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Abstract
As a key region of Northeast Passage, the polynya along the Siberian coast in the East Siberian and Chukchi Seas is important to local
dynamic and thermodynamic processes, sea ice production and marine ecosystem. The detailed variations of polynya and the contributions of
atmospheric and oceanic factors to the polynya have not been explored quantitatively. AMSR-E satellite data from January to April during the
period 2003e2011 were used to study the impacts of wind stress and ocean heat transport on variations of polynya in the East Siberian Sea and
Chukchi Sea. The study region was divided into six domains. Four sets of AMSR-E data with resolutions of 6.25 km and 12.5 km were compared
based on two algorithms of sea ice concentration (referred to as 6.25 km-IC and 12.5 km-IC) and sea ice thickness (referred to as 6.25 km-h and
12.5 km-h). The monthly and yearly polynya areas in the four cases and six domains had remarkable differences. The two cases of 6.25 km-h and
12.5 km-h had larger areas of polynya than the other two cases of 6.25 km-IC and 12.5 km-IC. The difference in polynya area between the
6.25 km-h and 12.5 km-h cases was much smaller than the difference between the 6.25 km-IC and 12.5 km-IC cases. The study of atmospheric
and oceanic mechanisms on polynya is influenced significantly by the sensitivity of polynya areas. In general, the impact of wind stress and
ocean heat transport on the polynyas had noticeable monthly and interannual variations and was dependent on the locations of the polynyas. The
alongshore and offshore wind had stronger correlations with the polynya area than ocean heat transport. Although the higher resolution
(6.25 km) AMSR-E data are best for the study of atmospheric and oceanic impacts on polynya area, the coarse resolution (12.5 km) AMSR-E
data based on sea ice thickness can also be used. Wind direction dominated the polynya area in the East Siberian Sea and wind speed dominated
the polynya area in the Chukchi Sea. The variation in ocean heat transport was influenced mainly by variation in volume transport rather than
variation in water temperature.
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1. Introduction

Sea ice in the Arctic Ocean has a significant impact on both
basin and local scale ocean processes, including the radiation
balance due to high ice-albedo feedback (Hall, 2004; Perovich
et al., 2007), heat transport due to ice insulating properties
(Maykut and McPhee, 1995; Lytle and Ackley, 1996; Sturm
et al., 2002; Screen and Simmonds, 2010), and freshwater
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change due to ice formation and melt (H€akkinen, 1993;
McPhee et al., 1998; Yamamoto-Kawai et al., 2008). Sea ice
cover in the Arctic Ocean has very strong seasonal variability
(Johannessen et al., 2004) with the minima in September and
the maxima in March. In general, the sea ice cover in the
central Arctic Ocean persists throughout the year. However,
the coastal regions have very different characteristics. Since
the late 1970s, dramatic Arctic warming has caused rapid sea
ice retreat (Bi et al., 2020; Comiso, 2006, 2012; Stroeve et al.,
2007) and sea ice thinning (Kwok and Rothrock, 2009; Kwok
et al., 2009; Liang and Losch, 2018; Rothrock et al., 1999) in
coastal areas.

The Siberian coast is a key region in the Arctic Ocean for
ship navigation through the Northeast Passage (Lei et al.,
2015). A wide continental shelf exists in the East Siberian
Sea and Chukchi Sea. During winter and spring, these two seas
are covered with sea ice. However, in the coastal regions of the
East Siberian Sea and the Chukchi Sea, a number of polynyas
(open water areas surrounded by ice) have occurred between
January and April. These polynyas could improve the possi-
bility of shipping through the Northeast Passage. Polynyas,
which occur at freezing temperatures (Barber et al., 2001),
play a significant role in thermal dynamics, local ocean cir-
culation, sea ice production, and the overall marine ecosystem.
Polynyas have a positive effect on atmospheric mesoscale
motion by releasing heat from the ocean to the atmosphere at a
rate one to two orders of magnitude greater than occurs with
thick ice (Maykut, 1982; Kottmeier and Engelbart, (1992)).
The brine rejection and ocean surface cooling in polynyas lead
to vertical mixing and convection, contributing to the trans-
formation of intermediate and deep waters and maintenance of
the oceanic overturning circulation (Morales Maqueda et al.,
2004). During the formation of polynyas, the low tempera-
ture and high salinity water produced by freezing and brine
rejection is an important source of polar water masses
(Schauer, 1995). Polynyas also provide the appropriate envi-
ronment for marine animals and plants (Grebmeier and
Cooper, (1995)).

