Response to Reviewer 2 comments for manuscript ID egusphere-2024-173. The comments
are given in an italic typeface, and the responses are given in a bold typeface. The
corresponding changes in the revised manuscript are highlighted in red.

2.1) General comments:

Joge et al examine the regional and temporal variability in DMS by comparing three
climatologies, one of which was generated by interpolating observational data and two of
which are parameterisation based. In addition, they generate the trend in DMS for a fourteen-
year period using the two parameterisation-based climatologies.

Response: We thank the reviewer for thoroughly reviewing the manuscript. The
responses to each specific comment are given in detail below.

2.2) Scientific significance: 3

The science question is important, as improved estimates of the oceans DMS source are
required; however, the paper is somewhat brief and perfunctory, and not very “stretchy”, as
it just compares the outputs of the three different climatologies without testing sensitivities and
only providing limited interpretation. In addition, the Conclusions could have been more
substantial; for example, Figures 1 and 2 highlight that agreement between climatologies was
poorest during summer in the southern hemisphere where marine DMS emissions will arguably
have greatest impact on aerosol chemistry. This point could then have generated a
recommendation in the Conclusion and abstract.

Response: We thank the reviewer for the comments regarding the analysis. We have
included more details as per the comments. Regarding the Southern Ocean, the reviewer
is right in highlighting the implications. The difference in the DMS sea-air fluxes in the
Southern Ocean has been discussed in more detail in Part B of the manuscript. It can
impact aerosol chemistry, which is also addressed in Part B of the study
(https:/legusphere.copernicus.org/preprints/2024/egusphere-2024-175/).  We  have,
however, added this important point to the conclusions: ‘It should be noted that the
climatologies show poor agreement in the Southern Hemisphere. This region is important
in terms of high productivity and, hence, high DMS concentrations and can have a large
impact on aerosol formation compared to the Northern Hemisphere region. The
uncertainties in calculating seawater DMS concentrations can lead to large uncertainties in
total DMS fluxes (please see Joge: Part B).’ (Line 356-359)

2.3) Scientific quality: 2

Scientific methods and assumptions clearly outlined and description of experiments and
calculations are sufficient to enable reproduction

Response: We thank the reviewer for the above comment.

2.4) Presentation Quality: 1

Presentation, referencing and language are all fine apart from a few typos

Response: We thank the reviewer for the above comment. Typos have been corrected
throughout the manuscript.



Specific comments

2.5) Title - is a little misleading. “Fluxes” are mentioned in the Introduction but there is no
generation or presentation of fluxes in the analysis.

Response: The complete work is divided into Part A and Part B with a common title,
‘Dimethyl sulfide (DMS) climatologies, fluxes and trends’, which connects Part A and
Part B. Part A focuses on the Differences between seawater DMS estimations and Part B
on the Sea-air fluxes.

2.6) Line 65 notes “are usually to the order of 0.25°%0.25° and hence can include mesoscale
dynamic changes” yet Lines 97-99 identify that environmental parameters are at coarser
resolution with SST, salinity & nutrients at 1°x1° and MLD at 0.5°x%0.5°. Consequently, the
DMS climatologies are generated at 1-degree resolution (Line 102), but how significant is this
lower resolution in terms of the generated DMS and the differences between climatology
outputs? Could these parameters be scaled to a higher resolution? Re-gridding is noted as a
possible reason in Line 130 but not discussed and the reader is instead referred to G18.
Response: This line 65 was about current biogeochemical models, which can simulate
processes to obtain seawater DMS concentration at 0.25° x 0.25° resolution. Hence, they
can give mesoscale variability information. In theory, as the reviewer states, one could
downscale the input parameters to higher resolution to estimate DMS at higher
resolutions. Most global chemistry-climate models run at a much lower resolution, and
hence even a 1x1 degree resolution is sufficient. Machine learning models can definitely
help with this and have been used to get high-resolution regional DMS concentrations.
But for a comparison between the methods, we believe it is better to stick to the lowest
resolution so that the differences are not influenced by the downscaling of the proxy
parameters.

2.7) Lines 129-144 My interpretation of Figure 1b is that there is generally poor agreement
between the climatologies in the southern hemisphere and perhaps this point should be made
clearer. The text says that “a band of elevated DMS is seen in the South Atlantic and Indian
Oceans centered around the 45° S latitude as the satellite data of chlorophyll may be biased
towards colored dissolved organic matter (CDOM) and detritus on the Argentinian basin.”
and this comment appears to be directed at G18. Why does the potential bias of CDOM &
detritus on the Argentine basin only influence the G18 climatology, when satellite chlorophyll
data were used in all climatologies? The band of elevated DMS at 45S is restricted
meridionally in G18, whereas H22 and W20 show broader meridional spread — does this reflect
interpolation in G18, or something else? Further analysis of this discrepancy would be useful.
Response: As suggested by the reviewer, new text is added in the updated manuscript:
‘There is poor agreement between all three climatologies in the Southern hemisphere. A
band of elevated DMS in the South Atlantic and Indian Oceans centered around the 45° S
latitude is seen in G18 (Figure 1a). This is because chlorophyll a satellite data may be biased
towards colored dissolved organic matter (CDOM) and detritus in the Argentinian basin
(Astoreca et al., 2009; Hayashida et al., 2020; Bock et al., 2021). Thus, making chlorophyll
a; a poor predictor by itself. This region is the transition between subtropical and subpolar



waters and is also known for high abundances of DMS produces like coccolithophores and
dinoflagellates (Balch et al., 2016). However, H22 and W20 show a broader meridional
spread (Fig. 1a). G18 which uses regression-based parameterization, and has coefficients
sensitive to the PAR, and hence light absorbing fractions such as CDOM and detritus thus
is most likely biased”’ (Line 142-149)

2.8) Fig 2A. It would be interesting to see this plotted as a proportional rather than an absolute
difference in DMS.

