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Abstract Isoprene produced by marine phytoplankton acts as a precursor of secondary organic aerosol
and thereby affects cloud formation and brightness over the remote oceans. Yet the marine isoprene
emission is poorly constrained, with discrepancies among estimates that reach 2 orders of magnitude. Here
we present ISOREMS, the first satellite-only based algorithm for the retrieval of isoprene concentration in
the Southern Ocean. Sea surface concentrations from six cruises were matched with remotely sensed
variables from MODIS Aqua, and isoprene was best predicted by multiple linear regression with chlorophyll
a and sea surface temperature. Climatological (2002-2018) isoprene distributions computed with ISOREMS
revealed high concentrations in coastal and near-island waters, and within the 40-50°S latitudinal band.
Isoprene seasonality paralleled phytoplankton productivity, with annual maxima in summer. The annual
Southern Ocean emission of isoprene was estimated at 63 Gg C yr*. The algorithm can provide spatially and
temporally realistic inputs to atmospheric and climate models.

Plain Language Summary Isoprene is a marine trace gas with climatic relevance in remote
regions of the ocean, because it reacts readily in the atmosphere to produce aerosols (atmospheric
particles) that make clouds brighter. In the Southern Ocean, however, its regional emission is poorly
quantified. We explored the capability of satellite observations (MODIS Aqua, NASA) to reconstruct
isoprene concentrations measured in the Southern Ocean during various oceanographic cruises. We found
an empirical relationship between isoprene and sea surface chlorophyll and temperature and used it to
produce regional maps of isoprene emission. The new tool presented here, named ISOREMS, enables
detailed exploration of the role of ocean-leaving isoprene in the Southern Ocean atmosphere.

1. Introduction

Marine aerosols control cloud microphysics and optics over the oceans (Andreae & Rosenfeld, 2008). Trace
gases of marine origin, when oxidized in the lower atmosphere, form new aerosol particles and condense on
preexisting ones. These particles can eventually grow large enough to act as cloud condensation nuclei
(CCN), increasing cloud brightness and lifetime (Carslaw et al., 2013). When the particle-forming oxidation
products are mainly organic, the resulting aerosols are named secondary organic aerosols (SOA) (O'Dowd
et al., 2004). Ocean-emitted isoprene (2-methyl-1,3-butadiene, CsHg) contributes between 5% and 25% of
the natural SOA sources in the global marine atmosphere (Claeys et al., 2004; Gantt et al., 2009; Luo &
Yu, 2010; Liao et al., 2007). Owing to its high reactivity (1-2 hr lifetime) (Medeiros et al., 2018), isoprene
can impact the chemistry of the marine boundary layer (Lewis et al., 2005; Palmer & Shaw, 2005) and cool
the climate (Carslaw et al., 2013: Claeys et al., 2004). This impact is thought to be stronger in the Southern
Ocean (SO), away from land vegetation emissions, where isoprene can act synergistically with marine
dimethylsulfide to form CCN (Booge et al., 2016; Dani & Loreto, 2017; Meskhidze & Nenes, 2006; Vallina
et al., 2007).

Although it has been suggested that depending on the regional magnitude of its emission fluxes, marine iso-
prene should be taken into account in climate models (Gantt et al., 2009; Shaw et al., 2010), this objective is
currently hampered by the lack of knowledge about its drivers, spatiotemporal distribution, and atmospheric
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effects (Carslaw et al., 2013). Even the magnitude of marine isoprene emission is largely unconstrained, and
there still are large discrepancies between the bottom-up (0.085-1.2 Tg C yr_l; Arnold et al., 2009; Bonsang
et al., 1992; Booge et al., 2016; Broadgate et al., 1997; Gantt et al., 2009; Milne et al., 1995; Palmer & Shaw,
2005) and the top-down (1.9-11.6 Tg C yr 'Arnold et al., 2009; Luo & Yu, 2010) estimates of the global
oceanic flux. Most of the discrepancy stems from limited knowledge of isoprene production and loss
processes in sea water (Booge et al., 2016, 2018; Briiggemann et al., 2018; Shaw et al., 2010), and the
relationship between isoprene concentrations and biological and environmental parameters (Carpenter
et al., 2012; Exton et al., 2013).

