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[11 We have examined differences in regional and seasonal variability among seven
global climatologies of sea-surface dimethyl sulfide (DMS) concentrations. We found
large differences between recent climatologies and that typically used by most
atmospheric sulfur models. The relative uncertainty (1o/mean) in the latitudinal
distribution of the annual mean DMS concentration increases from about 50% in tropical
and temperate regions to nearly 100% in the high latitudes. We also compared these
climatologies to new measurements in the North Atlantic Ocean taken during the 2001

Programme Océan Multidisciplinaire Méso Echelle (POMME) expeditions.
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1. Introduction

[2] Recent modeling studies suggest that dimethyl sulfide
(DMS) and its atmospheric degradation products help
regulate climate through two separate effects. First, these
compounds influence cloud sensitivity to anthropogenic
sulfate aerosols. For example, when DMS emissions are
doubled in an atmospheric sulfur-climate model, there is a
25% reduction in the indirect radiative forcing due to
anthropogenic sulfate aerosols [Jones et al., 2001]. These
increased DMS emissions result in higher background
concentrations of natural sulfate aerosols and cloud con-
densation nucleii, which reduce cloud sensitivity to anthro-
pogenic sulfate aerosols. Another atmospheric modeling
study by Boucher et al. [2003] tested the sensitivity of
results to DMS emissions from two different climatologies
[Kettle and Andreae, 2000; Aumont et al., 2002]. They
found that a 5.5% increase in the global DMS emissions
caused an 11.6% reduction in the first indirect radiative
forcing due to anthropogenic sulfate aerosols. Thus, in a
world with a higher atmospheric load of DMS-derived
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aerosols, polluted clouds would be less efficient in scatter-
ing solar radiation back to space.

[3] The second effect concerns cloud albedo in clean
marine air [Shaw, 1983; Charlson et al., 1987]. In a global
warming scenario with doubled atmospheric CO, relative to
present, the models of Gabric et al. [2001] and Bopp et al.
[2003, 2004] simulate a significant negative radiative
impact due to enhanced DMS production, particularly from
the Southern Ocean. The increase in DMS emissions results
in higher concentrations of sulfate aerosol and cloud con-
densation nuclei. In turn, this augments cloud albedo due to
an increase in the cloud droplet number and a decrease in
droplet size at constant cloud water content. There is also
compelling observational evidence from the Southern
Hemisphere that suggests that cloud optical properties
respond to changes in cloud microphysical properties that
appear to be determined by DMS and its atmospheric
products [Ayers and Gillett, 2000; Belviso et al., 2000].
To properly assess DMS feedback on the climate system, it
is fundamental to establish the uncertainty to which we are
able to assess the present-day distribution of sea-surface
DMS.

[4] Since the pioneering studies of Bates et al. [1987],
Erickson et al. [1990], and Andreae [1990], several new
DMS monthly climatologies have been proposed [Kettle et
al., 1999; Kettle and Andreae, 2000; Anderson et al., 2001;
Aumont et al., 2002; Simé and Dachs, 2002; Chu et al.,
2003; Belviso et al., 2004]. Yet most atmospheric sulfur
models have used only one reference, the climatology from
Kettle and Andreae [2000]. Recently though, use of three
sea-surface DMS climatologies [Kettle and Andreae, 2000;
Aumont et al., 2002; Belviso et al., 2004] with one atmo-
spheric model revealed large differences in terms of the
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Table 1. Climatologies Characteristics
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K99 K A O S C B
References Kettle et al. Kettle and Andreae  Anderson et al. Aumont et al. Simo and Chu et al. Belviso et al.
[1999] [2000] [2001] [2002] Dachs [2002] [2003] [2004]
Horizontal 1° x 1° 1° x 1° 0.5° x 0.5° 2° x 0.5-2° 0.5° x 0.5° 0.28° x 1° x 1°
resolution 0.28 cos(lat.)
(lon. x lat.)
Methods compilation updated parameterizations  process parameterizations — process parameterizations
of DMS data  compilation model model
Extrapolations of DMS data Parameterizations
Interpolations  Extrapolations
Interpolations
Proxies of Chl a Chl a Chl a Chl a
DMS (SeaWiFS) (model) (SeaWiFS) (SeaWiFS)
nitrates Fp-ratio MLD Fp-ratio
(Levitus) (model) (Levitus) (related to Chl a)
light
[Esbensen and
Kushnir, 1981]
Annual mean 2.13 2.01 2.55 1.70 2.28 1.51 1.60

DMS, nmol L™

ability to match observed spatiotemporal distributions of
DMS and sulfur dioxide in the marine atmosphere [Boucher
et al., 2003, Figure 5]. Here our first goal was to quantify
the differences between the existing global climatologies of
sea-surface DMS, thus providing some measure of uncer-
tainty. Second, we aimed to quantify the extent to which
these climatologies were able to match observations of sea-
surface DMS in different oceanic regions.

