI: Atsushi Tsuda) 
 Å Sep-Oct 2010 (METMOP) 
Cruises by R.V. Tansei Maru (KT-10-19 & 20: W-PASS/METMOP cruise )  
subtropical western North Pacific and East China Sea (PI: Ken Furuya and Atsushi Tsuda) 
Å March, 2011  
W-PASS project will end.  We may organize an international symposium or sessions to present 
Å December, 2011 - March, 2012 
Cruise by R/V Hakuho-Maru:  
 Subtropical and tropical regions of North and South Pacific Linkages in biogeochemical cycles 
between surface ocean and  stratospheric atmosphere over the high productive region in the  
 Tropical Pacific Ocean (PI: Ken Furuya, Mitsuo Uematsu) 
 

6. Other comments  
1. Science Council of Japan SOLAS committee member was renewed. 
2. Yukihiro Nojiri as new SSC member of SOLAS 
3. Ocean Research Institute, Univ. of Tokyo was reorganized as Atmosphere and Ocean Research 
Institute and moved to the new campus in Chiba Prefecture. 
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SOLAS Korea 
                      compiled by Kitack Lee 

 

 

1. Scientific highlights  
 

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
o
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
o
N and 128.5

o
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 [1]. 

1. Kim, J.M. et al. (2009) Enhanced DMS production due to grazing activity in greenhouse world, in 

preparation. 

 

 
 
 
Figure. (left) Mesocosm enclosures used in the present study. (right) DMS concentrations in 
controlled, high CO2, and high CO2/high temperature enclosures 
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2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 

  
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 (Figure). A team 
of 33 scientists from six institutes (POI, SNU, POSTECH, PNU, 
CNU, KDU) was 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. 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
1. Kim, H.C., K. Lee, 2009, Significant contribution of dissolved organic matter to seawater 

alkalinity, Geophysical Research Letters, 36, L20603, DOI:10.1029/2009GL040271 (2009/10/20). 

2. Park, G.-H., K. Lee, P. Tischchenko. 2008, Sudden, considerable reduction in recent uptake of 

anthropogenic CO2 by the East/Japan Sea." Geophysical Research Letters, 35, 

DOI:10.1029/2008GL036118. (2008/12) "Selected as Editors Journal Highlightsò. 

4. International interactions and collaborations 
  

5. Goals and plans for future activities  
 

6. Other comments  
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SOLAS Netherlands 

                      compiled by Jacqueline Stefels 

 

1. Scientific highlights  

1. Continuous measurements of atmospheric oxygen and carbon dioxide on a North Sea 

gas platform 

I.T. van der Laan-Luijkx and H.A.J. Meijer (Centre for Isotope Research, University of Groningen) 

A new atmospheric measurement station has been established on the North Sea oil and gas 

production platform F3, 200 km north off the Dutch coast (54Ü51ôN, 4Ü44ôE). Atmospheric 

concentrations of O2 and CO2 are continuously measured using fuel cell technology and compact 

infrared absorption instruments, respectively. Furthermore, the station includes an automated air 

flask sampler for laboratory analysis of the atmospheric concentrations of CO2, CH4, CO and O2 

and isotope measurements of d
13

C, d
18

O and D
14

C from CO2. This station is the first fixed sea 

based station with on-site continuous O2 and CO2 measurements and therefore yields valuable 

information about the CO2 uptake in coastal marine regions, specifically the North Sea. 

In comparison to land-based stations, the data show low day-to-day variability, as they are 

practically free of nightly inversions as well as human influences, due to the stationôs remoteness. 

Therefore, the data set collected at this measurement station serves directly as background 

atmospheric data for the coastal northwest European region. The first data show the seasonal 

cycle as expected during August 2008 through June 2009. The seasonal amplitudes are about 150 

per meg for dO2/N2 and 16 ppm for CO2.  

Furthermore, the observations at the platform include several short-term signals, large and fast 

changing negative atmospheric O2 excursions without an accompanying change in the CO2 signal, 

which most likely indicate marine O2 uptake. 

Figure 1: Observations at the F3 platform for the period August 2008 through June 2009. The 

continuous measurements of dO2/N2 (small light circles) and CO2 (small dark squares) are half-

hourly averages and include all measurements. Also shown are measurements of flask samples 

(open symbols). Both y-axes have been adjusted so that their ranges are nearly the same on a 

molar basis. Although the measurements do not yet cover an entire year, the amplitude of the 
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seasonal cycle of dO2/N2 can be estimated. 

