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Underway N2O and CO2 measurements in the equatorial Atlantic Ocean 
 
D.L. Arevalo-Martinez*, M. Beyer, M. Krumbholz, I. Piller, A. Kock, T. Steinhoff, A. Körtzinger, and 

H.W. Bange 

 

GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*darevalo@geomar.de 

 

A new underway system combining infrared detection and the OA-ICOS technique was coupled to a 

continuous equilibrator in order to perform highly-resolved measurements of atmospheric and oceanic 

CO2 and N2O in the equatorial Atlantic Ocean during the SOPRAN cruises MSM 18, legs 2 and 3 

(May–July 2011). Seawater measurements agreed with discrete samples and the slight differences 

were mostly due to uncertainty in the sample collection while steep gradients were crossed. During 

MSM 18/2 high values of oceanic fCO2 and pN2O with respect to the overlying atmosphere led to 

positive sea-air differences as large as 70 µatm CO2 and 159 natm N2O. Analysis of similar cross-

equatorial sections at different times revealed that the strength of this source increased in association 

with the onset of equatorial upwelling on early June, when lowest SST coincide with the highest 

(positive) ΔfCO2 and ΔpN2O close to 10°W.  

 

 

Brominated ethenes: Neglected precursors of reactive bromine 
 

Enno Bahlmann*, Tim Eckhardt, Ingo Weinberg, Richard Seifert, and Walter Michaelis 

 

Institute for Biogeochemistry and Marine Chemistry, University of Hamburg, Germany. 

*enno.bahlmann@zmaw.de 

 

Short BrO events with BrO levels as high as 14.3 ± 5.3 ppt have been observed in the Mauritanian 

Upwelling during various cruises. Lower, but still significant BrO-levels of about 2-3 pptv were 

measured at Cape Verde. Currently bromoform and sea salt aerosols are believed to be the main 

sources of reactive bromine in the marine boundary layer. During the MSM 18/1 cruise in 2011 we 

observed significant levels of brominated ethenes in the surface ocean waters of the Subtropical North 

East Atlantic. The concentrations increased from the North to the South and were highest in the 

Mauritanian Upwelling. Due to their short atmospheric lifetime in the order of one day, brominated 

ethenes have the potential to trigger the aforementioned local BrO events. Further substantiation for a 

strong local source of brominated ethenes in the Mauritanian Upwelling comes from earlier 

observations of significantly elevated mixing ratios for these compounds in the marine boundary layer 

close to the Upwelling region. So far the biological production of brominated ethenes has been 

reported from the tetrasporophyte of the red algae Asparagopsis spp. that is common at tropical and 

subtropical coasts.  
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Inferring the fate of monohalomethanes in surface oceans from their carbon 
stable isotope composition 
 

Enno Bahlmann*, Tim Eckhardt, Ingo Weinberg, Richard Seifert, and Walter Michaelis 

 

Institute for Biogeochemistry and Marine Chemistry, University of Hamburg, Germany. 

*enno.bahlmann@zmaw.de 

 

The δ
13

C values and mixing ratios of monohalomethanes have been determined in the marine 

boundary layer and surface waters of the Subtropical North-East Atlantic during two cruises in 2010 

and 2011. Preliminary data for CH3Cl indicate a 
13

C enrichment by about 4‰ in marine air masses (-

36‰) as compared to continental air masses in accord with even higher δ
13

C values averaging -28‰ 

in the ocean surface waters. For CH3Br our data show a yet stronger 
13

C enrichment by 16‰ from -

44‰ in continental air masses to -28‰ in marine air masses.. First simple model studies indicate that 

the known degradation mechanisms (hydrolysis and transhalogenation) may not be sufficient to 

explain the observed isotopic shifts. The δ
13

C of dissolved CH3I showed a tremendous shift from -47‰ 

in the open ocean to -2‰ in the Mauritanian upwelling. Together, our data indicate fundamentally 

distinct biogeochemical controls between the different halomethanes in the upwelling system. The 

possible causes for this isotopic shift are currently unresolved but, some answers with respect to the 

microbial cycling of CH3I and to the role of sulphur nucleophiles are expected from laboratory 

experiments. A more advanced modelling is clearly needed for elucidating the oceanic control on the 

global CH3Cl and CH3Br cycles. 

 

 

MEMENTO (The MarinE MethanE and NiTrous Oxide database) 
 

Hermann W. Bange* and Annette Kock 

 

GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*hbange@geomar.de 

 

MEMENTO’s overarching aims are: 

 collect available N2O and CH4 data from the global ocean (both open and coastal), sourcing 

both peer reviewed publications and unpublished reports, 

 archive the data in a database with open access for the scientific community, 

 compute global fields of dissolved N2O/CH4 concentrations and fluxes, 

 publish the database and the derived flux data with a wide authorship inclusive of the data 

originators, and 

 keep the database ‘live’ in the future by widely publicising its availability and encouraging data 

submission following their prior release to the public domain 
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First results on selected parameters of the SOPRAN CO2 enrichment study 
2011: Nutrients, particulate matter, and phytoplankton community.  
 

J. Rafael Bermúdez, Kai G. Schulz, and Ulf Riebesell
 

 

GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*jrbermudez@geomar.de 

 

It is known that anthropogenic CO2 emissions cause a reduction of ocean pH, affecting the marine 

environment in ways that are not completely understand. Using the off-shore KOSMOS mesocosms 

system, a CO2 enrichment study was conducted off the coast of Bergen (Norway). In nine mesocosms 

a pCO2 gradient was established, ranging from ~280 up to ~3000 µatm. Despite such high levels, the 

range relevant for future projections until the end of this century was covered with five out of nine 

mesocosms. After a first phytoplankton bloom phase, fueled by left-overs of nitrate, ammonia, 

phosphate and silicate, nitrate and phosphate were added on day T14 to promote a second bloom. A 

N/P ratio of ~30 was chosen to favor the growth of coccolithophores. At the beginning of the 

experiment  the phytoplankton community in all mesocosms was strongly dominated by the diatom 

Arcocellulus sp. and small flagellates (3 to 10 µm).  However, after nutrient addition, the small 

flagellates and the coccolitophore Emiliania huxley  became dominant at low pCO2. The cumulative 

total phytoplankton biomass did not show any differences between mesocosms until nutrient addition; 

after this point the total biomass  developed a strong negative correlated with pCO2 levels, with the 

lowest values at the highest pCO2; particularly diatoms and coccolitophores showed a strong decline  

at higher pCO2 levels. 

 

 

Effects of ocean acidification on trace metal cycling and bioavailability 
 

E. Breitbarth*, A. Dammshäuser, and K. Wuttig 

 

GEOMATR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*ebreitbarth@geomar.de 

 

The goal of this project is to derive a holistic overview of surface ocean trace metal cycling in the 

anthropocene under specific consideration of ocean acidification. We will first synthesize previous 

trace metal work in SOPRAN, where a main focus has been on the role of desert dust for 

biogeochemical cycles in waters off Cape Verde. Tying into this, the proposed experimental/analytical 

work will elucidate the interrelations of atmospheric dust deposition, organic matter in seawater, and 

trace metal cycling on metal bioavailability in context of ocean acidification (OA). Here especially the 

actual trace metal and macronutrient solubility from dust in natural seawater was identified as an open 

key question. To close this gap, controlled laboratory dust solubility experiments using dust collected 

in atmospheric samplers at CVOO (i.e. TENATSO) and natural seawater from the Cape Verde region 

will be performed. Second, we will participate in the Gran Canaria Mesocosm Experiment to 

investigate possible phytoplankton-trace metal interactions in response to atmospheric perturbation 

(dust & CO2). This work is anticipated to be carried out in close cooperation with SOPRAN partners 

and aims to provide improved parameterizations for ocean biogeochemical modeling, which will be 

performed in the final synthesis phase of this work.  
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First results on selected parameters of the SOPRAN CO2 enrichment study 
2011: Pteropods, particle sinking velocities and sedimentation 
 

J. Büdenbender, J. Czerny, T. Boxhammer, S. Sett, L.T. Bach, and U. Riebesell 

 

GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*jbuedenbender@geomar.de 

 

Anthropogenic carbon emissions lead to acidification of the marine realm. The consequences of ocean 

acidification on a natural pelagic plankton community were investigated in the KOSMOS system 

deployed in Bergen (Norway). CO2 induced changes were detrimental on pteropod larvae abundances 

and caused shell dissolution in adult individuals. These results show, for the first time, that ocean 

acidification negatively affects pteropods living in their natural community. Particle sinking velocities 

showed an increase in low CO2 treatments towards the end of the experiments while there was no 

clear effect during the initial period. Observed differences largely corresponded with the abundance of 

calcifying phytoplankton (Emiliania huxleyi). Particle export was further investigated by quantifying the 

total mass of sedimented material.  Material export was largest in low CO2 treatments and gradually 

decreasing towards higher CO2 levels.  Our investigations show that ocean acidification has the 

potential to affect natural pelagic ecosystems on various levels. 