2. Description of the Global Fields of DMS

[s] The general characteristics of the seven global-scale
climatologies are presented in Table 1. In the first two
studies, Kettle et al. [1999] and Kettle and Andreae [2000]
began with a database of over 15,000 DMS measurements,
nonrandomly distributed in space and time. They then used
a complex set of extrapolations, interpolations, and itera-
tions to derive monthly climatological maps of sea-surface
DMS. By definition, results at any given grid cell are not
identical to the field data. In a third study, Anderson et al.
[2001] also relied on the Kettle et al. [1999] database of
surface DMS measurements, but they chose to use a simple
empirical relationship (““broken-stick™ regression) to com-
pute DMS from chlorophyll, light, and nutrients. Their
approach yields high concentrations of DMS in the high
latitude, but it underestimates DMS variability in low-DMS
areas. In a fourth study, Simo and Dachs [2002] once again
relied on the Kettle et al. [1999] database; however, they
developed a two-equation algorithm, which was found to
explain a large fraction of the variance of sea-surface DMS
concentration. Their algorithm produces monthly global
maps of DMS concentration from surface chlorophyll
(Sea-viewing Wide Field-of-view Sensor (SeaWiFS)) and
mixed layer depth (MLD) climatology from National Oce-
anic and Atmospheric Administration (NOAA). In a fifth
study, Belviso et al. [2004] used nonlinear parameterizations
to compute DMS concentrations from chlorophyll (from
SeaWiFS) and an index of the community structure of
marine phytoplankton, the Fp-ratio, which represents
the proportion of micro-phytoplankton within the whole

phytoplankton community. An upper cut-off for the
chlorophyll-derived DMS concentration was limited to
50 nmol L™ to overcome unrealistically large values in
coastal waters. With this method, no DMS predictions were
possible at high latitudes in winter because SeaWiFS obser-
vations are limited to ice-free regions with sufficient solar
irradiance. The background DMS level was therefore set to
0.2 nmol L™ in these regions. In a sixth approach, Aumont
et al. [2002] used analogous nonlinear relationships, but
their fields for chlorophyll and the index for community
structure were derived from a global ocean biogeochemical
model. In a seventh approach, Chu et al. [2003] developed a
prognostic biogeochemical formulation for production
and removal of DMS and made simulations with that in a
high-resolution ocean circulation model (Parallel Ocean
Program). Dissolved dimethylsulfoniopropionate (DMSPd),
the principal precursor of DMS in the model of Chu et al.
[2003], is produced by planktonic excretion of DMSP and
consumed by bacterial assimilation and phytoplanktonic
and bacterial DMSP-lyase activity. Direct excretion of
DMS by phytoplankton and lysis of DMSPd yields DMS
that is removed by bacterial consumption, photolysis, and
gas exchange at the air-sea interface.

3. Results

[6] For a concise summary of differences between each
global DMS climatology and the typical reference K [Kettle
and Andreae, 2000], we used Taylor’s [2001] diagram that
simultaneously compares several frequently used statistics
(Figure 1): the standard deviation, the correlation coefficient
r, and the pattern root mean square (RMS) error. The overall
variance for the B [Belviso et al., 2004] and S [Simo and
Dachs, 2002] climatologies is similar to that for the refer-
ence (K). Slightly greater variance is exhibited by the older
K99 climatology [Kettle et al., 1999], whereas substantially
less variance is found for the A [Anderson et al., 2001], O
[Aumont et al., 2002], and C [Chu et al., 2003] climatolo-
gies. Although overall variability may be similar, this does
not necessarily mean that it is collocated, hence the interest
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Figure 1. Pattern statistics describing the total space-time
variations of DMS concentration as obtained from six
gridded climatologies compared with that of Kettle and
Andreae [2000]. Mean (X) and median (Y) values of the
climatologies A, O, S, C, and B are also reported. To read
this Taylor diagram, a polar plot, one compares the standard
deviation of each spatiotemporal field (the radius corre-
sponding to each label) to the standard deviation of the
reference climatology of Kettle and Andreae [2000]. For
instance, if a field exhibits less overall variance than the
reference, the corresponding distance between the origin
and the label will be less than the dashed curve which
crosses the X-axis at the reference point. The other axis, the
angular coordinate indicates the correlation coefficient r
between a given climatology and the reference. The distance
from the reference point to any label is the central pattern
RMS difference.