 

 

 

 

Figure 2: Observations at the F3 platform for dO2/N2 (lighter circles) and CO2 (darker squares) 

during 24 through 26 September 2008. 

 

2. Quantification of the deposition of nitrogen and sulphur compounds to the oceans with 

the global atmospheric chemistry transport model TM for the years 2000, 2025 and 2050. 

Peter van Velthoven (The Royal Netherlands Meteorological Institute (KNMI) 

The model shows that projected growth in ship emissions until 2050 leads to increased acid 

deposition to the oceans, in particular near the east coasts of the USA and Asia and the west coast 

of Europe.  

As a side-product of QUANTIFY, a project investigating the climate impact of aviation, shipping and 

road traffic, KNMI has produced global maps of dry and wet deposition of atmospheric nitrogen and 

sulphur compounds in 2000, 2025 and 2050. A large contribution to acid deposition to the oceans 

is due to international ship emissions, and this contribution is projected to continue to grow at a 

considerable rate. The contribution by ship emissions maximizes near the east coasts of the USA 

and China and the west coast of Europe, where most transport by ships occurs. Wet deposition is 

more efficient than dry deposition in removing nitrogen compounds from ships and it is also 

geographically wider spread. 
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Figure 3: Map of the global distribution of dry and wet deposition of HNO3 (kg (N)/m2) due to 

shipping.  

3. First method to measure in-vivo DMSP biosynthesis and loss rates using stable-isotope 

incorporation and proton-transfer-reaction mass spectrometry (PTR-MS) 

Jacqueline Stefels, J. Theo M. Elzenga (Dept. of Plant Ecophysiology, University of Groningen) 

 

Understanding and quantifying the physiological regulation of dimethylsulfoniopropionate (DMSP), 

precursor of the climate-active gas dimethylsulfide (DMS), is fundamental to accurately model the 

marine sulfur cycle. There is controversy around the up- and down regulation of DMSP, which is 

based in the fact that current gas chromatographic methods are unable to measure fluxes of 

DMSP, but merely the net result of all processes acting on the DMSP pool. We developed a simple 

model that uses data from the incorporation of stable isotopes into DMSP and particulate DMSP 

concentration measurements to resolve both specific DMSP production and loss rates. 

Incorporation of deuterium or 
13

C into DMSP can be monitored using a highly sensitive PTR-MS. 

The change in ratio of labeled versus non-labeled DMSP in time is a measure of the de novo 

DMSP production.  

This Mass Ratio Progress (MRP) method provides us, for the first time, with the opportunity to 

directly investigate the physiological response of phytoplankton to environmental stress factors, 

such as salinity changes, grazing, light and nutrient stress.  

 

Figure 4. Example of field incubation experiments with natural phytoplankton communities. The 

time course of particulate DMSP is the net result of all production and consumption processes 

acting on the pool. However, in combination with the incorporation of label (64MPt) we can 

calculate both production and loss rates for each sampling period.  
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2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 

capacity building, remote sensing used etc) 

- Installation of an atmospheric monitoring station, measuring continuously atmospheric CO2 and 

Oxygen, on an oil and gas platform in the North Sea. 

- The MRP method has been used during two SOLAS-UK cruises in collaboration with S.D. Archer 

et al. (Plymouth Marine Laboratory). 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 

Luijkx, I.T., Neubert, R.E.M., van der Laan, S., and Meijer, H.A.J., 2009, Continuous measurements 

of atmospheric oxygen and carbon dioxide on a North Sea gas platform, Atmospheric 

Measurement Techniques Discussion, 2, 1693-1724. Accepted for publication in AMT, will follow 

shortly in 2010. 

Hoor, P., J. Borken-Kleefeld, D. Caro, O. Dessens, O. Endresen, M. Gauss, V. Grewe, D. 

Hauglustaine, I.S.A. Isaksen, P. Jockel, J. Lelieveld, E. Meijer, D. Olivie, P.F.J. van Velthoven and  

et al. 2009, The impact of traffic emissions on atmospheric ozone and OH: results from QUANTIFY. 

Atm. Chem. Phys., 2009, 9, 3113-3136, sref:http://www.atmos-chem-phys.net/9/3113/2009/. 