Due to the scarcity of in situ data, large-scale estimates of isoprene must rely on either process-based ecosys-
tem models or empirical models based on remote sensing data. Process-based isoprene parameterizations
are currently limited by poor knowledge of the underlying processes. Therefore, empirical models linking
directly observed sea surface concentrations and remotely sensed variables offer a workable alternative for
mapping isoprene, while allowing for uncertainty estimates. According to the available observations, higher
marine isoprene concentrations tend to cooccur with phytoplankton blooms (Ooki et al., 2015). In the SO,
local foci of iron supply lead to higher productivity and are expected to result in higher isoprene, as con-
firmed by deliberate iron fertilization experiments (Wingenter et al., 2004). The close relationship of iso-
prene to primary production and phytoplankton biomass, further tuned by environmental drivers such as
temperature and light, has been demonstrated by both laboratory experiments and measurements at sea
(Bonsang et al., 2010; Exton et al., 2013; Liakakou et al., 2007; McKay et al., 1996; Meskhidze et al., 2015;
Milne et al., 1995; Moore et al., 1994; Shaw et al., 2003). Therefore, chlorophyll a (CHL) concentration has
been proposed, either alone or together with temperature or light, to empirically estimate isoprene concen-
tration and emission from remote sensing observations (Bonsang et al., 1992; Booge et al., 2016; Hackenberg
etal., 2017; Ooki et al., 2015). In their pioneering work, Palmer and Shaw (2005) used a mixed approach that
combined MODIS (Moderate-resolution Imaging Spectroradiometer) CHL observations with a steady state
water column model, parameterizing isoprene production from experimentally determined chlorophyll
a-specific production rates and prescribing microbial and chemical losses at fixed rate constants. Arnold et al.
(2009), Luo and Yu (2010), and Booge et al. (2016) went a step further by using remote sensing estimates of
phytoplankton functional types (PFT) and applying PFT-specific production rates from phytoplankton cul-
ture experiments.

The aforementioned models suggested that high southern latitudes are strong emitters of marine isoprene,
by concurrence of high seasonal productivity and strong winds. Therefore, several circumstances concur in
the SO that warrant a focused effort to assess isoprene emissions from remote sensing: potential for high
emissions due to productivity and wind speed, cleanliness of the atmosphere, and remoteness from conti-
nental influence. However, there has been a paucity of measurements of isoprene concentrations in the
region (Hackenberg et al., 2017; Kameyama et al., 2014; Ooki et al., 2015). In the present work, we utilize
an unprecedented data set of isoprene concentrations from six research voyages (two of them reported here
for the first time), which collectively span a much larger area than ever observed in situ, to develop an algo-
rithm for the retrieval of isoprene from remote sensing in the SO. The algorithm, here used to generate
monthly synoptic distributions of isoprene concentration and emission fluxes, should allow the evaluation
of interannual variability and decadal trends, and can be used to feed atmospheric models to assess
ocean-climate interactions in this sensitive and critical region of the Earth.

