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Scientific Significance Statement

Satellite-based estimates of Antarctic coastal primary productivity are underpinned by ocean-color algorithms of chlorophyll a (Chl a),
which indicate highest concentrations away from the icy coast. However, ocean color retrievals of Chl a in water can be severely
impacted by atmospheric scattering of light reflecting off nearby floating ice and snow-covered land (termed adjacency effect). Using
satellite estimates, in situmeasurements, andmodeling, this study explores how adjacency effects impact retrievals of Antarctic coastal
Chl a and subsequent estimation of net primary productivity (NPP). We find that satellite-based estimates of net primary production
more than double in over half of Antarctic coastal polynyas when satellite imagery is processed using approaches that mitigate adja-
cency effects. Presently, such approaches have generally not been applied in analyses of Antarctic coastal productivity trends.Ourfind-
ings suggest that Antarctic primary productivity is likely to be substantially higher near the icy coastlines thanhas been estimated from
using remote sensingwith standard processing, inwhich atmospheric correction is highly sensitive to ice adjacency.

Abstract
Ocean color-based estimates of Antarctic net primary productivity (NPP) have indicated low nearshore productiv-
ity in ice-adjacent waters, contrasting with coupled physical–biogeochemical models. To understand this discrep-
ancy, we assessed satellite records of polynya NPP by comparing field data with two satellite imagery datasets
derived using different processing schemes. Our results indicate historical underestimation of chlorophyll a for
imagery obtained using default atmospheric correction processing within approximately 100 km of ice-covered
coastlines due to adjacency effects. Using radiative transfer modeling, we find that biases in ocean color polynya
observations due to adjacency effects correspond to the high albedo of ice and snow. When applying an atmo-
spheric correction processing scheme more robust to adjacency contamination, estimates of NPP more than dou-
bled in 65% of polynyas, especially smaller eastern Antarctic polynyas. Adjacency effects should therefore be
accounted for when analyzing spatial and temporal trends in Antarctic coastal primary productivity.
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Embedded within sea ice on the Antarctic continental
shelf, Antarctic coastal polynyas are considered to be hotspots
of Southern Ocean primary productivity associated with high
concentrations of chlorophyll a (Chl a) (Arrigo et al. 2015,
2008a). Remote sensing algorithms for Antarctic coastal net
primary productivity (NPP) are largely underpinned by ocean
color-based estimates of Chl a (Arrigo et al. 2008b, 2015; Die-
rssen et al. 2000). Surface Chl a alone can explain over 60% of
the variability in Antarctic coastal NPP, lending itself to use in
productivity models (Dierssen et al. 2000), but estimating Ant-
arctic coastal Chl a from ocean color is not straightforward.
Traditional satellite Chl a algorithms may underestimate Ant-
arctic coastal Chl a due to the region’s unique inherent optical
properties (Dierssen and Smith 2000; Reynolds et al. 2015;
Zeng et al. 2016).

Large errors in satellite-derived Chl a at moderate-to-high
concentrations are known to occur near sea ice due to adja-
cency effects using standard atmospheric corrections
(Bélanger et al. 2007). The adjacency effect is the blurring of
surface reflectance patterns due to atmospheric scattering,
both downwards (spherical albedo) and upwards (diffuse
upward transmittance). The higher the contrast in surface
reflectance and atmospheric scattering, the higher the blur-
ring effect. Ice and snow-covered land surrounding water is an
example of extreme surface contrast found in polynyas. Light
reflected from the relatively bright surfaces will be scattered
by the atmosphere into the field of view of the sensor when
looking over the relatively dark water surfaces. This adjacency
signal must be compensated for when retrieving surface reflec-
tances from top-of-atmosphere observations, or can result in
significant overestimation of reflectance and distortion of the
reflectance spectral shape (Bulgarelli et al. 2014; Tanre
et al. 1979, 1981). In the Canadian Arctic, adjacency effects
and subpixel floating ice render Chl a estimates within
� 10–20 km of the sea ice edge unreliable (Bélanger et al. 2007).