 

 

Model results confirm the usefulness of transient time distributions in 
estimating water parcel age 
 

Joel Craig*, Lauren Zamora, and Andreas Oschlies 

 

GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*jcraig@geomar.de 

 

The highest rates of nitrous oxide (N2O) production in the ocean are associated with low oxygen 

levels, therefore, the expected spread of oxygen minimum zones (OMZs) may have implications for 

the future oceanic flux of N2O to the atmosphere.  Against a background of increasing atmospheric 

N2O, estimates of oceanic N2O production must account for N2O equilibration with the atmospheric at 

the time of ventilation (biologically produced N2O = N2Oobserved – N2Oequilibrium).  However, N2Oeq is not 

directly observable. In order to estimate the age of a water parcel, and thereby its N2Oeq from 

atmospheric histories, transient time distributions (TTDs) are used. The TTD method corrects for an 

underestimation bias caused by the exponential increase in atmospheric CFCs by constraining the 

spread of ages and the calculated mean tracer age through the use of multiple tracers. Although this 

method is gaining popularity, its accuracy has not been tested to date. We test the accuracy of this 

method by modeling 'true' N2Oeq and comparing it to the estimated value calculated using the TTD 

CFC method, and the traditional CFC age method. Our results show an increase in the accuracy of 

CFC age estimations using the TTD method. 
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Anoxic water masses observed in the open ocean off Cape Verde 
 

B. Fiedler
1,
*, J. Karstensen

1
, J. Hahn

1
, P. Brandt

1
, G. Krahmann

1
, R. Zantopp

1
, M. Visbeck

1
, 

D. Wallace
2
, and A. Körtzinger

1
 

 
1
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*bfiedler@geomar.de 
2
 Dalhousie University, Halifax, Canada. 

 

Oxygen depletion within the water column due to bacterial oxidation of organic matter is a common 

feature in ocean water masses. Hypoxic (~ 1 – 30 % O2 saturation) as well as anoxic (< 1 % O2 

saturation) waters as a consequence of limited ventilation and enhanced production of organic matter 

can be observed in many coastal areas of the world ocean. Here we report on hypoxic (hy) to anoxic 

(an) water masses in the normally well oxygenated open North Atlantic Ocean observed by an 

autonomous profiling float (hy) as well as by time-series measurements of a long-term mooring (an) at 

the Cape Verde Ocean Observatory (CVOO). Just below the mixed layer (ML) O2 concentrations 

dropped dramatically to 14 µmol kg
-1

 (~ 6 % saturation) and <1 µmol kg
-1

 (~ <0.5 %), respectively. To 

our knowledge such low O2 concentrations have never been reported before for the open North 

Atlantic. The oxygen depleted water masses were isolated and transported by mesoscale eddies 

which originated in the coastal Mauritanian upwelling and propagated westwards. Our data suggests 

that the eddies’ subsurface layers were subject to intensified respiration of organic matter resulting in 

strong hypoxic and anoxic conditions. Vertical O2 profiles within one of the eddies indicate entrainment 

of low O2 waters into the ML and thereby decreasing O2 sea-to-air fluxes significantly. 

 

 

In situ CO2 and O2 measurements on a profiling float at CVOO 
 
B. Fiedler

1,
*, P. Fietzek

1
, N. Vieira

2
, P. Silva

2
, H.C. Bittig

1
, and A. Körtzinger

1
 

 
1
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*bfiedler@geomar.de 
2
 Instituto Nacional de Desenvolvimento das Pescas (INDP), Mindelo, Cape Verde. 

 

In recent years profiling floats, which form the basis of the successful international ARGO observatory, 

are also being considered as platforms for marine biogeochemical research.  

Over the course of SOPRAN I & II a profiling float for combined gas measurements of CO2 partial 

pressure (pCO2) and O2 was successfully developed. A typical ARGO float was equipped with a small-

sized and novel submersible pCO2 sensor and an optode O2 sensor for high resolution measurements 

in the surface ocean layer. Four consecutive deployments were carried out during Nov. 2010 and June 

2011 near the Cape Verde Ocean Observatory (CVOO). The prototype profiling float performed 

upcasts every 31 h while measuring pCO2, O2, salinity, temperature and hydrostatic pressure in the 

upper 200 m of the water column. In order to maintain accuracy, regular pCO2 sensor zeroings at 

depth and surface, as well as optode measurements in air, were performed for each profile. Through 

the application of data processing procedures (e.g., time-lag correction) accuracies for float-borne 

measurements of pCO2 were greatly improved. Here, we present results of this study that demonstrate 

the possibility of using profiling floats as platforms for detailed and unattended observations of the 

marine carbon and oxygen cycle dynamics. 
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N2O in the equatorial upwelling: Diapycnal flux and sea-to-air flux in the 
tropical Atlantic during cruise Merian 18/2 in 2011 
 

Tim Fischer*, Annette Kock, Damian Arevalo-Martinez, Marcus Dengler, Rebecca Hummels, 

Hermann W. Bange, and Peter Brandt 

 
1
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*tfischer@geomar.de 

 

We report preliminary results of N2O fluxes that contribute to the N2O mixed layer budget in the 

Equatorial Atlantic. During Merian cruise MSM18/2 in May/June 2011 the region 5S – 5N  23W – 10W 

was explored in sections along and across the equator, just on the onset of enhanced equatorial 

upwelling. Upward diapycnal N2O flux from below the mixed layer was estimated from N2O gradients 

and diapycnal diffusivity. N2O gradients stem from 50 profiles of discrete water samples with 10m 

resolution, while diapycnal diffusivity was determined from simultaneous microstructure 

measurements. Further numerous microstructure profiles, a month-long glider based microstructure 

section and other existing estimates of diapycnal diffusivity since 2006 broaden the database for 

diffusivity estimation and allow quality control. Sea-to-air N2O flux was continuously estimated from 

mixed layer N2O supersaturation, as measured by an underway N2O analyzer with OA-ICOS 

technology (off-axis integrated cavity output spectrometer). N2O profiles and sea-to-air fluxes in the 

equatorial upwelling are compared to the coastal upwelling off Mauritania. 

 

 

Aerosols metal solubility and trace metal composition in marine aerosols at 
CVAO 
 

K.W. Fomba*, K. Müller, and H. Herrmann 

 

Leibniz-Institut für Troposphärenforschung, Leipzig, Germany. 