The Arctic polynyas are influenced by atmospheric and
oceanic factors. In general, polynyas can be divided into
sensible heat polynyas and latent heat polynyas. Sensible heat
polynyas are controlled by oceanic thermodynamics that melt
existing sea ice and prevent new sea ice formation (Melling
et al., 2015). Latent heat polynyas are driven by atmospheric
and oceanic dynamics, including winds and ocean currents,
which produce divergent sea ice motion (Morales Maqueda
et al., 2004). Most of the Arctic polynyas are thought to be
latent heat polynyas, but many shelf water polynyas are
considered to be hybrid polynyas maintained by both sensible
heat and wind forcing (Kozo, 1991; Hirano et al., 2016; Ladd
et al., 2016). Fukamachi et al. (2017) suggested that strong
offshore wind and upwelling of Atlantic Water could
contribute to the formation of polynyas in the northeastern
Chukchi Sea. Pisareva et al. (2019) arrived at a similar
conclusion that the Northeast Chukchi Polynya was affected
by both wind and upwelled warm water. In their study of the
Bering Sea, Durski and Kurapov (2020) determined that wind
was correlated with the polynyas. Vincent (2019; 2020) found
that the maintenance of the North Water Polynya in the region
of Nares Strait was caused by southward ice advection under
the combined effect of wind, tide and ocean currents.

Over the East Siberian Sea and Chukchi Sea, the wind is
controlled by the combined effects of the Siberian and
Beaufort Highs and Aleutian Low (Danielson et al., 2014).
The variability of atmospheric pressure also influences the
current field in the region. In general, the northward Pacific
inflow enters the Chukchi Sea and separates into three main
branches (Woodgate et al., 2005). An eastward Siberian
Coastal Current runs over the shelf from the East Siberian Sea
to the Chukchi Sea (Semiletov et al., 2005). Owing to the
harsh environment in the polar region, in situ observations of
polynyas are very limited. Currently, research on Arctic po-
lynyas has been based on remote sensing data. Specific
studies focused on polynyas in the East Siberian Sea and
Chukchi Sea are still few. Martin and Cavalieri (1989) sug-
gested that the Siberian shelf polynyas form 20%e60 % of
the Arctic intermediate water. Winsor and Bj€ork (2000)
determined that the polynya in the Chukchi Sea was one of
the regions with largest sea ice production in the Arctic
Ocean. Ingram et al. (2002) found that oceanic heat transport
contributed to the presence of polynyas. In the Chukchi Sea,
winds and ocean currents might contribute equally to the
formation of polynyas (Morales Maqueda et al., 2004). The
northernmost part of the Chukchi Polynya is thought to
contain combined sensible and latent heat polynya driven by
wind stress (Hirano et al., 2016).

Satellite data have limitations. The remote sensing data
used for the study of Arctic polynyas include Aqua Advanced
Microwave Scanning Radiometer-E (AMSR-E), Advanced
Land Observing System (ALOS), Synthetic Aperture Radar
(SAR), Moderate-resolution Imaging Spectroradiometer
(MODIS), Advanced Very High Resolution Radiometer
(AVHRR), and Special Sensor Microwave/Imager (SSM/I).
Since both the MODIS and the AMSR-E datasets show similar
variations in polynya area (Preuber et al., 2019), it was sug-
gested that the two datasets have a high spatial and temporal
reliability. Although MODIS can provide data with a resolu-
tion higher than 1 km, it is hard to guarantee complete tem-
poral and spatial observations due to the limits of clouds and
the shortwave radiation of the sun.