2. In Situ Measurements

The PEGASO cruise was conducted in January 2015 on board the RV Hesperides in waters of the Atlantic
sector of the SO, the Antarctic Peninsula, and the Weddell Sea (Nunes et al., 2019; Rodrguez-Ros et al.,
2020; Zamanillo et al., 2019). The ACE cruise circumnavigated the SO between December 2016 and April
2017 on board the RV Akademik Tryoshnikov (Rodrguez-Ros et al., 2020). During both cruises, seawater sam-
ples were collected from either the underway pumping system (intake at ~4-5m depth) or the uppermost
(~5 m) bottle of the rosette on CTD casts. In either case, 0.5 L all-glass bottles were completely filled leaving
no headspace, and analyzed within 1 hr after collection. Isoprene was measured, along with other volatile
compounds, on a gas chromatography-mass spectrometry system (5975-T LTM-GC/MSL, Agilent
Technologies). Aliquots of 25 ml were taken from the glass bottle with a glass syringe with a teflon tube
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and filtered through a GF/F filter while introduced into a purge and trap system (Stratum, Tekmar
Teledyne). Volatiles were stripped by bubbling with 40 ml min~" of ultrapure He for 12 min, trapped on solid
adsorbent at room temperature and thermally desorbed (250°C) into the GC. Isoprene, monitored as m/z 67
in selected ion monitoring mode, had a retention time of 2.4 min in the LTM DB-VRX chromatographic col-
umn held at 35°C. The detection limit was 1 pmol L™". All samples were run in duplicates. In PEGASO, cali-
bration was performed by injections of a gaseous mixture of isoprene in N,. In ACE, a liquid standard
solution prepared in cold methanol was used instead. In situ chlorophyll concentrations (CHLg,,,) were
determined by filtration of 250 m1 (PEGASO) or 2,000 ml (ACE) of sea water through GF/F filters, extraction
with cold 90% acetone for 24 hr, and fluorescence measurement of extracts on a calibrated Turner Designs
fluorometer.

For model development and validation, we also compiled surface (0-10 m depth) isoprene, CHL and tem-
perature data from four other research cruises conducted entirely or partly in the SO (>40°S), namely:
KH-09-5-2010 (Ooki et al., 2015), AMT23-2013 and AMT22-2012 (Hackenberg et al., 2017), and
ANDREXII-2019 (Wohl et al., 2020) (Table S1 in the supporting information and Figure 1). Description of
measurement procedures can be found in the corresponding publications. Another cruise was discarded
for this analysis because the reported isoprene concentrations were much higher than any other cruise's
in the region (Kameyama et al., 2014), and there is the suspicion that they had a systematic offset
(S. Kameyama, personal communication, April 2019). A frequency distribution analysis reveals that iso-
prene measurements of the entire data set were evenly spread across the diel solar cycle (Figure S1), probably
because a large proportion of the database is contributed by automated instruments or underway measure-
ments at high temporal resolution (ANDREXII, KH-09-5, part of PEGASO).

3. Remote Sensing Matchups

We matched the in situ measurements (Table S1) with several remotely sensed variables including CHL, sea
surface temperature (SST), photosynthetically available radiation (PAR), euphotic layer depth (ZEU), parti-
culate inorganic carbon (PIC), and particulate organic carbon (POC). MODIS-Aqua daily, 8-day and
monthly composites at 4.64-km resolution were obtained from the NASA Ocean Color Website, accessed
in February 2020, MODIS-AOCL (2019), https://oceancolor.gsfc.nasa.gov/) (Table S2). The SO is challen-
ging for remote sensing of ocean color due to persistent heavy clouds, presence of sea ice, and low Sun angles
(Neukermans et al., 2018). To overcome the frequent satellite data gaps, match-ups were searched sequen-
tially in order of decreasing spatial-temporal resolution until a valid value was found. For the time and posi-
tion of each in situ measurement, the search started with the daily single-pixel value, continued with the
average of 3 X 3 and 5 X 5 pixel bins centered around it, and proceeded similarly for 8-day and monthly com-
posites, ensuring that the best available resolution was used (Gali et al., 2018). Finally, in situ measurements
that corresponded to the same satellite datum were averaged to avoid overrepresentation. The resulting data-
base of isoprene and satellite measurements was matched to the mixed layer depth (MLD) obtained from a
global monthly 1° X 1° climatology (Holte et al., 2017).