Response: As requested, the new figure below is added in the supplementary text as
Figure S2.
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Figure $2: (a) Proportional seasonal differences with respect to H22 climatology. (b) Total number of pixels in each bin of 20 % difference.

2.9) Results section is quite detailed in description of regional differences between
climatologies, but doesn’t highlight the fundamental point that spatial disagreement is poorest
in the southern hemisphere summer where DMS is arguably having a greater impact on aerosol
formation than in the Northern hemisphere.

Response: We have now included the importance of the differences in the Southern Ocean
in the results (The largest differences are seen in the Southern Ocean (Fig.3 and S3). There
is also a high spatial heterogeneity in the Southern Hemisphere (Fig.1 and 2). This region
has high productivity and high DMS emissions, which can have a large impact on aerosol
formation as compared to the Northern Hemisphere — Line 308-311) and also in the
conclusions (It should be noted that the climatologies show poor agreement in the Southern
Hemisphere. This region is important in terms of high productivity and, hence, high DMS
concentrations and can have a large impact on aerosol formation compared to the Northern



Hemisphere region. The uncertainties in calculating seawater DMS concentrations can lead
to large uncertainties in total DMS fluxes (please see Joge: Part B) — Line 356-359). Part B
also focuses on the flux differences, which are the largest in the Southern Ocean.

2.10) It’s not clear in the Methods section how the limited availability of Southern Ocean
environmental data is accounted for. For example, satellite data does not generate robust PAR
data where sea ice is present, and the general availability of satellite data is restricted south
of 50S in early spring and late autumn which may bias DMS climatologies that are reliant on
satellite-derived environmental data. Again, this limitation could be discussed.

Response: This is an important point which has now been included as follows: It should
be noted that there is a limitation for using satellite data as proxy data. For example, if we
consider the Southern Ocean, satellite data does not provide robust PAR values where sea
ice is present, and the general availability of satellite data is restricted south of 50° S in early
spring and late autumn, which may bias the DMS climatology’ (Line 112-115)

2.11) I was disappointed that there wasn’t a further analysis of the sensitivity of, and so error
derived from, factors such as interpolation (for example, by testing different interpolation
approaches) and spatial resolution (comparing climatologies developed using different spatial
scales and so potentially accommodating for mesoscale eddies).

Response: In H22 (Hulswar et al. 2022), the analysis related to the sensitivity of
interpolation is already explained in terms of the Radius of Influence (ROI). On a global
scale, each ROI resulted in a different global mean, but once the ROI dropped below 25
km, the mean value stabilized at ~2.44 nM. Although the global mean did not change by
much, large regional differences were observed, with smaller ROI values showing less
patchiness in the resultant climatology, indicating that choosing an appropriate ROl is
crucial for an accurate estimation of the DMS distribution.

Most of the interpolation-based climatologies are developed at a coarse resolution
(Hulswar et al. 2022; Lana et al. 2011). Climatologies developed using parameterization
method based on machine learning are of much higher resolution (McNabb et al. 2023),
which captures oceanographic features such as eddies, hydrographic fronts and jets that
appear to play an important role in driving DMS variability in the Southern Ocean. In
Wang et al. (2020) (W20), a sensitivity test is carried out on raw data (spatial resolution
same as in situ DMS) and binned data in which model performance in terms of RMSE
increases due to binning and averaging original dataset before training and hence the
predictions of DMS concentrations.

In our analysis we focused on finding the spatial differences and why these differences
occur among these published climatologies as it contributes to uncertainty in total fluxes
in the atmosphere. We do not focus on the higher resolution data as it is not possible to
get them in interpolation-based methods, unless we perform downscaling, which would
introduce new uncertainties.

2.12) Line 229. Why is the trend not examined in H22?
Response: H22 is only a climatology and hence by definition there will be no trend.



2.13) Section 3.4 primarily describes (and repeats) Table 1, and so could be reduced
Response: We have simplified this section and presented it as bullet points as suggested
by reviewer 1.

2.14) The Conclusions section is largely a Discussion and so should be divided into two
sections.

Response: This section is renamed to Summary and conclusions. The main takeaway
points are now divided into paragraphs.

Technical corrections

2.15) Line 84-85 Explain “the interconnected input, hidden and output layers”

Response: A short explanation is added: ‘ANN is composed of layers of interconnected
nodes. These nodes are organized into three layers: input layer, hidden layer and output
layer. The hidden layer performs complex computations on the parameters obtained from
the input layer and trains itself according to the parameters given to this layer. Once it is
trained, the ANN becomes capable of predicting DMS values at a single node in the output
layer.’ (Line 89-93)

2.16) Line 146 Where is the Corne Sea?
Response: This was a typo has been corrected to Chorne Sea. (At line 161)

2.17) Line 210 These are not “decreases’ but instead are underestimates
Response: ‘decreases’ replaced by ‘underestimations’ (line 228 in modified manuscript)

2.18) Line 224 “shows” should be “showing”
Response: Corrected.

2.19) Line 255 “parametrization”
Response: Parametrization is also spelled as Parameterization. So, to keep uniformity
Parametrization is replaced by Parameterization throughout the manuscript.

2.20) Line 291 missing word

Response: The text on a line 291 in old manuscript is re-written as : The interpolation-
based method is easy to implement but it results in higher area-weighted global annual mean
DMS (2.28 nM for H22) compared to other methods’ (Line 314-316)

2.21) Line 295 “W20 estimates ~3.4 % higher weighted global mean DMS”
Response: Changed.

2.22) Line 318 “there is an increase....”
Response: ‘an’ added.