of the r axis on Figure 1. As expected, there is a high
correlation between the Kettle et al. [1999] and the Kettle
and Andreae [2000] climatologies. The latter is an update
with about 10% more DMS measurements than the former.
Unfortunately, the s of all other climatologies, relative to
the reference, are less than 0.25. Thus their variability is
colocated with at most only 6% of the variability of the
reference (+* < 0.06). Another commonly used statistic (not
shown in Figure 1) is the overall bias, i.e., the area-
weighted, global annual mean for a given climatology
minus that of the reference. The smallest overall bias comes
from the mean climatology X (—0.04 nmol L"), i.., the
average of all climatologies, except the reference and K99,
for each grid point. The bias for the median climatology Y is
also small (—0.13 nmol L") relative to those from most of
the individual climatologies (0.12 for K99, 0.54 for A,
—0.31 for O, 0.26 for S, —0.51 for C, and —0.42 for B).
[7] These large differences in overall variability motivated
further analysis of mean spatial and temporal variability. We
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found large differences among global maps of annual mean
DMS concentrations (Figure 2). The annual mean DMS
field from Anderson et al. [2001] has almost no spatial
variability. Similarly, the Belviso et al. [2004] climatology
has little spatial variability in most of the low-DMS areas,
except for the tropical South Pacific. However, the mini-
mum DMS concentrations of Belviso et al. [2004] are
roughly half those of Anderson et al. [2001]. DMS levels
are lowest of all in the tropical gyres of the Chu et al. [2003]
climatology. There is no clear tendency for the equatorial
Pacific and the adjacent Inter-Tropical Convergence Zone:
Some of the climatologies have enhanced DMS concen-
trations [Kettle and Andreae, 2000; Chu et al., 2003;
Aumont et al., 2002; Simo and Dachs, 2002], whereas the
others do not [Anderson et al., 2001; Belviso et al., 2004].
The Anderson et al. and Belviso et al. approaches both
produce DMS highs in subtropical and frontal systems
between 40°S and 50°S. In the Southern Ocean between
40°S and 60°S, the Simd and Dachs [2002] climatology
predicts low annual mean concentrations, due to strong
winds and deep mixed layers. Much higher concentrations
are predicted by the other climatologies, but only Kettle
estimates very high DMS concentrations in the biogeo-
chemical province that is adjacent to Antarctica. In the
Atlantic north of 40°N, Simé and Dachs [2002] predict
the lowest annual mean concentrations, probably because of
the weight they give to deep mixed layers in winter and
spring.

[8] To study seasonal variability, we also compared the
annual cycle of zonal mean surface DMS concentrations
using latitude-time (Hovméller) plots (Figure 3). DMS
patterns of Simo and Dachs’s [2002] and Kettle and
Andreae’s [2000] climatologies are similar, although high-
latitude summer concentrations are much larger in the latter.
The Belviso et al. [2004] and Anderson et al. [2001]
climatologies also exhibit high DMS north of 50°N, but
they are more persistent. Furthermore, in the latter, there is
remarkably little latitudinal and seasonal variability between
40°S and 50°N. There is also little seasonal variability
between 40°S and 40°N in the climatologies from Belviso
et al. [2004], Aumont et al. [2002], and Chu et al. [2003].
Unlike the former climatology, the latter two climatologies
do show substantial latitudinal variability in this 40°S to
40°N region.