*fomba@tropos.de 

 

Aerosol iron solubility and trace metal analysis of aerosol particles at the Cape Verde Atmospheric 

Observatory (CVAO) has been monitored over a period of three years. The measurements were done 

during 4-6 weeks intensive campaigns during the winter and summer seasons.  The soluble iron was 

done on bulk aerosol sampling while the trace metal analysis was performed on size resolved five-

stage BERNER impactor samples. The data show strong seasonal variability in trace metal 

concentrations with higher trace metal and iron concentrations (0.5 µg/m³ in winter compared to 80 

ng/m³ in summer) observed during the winter months due to strong influence of Saharan dust over this 

region. Iron solubility was found to be pH dependent with higher iron solubility observed at lower pH’s 

(up to 5% at pH 1). Water soluble (DI water, pH ~ 5.8) iron varied between 0.1 to 0.5 % of the total iron 

and was found to be in agreement with model estimates. Days of high iron solubility could be 

correlated with days of mixed aerosol air masses from both Saharan Desert and the continent. Soluble 

iron was mostly of the iron (III) redox state. As can be seen on figure 1, the iron solubility data, 

however, showed more or less an anti-correlation to the total iron concentrations with days of lower 

total iron concentrations yielding higher iron solubility as compared to days of higher iron 

concentrations. Mn showed relatively to iron higher solubility and was mostly present in the Mn (II) 

redox state. Cu, Co, and Ni solubility’s were low and were comparable to that of iron. 
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Figure 1: Water soluble iron vs. total iron concentration during winter 2011 intensive field campaign showing no 
direct correlation between soluble and total iron concentration. 

 

 

Impact of the marine boundary layer on atmospheric VSLS abundances? 
 

S. Fuhlbrügge
1
*, K. Krüger

1
, B. Quack

1
, E. Atlas

2
, and F. Wittke

1 

 
1
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

*sfuhlbruegge@geomar.de 
2
 RSMAS, Miami, USA. 

 

Recent observations of very short lived halocarbons at the area around the Mauritanian upwelling (e.g. 

Quack et al., 2007; O’Brien et al., 2009), revealed increased abundances in the marine atmosphere, 

suspecting regionally enhanced biogenic production in the water column and additionally terrestrial 

sources. In this study, we want to investigate potential influences of meteorological parameters on 

atmospheric halocarbon abundances in the Mauritanian upwelling region. Low sea surface 

temperatures, due to the transport of deeper colder water to shallow levels in this area, create intense 

surface air temperature inversions. These inversions downsize the height of the marine atmospheric 

boundary layer (MABL). In May to June 2010 air samples for the determination of the VSLS mixing 

ratios have been taken during the DRIVE (Diurnal and Regional Variability of Halogen Emissions) ship 

campaign in the tropical East Atlantic. The aim of this expedition was to investigate the diurnal 

variability of the halocarbons at six 24h-stations, over open waters and close to the Mauritanian coast. 

These measurements are compared to several meteorological parameters, and in particular to the 

according MABL height, as derived from daily radiosonde launches taken on board. High anti 

correlations are determined, revealing a distinct relation between atmospheric VSLS mixing ratios, 

especially the bromocarbons, and the observed MABL height (Fuhlbrügge, 2011). It is therefore 

important to examine, not only the sources, but also the conditions in the lower troposphere, especially 

the MABL, for evaluating variations of halocarbon mixing ratios. 
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Studies on the gelatinous composition of the sea-surface microlayer during 
indoor and field off-shore mesocosm experiments: Importance for ocean and 
atmosphere interactions 
 

Luisa Galgani
1,2,

*, and Anja Engel
1,2

 

 
1
 Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany. 

*luisa.galgani@awi.de 
2
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

 

The sea-surface microlayer (SML) has been studied during two experiments in the framework of 

SOPRAN II project. The aim of these studies addressed to the understanding of the processes 

occurring at the sea-air interface and the composition of the surface film: its hypothesized “gelatinous 

nature” is an important issue for gas exchange and particles emission, as well as for remote sensing 

measurements. Wind transported compounds, and among those also contaminants, find in the SML 

an interaction point where accumulation, and at the same time  biological and photochemical 

degradation take place. Our attention in SML investigation has been driven to “gel particles” like 

Transparent Exopolymer Particles (TEP, of polysaccharidic composition) and Coomassie Stainable 

Particles (CSP, of proteinaceous composition). TEP and CSP promote microbial biofilm formation, act 

as food source for microorganisms and mediate vertical carbon transport, either to the sea-surface or 

to the deep ocean. To address our research objectives we conducted an indoor experiment with 

Thalassiosira weissflogii grown under different CO2 and incubated in tanks (2010, AWI) and a 

Mesocosm field campaign in the Raune Fjord, Norway (2011). In both experiments the glass plate was 

employed for sampling the SML. Results from the indoor experiments evidenced higher concentration 

of particulate organic material in the SML when compared to the underlying water and predominant 

proteinaceous composition of the surface film (CSP enrichment). Spectroscopy analysis from the field 

campaign in Norway pointed out a significant relationship in SML between dissolved organic matter 

and dissolved organic carbon in the UV-Visible wavelengths, where these components are subject to 

photochemical reactions that might have important consequences on surface ocean’s dynamics. Next 

steps in this research will aim to understand how changes of the SML composition under different CO2 

scenarios will influence organic particles emission to the atmosphere and global carbon cycle.  

 

 

Saharan dust transport to the sub-tropical Atlantic from satellite remote 
sensing 
 

Christoph S. Garbe 

 

Interdisciplinary Center for Scientific Computing (IWR), University of Heidelberg, Germany. 

*christoph.garbe@uni-heidelberg.de 

 

Dust transported from the Sahara across the ocean has a high impact on radiation fluxes and marine 

nutrient cycles. Significant progress has been made in characterising Saharan dust properties 

(Formenti et al., 2011) and its radiative effects through the ‘SAharan Mineral dUst experiMent’ 

(SAMUM) (Ansmann et al., 2011). While the models simulating Saharan dust transport processes 

have been considerably improved in recent years, it is still an open question which meteorological 

processes and surface characteristics are mainly responsible for dust transported to the Sub-Tropical 

Atlantic (Schepanski et al., 2009; Tegen et al., 2012). Our approach for classifying and tracking dust 

plumes is based on a Bayesian hierarchical model. Recent developments in computational statistics 

known as Integrated Nested Laplace Approximations (INLA) have paved the way for efficient inference 

in a respective subclass, the Generalized Linear Model (GLM) (Rue et al., 2009). Physically accurate 

trajectories can be computed from Satellite images using an optimal control approach that couples 
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physical to imaging constraints (Garbe et al., 2012). On this poster we will present some preliminary 

results and discuss the methodology and open questions. 

 

 

Sahara dust impact on solar radiation at Cape-Verde land station – A synergy 
of in-situ radiation and AOD measurements 
 

S. Gehlot* and D. Stammer 
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The overall goal of this project is to investigate the impact of Sahara soil dust and aerosols, through 

the associated changes in spectral radiance (solar forcing) on the radiative forcing of the eastern 

subtropical Atlantic Ocean. The in-situ measurements of solar radiation time-series exist from March 

2008 onwards. In a more recent infrastructural development at the Cape-Verde ground station, a sun-

photometer is installed which measures the column Aerosol Optical Depth (AOD) at a high temporal 

resolution (every 15 minutes during the sunlit time of the day). The installed sun-photometer is now a 

part of the worldwide NASA Aerosol Network (Aeronet), providing a standard AOD product from the 

raw instrument data. In addition to the AOD, the sun-photometer measurements offer additional 

valuable aerosol parameters such as water vapor, aerosol inversions, Angstrom parameter and 

cloudiness etc. This study presents an analysis of a typical cloud-free dust event impact using the in-

situ radiation and aerosol data for atmospheric scattering, and selective attenuation of the radiation 

spectrum. The forcing efficiency on the surface radiation is computed as a function of dust 

concentration. 
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Very short lived halogenated substances (VSLS) occur naturally in the oceans. They contribute to 

atmospheric halogens, deplete ozone in the troposphere and stratosphere and influence aerosol 

formation. Biological productive zones such as coasts and upwelling areas are source regions for 

brominated and iodinated VSLS like bromoform, dibromomethane and methyl iodide. In the tropics, 

marine VSLS emissions have the potential to enter the stratosphere due to rapid uplift of surface air to 

the tropical tropopause layer in form of deep convection. During the DRIVE campaign in May and June 