Previous estimates of Antarctic coastal NPP have assessed
satellite Chl a products derived using the standard NASA
Ocean Biology Processing Group (OBPG) atmospheric correc-
tion. The atmospheric correction method used by OBPG is
based on the assumption of zero near-infrared water reflec-
tance to estimate aerosol properties (aka “black pixel”
approach), with an iterative step to compensate for possible
non-zero near-infrared reflectance (Bailey et al. 2010). It will
be termed here as “OBPG/L2gen,” as the method is
implemented in the L2gen module of the SeaDAS software
(Mobley et al. 2016). Chl a is estimated from the retrieved
water reflectance using a blending algorithm for low and high
Chl a concentrations (Hu et al. 2019). The OBPG/L2gen
method is applied pixel per pixel and does not account for
adjacency effects.

In contrast, the Chl a product provided by the European
Space Agency Climate Change Initiative (CCI) Ocean Color

project (OC-CCI) instead applies the atmospheric correction
known as “Polynomial-Based Algorithm Applied to MERIS”
(POLYMER). This method uses iterative spectral matching to
separate contributions for atmosphere and interface (glint)
from that of water, where the water component is based on a
bio-optical model and the nonwater components are treated,
in polynomial form, as a function of wavelength. Chl a is
then estimated from the retrieved water reflectance by blend-
ing optical water type specific methods (Jackson et al. 2017).
While POLYMER is also applied pixel per pixel and does not
account for adjacency explicitly, its zeroth order
(i.e., spectrally flat) polynomial term can mitigate adjacency
from snow, ice, and clouds due to their similar spectral shape
in the visible to near-infrared range. Therefore, POLYMER has
the potential to better account for adjacency effects arising
from ice and snow and demonstrates improved performance
in Arctic and coastal waters (Frouin et al. 2012; IOCCG 2015;
König et al. 2019, 2; Soppa et al. 2021). Nonetheless, standard
atmospheric corrected Level 2 or Level 3 products have been
used in past assessments of NPP in Antarctic polynyas, which
may have been impacted by adjacency effects (Arrigo
et al. 2015; Yager et al. 2012).

This study complements previous work on adjacency in
the Arctic (Bélanger et al. 2007; Frouin et al. 2012;
IOCCG 2015) by evaluating adjacency effects as observed by
the Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard the Aqua satellite (MODIS/Aqua) sensor over the gla-
ciated coastal Antarctic. We investigate the bias caused by
adjacency by comparing imagery from different atmospheric
correction algorithms (POLYMER and OBPG/L2gen) to field
data and evaluating Chl a from POLYMER and OBPG/L2gen
relative to their distance from the icy coastline. We corrobo-
rate our findings using radiative transfer simulations to dem-
onstrate expected impacts of adjacency on OBPG/L2gen Chl
a products. With these results we consider how adjacency
effects may impact NPP estimates on the Antarctic continen-
tal shelf.

Methods
Chl a product comparisons

We compared 4-km resolution Chl a products from
MODIS/Aqua, available from OBPG/NASA (reprocessing
R2022.0), and the multisensor merged product available from
European Space Agency OC-CCI v6.0. Our analysis focused on
a decadal average (2010–2019) for January, the month that
experiences peak annual NPP in Antarctic coastal polynyas
(Arrigo et al. 2015). The decadal average provides a more spa-
tially complete dataset and accounts for interannual variabil-
ity. The comparison was made for the Antarctic shelf, defined
inshore of the 1500 m isobath. The MODIS/Aqua product uses
OBPG/L2gen atmospheric correction, while the OC-CCI v6.0
merged product uses POLYMER atmospheric correction
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(OC-CCI 2022). The OC-CCI v6.0 merged product is gener-
ated by band-shifting and bias-correcting data from SeaWIFS
(1997–2010), MODIS-Aqua (2002–2019), SNPP-VIIRS (2012–
2019), S3A-OLCI (2016 to ongoing), and S3B-OLCI (2018 to
ongoing) to match MERIS (2002–2012). The OBPG/L2gen
algorithm is an iterative two-band bio-optical–based
algorithm, initially implemented during the SeaWiFS era (Gor-
don and Wang 1994), which now includes the more recent
Multi Band Atmospheric Correction processing developed for
PACE (Ibrahim et al. 2019). POLYMER is a spectral matching-
based algorithm (Steinmetz et al. 2011).