[s] Directly comparing gridded climatologies has allowed
us to compare maps and zonal means, as well as a Taylor
diagram weighted by area, but it is also important to
compare the climatologies to discrete measurements of
sea-surface DMS. Thus, with the existing database of
discrete DMS measurements (available at http://saga.pmel.
noaa.gov/dms/), we subsampled the climatologies at the
same positions and months. Then we made a Taylor
diagram where all discrete measurements are weighted
equally (Figure 4). This diagram reveals only extremely
weak correlations with the observations and every clima-
tology, even those that use the identical database of mea-
surements to develop their algorithms [Kettle and Andreae,
2000; Anderson et al., 2001; Simé and Dachs, 2002]. The
overall bias between the observations and the subsampled
climatologies are —0.33, —0.36, 0.16, —1.38, 0.44, —1.47,
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Figure 2. Global maps of the annual mean surface concentration of DMS in nmol L™

version of this figure at back of this issue.

0.30, —0.42, or —0.71 nmol L~! for K, K99, A, O, S, C, B,
mean (X), and median (Y), respectively (data not shown).
The overall bias for Anderson et al. [2001] is lowest.
Conversely, the bias is largest for Chu et al. [2003], which
is closely followed by Aumont et al. [2002].

[10] New DMS measurements [Belviso et al., 2004]
carried out during the French Programme Océan Multi-
disciplinaire Méso Echelle (POMME) project (http://

1
. See color

www.lodyc.jussieu.fr/POMME/) provide an independent
test; that is, they are not part of the discrete DMS measure-
ment database that was used to develop the parameter-
izations to construct the climatologies. For the POMME
area (38°N-45°N, 16.5°W-21°W), located midway
between the Portuguese coast and the Azores, the Kettle
and Andreae [2000] database contains only 20 DMS mea-
surements (samples were collected between April 1987 and

4 of 10



GB3013

40°N

40°5

Chu et al. 2003

BELVISO ET AL.: CLIMATOLOGIES OF MARINE DIMETHYL SULFIDE

Kettle and Andreae 2000

GB3013

Belviso et al. 2004

40°N

405

Aumont et al. 2002

40°N

40°5

J F M A& M J4 J

A 5 0 N D

J F M A M
DMS (nM)

Anderson et al. 2001

80°N

Simo and Dachs 2002

J 4 A S5 0O N D

005 115 2 3 4 5 1015 20 25 30

Figure 3. Latitude-time plots of the sea-surface concentration of DMS. See color version of this figure

at back of this issue.

May 1993). Conversely, during the three POMME cruises
in late winter (POMME 1), spring (POMME 1I), and late
summer 2001 (POMME III), there were 225 new measure-
ments of sea-surface DMS measurements. Figure 5 shows
the observed distribution of these new surface DMS mea-
surements versus results from the different climatologies.
The climatologies of Anderson et al. [2001] and

Belviso et al. [2004] markedly overestimate DMS in winter
(POMME 1) throughout the area, and in spring (POMME 2)
north of 42°N. Conversely, DMS levels predicted by Chu et
al. [2003] provide the best match with the data during
winter and spring; however, they overestimate the data in
summer. Better agreement in summer comes from the
Belviso et al. [2004] climatology throughout the domain
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Figure 4. Taylor diagram for sea-surface DMS showing
summary statistics for the different climatologies and the
DMS data. Kettle’s files that we used are those with no data-
assimilation correction. Also shown are the mean (X) and
median (Y) values of the climatologies A, O, S, C, and B.

and from Aumont et al. [2002] climatology south of 42°N.
Predictions from Simdé and Dachs [2002] agree with
the winter observations south of 42°N. To gain insight
into the methodology of Simé and Dachs, DMS was
recalculated using the POMME chlorophyll @ measure-
ments (H. Claustre, Laboratoire d’Océanographie de Ville-
franche-sur-mer, personal communication, 2002) and mixed
layer depth (MLD) from the POMME measurements of
temperature and salinity (G. Caniaux, Meteo-France, per-
sonal communication, 2004). The definition for MLD is
identical (depth where Ao, = 0.125 kg m° relative to the
surface). When applied to the in situ observations of MLD
and Chl a, algorithm (2) of Simo and Dachs [2002] (for Chl
a/MLD > = 0.02) underestimates DMS levels in the
POMME area (Figure 6a). However, the highest Chl-to-
MLD ratio during POMME was 0.062, which is rather low
relative to the ratios used by Simo and Dachs [2002]. When
applied to the in situ observations of MLD, algorithm (1) of
Simo and Dachs [2002] (for Chl a/MLD < 0.02) over-
estimates DMS levels in the POMME area when the MLD <
50 m (i.e., all during cruise POMME 3); conversely, it
generally underestimates DMS levels during the winter and
early spring periods where MLD > 50 m (Figure 6b).
Another difference is that during POMME, the MLD was
often found to be deeper than 110 m, whereas algorithm (1)
of Simo and Dachs [2002] is based on shallower MLDs.
Thus the algorithms of Simo and Dachs [2002] are less
adapted for the northeast Atlantic than for the Sargasso Sea.
Indeed, in the Sargasso Sea at the Bermuda Atlantic Time
Series station (BATS), the Simo and Dachs [2002] clima-
tology provides a good match to the observed timing and
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amplitude of the annual cycle in sea surface DMS [see Simo
and Dachs, 2002, Figure 3]. At BATS, the other climatol-
ogies, except Anderson et al. [2001], show some agreement
with observations in winter and spring, but they fail to
reproduce the observed DMS enhancement in summer.