2010 the diurnal and regional variability of halogenated VSLS in and above the tropical north-eastern 

Atlantic and resulting air-sea fluxes were investigated. Previous studies revealed high mixing ratios of 

the targeted compounds above the Mauritanian upwelling which were not exclusively explainable by 

air-sea fluxes, suggesting an additional nearshore source. During DRIVE, thorough evaluation of 

atmospheric parameters showed a strong inverse relationship of VSLS mixing ratios to the height of 

the marine atmospheric boundary layer (MABL). It is therefore determined if air-sea fluxes from the 

upwelling can solely explain the observed mixing ratios with respect to the changing MABL.  
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An improved parameterization of gas transfer coefficient, K, is sought as a function of radar 

backscatter, 0. A reference data set of global fields of K based on satellite wind speed from ERS1/2 

and QuikSCAT is used to study issues that have to be taken into account in a K- 0-paramterization 

relative to the traditional parameterization of on wind speed, u. If the parameterization is non-linear, 

the parameter employed (i.e., u or 0) to express K must be applied as instantaneous values to avoid 

biasing of the CO2 flux. Temporally averaged wind speed leads to an underestimation of the carbon 

net flux into the ocean. A time series of CO2 flux derived from the reference data set in combination 

with monthly fields of CO2 partial pressure difference (ΔpCO2) from a model simulation is used to 

study the impact on global and regional CO2 flux variability of, on the one hand, K-, and on the other 

hand ΔpCO2-induced variability. Prevention of monthly variability in K leads to an overestimation of 

the variability in the carbon net flux. Monthly variability in K is therefore not negligible and should be 

adequately represented in the K-fields applied to estimate CO2 flux. 

 

 

Physical processes controlling greenhouse gas emission in upwelling regions 
of the ocean: A N2O case study 
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The evaluation of the mixed layer nitrous oxide (N2O) budget during SOPRAN Phases I and II indicate 

that diapycnal mixing is the major supply pathway of N2O into the mixed layer in the eastern tropical 

and the equatorial Atlantic Ocean. However, the budget could not be balanced using common gas 

exchange parameterizations suggesting that N2O outgassing is overestimated. Several hypotheses 

including unaccounted physical processes will be followed, which may explain the budget imbalance. 

During SOPRAN Phase III, we plan to investigate the contribution of diapycnal flux to the mixed layer 

trace gas budget in the major coastal and equatorial upwelling regions of the oceans and to examine 

the physical processes in the upper ocean that influence trace gas emissions in upwelling regions. 

Measurements of N2Oand diapycnal diffusivities from the SOPRAN cruises to the Mauritanian and 

equatorial Atlantic upwelling regions will be combined with measurements off Peru and published data 

from other upwelling regions such as the Californian and Namibian coastal upwellings and from the 

equatorial Pacific. We will (i) quantify the N2O air-sea fluxes as well as the diapycnal N2O fluxes into 

the mixed layer in these regions and (ii) identify regional differences. Additionally, high resolution 

profiles of N2O in the surface layer in combination with autonomous sampling of the surface layer 

stratification and turbulence in the Peru upwelling region using a glider/microstructure package will be 

used to investigate the diurnal stratification within the mixed layer which might affect the N2O air-sea 

flux as well. 
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A detailed experimental study of the partitioning of the transfer resistance between air and water-side 

was performed in the Heidelberg air-sea facility (Aeolotron). The transfer resistances of tracers with a 

wide range of solubilities were measured, including species with medium solubility and 

environmentally important tracers such as DMS and acetone. The resistance addition model of Liss 

and Slater (1974) was tested with a combined Schmidt number scaling. The air-sided (water-sided) 

part of the total resistance was determined using tracers controlled by only one side because of their 

either very high or low solubility. The total resistance is obtained by adding both parts. Computed and 

measured transfer resistances agree well. It is shown that the value of solubility for which the air and 

water-side transfer resistances are equal depends both on the friction velocity as well as on the 

coverage of the water surface with surfactants. 

 

 

The influence of ocean acidification on surface seawater DMS, DMSP and 
DMSO concentrations 
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Dimethylsulfide (DMS), dimethylsulfoniopropionate (DMSP), and dimethylsulfoxide (DMSO) cycling in 

the surface ocean has an important impact on the biogenic sulfur loading of the atmosphere.  

Calcifying phytoplankton, such as the ubiquist coccolithophorids, are import producers of the DMS 

precursor DMSP.  Thus, the effect of increasing pCO2 and consequential acidification of the ocean 

might impact the sulfur cycle in the future both in the ocean and in the atmosphere. Several studies 

were performed to investigate the elevated pCO2 effect on DMS and DMSP. However, the results 

have not built consensus, in fact many are contradictory. During SOPRAN II, DMS, DMSP and DMSO 

concentrations were measured in a mesocosm study in Bergen (Norway) which investigated the 

consequences of ocean acidification. With increasing pCO2 the DMS and DMSP concentrations 

decreased up to four times and up to a factor of 1.3, respectively. The DMSO concentrations also 

decreased; however, the effect was small. Emiliania huxleyi, a coccolithophorid alga, declined in their 

cell abundance and this might be the reason for low DMSP and DMS concentrations. However, other 

algae species, zooplankton and bacteria, which are also more or less affected by ocean acidification, 

might likewise influence the concentrations of the sulfur compounds. This needs to be clarified by 

further data analysis. 
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Origin and fate of oceanic organic aerosols: A model sensitivity study 
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The ocean is an important source for atmospheric aerosols like sea salt, organic aerosols and for 

secondary aerosols formed from gaseous emissions. Little is known about source strengths of organic 

aerosols from the ocean. As they are a major component of total aerosol mass, chemistry transport 

models fail in simulating total atmospheric aerosol mass. Including organic aerosols emitted from the 

oceans in the model calculations will improve model projections of atmospheric aerosols and 

associated radiative effects. For this purpose, sophisticated parameterizations are needed to 

represent ocean-atmosphere fluxes of organic aerosols and their precursor, thereby accounting for the 

accumulation of organic matter within the ocean surface microlayer. Based on model results from S. 

Nikzad and M. Schartau (SOPRAN II) such parameterizations shall be derived and applied in 1D 

ocean modeling. These results will feed, as boundary condition, into an existing 1D version of the 

regional chemistry transport model CMAQ. Sensitivity studies with different parameterizations of sea-

air exchange will help to identify a credible approach for three-dimensional model simulations. Results 

obtained by A. Engel (GEOMAR Kiel) on plankton-derived exopolymers in the surface microlayer and 

atmospheric aerosol observations (SOPRAN II and SOPRAN III) by Herrmann and van Pinxteren (IfT 

Leipzig) will be considered.   
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In-situ transfer measurements of key volatile organic compounds (VOCs) across the air-sea interface 

were studied during SOPRAN II (e.g. DMS, acetone, isoprene) within the “Aeolotron” wind-wave canal 

facility (10m diameter annulus) in Heidelberg. Tracer concentrations during the exchange experiments 

were measured in both the air and the water phase simultaneously using two separate Proton Transfer 

Reaction Mass Spectrometer (PTR-MS) systems. Direct estimations of Ka and Kw for all tracers were 

achieved. The results were internally consistent and reproducible. Parameters such as wind speed, 

friction velocity (u*) and mean square slope of the water surface were also measured and their effect 

on the transfer velocities examined. These data will lead to a better understanding of ocean-

atmosphere VOC exchange and improve predictions of future atmospheric composition. In a separate 

activity, the effect of increasing oceanic CO2 on VOC emissions from living organisms was also 

investigated. A novel analytical method using needle traps and GC-MS was developed and applied for 

the first time on mesocosm sea-water samples. The needle trap results for DMS have been compared 

with two other techniques and were in good agreement. Additional compounds (e.g isoprene) were 

also studied giving further insights into marine responses to higher CO2. 
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The Sahara and the North‐East trade winds are responsible for the entry of enormous amounts of dust 

into the Tropical North Atlantic. The geographical location of the Cape Verde Islands makes the 

islands suitable for scientific investigations of ocean and atmosphere interactions. Starting during 

SOPRAN I, the collection and chemical characterization of PM10 particles by a high‐volume filter 

sampler was carried out at the 30m tower. During intensive campaigns, size‐segregated sampling of 

PM took place additionally. Seasonal and inter‐annual variations of the transportation of Saharan dust 

have been observed. The observations show a maximum of Saharan dust entries during winters but 

episodes of high dust concentration were observed in other seasons, too. 