4. ISOREMS: A New Remote Sensing-Based Model to Predict Isoprene
Concentrations in the Southern Ocean

We explored the predictive capacity of each remotely sensed variable for isoprene concentration through lin-
ear regression analysis. The best paired relationship was with CHL (+*=0.15, p value <0.05, n = 408), fol-
lowed by SST (*=0.09, p value <0.05, n=408). A redundancy analysis (Legendre & Legendre, 2012)
revealed that both CHL and SST contributed to the variance of isoprene concentration, while other variables
were highly redundant to either CHL (POC, ZEU) or SST (PAR) (Figure S2). The fit improved indeed with a
multiple regression model with CHL and SST together (+*=0.24, p value <0.05). To further improve the
model, we excluded three subsets that degraded the fit disproportionately, such that a total of 327 points
were retained out of 408 (80%). Two of the subsets were removed owing to large discrepancies between in
situ and satellite CHL, whose uncertainty propagated to the regression model. This was the case with some
samples from the bloom north of South Georgia Islands, where diatoms represented more than 80% of the
phytoplankton community (Nunes et al., 2019); under these particular conditions, standard algorithms for
CHL determination from satellite show poor agreement to in situ CHLg,, due to the interference of

RODRIGUEZ-ROS ET AL.

30f 10


https://oceancolor.gsfc.nasa.gov/

~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Geophysical Research Letters 10.1029/2020GL087888

Cruise

ACE

AMT22 & AMT23
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Figure 1. (a) Surface ocean isoprene concentrations from the six cruises. Note the log scale. (b) Cruise tracks. More information is listed in Table S1 in the

supporting information.

Predictions vs Obervations

chlorophyll ¢ pigments (Moutier et al., 2019). We also excluded from the database the cases where CHL
values fell out of the 90% confidence prediction intervals of the regression between CHL and their
CHLg,, match-ups (*=0.63, p value <0.05); this criterion removed points where the discrepancy could
have been due either to optical reasons (which could not be assessed in the original data sets), or to poor
match-up (e.g., due to strong small-scale variability). Finally, we also excluded two cases with CHL higher
than 2 ug L' that were flagged outliers in the isoprene versus CHL regression. The resulting multiple
regression model between isoprene and CHL + SST improved after these removals (Equation 1, r* = 0.45,
MAPE = 46%, RMSE =10.6 pM, relative RMSE =0.73, relative BIAS =—0.5%, n =327), and we named
it ISOREMS (Isoprene Southern Ocean Remote Sensing) (numbers in brackets show the 95% confidence
interval for each coefficient, estimated as described in section 5):

ISO = 3.0 [1.9 — 4.2] 4 35.22 [29.35 — 40.08] - CHL + 0.68 [0.59 — 0.77) - SST (1)

where ISO is predicted isoprene concentration in pM (pmol L™%), CHL is satellite-derived chlorophyll a con-
centration, and SST is satellite-derived sea surface temperature in degrees celsius (°C). We note that
ISOREMS is developed from observations within the following ranges:
0.04-1.54 pg L~! CHL, —1.8-24.5°C SST, 72.42S-40.008S latitude, and its
applicability is uncertain beyond these ranges. However, note that the pro-

ul ~
o )]

Isoprene [pM] - Predicted
N
[6)]

portion of 1 x 1° pixels with climatological CHL >1.54 ug L™" is only 1.8%
in October through March and 0.7% during the rest of the year. In Figure 2,
7 we display the scatter plot of the predicted versus observed isoprene con-
’ Cruise centrations. In Figure S3 the residuals of ISOREMS predictions are shown
° AGE to explore the misfit with observations along ranges of the potential predic-
o AMT 22 & 23 tor variables (CHL, SST, PAR, ZEU, PIC, POC, and MLD). The misfit
o KH-09-5 between predictions and observations is typically in the range of —30 to
° PEGASO +30 pM, with the largest differences corresponding to six measurements

ANDREXII

from the diatom bloom in PEGASO (Nunes et al., 2019; Zamanillo et al.,
2019). The analysis of the residuals (Figure S3) does not support the addi-
tion of any of the other potential predictors or the need for nonlinear terms
in the multiple regression.