[11] Following the lead of Bopp et al. [2003], we also
compared DMS fields to surface DMS measurements along
seven ship tracks from different ocean regions (Figure 7).
The Kettle and Andreae [2002] climatology generally

4 1 1 1 1 L 1
a) POMME 1 |

DATA

®w 0O 0 m X »

43°'N

POMME 2

39'N 41'N 43N 45°'N

Figure 5. Latitudinal variability in the POMME area for
observed DMS concentration, plotted as the mean (solid
black line) and range (shaded area) of the discrete
measurements carried out every 1Z2 degree of latitude,
versus zonal means for 16°W-21°W from the different
climatologies during (a) February 2001, (b) March—April
2001, and (c) August—September 2001. See color version of

this figure at back of this issue.
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Figure 6. Evaluation of the double algorithm of Simo and
Dachs [2002] (a) for Chl/MLD equal or higher than 0.02,
and (b) for ChlI/MLD lower than 0.02. Shown in black dots
are the DMS levels predicted by the algorithms of Simo and
Dachs [2002] using local MLDs. In Simo and Dachs
[2002], only data pairs with a Chl/MLD equal or higher than
0.02 were correlated linearly with DMS (algorithm (2) of
Simé and Dachs [2002]) as the black dots in Figure 6a
show. For ChI/MLD lower than 0.02, Sim6 and Dachs
found a logarithmic negative correlation between DMS and
MLD with no contribution from Chl. (algorithm (1) of Simo
and Dachs [2002]), as the black dots in Figure 6b show.
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matches the observations. This is expected because these
same data are part of the Kettle et al. [1999] database and
they are thus assimilated to provide the climatological
estimates. In the Atlantic (Figures 7a and 7b), none of the
climatologies has sufficient resolution to reproduce the
observed mesoscale variability. However, the correct order
of magnitude of spatial variations of the observed DMS in
the Atlantic is generally captured by Aumont et al. [2002].
Although Aumont et al. [2002] used the field observations
of Figure 7a to develop their algorithms, an independent test
of their approach is offered by the tropical Atlantic data
(Figure 7b). The prognostic model results from Chu et al.
[2003] show about the right spatial variability between the
equator and 30°N (Figure 7a), but in the South Atlantic
subtropical gyre (Figures 7a and 7b), estimated DMS is
much too low. In the North Pacific, all climatologies fail to
reproduce the high DMS levels observed between 150°W
and 170°W (Figure 7¢). The same tendency is found in the
Southern Ocean at 52°E between 33°S and 43°S (Figure 7g).
In the equatorial Pacific, there is rather good agreement
between observations and the fields from Simo and Dachs
[2002], Chu et al. [2003], and Anderson et al. [2001]
(Figures 7d and 7e). In the Southern Ocean at 145°E, the
climatology from Belviso et al. [2004] is most realistic,
whereas the Chu et al. [2003] climatology considerably
overestimates DMS (Figure 7f).