We implemented a 4th-order polynomial following Die-
rssen and Smith (2000) to improve the regional accuracy of
our Chl a estimation as standard NASA Chl a retrievals tend
to underestimate Chl a in Antarctic coastal waters, particu-
larly at higher concentrations (Dierssen et al. 2000; Ferreira
et al. 2022). The reasons for this underestimation at
Chl a values > 0.5 mg m�3, are still being investigated and
can result from both increased blue reflectance and
decreased green reflectance as Chl a increases. Such under-
estimation may result from lower phytoplankton absorption
per Chl a (higher pigment “packaging”), as well as lower
amounts of CDOM and lower particulate backscattering that
may be coupled to chlorophyll in a non-standard manner
(i.e., Case 1 waters). We also evaluated the MODIS/Aqua
normalized fluorescence line height (nFLH; Letelier and
Abbott 1996) obtained for MODIS/Aqua imagery using the
OBPG/L2gen processing. Normalized fluorescence line
height is expected to be less sensitive to adjacency effects
from ice and snow because it is capturing Chl a fluores-
cence signal and because it is derived using a difference
(e.g., rather than a band-ratio) algorithm applied to two
spectrally adjacent wavebands.

To compare satellite Chl a to in situ Chl a, we used field
data from multiple coastal environments in western Antarc-
tica (Supporting Information Table S1). We compiled west
Antarctic in situ Chl a measurements from three regions:
(1) the West Antarctic Peninsula (WAP) (PALmer LTER; Palmer
Station Antarctica LTER and Waite 2022); (2) the Amundsen
Sea (Amundsen Sea Polynya International Research Expedi-
tion) (Arrigo 2015; Yager et al. 2012) and Korea Polar Research
Institute cruises for 2014 (Yang 2023), 2016 (Lee 2023a), 2018
(Lee 2023b), and 2020 (Lee 2023c); and (3) the Ross Sea
(Smith and Kaufman 2018). Matchups used the closest geo-
graphic pixel, with � 24-h time window criteria. Matchups
used MODIS and OC-CCI datasets for satellite Chl a values
and compared the results. We only used MODIS data until
2019, given concerns of reduced data quality due to aging sen-
sors. The OC-CCI product containing POLYMER-corrected
data covers the period from 2002 to the present, and its merg-
ing of multiple sensors results in more opportunities for
matchups (1333 vs. 929 matchups with MODIS). Only in situ
observations with Chl a concentrations greater than
0.05 mg m�3 were used.

Net primary productivity calculations
To evaluate how different atmospheric corrections may

impact estimates of NPP, we ran a vertically generalized pro-
ductivity model (VGPM) optimized for Antarctic coastal
waters (Dierssen et al. 2000) using the decadal-average Chl
a product from OBPG/L2gen and OC-CCI, supplemented with
sea-surface temperature and photosynthetically available radi-
ation observations obtained from OBPG/L2gen. Where photo-
synthetically available radiation is missing, we apply a surface
photosynthetically available radiation of 40 W m�2, the
approximate mean January coastal photosynthetically avail-
able radiation level as calculated for the period.

Radiative transfer simulations
To independently assess potential impacts of adjacency to

near-ice Chl a retrieval, we simulate uncorrected adjacency
effects on the MODIS/Aqua OBPG/L2gen Chl a algorithm
using radiative transfer modeling. For these simulations we
calculate the spatially resolved spherical albedo function and
the total atmospheric point spread function to propagate the
surface reflectance to the top of atmosphere (Castagna and
Vanhellemont 2025). The surface reflectance is then calcu-
lated from the simulated top-of-atmosphere signal, without
accounting for adjacency.

Similarly to Bélanger et al. (2007), we consider two adja-
cent semi-infinite surfaces representing water and snow-
covered ice (Supporting Information Fig. S1a). We apply
median water reflectance spectra observed by Dierssen and
Smith (2000) for five different Chl a concentrations (0.1, 0.5,
1, 5 and 10 mg m�3) in Antarctic waters for the water surface
(Supporting Information Fig. S1b), and apply a reflectance for
the ice/snow surface from Warren (2013) for optically thick
snow. We simulate the atmosphere properties using standard
surface pressure and maritime aerosol models with aerosol
optical thickness at 550 nm equal to 0.04 at three different
observation zenith angles: 0�, 27�, and 55� (Supporting Infor-
mation Fig. S1c). Due to the asymmetry of the atmospheric
point spread function for slanted observations, we perform
the simulations for both the left and right side of the observa-
tion swath. We then correct the simulated image at the top of
atmosphere with perfect information of the atmosphere’s
composition, which allows us to evaluate how the
uncorrected signal arising from adjacency propagates through
the OCI Chl a algorithm. Further details on the radiative
transfer modeling methods are provided in Appendix B in the
Supporting Information.