 

 
Fig.1: Back trajectory of 06‐Feb‐2011 (above left) and aerosol constitution at CVAO during this extreme dust 
period (above right) and concentration of OC and EC between 2007 and 2011. 

 

Not only Saharan dust and its constitution was in the focus of interest, the investigation of the chemical 

aerosol constitution was also directed to the identification of secondary particles from anthropogenic 

sources in Africa (Fig. 1) which were transported with dust. OC, EC, non‐sea salt sulfate and nitrate 

are most important species. Actually, during a strong Saharan Dust event at 6/7 February 2012 an 

aerosol concentration maximum of 1300 μg/m³ for the last five years was observed. 
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Using a periodically varying heat flux at the water surface applied by a CO2-laser, the heat transfer 

velocity can be estimated from infrared images of the water surface either by measuring the increased 

temperature in the heated area or the time response to the heating. The significant advantage of this 

technique is that it can be used both in laboratory and field investigations, providing an ideal link. 

Within the German SOPRAN project, measurements were performed both in the Baltic Sea and the 

Heidelberg Aeolotron. Extrapolation of gas transfer velocities from heat transfer velocities is 

controversial because of the high difference in the Prandtl number and the Schmidt number for 

dissolved gases. This issue is investigated by simultaneous heat and gas transfer measurements. 
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The deposition of mineral dust into the ocean is essential for its bioactivity, since dust serves as a 

source of nutrients for oceanic microorganisms such as phytoplankton. So far, long-term observations 

of Saharan dust layers spreading over the Northeast Atlantic Ocean do however not exist. Particle 

number size distributions measured by different instruments covering the size range from 10 nm to 10 

µm exist since 2007. Since December 2011, highly time-resolved 3D wind velocities (using a sonic) 

and number fractions of mineral dust and sea salt particles are additionally measured. In December 

2011, mineral dust was present for most of the time with some exceptions. In most cases, mineral dust 

and sea salt are externally mixed so that distinct dust number fractions can be obtained. Dust mass 

size distributions were calculated from the dust number fraction for different particles sizes, the 

measured ambient number size distribution, and the particle density. Turbulence parameters obtained 

by the sonic measurements are used to calculate size-resolved particle deposition velocities of the 

mineral dust particles. The dust mass deposition flux can then be determined from the dust mass size 

distribution and the deposition velocity. Additionally, the hygroscopic growth factor of mineral dust can 

be used to estimate the aging state of mineral dust. 
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Mineral dust is an important constituent of airborne particles and affects the Earth’s climate system. 

Number and mass concentrations of mineral dust particles show a high spatial and temporal variety 

over the Atlantic Ocean. In-situ aerosol measurements are performed at the Cape Verde Atmospheric 

Observatory (CVAO) on the island Sao Vicente since 2007. Back trajectories have been used to 

identify source regions of mineral dust. Particle number size distributions together with the particle 

density are used to calculate total particle mass concentrations. Measurements of dust mass 

concentrations were performed with a spectral absorption photometer (SOAP) for intensive campaigns 

and using continuously an Aethalometer since January 2011. Additionally, absorption coefficients at a 

wavelength of 637 nm and soot mass concentration measurements were performed with a Multi-

Angel-Absorption-Photometer. With the help of this data, the anthropogenic influence of the air 

masses can be estimated. An almost continuous time series of mineral dust and total mass 

concentrations is available for 2011. We will present an overview of five years of measurements and 

an outlook for the coming years. 
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The influence of dust in the atmosphere on downward irradiance and photosynthetically available 

radiation in the water column was studied on the basis of an optical model along with parameterized 

spectral effects. Atmospheric dust modified the light field below the water surface depending on the 

wavelength, the water depth and the optical properties of the water as well as on the dust and cloud 

properties, and the ratio of clouds to dust in the atmosphere. An important result was the quantification 

of the magnitude and spectral effects of the different considered atmospheric conditions because light 

dependent biological processes may be influenced. The magnitude effects of clouds on downward 

irradiance can be much higher than of pure dust but the spectral effects can be in the same order. The 

influences on magnitude were smaller in coastal regions compared to ocean regions because of the 

higher diffuse light attenuation in the water column. Saharan dust reduced the photosynthetically 

available radiation. Another interesting result was the modification of the spectral effects of clouds by 

atmospheric dust. Compensations of the spectral effects were observed at special water depths in 

ocean regions and at atmospheric conditions with definite cloud to dust ratios. 
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To get further insights into origin and dynamics of bromoform in the marine environment, additionally 

to the concentration data, the stable carbon isotope ratio (
13

C) of this halocarbon was measured in 

the Baltic Sea and the North Atlantic. Both regional and seasonal changes in bromoform isotopic ratio 

were observed. The results showed that 
13

C signatures of bromoform can be differentiated according 

to their dominant sources, e.g. various algal species. The variability of the stable carbon isotope ratio 

of this trace gas found in the Baltic Sea was most likely a result of changes in the algal composition 

and the environmental conditions which influenced the growth rate and physiological state of the 

autotrophs. The largest changes in 
13

C appeared together with intense phytoplankton blooms and 

bromoform became more enriched with heavier carbon. To verify the findings from the field 

observations and to get 
13

C ‘fingerprints’ of potential bromoform producers laboratory experiments 

with several groups of microalgae are conducted. These 
13

C records of bromoform from different 

marine systems are a base to create the first dataset of the isotopic source signatures and the 

biological determinants. 
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We will investigate the sensitivity of N2O emissions to three major physical and biological factors 

affected by the expected 21
st
 century environmental changes: (1) warming (which causes decreased 

N2O solubility and direct temperature effects on metabolic rates) (2) deoxygenation (which will result in 

changes in N2O yield), and (3) acidification (increased CO2 can affect nitrification and C:N ratios in 

biomass and associated respiratory oxygen demand). Using the University of Victoria global Earth 

system climate model and a new parameterization of marine N2O sources and sinks developed in 

SOPRAN II, we will quantify the potential impact of these three factors, individually and 

contemporaneously, on 21
st
 century marine N2O emissions using different CO2 emission scenarios.  

The project will generate significant insights into various aspects of marine N2O dynamics, their 

sensitivities and the associated uncertainties that are critical for reliably projecting marine N2O 

emissions into the future. 
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SOLAS is an international research initiative which seeks to understand the biogeochemical and 

physical interactions and feedbacks between the ocean and the atmosphere, as well as how these 

affect and are affected by climate and environmental change. Over 1900 scientists from 75 countries 

are involved in the project, and the international project office is at GEOMAR in Kiel. SOLAS activities 

include summer school, workshops, open science conference, and newsletter. SOLAS summer school 

for early-career scientists working on in air-sea interactions is very popular, and only 1/3 of the 

applicants were admitted to the 2011 summer school on Corsica. In 2013 the summer school will take 

place in China. N2 fixation is of key importance for the oceans’ nitrogen budget, and this was the topic 

in a recent (February 2012) workshop in Kiel. The traditionally used method for N2 fixation 

measurements underestimate the fixation, but now SOLAS scientists are developing an improved 

method. The open science conference is a key event in the SOLAS communities, and it takes place 

every 3 years, next time in May 2012 in Seattle. About 200 people from 36 countries are expected to 

participate. The next newsletter issue (summer 2012) will focus on the conference. 
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Halocarbons have a significant impact on atmospheric ozone concentrations and the ocean is known 

to be an important source of these compounds to the atmosphere. The air-sea flux of halocarbons 

depends on their surface ocean production/consumption processes, which have not been fully 

characterized.  There is evidence that brominated and iodinated compounds have different sources in 

the open ocean. While brominated compounds frequently show maxima near the subsurface Chl a 

maximum, indicating a biological source, iodinated compounds may have additional chemical and 

photochemical sources in the surface waters. In order to investigate the different sources and to 

calculate fluxes, brominated and iodinated halocarbons were measured along the equatorial upwelling 

during the SOPRAN MSM 18/3 cruise in summer 2011. We will present first results of the campaign, 

where oceanic depth profiles are correlated to biological and physical features as well as to 

measurements in other key regions. 
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The dependency of the gas transfer velocity k on the Schmidt Number exponent n (k~Sc
-n