4. Discussion

[12] A large source of uncertainty in studies of the global
sulfur cycle lies in estimating the flux of DMS from the
oceans to the atmosphere and the fate of DMS in the
atmosphere. Reducing these uncertainties is vital to improv-
ing our understanding of the role of DMS in climatic
feedbacks. The sea-to-air DMS flux has been formulated
simply as the product of the sea surface concentration and
the gas transfer rate of DMS. Uncertainties in the gas
transfer rates have been evaluated by Nightingale et al.
[2000]. Although the seven published DMS climatologies
exhibit large differences in the spatiotemporal distribution
of sea-surface DMS (Figures 1, 2, and 3), north of 50°N the
climatologies agree at least that there is strong seasonal
variation of DMS. However, even in that region, the
seasonal amplitude differs markedly (Figure 3). At lower
latitudes (20°—40°) the climatologies disagree as to whether
there is substantial variability in sea-surface DMS; the
multiyear time series stations at BATS (32°N) and Amster-
dam Island (37°S) stations clearly show large variability
[Dacey et al., 1998; Putaud et al., 1992]. There is also
disagreement between 40°S and 60°S, for both the seasonal
amplitude and the summer maximum. In that zone, high
wind speeds result in high gas exchange coefficients
[Nightingale et al., 2000]. When these large coefficients
are combined with moderate-to-high summer DMS concen-
trations, as predicted by Kettle and Andreae [2000] and Chu
et al. [2003], this yields very high DMS emissions. To
assure its representativity, it is crucial for the sparse data set
in that zone to be complemented by new measurements.
Moreover, that same zone is also where the largest changes
in DMS emissions are expected under global warming
[Bopp et al., 2003].
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[13] Seasonal variations of DMS simulated by Simo and
Dachs [2002] are in much better agreement with observa-
tions at BATS than in the POMME area. Assuming August
is representative of summer, climatological MLDs are
slightly higher in the POMME area (mostly between
20 and 30 m) than at BATS (10—-20 m). This results
in simulated DMS levels in the POMME region of
2.5 nmol L™ (Figure 5¢) that are slightly lower than those
of 3 nmol L™" at BATS [Simé and Dachs, 2002, Figure 3].
Observed MLDs in the POMME area ranged from 10 to
45 m (30.8 = 8.8 m (xlo), n = 83), and were thus slightly
higher than the MLDs estimated by the climatology. Thus
part of the difference in observed and climatological DMS
estimates for POMME 3 (Figure 5c¢) result from differences
in reconstructed and observed MLDs. Relative to observa-
tions in February, climatological winter MLDs are typically
much deeper in the POMME area (140—240 m) than at
BATS (140—160 m). Hence the POMME region’s simulated

DMS concentrations of 0—0.7 nmol L' are lower than
those of at BATS (1 nmol L"), [Simé and Dachs, 2002].
Measured MLDs in the POMME region (260 + 66 m) are
deeper than the climatological estimates. Thus the discrep-
ancy between the observed and climatological estimates of
DMS during POMME 1 north of 42°N (Figure 5a) cannot
result from differences in climatological and observed
MLDs. Instead, the algorithm itself must not be adapted
to predict DMS levels when MLDs are deeper than 200—
300 m. The same probably also holds for POMME 2 north
of 42°N where measured MLDs are also too deep (200 +
90 m) for the climatological algorithm. The opposite ten-
dency is found in some of the southern areas of the
POMME region, i.e., south of 42°N, where observed MLDs
range from 10 to 30 m. In those southern areas, the very
large discrepancies between observed and climatological
estimates of DMS (Figure 5b) partly results from the
climatological MLDs being too deep. In summary, errors
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in climatological MLD only partly explain seasonal differ-
ences between the observed and climatological DMS esti-
mates from Simé and Dachs [2002]. Their climatological
algorithms are not robust when climatological MLDs are
deeper than 200—300 m. The limits of their approach for
predicting in situ instantaneous DMS concentrations are
further revealed by a logarithmic regression with the
POMME data set when ChI/MLD < 0.02, which only
explains 9% of the variance (Figure 6b).

[14] Differences in the zonal annual means of the various
climatologies are shown in Figure 8. The large sensitivity of
the Kettle et al. [1999] methodology to the number of DMS
measurements, particularly in the Northern Hemisphere,
suggests that at least for that region it may be too early to
produce an accurate DMS climatology from existing mea-
surements. In the tropics, there is less divergence among
estimates (Figure 8b), but even there, agreement as repre-
sented by the range/mean is rarely lower than 50% (Figure 8c).
Agreement worsens to nearly 100% at high latitudes.