0 25 50

Isoprene [pM] - Observed

Figure 2. Scatter plot of ISOREMS predictions versus observations of

isoprene concentrations.

75
5. Validation of ISOREMS

Since all available data in the SO were used to develop ISOREMS, a ran-
dom sampling approach was taken to validate the performance of the
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algorithm. First, a multiple regression model equivalent to ISOREMS was performed on 80% of in situ iso-
prene and matched satellite CHL and SST data set. The resulting equation was then applied to the remaining
20% of the data set, and predicted values were compared to observations using an array of skill metrics. We
ran a total of 10,000 simulations following this process, which provided us with robust estimates of
ISOREMS coefficients and skill metrics, along with their respective confidence intervals. Scatter plots of
the randomly generated ISOREMS coefficients (Figure S4a) indicate a negative relationship between the
intercept and the CHL coefficient in Equation 1, contrasting with the independent behavior of the SST coef-
ficient. This exercise reveals a trade-off in the ability of ISOREMS to fit low isoprene concentrations (more
influenced by the intercept) or high concentrations (more influenced by the CHL coefficient). Moreover,
it suggests that additional predictor variables may be needed to obtain better fits. Unfortunately, inclusion
of none of the other tested variables (Table S2) improved ISOREMS significantly. Finally, the histograms
of the 10,000 randomly generated ISOREMS validation statistics (Figure S4b) are clearly centered around
the statistics obtained when fitting the entire data set (Table S1). Therefore, these statistics can reliably be
used as uncertainty estimates of ISOREMS predictions on a pixel basis.

6. ISOREMS Implementation to Compute Isoprene Concentrations and
Emission Fluxes

We implemented the ISOREMS model using monthly climatological fields of CHL and SST from
MODIS-Aqua for the period 2002-2018 from NASA Ocean Color service (https://oceancolor.gsfc.nasa.
gov/). We then used the resulting concentrations of ISOisorpms to calculate the air-sea flux of isoprene
(Palmer & Shaw, 2005):

1SO,

FISO = kAS . (ISOW - K7) ~ kAS . ISOW (2)
H

Where ISO,, is isoprene concentration in sea water, ISO, is isoprene concentration in the air, Kj; is the
Henry's Law constant for isoprene, and ks is the gas exchange velocity (cmh™). Air-side isoprene can be
considered near zero and neglected for flux calculations because (a) isoprene is typically largely supersatu-
rated in the surface ocean (>700% during ANDREXII Wohl et al., 2020), and (b) its short atmospheric life-
time (Medeiros et al., 2018) prevents that high airborne isoprene concentrations of continental origin
occurred during our sampling. For kas we used the Wanninkhof (2014) parameterization:

SC —0.5
kas =0.251 - <U%, > - (@) 3)

Where <UZ,> is the average of the square of the wind speed at 10 m (m?s™?), and Sc is the Schmidt number
(nondimensional). We used monthly mean climatological fields of U2, at 1 X 1° spatial resolution con-
structed from the CCMPv2 product at 0.25 X 0.25° and 6-hr resolution for the period 1987-2018, which
includes data from many intercalibrated satellites (all the information and the most recent estimates are
available at https://www.remss.com/measurements/wind/). To calculate Sc we used the equation proposed
by Palmer and Shaw (2005):

Sc =3913.15 — 162.13 - SST + 2.67 - SST? — 0.012 - SST? ()

Where SST is in degrees celsius (°C).

7. ISOREMS-Derived Isoprene Concentrations and Emission in the
Southern Ocean

Our climatological monthly concentrations and air-sea fluxes of isoprene in the SO show remarkable cou-
pling to biological productivity, with higher values in coastal regions, such as the Antarctic and South
Atlantic Shelves, and next to subantarctic islands (Figures 3 and S5). This is expected from Equation land
consistent with previous fieldwork studies (Broadgate et al., 2004; Hackenberg et al., 2017; Ooki et al.,
2015; Zindler et al., 2014).
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Figure 3. Monthly climatology of ISO1sorgMs concentration in the Southern Ocean.