) was 

studied with different concentrations of the surfactant Triton-X100 in the Heidelberg Aeolotron wind-

wave tank. In all cases, a gradual transition of the exponent from n=2/3 for a smooth surface to 1/2 for 

a wavy surface was found. The transition shifts from 4.5 m/s (u10) at a clean surface to 8.5m/s at a 

Triton-X100 concentration of 0.26 µmol/l. The facet model can be used to describe the transition of the 

Schmidt Number exponent. It links the transition to the physical parameters friction velocity and mean 

squared slope of the water surface. At low wind speeds, the gas transfer was suppressed by the 

surfactant by up to a factor of three. At a wind speed of 15 m/s (u10), the transfer velocity with a 

surfactant was still up to 30% lower than across a clean surface. 
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WP1: To complement the SOPRAN data set on the impacts of ocean acidification (OA) on pelagic 

ecosystems we propose to conduct a mesocosm CO2 perturbation experiment in the subtropical 

oligotrophic waters off Gran Canaria. This WP is intended to provide the first comprehensive study on 

ocean acidification impacts in oligotrophic waters. This unique data set will greatly expand the value of 

the SOPRAN database for assessing consequences of ocean acidification in the global ocean. 

To make this study affordable and feasible in a primarily synthesis-oriented third phase, it is proposed 

to be conducted and financed jointly with the coordinated project BIOACID. 

WP2: Perform a meta-analysis of mesocosm-derived data sets: To determine commonalities and 

disparities of OA impacts on pelagic ecosystems spanning from polar to subtropical and from 

eutrophic to oligotrophic, we propose to perform a meta-analysis of mesocosm-derived data sets 

obtained during SOPRAN. The analysis will include all community-level data sets available from 

SOPRAN phases 1-3 and prior to this (e.g. PeECE data sets). As one of the outcomes of this WP it is 

intended to provide parameterizations of CO2/pH sensitive ecosystem and biogeochemical response 

for global biogeochemical modelling. 
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During our first annual meeting of SOPRAN II we presented a conceptual model that linked primary 

production, exudation and coagulation of surface-active polysaccharides to enrichment of organic 

matter (OM) within the surface microlayer (SML). We have now devised a vertically resolved, 

mechanistic model of the OM distribution within the upper 10
3
 micrometer. The model relies on a 

dynamic reaction-diffusion equation that describes physical-chemical processes within the upper 

viscous- and mass boundary layers. The numerics for the thickening of an OM surface film turned out 

to be challenging. We were seeking for a numerical description whose results are independent of the 

discretisation chosen. A robust numerical scheme was found to require adaptive timesteps together 

with a vertical hybrid grid. We will present sensitivities of model results to variations of adsorption- and 

diffusion rates. As our new model can resolve variations in viscous- and mass boundary layer 

thickness, we discuss whether it has the potential to resolve changes in gas transfer in response to 

variations in OM concentration. Furthermore, we will show a first compilation of a data that document 

enrichment (or none) of OM within the SML. This data collection will enter a meta-analysis needed to 

extract constraints for our model approach.  
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During the last month data management records an increase in data submission. The actual SOPRAN 

data archive comprises now 190 data sets. A new procedure has been implemented by PANGAEA to 

support data submission to the project archive: a ticket system which allows uploading data files and 

documents. Via this ticket system the communication between the data provider and the data curator 

is managed, too. To use this system and upload data, it is necessary to register at PANGAEA 

(http://www.pangaea.de/submit/). This registration is also the basis for accessing personal data before 

publishing. Currently the SOPRAN website is under revision. This is necessary to meet the changing 

structure of the project as well as to present the project in a modern layout. The website will also 

provide some additional web functionalities such as an internal area for discussion and document 

exchange. 
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The extensive data set on volatile organohalogens obtained within SOPRAN will be combined for a 

comprehensive assessment of their coastal and oceanic dynamics. This synthesis comprises two work 

packages. Work package A, which is part of a joined proposition with the IOW (D. Schulz-Bull, Falk 

Pollehne, and Klaus Jürgens) aims to refine our understanding of the dynamics of selected 

halocarbons in the SOPRAN focus areas from their carbon stable isotope composition. For this 

purpose the GOTM modelling environment will be adapted. From the comparison of the model output 

with the available field data we will assess our current level of understanding and identify potential 

gaps concerning the dynamics of halocarbons in the SOPRAN focus areas. Special attention will be 

paid to iodomethane and bromoform as key components of the modelling and data synthesis 

proposed by the I. Hense (UHH) and B. Quack (GEOMAR). The overall objective of work package B is 

a revised global estimate of coastal halocarbon emissions accounting for the emissions from 

seagrasses. This work package includes a comprehensive evaluation of halocarbon emissions from 

coastal macrophytes for the Mauritanian upwelling region and a latitudinal resolved estimate of coastal 

halocarbon emissions from macrophytes. The poster depicts the workflow for SOPRAN III. 

 

 

Coastal upwelling off Mauritania inferred from helium isotope disequilibrium 
 

R. Steinfeldt
1,
*, S. Rütten

1
, J. Sültenfuss

1
, M. Dengler

2
, T. Fischer

2
, and M. Rhein

1
 

 
1
 IUP, University of Bremen, Germany. 

*rsteinf@physik.uni-bremen.de 
2
 GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel, Germany. 

 

Coastal upwelling strongly affects local climate as well as biological productivity by bringing cold, 

nutrient rich water into the surface layer. As upwelling velocities are too small to be measured directly 

(in the order of 10−5 m/s), an indirect method using the helium isotope ratio is used here instead. This 

method is applied to a dataset collected during three cruises between 2006 and 2008 in the eastern 

tropical North Atlantic, including the upwelling region off Mauritania. In addition to CTD and helium 

data also microstructure shear measurements are available, which allow the estimation of the 

contribution of vertical mixing to the fluxes into the mixed layer. The upwelling velocities derived from 

the helium isotope method are compared with calculations based on the wind stress taken from the 

QuikSCAT SeaWinds scatterometer data. 
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Methyl iodide (CH3I) is a potentially significant source of atmospheric iodine, thereby playing an 

important role in marine boundary layer chemistry e.g. by influencing ozone destruction and particle 

formation. The underlying mechanisms of natural CH3I production are not fully understood yet. 