Results
Adjacency effects on coastal Chl a estimates

On the west Antarctic shelf, in a domain extending from
the Ross Sea to the WAP, different Chl a products revealed
substantially different spatial patterns, particularly near the
coast (Fig. 1). While MODIS/Aqua Chl a concentrations
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decreased near the Antarctic coastline (Fig. 1a), OC-CCI
coastal Chl a concentrations remained elevated near the ice
edges and coastlines, driving a consistent positive
Chl a anomaly (anomaly defined as the difference between
OC-CCI and MODIS) extending along the coast (Fig. 1d).
Positive OC-CCI Chl a anomalies were also present further
from the coast in Amundsen Sea in the eastern Amundsen Sea
Polynya and western Pine Island Polynya, approximately
where the icebergs comprising Thwaites Iceberg Tongue are
grounded. Patterns in OC-CCI Chl a (Fig. 1c) were more
closely related to the MODIS nFLH (Fig. 1b) (Spearman’s rank
correlation coefficient ρ = 0.75), consistent with nFLH being a
normalized difference index less susceptible to atmospheric
correction issues and adjacency from ice/snow.

When considering the Chl a differences as a function of
distance from the shore, the median percentage difference in
OC-CCI Chl a relative to OBPG/L2gen Chl a reached 600%
(Interquartile range, IQR: 257–1117%) at the coastline
(Fig. 2a). The percentage difference in Chl a decreased

exponentially with increasing distance from the coast:
OC-CCI Chl a was reduced to 82% (IQR: 38–165%) that of
MODIS at 40 km, and was roughly the same at �100 km.

To assess the performance of the two different remote sens-
ing products in capturing coastal Chl a variability, we com-
pared satellite matchups (with satellite retrievals of Chl
a regionally tuned using the 4th-order polynomial from Die-
rssen and Smith (2000)) with the compilation of in situ sur-
face Chl a measurements within and beyond 100 km of the
coastline (Fig. 3). For measurements made further than
100 km from the coast, both OC-CCI and OBPG/L2gen prod-
ucts captured similar spatial patterns and variability in mea-
sured Chl a concentrations, with Spearman’s ρ = 0.89 and
ρ = 0.86, respectively. (Fig. 3a,b). The Dierssen and Smith
(2000) correction on the Chl a introduced a positive mean
bias, though there was a nearly equivalent negative mean bias
for both products without the correction applied (Supporting
Information Fig. S2). Within 100 km of the coast, however,
the performance of both products was degraded, though

Fig. 1. January 10-yr (2010–2019) mean (a) OBPG/L2gen Chl a, (b) OBPG nFLH, (c) OC-CCI Chl a, and (d) difference in Chl a products OC-CCI Chl
a minus OBPG/L2gen Chl a, over the west Antarctic shelf.
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Fig. 2. Percentage difference in OC-CCI and OBPG/L2gen (a) Chl a and (b) modeled VGPM NPP vs. distance from the coast, in 4-km bins, for January
10-yr average products (2010–2019).

Fig. 3. Satellite chlorophyll (corrected with Dierssen and Smith, 2000) vs. in situ chlorophyll binned scatterplots for OC-CCI (left), OBPG/L2gen (right),
further than 100 km from the coast (top), and within 100 km of the coast (bottom). Black lines show 1–1. Mean bias, mean absolute error (MAE), and
Spearman’s ρ coefficients and number of matchups are included on each subplot. Supporting Information Fig. S2 shows the same data without the
Dierssen and Smith (2000) correction applied.
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OC-CCI shows improved performance relative to OBPG/L2gen
(ρ = 0.81 vs ρ = 0.63, respectively) (Fig. 3c,d).