Stefels J (2009) Determination of DMS, DMSP and DMSO in Seawater. In: O. Wurl (ed.) Practical 

Guidelines for the Analysis of Seawater, CRC Press, Taylor & Francis Group, Boca Raton, US, pp 

223-235 

Stefels J, Dacey JWH, Elzenga JTM (2009) In vivo DMSP-biosynthesis measurements using 

stable-isotope incorporation and proton-transfer-reaction mass spectrometry (PTR-MS). Limnology 

and Oceanography: Methods 7:595-611 

4. International interactions and collaborations 

- The continuous measurement of atmospheric oxygen and carbon dioxide at the North Sea gas 

platform was funded by the EU, as part of the CarboOcean Integrated Project. 

- The TM global atmospheric chemistry model is further developed in cooperation with UU-IMAU, 

WAU, EU-JRC Ispra, Un. Crete, Un. Toulouse and NOAA.  

- Collaboration between Univ of Groningen and Plymouth Marine Laboratory to use the MRP 

method during field campaigns. 

- Collaboration between Univ of Groningen and ULB-Brussels, AWI-Bremerhaven and WHOI-

Woodshole, on flux measurements within the sulphur cycle of sea ice samples. 

5. Goals and plans for future activities  

The North Sea Platform will remain active, and data will be further interpreted in combination with 

water column measurements and atmospheric transport modelling. 

Future plans for the TM model include a more detailed study of the impact of ship routes that will be 

opened in the Arctic when summer ice cover has strongly diminished. The outputs from the 

atmospheric chemistry model will be coupled to the earth system model EC-earth to define the 

inputs to the ocean model. 

Flux determinations within the sea-ice sulphur cycle will be used to develop algorithms for sea-ice 

biogeochemical models. The MRP-method will be used in polar incubation experiments. 

6. Other comments  
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SOLAS New Zealand 
                      Philip W. Boyd 

 

 

1. Scientific highlights  
 

 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
Eleven papers on the NZ SOLAS SAGE Iron fertilisation experiment will appear in a Special Issue 

of Deep-Sea Res II 

  
Nutrient limitation and dust perturbation studies will be carried out in the Tasman Sea in January-
February 2010 during the joint Australian-NZ voyage PINTS (Primary productivity Induced by 
Nitrogen and iron in the Tasman Sea). 
  
New Zealand SOLAS scientists have been involved in the development of legislation on Ocean 
Fertilisation at national and also international level via the IOC/London Convention. 
  

 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
Eleven papers on the NZ SOLAS SAGE Iron fertilisation experiment will appear in a Special Issue 

of Deep-Sea Res II.  (Titles will be submitted in next years report). 

 

NZ scientists provided two of the chapters in the recent AGU SOLAS book. 

 

4. International interactions and collaborations 
 A database comprising 11 of the mesoscale open ocean iron fertilisation experiments (including 
SOLAS experiments such as SAGE and SERIES) has been complied via the SCOR WG 131.  This 
database will be launched at a workshop just prior to the Ocean Science meeting in Portland. 
 
This relational database resides at BCO-DMO and will enable inter-comparisons of data between 
experiments conducted in the HNLC waters of the Southern Ocean, Equatorial and Subarctic 
Pacific.  We hope that this will stimulate exciting and novel opportunities for data synthesis and 
modeling, from 1-dimensional biological models through to complex 3-dimensional ocean 
biogeochemical models. 
 
The database can be accessed prior to the meeting as follows: 

text based access:  http://osprey.bcodmo.org/program.cfm?flag=view&id=10 

 

or GIS interface  (some Iron Synthesis projects are compatible with this - others lack sufficient 

information) 

http://mapservice.bco-dmo.org/maps-bin/global/map 

 

select FeSyn  as the program name 

and then find the project and cruise of interest 

 

best to try SOIREE first - as it has the most complete geographic data 

https://magnesium.chemistry.otago.ac.nz/owa/redir.aspx?C=e67710a01ef34235b5e200ff17a11226&URL=http%3a%2f%2fosprey.bcodmo.org%2fprogram.cfm%3fflag%3dview%26id%3d10
https://magnesium.chemistry.otago.ac.nz/owa/redir.aspx?C=e67710a01ef34235b5e200ff17a11226&URL=http%3a%2f%2fmapservice.bco-dmo.org%2fmaps-bin%2fglobal%2fmap
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Please contact Philip (pboyd@alkali.otago.ac.nz) or Cyndy (cchandler@whoi.edu) if you have any 
further queries 

5. Goals and plans for future activities  

We plan to use the WG-131 workshop in February 2010 as a platform for planning a 

modeling/synthesis of the results from mesoscale OIF studies in a workshop in 2011.  We 

encourage SOLAS scientists to take part in this workshop. 