Production by phytoplankton and through photochemical degradation of organic matter are suggested 

as potential CH3I sources in the open ocean. Recent findings further indicate that CH3I production is 

influenced by the cell physiological state of phytoplankton. Here, CH3I is studied using a global three-

dimensional ocean general circulation model with a marine carbon cycle model embedded. The model 

includes photochemical production and production by phytoplankton in the open ocean. In a series of 

sensitivity studies  different production rates are tested towards the models ability to represent 

observed concentrations. Good agreement with observations is only achieved if the physiological state 

of the phytoplankton is taken into account in CH3I production; particularly the representation of the 

CH3I surface concentrations in the tropical and subtropical North Atlantic is significantly improved. 
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The project aims to assess a detailed description of the biological regulation of volatile halogenated 

organic compounds (VHOC) release in the marine environment. Initial work during SOPRAN I showed 

that the variability in VHOCs concentrations in the Baltic Sea was mainly attributed to autotrophic 

biomass and seasonality. During SOPRAN II this picture was deepened by studying diurnal patterns of 

VHOCs concentration and δ
13

C ratios along with biological parameters, strengthening the impact of 

biological regulation on VHOCs dynamics. Ongoing work will further enlighten species-specific 

production of VHOCs and the underlying regulating factors (e.g. nutrients, light) and metabolic 

capabilities. This successful interdisciplinary approach will be continued in SOPRAN III in order to 

assess following aspects: 

 variability of VHOCs in the ocean and atmosphere on short temporal scales  

 control of VHOCs distribution by biological production and decomposition 

 magnitude and relevance of VHOC-fluxes in the SOPRAN regions 

 effect of climate change – related factors (e.g. temperature) on these processes and fluxes 

The elucidation of halocarbon dynamics on the process level is and will be done in close cooperation 

with the Seifert/Michaelis group and resulting data will be used especially for the modelling of VHCOs 

fluxes by other subprojects, in particular by the groups of Hense/Maier-Reimer and Quack. 
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The release of VHOCs depends on the equilibrium between algal production, microbial decomposition 

and various physicochemical parameters. The aim of this study was to evaluate the influence of 

different light qualities on VHOCs dynamics in the sea surface. Therefore, free floating mesocosms 

with different transmission qualities (PAR-UV and PAR+UV) were used in short term experiments in 

Baltic Sea coastal waters during a post-spring phytoplankton bloom. The results show that UV-

radiation under ambient conditions played a negligible role in VHOCs turnover in the experimental 

systems. Autotrophic physiological activity and - to a much lesser extent - bacterial heterotrophic 

activity was reduced during highest radiation levels but this effect was comparable in both UV-

treatments. Similarly, some of the halocarbons (e.g. bromoform) showed diurnal dynamics 

(concentration and 
13

C ratio) strongly linked to biological production independent of the different UV-

treatments. The observed effects were therefore primarily related to physiological reactions due to 

variations in the visible light range. In order to assess the bacterial degradation of specific VHOCs in 

more detail, 
13

C- and 
14

C- iodomethane incubations were performed. These showed bacterial uptake 

of iodomethane on low levels. Upcoming experiments during a cyanobacterial bloom will further 

deepen our knowledge on VHCOs dynamics and their species-specific regulation. 

 

 

Regional modelling of primary aerosol transport in the tropical Atlantic 
 

Ina Tegen*, Bernd Heinold, Stefan Barthel, and Ralf Wolke 

 

Leibniz Institute for Tropospheric Research, Leipzig, Germany. 

*ina.tegen@tropos.de 

 

The transport and deposition of Saharan dust into the tropical North-East Atlantic were simulated by 

the regional scale chemical transport model system COSMO-MUSCAT for the period 2007 to early 

2009. In the region around Cape Verde, dry deposition dominates most of the year. Especially 

pronounced is this effect in the winter, due to the transport of dust in the boundary layer. Transport 

over the marine boundary layer takes place in the summer, resulting in lower deposition fluxes and an 

increasing importance of wet deposition. To compute export of primary aerosol (sea salt particles and 

primary organics), different emission parameterizations were implemented and tested in the model by 

comparing the model results with measurements taken at the Cape Verde Observatory (CVAO) for 

size-resolved particle concentrations. For the third phase of SOPRAN it is planned to advance the 

synthesis of regional model results with long-term measurements at the CVAO and establish 

relationship of dust transported to the Tropical Atlantic to dust sources in the Sahara for assessing 

impacts of climate change on dust export. 
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Reactive Halogen Compounds (RHS) like the halogen oxides BrO and IO play an important role in 

tropospheric chemistry. BrO and IO can destroy ozone in catalytic reaction cycles, also they influence 

the concentration of hydrogen radicals and can thus strongly modify the atmospheric oxidation 

capacity. Moreover, IO can polymerize and format new aerosol particles and BrO oxidizes dimethyl 

sulfide. The sources of halogens and their activation reaction mechanisms, which form the RHS, are 

versatile and the reaction pathways are not yet understood.  In this subproject we are performing long 

term measurements (for seasonal relations) at the Cape Verde Atmospheric Observatory (CVAO) 

complemented by measurements during several ship campaigns (influence of upwelling, coastal vs. 

open ocean conditions) as well as land campaigns (in order to confirm long term studies). We quantify 

the amounts of BrO and IO and the trace gases NO2, O3, HCHO and O4 by Differential-Optical-

Absorption-Spectroscopy (DOAS). In the “Cape Verde” case study we measure vertical distributions of 

these species in the lower troposphere, study seasonal influences and trigger mechanisms for the 

autocatalytic bromine release (the "bromine explosion"). The influence of upwelling, bioactivity (algae 

blooms), and Saharan dust input is of particular interest, because these parameters could be 

transferred to other regions to model global halogen emissions. First results show, that the costal BrO 

concentration varies considerably for different meteorological conditions. IO concentrations appear to 

be lower than previously reported and are typically below the detection limit of ~0.8ppt. Surprisingly we 

regularly observed very high concentrations of formaldehyde of up to 3 ppb, peaking at noon. The BrO 

ship measurements show correlations with the bromoform measurements (done by Quack) and 

significantly lower BrO values than in costal regions. In contrast to that IO levels measured from the 

ship do not correlate with methyliodide and the coastal IO levels measured with LP-DOAS are lower 

than the ship values measured with MAX-DOAS. 
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Marine aerosols contain, besides sea salt, a significant amount of organic material. Recent 

investigations suggest that the organic content of marine aerosols is strongly connected to the 

biological activities of the ocean. To study the interaction processes a detailed chemical investigation 

regarding organic material of the oceanic water and atmospheric phase above the ocean is 

mandatory. Our first chemical analyses included the determination of organic sum parameters 

(dissolved organic carbon and total dissolved nitrogen) in seawater samples and marine aerosol from 

the Cape Verdes at a time of expected high biological activity in spring 2011. Concentrations of 

organic sum parameters in the sea surface microlayer – the direct boundary layer between ocean and 

atmosphere were on average 1.5 mg L
-1 

(DOC) and 0.3 mg L
-1 

(TDN) showing a 2-3 fold enrichment 

compared to the corresponding bulk water. The average concentration of DOC in marine aerosols was 

0.2 µg m
-3

 (DOC) and 0.04 µg m
-3

 (TDN) and accounted for 4% of the particle mass. Further 

combinations of the organic compounds in seawater and marine aerosols as well as the determination 

of single organic species in both compartments will help to reveal the connection of organic matter 

between the oceans and the atmosphere. 
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The aim of this sub-project is to synthesize the newly obtained insights within and outside of the 

SOPRAN project on factors that determine the bioavailability of dust-deposited iron in seawater, and 

hence the reaction of the marine biota to dust. These factors include ocean acidification, but also two 

components of dissolved organic matter in the ocean, namely colored dissolved organic matter 

(CDOM) that influences the redox-speciation of iron, and iron-binding ligands that prevent iron from 

precipitating onto particle surfaces. During the SOPRAN Phase II we have already started compiling a 

global data-base for organic ligands, and compared the in-situ measurements to first model runs with 

a global model, using hypotheses on the cycling of ligands developed in Phase I. We have 

furthermore ported the iron speciation and redox-chemistry model from Ye et al. (2009, 2010) to a 

global model (Tagliabue and Völker, 2011), a technical challenge because of the very short time-

scales involved in redox and coordination reactions. The model so far, however, disregards spatial 

variability in CDOM as a source of reactive oxygen species, and the ligand submodel needs to be 

developed further. We propose to further investigate the coupling between CDOM, ligands, 

acidification and dust iron bioavailability with the aid of a global model for iron speciation, focusing for 

validation on results obtained within the SOPRAN project, especially in the (sub)tropical Atlantic, such 

as the CVOO (TENATSO) time-series. Specifically, the aim is to investigate the connection between 

the distribution of CDOM and other sources and sinks of reactive oxygen and the photochemical redox 

cycling of dissolved iron. Such a model will increase the reliability of predictions of the iron availability 

to different phytoplankton functional groups, e.g. N-fixing cyanobacteria. It will thus allow to study the 

effect of changes in dust deposition and ocean acidification that are expected under ongoing climate 

change, and to better asses the magnitude of feedback processes in the climates that are mediated 

via iron biogeochemistry. 