A band of higher isoprene concentrations and air sea fluxes is observed around the Subantarctic front
(approximately between 40°S and 50°S), as already depicted by Ooki et al. (2015) and Wohl et al. (2020).
However, the air sea fluxes show a more spread distribution than concentrations, with weaker gradients
toward continental shelves and islands. This is consistent with the modeling simulations of Luo and Yu
(2010) and Booge et al. (2016). Monthly average concentrations of ISOjsorgms in the entire SO peak in
January (13 pM), and the annual mean throughout the climatological year is 7 pM (Figure 4a). By latitudes,
concentrations are higher in the 40-50°S band (Figure 4b), reaching maximum values above 20 pM in
November-December (Figure 4a). The 50-60°S and 60-70°S bands also show clear seasonality, yet their
annual maxima are around 16 pM in December and 15 pM in January, respectively (Figure 4a).

As depicted by Figure 3, large portions of the SO are devoid of CHL data over the months of May through
August. Consequently, isoprene concentrations cannot be computed in these areas. Similarly, large areas
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Figure 4. (a) Climatological seasonality of ISOjgorgMms concentrations in the entire Southern Ocean (red) and averaged by latitudinal bands (40 to 70°S). (b)
Boxplot of annual mean concentrations of isoprene grouped by latitude. (c) Climatological accumulated emissions of ISO;gorgms through the year. (d)
Boxplot of annual mean isoprene emission fluxes grouped by latitude. In the boxplots (b and d), the horizontal black line inside the boxes is the median, the upper,
and lower limits of the boxes are, respectively, 75th and 25th percentiles; and the horizontal bars represent the upper and lower whiskers (largest values within 1.5
times interquartile range above 75th percentile and below 25th percentile).

lack climatological wind speeds in May through August as well as near the Antarctic coasts all year round
(Figure S5), impeding calculation of the air sea flux. In order to circumvent this lack of data and be able
to estimate SO-integrated isoprene emissions, we made two assumptions: (a) when light is not enough to
allow remote sensing of CHL, we assume a minimum isoprene concentration of 3 pM, which is the
intercept of Equation 1; (b) the gaps of remote sensing wind speed are filled with a fixed value of 7m s,
considered a reasonable approximation to year-round conditions close to the Antarctic coasts (Bintanja
et al., 2014). Moreover, following Peng et al. (2013) and Meier et al. (2017) we created a mask of sea ice
coverage with monthly averages for 2018, and assumed that isoprene emission is zero at sea ice
concentrations above 10% (Gali et al., 2019). Integrating the resulting fluxes, monthly isoprene emissions
from the entire SO peak in January (7.9 Gg C month™", Figure 4c), where the highest monthly averaged
isoprene fluxes (around 50 nmol m~2 day™) occur in the latitudinal band of 40-50°S (Figure 4d).
Integrated over an entire climatological year, isoprene emission in the SO amounts to 63 Gg C yr'. The
latitudinal band of 40-50°S contributes 57% of this emission, and the 50-60°S and 60-70°S bands
contribute 33% and 8%, respectively. Note that the SO comprises 27% of the world's ocean area, and our
annual isoprene emission (63 Gg C yr™') represents 5-74% of the bottom-up emission estimates for the
global ocean (Arnold et al., 2009; Bonsang et al., 1992; Booge et al., 2016; Broadgate et al., 1997; Gantt
et al., 2009; Milne et al., 1995; Palmer & Shaw, 2005), and 0.5-3% of the top-down estimates (Arnold et al.,
2009; Luo & Yu, 2010). Therefore, ISOREMS supports the order of magnitude of the bottom-up
approaches to marine isoprene emissions.