Simulating the impact of uncorrected adjacency effects on
the retrieval of Chl a with the OBPG/L2gen blending algo-
rithm also suggests large impacts on coastal Chl a within
100 km of the coast (Fig. 4). The simulated fractional point
spread function over ice and snow indicates the degree of
mixing between the water diffuse reflectance spectrum and
the ice/snow spectrum, as a function of distance from the
coast (Fig. 4A). The magnitude of adjacency effects over water
is sensitive to the view zenith angle: The greatest adjacency
effect was calculated for a �55� view zenith angle (where the
sensor is over the ice/snow and looking toward the water,
Supporting Information Fig. S1), lesser impacts for �27� and
+55�, and the smallest impacts for nadir observations and
+27� view zenith angle. Regardless of observation geometry,
however, simulated Chl a concentrations were sharply
reduced relative to their in situ concentration within �50 km
of the coastline, reaching a minimum at the ice-ocean inter-
face (Fig. 4b–f). Note that Chl a was still underestimated
beyond the distance where it is subject to adjacency effects, as
the OBPG/L2gen Chl a algorithm underestimates Chl a in
Western Antarctic coastal waters (Dierssen and Smith 2000).

Polynya NPP
Using POLYMER/OC-CCI Chl a in place of OBPG/L2gen

Chl a yielded substantially greater NPP estimates, especially
near the coast and in smaller polynyas (Table 1; Fig. 2). When
applying a VGPM model with the different Chl a products,
polynya NPP was 75% greater (median for 46 polynyas) using
OC-CCI Chl a (IQR 43–151%) (Fig. 2b). Like Chl a, the differ-
ence in NPP also decreased with increasing distance from
shore, with differences dropping to < 10% at � 80 km
from shore.

To estimate how adjacency may affect polynya productiv-
ity estimates, we then calculated the 10-yr average NPP over
each of the 46 polynya masks identified in Arrigo et al. (2015)
(map in Supporting Information Fig. S3), using OBPG/L2gen
and OC-CCI Chl a products corrected with Dierssen and
Smith (2000) and compared the magnitude of the changes in
NPP estimates between products (Table 1). Across all polynyas,
NPP increased by 23% when using OC-CCI Chl a. Net primary
productivity increased the least (17%) in the largest polynya,
the Ross Ice Shelf polynya, and most (353%) in the East
Lazarev Ice Shelf polynya, a small east Antarctic polynya. Net
primary productivity more than doubled in 65% of polynyas,
with the largest effect concentrated in the smaller East Antarc-
tic polynyas in the Weddell Sea and Dronning Maud Land
region and the Indian Sector. Polynya size explained most of
the variability in the NPP percentage increase (R2 = 0.66,
Fig. 5). While remaining generally less productive than west-
ern Antarctic polynyas, East Antarctic polynyas saw a marked
increase from generally low productivity with OBPG/L2gen
(0.79 � 0.44 g m�2 d�1) to a much more productive

1.89 � 0.57 g m�2 d�1. While the Amundsen Sea Polynya has
generally been considered the most intensely productive
polynya per unit area (Arrigo et al. 2012), with OC-CCI Chl a,
Eltanin Bay, a polynya in the western Bellingshausen Sea,
showed the highest productivity. In general, many of the
smaller polynyas increased in NPP rank with OC-CCI
processing, with approximately 67% of the polynyas smaller
than 10,000 km2 increasing rank. (Table 1).

Discussion
Our analysis suggests that coastal Chl a concentrations and

NPP near Antarctic icy coasts are likely to be substantially
higher than most previous satellite-based estimates applying
the OBPG/L2gen atmospheric correction, owing to adjacency
effects. Our analyses considered OBPG/L2gen because it is
widely used, but similar degradations in Chl a retrievals would
be anticipated for other atmospheric processing schemes with
high sensitivity to adjacency. The decrease in Chl a due to
adjacency is not distributed homogenously across polynyas;
adjacency effects on polynya NPP estimates are highly related
to polynya size (Fig. 5) and thus alter comparisons of the rela-
tive differences between polynyas (Table 1). When applying
an atmospheric correction less susceptible to adjacency effects
arising from snow (POLYMER), there is a multifold increase in
Chl a concentrations at the coast relative to the OBPG/L2gen
atmospheric correction (median > 600% increase, Fig. 2).
Comparisons of Chl a concentrations produced using differ-
ent atmospheric correction algorithms (Fig. 2) and simulations
(Fig. 4) both independently indicate that the adjacency effects
most deleteriously alter Chl a retrivals within approximately
50 km of the icy coastline, though biases were observed to
extend to at least 100 km from the coast. The similarity
between OC-CCI Chl a product and the OBPG/L2gen nFLH
also suggests that differences are mainly caused by adjacency
effects. Normalized fluorescence line height is expected to be
less sensitive to additive flat offsets caused by adjacency from
ice/snow. Our results also suggest that adjacency effects
extend farther offshore than previously thought in high lati-
tude regions, as well as any water body experiencing partial or
fully iced conditions or near snow-covered surrounding land
surfaces in winter. In this study, these biases extend farther
from the coast (50–100 km) than the distances other studies
have described for adjacency effects (e.g., 10–20 km in
Bélanger et al. 2007; a discussion of the large increase in
modeled adjacency is provided in Appendix C in the
Supporting Information).