 

6. Other comments  
No scientific highlights have been included above as much of the recent data from SOLAS 
activities are currently being analysed or written up. 

 

 

mailto:pboyd@alkali.otago.ac.nz
https://magnesium.chemistry.otago.ac.nz/owa/redir.aspx?C=e67710a01ef34235b5e200ff17a11226&URL=mailto%3acchandler%40whoi.edu
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SOLAS Norway 
                      compiled by Abdirahman M. Omar 

 

 

1. Scientific highlights  
Tracking the Variable North Atlantic Sink for atmospheric CO2 
SOLAS Norway scientists (C. Heinze, T. Johannessen, A. Olsen, and B. Pfeil) contributed to a high 
impact paper published in the journal Science in December 2009. The paper, which was written by 
an international group of scientists led by Prof Andrew Watson, demonstrated how the combination 
of data gathered by satellites and chemical sensors aboard commercial ships can be used to 
precisely map the uptake of atmospheric CO2 by the entire North Atlantic Ocean. The results 
suggest that the CO2 uptake in the North Atlantic varies substantially over periods of several years. 
 

 
 

Annual flux estimates based 
on data gathered by the 
longest-running Voluntry 
Observing Ships line between 
north-western Europe and the 
Caribbean. Negative values 
indicate CO2 flux from air to 
sea. Fluxes calculated using 
ñclimatologicalò values of air-
sea CO2 gradient in this 
region, referenced to 2000 or 
1995 are also indicated. 
Figure modified from Watson 
et al, 2009. 

 
 
 
The full reference of this study is: 
Andrew J. Watson et al., Tracking the variable North Atlantic Sink for Atmospheric CO2, Science 
Dec. 4  2009. 

 

 
 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
A 65 days cruise in the Nordic Seas, May 28 ï Jul 17/2009 
Three Norwegian institutions in Bergen (Geophysical Institute, Institute of Marine Research, and 
Bjerknes Centre for Climate Research) joined forces to undertake a 65 days long scientific survey 
(see illustration). The main objective was to study climate and environmental changes in ocean 
circulation, carbon uptake, biology and ocean acidification. In addition ñon deck mesocosmò studies 
were conducted to study the effect of ocean acidification on bacteria communities. 
The following specific goals was obtained: 

¶ Measurements of ocean physics, chemistry and biology (biogeochemistry) in the Nordic 
Seas, including onboard mesocosm studies. 

¶ Direct measurements of the CO2 flux were made using the Eddy correlation method in 
collaboration with Dr. Wade McGillis at Lamont-Doherty Earth Observatory, USA. 

¶ The physical and chemical data obtained is to be used to close the budgets in the region 
on energy and carbon transports, uptake and airïsea exchange. 

¶ Biology, plankton howls studying, phytoplankton (algae/chlorophyll) and zooplankton 
abundance. Additional project work involving trawling for krill and macrozooplankton as 
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well as using a towed underwater vehicle to collect data on acoustics (38, 200 and 
333kHz), zooplankton and phytoplankton using a variety of instrumentation.  

¶ Foraminifera was sampled for stable isotope analyses and water samples were collected to 
measure the [CO3

2-
] concentration in the water column. Onboard mesocosm studies were 

conducted during Legs 1 and 2 to study bacteria communities response to future ocean 
acidification. 

 
 
 
 
Map of the Nordic Seas with the stations 
visited during the RV G. O. Sars cruise 
(dots), May 28 ï Jul 17/2009. 
 