[15] The seven climatologies have different advantages
and disadvantages as revealed by their ability to match
observed distributions of sea-surface DMS in selected
oceanic regions. The best data coverage is offered by the
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Atlantic and equatorial Pacific (http://saga.pmel.noaa.gov/
dms/). The fields of Aumont et al. [2002] offer better
agreement with the observed DMS distribution in the
Atlantic Ocean north of 40°S. In contrast, in the same
region the Anderson et al. [2001] and Belviso et al.
[2000] winter maps (Figures 3 and 5) markedly overesti-
mate DMS in the high latitudes. Moreover, the climatology
of Aumont et al. also exhibits seasonal variations in the
North Atlantic in general agreement with observations.
Furthermore, Aumont et al.’s background concentrations
of DMS in the Atlantic subtropical gyres show the best
agreement with those observed, whereas those from Chu et
al. [2003] are too low (Figures 7a and 7b). Only Aumont et
al.’s provides an independent evaluation of the community
structure of marine phytoplankton (as a prognostic model
variable). In the approach taken by Belviso et al. [2004],
DMS relies too much on chlorophyll because the commu-
nity structure index is diagnosed from chlorophyll concen-
trations. The Simo and Dachs [2002] DMS climatology
relies too much on the climatological MLDs and yields very
low DMS levels north of 40°N up to late April, at the onset
of the spring phytoplankton bloom. It remains a challenge
for the community to establish a better algorithm of DMS
production with an improved description of effects due
to the MLD, phytoplankton biomass, and the community
structure.

[16] Our recommendation for those studying the atmo-
spheric DMS cycle over the Pacific Ocean would be to use
either the climatology of Simoé and Dachs [2002] or that
from Chu et al. [2003], because both accurately track the
observations in the equatorial Pacific. The Anderson et al.
[2001] climatology also provides the right order for annual
mean concentrations, but it does not resolve the variations
in sea-surface DMS concentration. Anderson et al. state that
the simplicity of their algorithm makes it suitable for use in
global studies, although it may not capture local variability
in DMS. Unfortunately, none of these climatologies ade-
quately resolve the highs in DMS found in the North Pacific
(Figure 7c).

[17] For studies concerning the sulfur cycle and the
Southern Ocean, our limited evaluation suggests using
DMS fields based on SeaWiFS imagery. Yet one such
climatology, from Anderson et al. [2001], estimates exces-
sive winter background DMS concentrations (2.3 nmol L")
in ice-free areas. Conversely, the winter DMS fields from
Belviso et al. [2004] and Simé and Dachs [2002] do not
have this problem. Still though, Simd and Dachs [2002]
probably underestimate winter and springtime DMS be-
cause Southern Ocean mixed layer depths are often deeper
than 200—300 m. Furthermore, Belviso et al. [2004] DMS
climatology appears too tightly linked to the fields of
chlorophyll.

5. Conclusion

[18] The comparison of seven different DMS climatolo-
gies has provided a first estimate of the uncertainty in
quantifying the global distribution of sea-surface DMS.
For the zonal and annual mean, uncertainties range from
50% in the tropics to 100% in the high latitudes. Uncer-
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tainties in sea-surface DMS concentrations are even larger
than those associated with the gas transfer coefficient, which
are approximately 50% according to Nightingale et al.
[2000]. Thus the DMS flux is not known to within even a
factor of 2. Regional evaluation of the different climatolo-
gies provides an indication as to which ones are best suited
for use with regional atmospheric sulfur models. The
Aumont et al. [2002] climatology is best suited for the
Atlantic Ocean, whereas of the climatologies from Simo
and Dachs [2002] and Chu et al. [2003] are preferable for
the equatorial Pacific zone. The Belviso et al. [2004]
climatology appears best suited for the Southern Ocean.
The fields of Anderson et al. [2001] reproduce the global
annual mean DMS and DMS highs in the high latitudes;
however, they fail to resolve variability in the low-DMS
areas over most of the rest of the ocean. The pioneering
modeling work of Chu et al. [2003], which includes basic
prognostic formulations of DMS production and removal
processes, should be pursued; improved formulations should
also account for sources and sinks of dimethylsulfoniopro-
pionate (DMSP), the major precursor of DMS. Evaluation
of new model formulations will benefit from the rapidly
growing database of marine DMSP.
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Figure 2. Global maps of the annual mean surface concentration of DMS in nmol L™,
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Figure 3. Latitude-time plots of the sea-surface concentration of DMS.
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Figure 7. Variations of surface DMS (nmol L") along different cruise tracks.
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Figure 8. Summary of climatological zonal annual means of sea surface DMS: (a) Sensitivity of

the climatology of Kettle et al. [1999] to data updating. (b) Intercomparison of the six climatologies.
(c) Mean +1o for the six climatologies.
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