 

Fluxes and isotope composition of selected halocarbons from seagrass 
meadows 
 

Ingo Weinberg*, Enno Bahlmann, Richard Seifert, and Walter Michaelis 

 

Institute for Biogeochemistry and Marine Chemistry, University of Hamburg, Germany. 

*ingo.weinberg@zmaw.de 

 

In the global context the emissions of halocarbons from coastal and shelf ecosystems are assigned 

with the largest uncertainties. Current estimates suggest coastal zones and in particular macroalgae to 

be responsible for 50% to 80% of the global CHBr3 and at least 50% of the global CH3I emissions. 

Saltmarshes may account for up to 10% of the global CH3Cl and CH3Br sources. However, all 

estimates of coastal emissions do not consider seagrasses, This entails considerable uncertainty as 

seagrass meadows are amongst the most productive coastal ecosystems. In contrast to kelp forests, 

seagrass meadows are widespread in the tropics and particularly in the tropical west pacific. Here we 

present fluxes of selected halocarbons from a temperate and a subtropical seagrass meadow and 

discuss those with respect to their global relevance. We furthermore address the biogeochemical 

controls on halocarbon turnover in the seagrass meadows by carbon stable isotope distributions. Our 

current data indicate that seagrasses are a minor source for CHBr3 as compared to macroalgae, but 

emit significant amounts of CH3Br. Thus, seagrass meadows may at least partly account for the 

missing source of 25% in the global CH3Br budget. 
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Seagrass meadows are amongst the most productive coastal ecosystems. However, their ability to 

emit trace gases and moreover, their contribution to regional and global trace gas budgets has rarely 

been studied. Carbon stable isotopes have emerged as a powerful tool to elucidate the 

biogeochemistry and turnover of trace gases and to improve their current atmospheric budgets. We 

established a method to analyse VOCs applying a dynamic flux chamber made of quartz glass 

(footprint area 0.1m², flow rate 2-10 L/min.). Air samples are simultaneously taken at the inlet and 

outlet of the chamber using a cryogenic sampling system. Due to the mostly low concentration of 

VOCs and the challenging task to isolate single compounds from a complex air sample, great care has 

to be taken during the isotope determination of these compounds. Therefore, a 2D-GC-MS-IRMS 

system was used for this purpose. For calculating the fluxes and isotopic composition of the VOCs a 

coupled mass-isotope balance has been adopted to the dynamic flux chamber. Here we describe the 

method and present first results for selected halocarbons, sulphur-containing trace gases, and 

alkanes. 
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The HalOcAt data base (htttp://www.halocat.geomar.de) initiated through SOLAS / COST Action 735 

and SOPRAN contains 191 contributions, comprising roughly 55400 oceanic and 476000 atmospheric 

data points from all oceanic depths and atmospheric heights. These data include 19 different 

halocarbon compounds and were collected between 1989 and 2011. Based on all surface data of the 

HalOcAt database global marine and atmospheric surface maps of bromoform (CHBr3), 

dibromomethane (CH2Br2) and methyl iodide (CH3I) are calculated in order to derive finally global  

air – sea flux estimates from a bottom up approach. For a first climatological study within the EU-

project SHIVA ( Stratospheric ozone: Halogen impacts in a varying atmosphere) the available data 

were interpolated onto a 1°x1° grid, while missing grid values were extrapolated with different 

regression techniques based on the observed biogeochemical distribution of CHBr3.  All three 

compounds exhibit enhanced flux strengths in the tropics. In contrast to recent studies, negative fluxes 

(into the ocean) occur in each climatology. The climatological studies and the HalOcAt data base will 

further be globally and temporally evaluated for the relative contribution of key factors (atmospheric 

and oceanic concentration variability, saturation, wind speed, SST) driving the variability of the air –

sea fluxes in SOPRAN III. 
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The low surface nitrate concentration and high atmospheric iron input in the tropical eastern North 

Atlantic provide beneficial conditions for N2 fixation. Nevertheless, abundance of diazotrophs is 

variable and an Fe- and P-colimitation of N2 fixation was reported in this ocean region. How different 

limiting factors control the temporal variability of N2 fixation and the role of Fe-limitation is in a region 

with high fluxes of dust deposition is unclear. To study the environmental controls on N2 fixation, a 

one-dimensional ecosystem model has been coupled with a physical model for the Tropical Eastern 

North Atlantic Times-series Station CVOO (TENATSO), north of the Cape Verde Islands. The model 

describes diazotrophy according to the physiology of Trichodesmium, taking into account a growth 

dependence on light, temperature, iron, dissolved inorganic (DIP) and organic phosphorus (DOP). The 

modelled Trichodesmium abundance is constrained by satellite-derived cyanobacterial Chl a 

concentrations and HPLC data.  Model results show a complex pattern of competitive as well as 

mutually beneficial interactions between diazotrophs and non-diazotrophic phytoplankton. High DOP 

availability after spring blooms of non-diazotrophic phytoplankton and the ability of Trichodesmium to 

take up DOP are crucial for allowing a Trichodesmium biomass peak in autumn. Part of the reactive 

nitrogen fixed by diazotrophs is excreted or released through mortality, fuelling the growth of non-

diazotrophic phytoplankton in autumn and winter. Fe consumption by non-diazotrophic phytoplankton 

earlier in the year makes Fe limitation of Trichodesmium in late summer more acute, whereas 

Trichodesmium growth in surface waters reduces phytoplankton abundance deeper in the water 

column by light limitation. Overall, the atmospheric iron input at the TENATSO site is required to 

enable diazotrophic growth and to support the observed abundance of non-diazotrophic 

phytoplankton. 
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A large portion of marine N2O is produced in or near suboxic regions such as the Eastern Tropical 

Pacific (ETP).  ETP oxygen minimum zones (OMZs) are expected to expand in the future, likely 

influencing regional N2O production.  However, the expected degree of change in marine N2O 

production is uncertain because both N2O production and consumption occur at low O2 

concentrations.  Here, we examine the O2 concentration at which N2O begins to be consumed due to 

denitrification.  We use model studies to illustrate the critical importance of correctly identifying this 

“switching point,” which has most often been estimated in the literature at between 1-4 μM O2.  Based 

on MEMENTO data, we find that N2O production switches to N2O consumption at ~10 μM O2. If this 

value is correct, it would indicate that the volume of water capable of consuming N2O in the ETP is 

much larger than previously thought.  This observation, combined with a lack of evidence for 

exponential increases in N2O production at low O2 as suggested in some previous laboratory studies, 

leads us to expect that future deoxygenation will result in a net reduction in N2O production from 

current levels. 
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Oxygenated volatile organic compounds (OVOCs) have an important impact on hydroxyl-radical and 

ozone atmospheric concentrations. However, OVOC budgets are not fully quantified and the role of 

the oceans is still unclear. In this study, we measured biological and photochemical consumption and 

production rates of two OVOCs, acetone and acetaldehyde, in natural seawater incubation 

experiments. The experiments were conducted in the Kiel Fjord in spring 2011 and in the equatorial 

Atlantic upwelling in July 2011. Preliminary results show a stronger consumption rate of acetone in 

biologically active samples from the Atlantic compared to the Kiel Fjord, while photochemistry seems 

to have a minor influence in both regions. For acetaldehyde the consumption rate appears to be much 

stronger in both biological and chemical experiments in the Atlantic than in the fjord experiments. 

Some experiments show similar dark and light loss rates, indicating that the dominant process could 

be due to heterotrophic respiration. 