 
 
 
 
 
 
 

Training Workshop on The Fundamentals of carbon biogeochemistry, 24th to 26th February 
2009 
The Bjerknes Centre for Climate Research, University of Bergen, Norway hosted the workshop 
which was funded by thr EU FP7 Integrated Project EPOCA. The workshop was open to students 
and researchers involved in ocean acidification research.  
The main focus was on the fundamentals of the marine carbon dioxide system. The participants 
were introduced to the IOC-sponsored ñGuide of Best Practices for Oceanic CO2 Measurement and 
Data Reportingò (2007) and were provided a comprehensive insight into: 
-The marine carbon cycle  
-pH scales and dissociation constants 
-Instrumentation for measurement of the marine CO2 system 
-Ecosystem carbon biogeochemistry: 
-Education and outreach 
 
A 55 min movie about the CARBOOCEAN project 
This documentary video was the result of an initiative taken by the office of the UE project 
CarboOcean at the University of Bergen, Norway. Through interviews with scientists, including the 
current SOLAS SSC chair Doug Wallace, the film links climate change and the marine carbon 
cycle. It also shows the challenges involved in the realization of the type of science described in the 
SOLAS science plan. The movie was produced by Univisjon AS and is available online 
http://www.carboocean.org/upload/flowplayer/carboocean/index.html 
 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  
Articles: 

Nondal G., Bellerby RGJ, Olsen A., Johannessen T. and Olafsson J., 2009. The surface 
CO2 system in the northern North Atlantic: an assessment of the optimal variable 
combination for Voluntary Observing Ships. Limnology and oceanography: methods. 
9, 109-118.  

 

Omar, A M., Olsen, A., Johannessen, T., Hoppema, M., Thomas, H., and Borges, A V. 2009. 

Spatiotemporal variations of fCO2 in the North Sea, Ocean Science Discussion, 6, 1655-1686. 

 
Telzewski, M., A. Chazottes, U. Schuster, A. J. Watson, C. Moulin, D. C. E. Bakker, M. Gonzáles-
Dávila, T. Johannessen, A. Körtzinger, H. Lüger, A. Olsen, A. Omar, X. A. Padin, A. Ríos, T. 
Steinhoff, M. Santana-Casiano, D. W. R. Wallace, and R. Wanninkhof. Estimating the monthly 
pCO2 distribution in    the North Atlantic using a self-organizing neural network, Biogeosciences, 6, 
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1405-1421, 2009. 

 
Topical studies on Deep Sea Research 56: 

Pierrot, D., C. Neill, K. Sullivan, R. Castle, R. Wanninkhof, H. Lüger, T. Johannessen, A. Olsen, 
R. Feely, and C. E. Cosca. Recommendations for Autonomous Underway pCO2 Measuring 
Systems and Data Reduction Routines, Deep-Sea Research II, 56, 512-522. 2009. 

Takahashi, T., S. C. Sutherland, R. Waninnkhof, C. Sweeney, R. A. Feely, D. W. Chipman, B. 
Hales, G. Friederich, F. Chavez, C. Sabine, A. Watson, D. C. E. Bakker, U. Schuster, N. Metzl, H. 
Yoshikawa-Inoue, M. Ishii, T. Midorikawa, Y. Nojiri, A. Körtzinger, T. Steinhoff, M. Hoppema, J. 
Olafsson, T. S. Arnarson, B. Tilbrook, T. Johannessen, A. Olsen, R. Bellerby, C. S. Wong, B. 
Delille, N. R. Bates, and H. J. W. de Baar. Climatological mean and decadal change in surface 
ocean pCO2 and net sea-air CO2 flux over the global oceans. Deep-Sea Research II, 56, 554-577. 
2009. 

Chierici, M., A. Olsen, T. Johannessen, J. Triñanes, and R. Wanninkhof. Algorithms to estimate 
the carbon dioxide uptake in the northern North Atlantic using ship-observations, satellite and 
ocean analysis data, Deep-Sea Research II, 56, 630-639. 2009. 

 

Surface Ocean CO2 Atlas: 

Owing mainly to efforts made by SOLAS Norway scientists (A. Olsen and B. Pfeil) an input-

database was completed and is ready for secondary quality control. The input-database holds more 

than 7.5 million CO2 measurements in the period 1968-2007. The final SOCAT product is 

scheduled to be ready for release sometime during 2010. More information is available at 

www.socat.info 

 

4. International interactions and collaborations 
SOCAT collaborations 
SOLAS Norway strongly collaborates with scientists from the USA, Canada, Australia, Japan and 
many European countries which are involved with SOCAT activities. In addition to collaboration 
with all relevant data centres in the field of marine sciences.  
During the course of 2009, the SOLAS Norway data manager (Benjamin Pfeil) was invited to 
present SOCAT at four international workshops. 
 