Adjacency effects appear to be most severe along the coast
and in small polynyas, which are preferred by emperor pen-
guins for foraging over larger, persistent polynyas (Labrousse
et al. 2019). Past remotely sensed NPP estimates suggested low
productivity near the Antarctic coastline, while coupled
physical–biogeochemical modeling suggested elevated produc-
tivity occurring in the Antarctic Coastal Current near the icy
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Fig. 4. Effect of uncorrected adjacency effects in MODIS/Aqua OBPG Chl retrieval algorithm. (a) The fraction of the total upward transmittance that
occurs over snow or ice as a function of distance from snow or ice for different observation geometries. (b–f) The underestimation of Chl a intrinsic to
the OBPG algorithm in Antarctic waters and the additional underestimation caused by adjacency as a function of distance from snow-covered ice. The
radius of the spatial kernels fsaf and fpsf was 100 km.
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Table 1. Statistics for the 46 Polynyas identified in Arrigo et al. (2015), including the Arrigo et al. (2015) reported mean polynya
open water area for 1998–2014, polynya January mean NPP for different Chl a products 2010–2019, the change in rank using OC-CCI,
and the percentage change in NPP when using OC-CCI Chl, with polynyas where NPP more than doubled shown in bold. Polynyas are
sorted from west to east, starting just west of the Ross Ice Shelf. A map of polynya masks is provided in Supporting Information Fig. S3.

ID Polynya name
SOOS
region

Mean open
water area
(103 km2)

OBPG/L2gen
NPP (g m�2 d�1)

OC-CCI NPP
(g m�2 d�1)