8. Caveats of ISOREMS and Future Research

8.1. Lack of Observations in a Complex Ocean

The surface waters of the SO are a complex mosaic in terms of biological, environmental, and physical prop-
erties (Ardyna et al., 2017). Since Longhurst (1995) described oceanic biogeochemical provinces 35 years ago,
there have been several attempts to revisit that concept, reaching different results depending on the criteria
used and the purpose of the regionalization (Ardyna et al., 2017; Fay & McKinley, 2014). The conspicuous
heterogeneity of the SO makes diagnostic isoprene parameterizations strongly dependent on the distribution
of data used to build the statistical model. The paucity of measurements in the SO limited previous attempts
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to predict isoprene concentrations from in situ CHL and SST: Ooki et al. (2015) pooled together data from the
Arctic and the Antarctic, and Hackenberg et al. (2017) barely explored the northernmost area of the Atlantic
sector of the SO (Figure 1, Table S1). We significantly increased the number of isoprene observations and
covered most of the biogeochemical provinces, biomes, and bioregions suggested by Fay and McKinley
(2014) and Ardyna et al. (2017), yet only in summer or early fall. More observations in heavily undersampled
regions like the Pacific sector, and at the beginning and end of the productive season, are needed for a better
representation of the spatial and temporal heterogeneity.

8.2. Uncertainties About Potential Sources of Atmospheric Isoprene From the Southern Ocean

In view of the enormous existing discrepancies between top-down and bottom-up approaches to isoprene
emissions, a missing oceanic source has been invoked, and interpretation of laboratory experiments has
partly attributed it to photoproduction reactions in the surface microlayer (SML), that is, right at the
air-sea interface (Ciuraru et al., 2015). Briiggemann et al. (2018) provided a global map of SML isoprene
photoproduction factors to calculate the relative contribution of this process to the isoprene production by
phytoplankton. Conte et al. (2020) implemented these factors in the PISCES global model and estimated that
emissions of isoprene by SML photoproduction represent up to #60% of the global emission. Therefore, our
ISOREMS emission estimates probably set a lower limit for the total emission of isoprene from the SO, which
may increase when a sound parameterization of the SML photoproduction is implemented. However, eddy
covariance measurements of the oceanic flux of isoprene over the open ocean at relatively high wind speeds
and low light levels have found no evidence for photochemical production of isoprene in the SML (Kim et al.,
2017), and isoprene airborne concentrations in the Arctic did not correlate with a proxy of SML photopro-
duction either (Mungall et al., 2017). It also must be noted that for oceanic regions with persistent high wind
speeds, like the SO, the widespread occurrence of an SML is controversial (Briiggemann et al., 2018).

9. Closing Remarks

« ISOREMS is the first published statistical model to predict isoprene concentrations based solely on remote
sensing data, which allows synoptic distributions of isoprene concentrations to be computed over the
entire SO.

« Similar regional models should be developed for other oceanic regions in order to predict the global pat-
ters of isoprene concentration and its emission to the atmosphere. A mosaic of regional models holds bet-
ter potential than a single model to accurately constrain global isoprene emissions and contribute to close
the current existing gap between bottom-up and top-down approaches.

+ Our results do not resolve the aforementioned discrepancy but support the order of magnitude of the
bottom-up estimates.

« Even though the SO has areas and months of high productivity due to abundance of macronutrients and
localized iron supply, isoprene concentrations and emissions are moderated by the low temperatures.
This does not preclude they may be important for the SOA budget in a region that is particularly sensitive
to aerosols of marine origin.

« ISOREMS represents a useful tool to study the role of oceanic isoprene emissions in climate and the oxi-
dative capacity of the atmosphere over the SO.

Data Availability Statement

Data are available at the Zenodo repository (https://doi.org/10.5281/zenodo.3822547, DOI: 10.5281/
zen0do.3822547).
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