 

5. Goals and plans for future activities  
 

6. Other comments  
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SOLAS Southern Africa  

      compiled by Carl Palmer 

 

 

1. Scientific highlights  
 

 
1. On the Recent warming of the Agulhas Current and associated change in latent and 
sensible heat fluxes, Rouault M, University of Cape Town 

The Agulhas Current is an energetic current driven by the wind field over the Indian Ocean. It has a 
profound effect on the climate and the coastal ecosystem of South Africa and plays a key role in the 
global ocean circulation. The current carries warm and salty water from the tropics polewards and 
controls the exchange of heat and salt between the Indian and Atlantic Oceans. Since the 1980s, 
the sea surface temperature of the Agulhas Current system has increased significantly. This is due 
to an increase of its transport in response to an augmentation in wind stress curl in the South Indian 
Ocean. This causes an intensification of the Agulhas Current system and leads to an increased flux 
of salt and heat into the Atlantic Ocean. There is also an augmentation in the transfer of energy 
from the Agulhas Current to the atmosphere due to increased evaporation and associated latent 
heat fluxes. These observed changes could have far-reaching consequences over and above their 
potential regional impacts on ecosystems and climate and could also have modified the transfer of 
CO2 between the Agulhas Current system  and the Atmosphere.  

 

Figure 1: Linear trend of AVHRR SST from 1985 to 2007. Mean 1993-2007 absolute geostrophic 
velocity vectors derived from combined altimeter is superimposed 

 

2. Main accomplishments (research projects, cruises, special events, workshops, outreach, 
capacity building, remote sensing used etc) 
  
International Conference on Planetary Boundary layers host SOLAS Session 

The premise for this meeting started from the observation that our knowledge of the Earthôs 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. 
Adding to these are uncertainties in our knowledge of physical processes themselves (or structural 
uncertainties), which could be reduced only through theoretical development and design of new, 
original observations/experiments (Oppenheimer et al., Science, 2007). Arguably, the structural 
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uncertainties are harder to reduce and this could be one of the reasons determining slow progress 
in narrowing the climate model uncertainty range over the last 30 years (Knutti and Hagerl, Nature 
Geoscience, 2008). 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 
Layers and Climate Change was held at the Kirstenbosch Botanical Gardens in Cape Town from 
the 26-28

th
 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 ñBoundary 
Layer modification across the Agulhas Currentò and Brett Kuyper (UCT/South African Weather 
Services) on ñTime series data for bromoform in the Cape Town marine boundary layerò. 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.  
 
Main Cruises 
Antarctica           23 Dec 08 - 3 Mar 09      M/V S.A. Agulhas  
Marion               4 Apr - 20 May                 M/V S.A. Agulhas  
Gough Island     3 Sept - 10 Aug               M/V S.A. Agulhas  
Antarctica          9 Dec 09 - 10 mar 10      M/V S A Agulhas 
St Helena          Monthly                            M/V Algoa / M/V Africana 

3. Top 10 publications in 2009 (Reports, articles, models, datasets, products, website etc) 
  

Brunke E G, Labuschagne C, Ebinghaus R, Kock H H, and Slemr F (2009), Total gaseous 
mercury depletion events observed at Cape Point during 2007ï2008, Atmos. Chem. Phys. 
Discuss., 9, 20979ï21009. 

Hansingo K and Reason C J C (2009), Modelling the atmospheric response over southern 
Africa to STT forcing in the southeast tropical Atlantic and Southwest subtropical Indian Ocean, 
Journal of Climatology, 29, 1001-1012.  

Mark Moore C, Mills M M, Achterberg E P, Geider R J, LaRoche J, Lucas M I, McDonagh E L, 
Pan X, Poulton A J, Rijkenberg J A, Suggett D J, Ussher S J, Woodward E M S (2009),  Nature 
Geoscience, 2, 867 -871. 

Palmer C J and Reason C J (2009), Relationships of surface bromoform concentrations with 
mixed layer depth and salinity in the tropical oceans (2009), Global Biogeochemical Cycles, 23, 
GB2014. 

Rouault M, Penven P and Pohl B, (2009), Warming in the Agulhas Current System since the 
1980ôs, Geophysical Research Letters, 36, L12602. 

Rouault M, Servain J, Reason C J C, Bourles B, Rouault M J and Fauchereau N, Extension of 
PIRATA in the tropical South Eastern Atlantic: an initial one year experiment (2009), African Journal 
Of Marine Science, 31, 63-71. 




