Rank
change

NPP %
increase

1 Sulzberger Bay Ross Sea 6.5 1.4 3 14 ! 9 115

2 Hull Bay Amundsen/
Bellingshausen

Sector

6.4 1.8 3.5 9 ! 5 96

3 Wrigley Gulf 11.1 2 3.6 4 ! 4 80

4 Amundsen Sea 31.8 3 4 1 ! 2 33

5 Pine Island Bay 19.7 2.3 3.8 2 ! 3 62

6 Eltanin Bay 11.3 1.9 4.1 6 ! 1 113

7 Ronne Entrance 15.1 2 3.4 5 ! 6 73

8 Marguerite Bay West Antarctic
Peninsula

4.3 1.6 3.1 10 ! 8 95

9 Larsen Ice Shelf Weddell Sea and
Dronning Maud

Land

4.7 0.6 2.6 32 ! 13 324

10 Ronne Ice Shelf 44.7 0.9 2.1 23 ! 23 134

11 Brunt Ice Shelf 15.2 1.3 2.5 18 ! 15 101

12 Lyddan Island 6 0.9 2.6 22 ! 14 180

13 Seal Bay 4.3 0.7 1.9 29 ! 26 191

14 Cape Norvegia 2.3 0.6 1.8 33 ! 34 195

15 Jelbart Ice Shelf 2.2 0.8 1.8 25 ! 31 140

16 Fimbul Ice Shelf 3.5 0.6 1.8 31 ! 30 182

17 W. Lazarev Ice Shelf 1 0.6 1.6 30 ! 37 152

18 E. Lazarev Ice Shelf 2 0.4 1.9 41 ! 28 353

19 Breid Bay 1.1 0.6 2.4 34 ! 17 305

20 Vestvika Bay 2.4 0.8 2.4 24 ! 18 209

21 Lutzoh-Holm Bay Indian Sector 1.7 0.1 0.3 46 ! 46 284

22 Amundsen Bay 1.8 0.4 1.2 39 ! 43 185

23 Cape Borle 4.3 0.4 1 38 ! 45 122

24 Stefansson Bay 2.1 1 1.8 21 ! 33 83

25 Holme Bay 4.7 1.3 2.1 17 ! 25 57

26 Bjerkø Peninsula 12.1 1.4 2.2 13 ! 20 54

27 MacKenzie Bay 1.9 1 3.2 19 ! 7 211

28 Prydz Bay 54.5 1.8 2.5 7 ! 16 37

29 West Ice Shelf 2.1 0.4 1.3 42 ! 41 221

30 Farr Bay 26.7 1.4 2.2 16 ! 19 62

31 Mill Island 2.5 0.7 1.9 26 ! 27 161

32 Cape Nutt 1.5 0.4 1.8 40 ! 32 327

(Continues)
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shoreline (e.g., Krumhardt et al. 2024; St-Laurent et al. 2019)
(Supporting Information Fig. S4). Accounting for adjacency
can therefore explain some of the major spatial disparities
between remote sensing–based NPP estimates and coupled
physical–biogeochemical modeling–based NPP estimates by
indicating that smaller polynyas represent more significant
productivity hotspots than previously indicated by analyses of
OBPG/L2gen Chl a products.

Given the substantial impacts adjacency can have on
polynya productivity estimates, care should be taken when
considering trends in coastal Antarctic productivity using
many standard ocean color Chl a algorithms, especially for
small polynyas. Potential future increases in open water area
within small polynyas could lead to a spurious increase in
remotely sensed polynya Chl a estimates if adjacency effects
are not managed, potentially impacting analyses of drivers of
polynya productivity and climate-level trends.

While the unique optical properties of Antarctic coastal
waters have been known to differ from the average global rela-
tions used to fit the reflectance-based Chl a algorithms
(e.g., Greg Mitchell and Holm-Hansen 1991; Pereira and Garcia
2018; Reynolds et al. 2001; Robinson et al. 2021), these results
further illustrate that using atmospheric correction methods
sensitive to adjacency effects are also likely to impair our

Table 1. Continued

ID Polynya name
SOOS
region

Mean open
water area
(103 km2)

OBPG/L2gen
NPP (g m�2 d�1)

OC-CCI NPP
(g m�2 d�1)

Rank
change

NPP %
increase

33 Vincennes Bay 12.3 1 2.1 20 ! 24 110

34 Cape Poinsett 4 0.5 1.6 36 ! 39 196

35 Totten Glacier 1.4 0.5 1.9 37 ! 29 281

36 Henry Bay 6.5 0.7 1.7 28 ! 35 154

37 Paulding Bay 1.6 0.4 1.4 44 ! 40 264

38 Porpoise Bay 1.7 0.4 1.2 43 ! 44 202

39 Davis Bay 11.6 0.7 1.7 27 ! 36 130

40 Dumont d’Urville 8.2 0.5 1.2 35 ! 42 130

41 Mertz Polynya 22.9 1.4 2.1 15 ! 22 51

42 Ninnis Glacier 10.8 2.1 2.9 3 ! 10 38

43 Wilson Hills 1.9 0.4 1.6 45 ! 38 344

44 McMurdo Sound Ross Sea 5.8 1.5 2.6 12 ! 12 82

45 Terra Nova Bay 7.3 1.5 2.9 11 ! 11 88

46 Ross Ice Shelf 239.6 1.8 2.1 8 ! 21 17

All polynyas 646.9 1.8 2.2 23

All polynyas excl.
the Ross Ice Shelf

407.3 0.9 2.1 134

Fig. 5. Polynya NPP percentage difference from Table 1 plotted against
the polynya mean 1998–2014 open water area reported in Arrigo et al.
(2015), with a least-squares line derived in log–log-space, and colored by
SOOS region. Note both axes are on a log scale.
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ecological understanding of rapidly changing Antarctic
polynyas. While POLYMER shows improved performance near
ice, it is also constrained by a bio-optical water reflectance
model that may not be well-adapted for the Antarctic. Further
research is also needed to explore how in-water properties such
as pigment packaging, relatively low backscattering, and rela-
tively low content of dissolved substances may also contribute
to underestimation of Chl a by ocean color satellites in coastal
Antarctica. Regardless, Chl a is just one metric of ocean biology
and productivity. Gaining a better understanding of the role of
phytoplankton community composition and bio-optical prop-
erties of the phytoplankton and water column will be impor-
tant to better model pigments, NPP, and carbon uptake.
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