As a result, detailed studies of spatial and temporal varia-
tions of polynyas in the East Siberian Sea and Chukchi Sea are
very limited and quantitative comparisons of different atmo-
spheric and oceanic impacts on the polynyas are few. Also
unknown is how sensitive the different AMSR-E resolution
types (6.25 km and 12.5 km) are for picking up polynya areas
in the East Siberian Sea and Chukchi Sea. In other words, how
will the different AMSR-E datasets influence the study of the
dynamics of atmospheric and oceanic factors on the variation
of polynyas? Previous studies have focused on polynya in the
entire region of the East Siberian Sea and Chukchi Sea. What
is the difference in atmospheric and oceanic factors impacts on
the polynyas in the different subregions? These questions have
not been addressed in previous studies. Therefore, to
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understand the processes and driving mechanisms for polynyas
in the East Siberian Sea and Chukchi Sea, this study focuses
on monthly and interannual variations of polynyas and the
impacts of wind stress and ocean heat transport on the po-
lynyas in different locations. Differences in polynya areas
based on different resolutions and algorithms of AMSR-E data
are also discussed quantitatively.

2. Data and methods
2.1. AMSR-E data
The AMSR-E data cover the period from June 2002 to
October 2011. Since this study focuses on the months when
polynyas typically exist, only the AMSR-E data from January
to April over the period 2003e2011 was used. The area of
polynyas was calculated for four cases with two traditional
threshold methods (sea ice concentration and thickness) and
AMSR-E data at spatial resolutions of 6.25 km and 12.5 km.
Cases based on the threshold method of sea ice concentration
at spatial resolutions of 6.25 km and 12.5 km are referred to as
6.25 km-IC and 12.5 km-IC, and cases based on sea ice
thickness at spatial resolutions of 6.25 km and 12.5 km are
referred to as 6.25 km-h and 12.5 km-h. For the sea ice con-
centration, a threshold of less than 75% is used to identify
polynya (Massom et al., 1998). For the sea ice thickness, a
value less than 0.2 m is often used as the polynya criterion
(Preuber et al., 2019).

With respect to sea ice concentration, the 6.25 km-IC for
2003e2011 is based on the 6.25-km AMSR-E data product
retrieved by Bremen University, Germany, and 12.5 km-IC is
based on the 12.5-km AMSR-E data from the National Snow
and Ice Data Center. For the sea ice thickness, the 6.25 km-h
and 12.5 km-h for 2003e2011 were collected from the AMSR-
E brightness temperature data of sea ice and derived through the
algorithm developed for AMSR-E by Iwamoto et al. (2014).
Fig. 1. The topography of the Arctic Ocean (left) and the occurrence frequency of

Chukchi Sea from January to April over the period 2003e2011 (right). The black po

the transects used to calculate the ocean heat transport.
The study region was divided into six small subregions
(hereafter referred to as domains A, B, C, D, E, and F) based
on the occurrence frequency of polynya. The frequency was
calculated using the 6.25 km-IC along with the orientation and
shape of the Siberian coast in the East Siberian Sea and
Chukchi Sea from January through April over the period
2003e2011 (Fig. 1).
2.2. Wind data
The 10-m horizontal daily mean wind data for 2003e2011
(with spatial resolution of 0.25 � � 0.25 �) obtained from the
European Center for Medium-Range Weather Forecasts
(ECMWF) ERA5 were used to explore the impact of wind
stress on polynyas in the six subregions of the East Siberian
Sea and Chukchi Sea.
2.3. Ocean heat transport data
Simulated data for ocean heat transport for 2003e2011 were
obtained from the Arctic Ocean unstructured-grid, Finite-Vol-
ume Community Ocean Model (AO-FVCOM). AO-FVCOM is
a global-regional nested model driven by wind stress, sea level
pressure, net heat flux, precipitation, evaporation and river
discharge. The AO-FVCOM uses the ice-ocean coupled module
based on the Community Ice CodE (CICE), which was con-
verted to the Unstructured Grid version (Hunke et al., 2010;
Gao et al., 2011). AO-FVCOM has a horizontal resolution of
2e40 km (the higher resolution is in the regions with complex
coastlines and topographies) and a vertical resolution derived
using a hybrid terrain-following coordinate with 45 layers. No
data assimilation was applied to the simulation. Detailed in-
formation about the model setup has been published in Chen
et al. (2016), Zhang et al. (2016a), and Zhang et al. (2016b).
The simulated results of AO-FVCOM have been validated
under the climatological and real-time conditions for tidal
polynya along the Siberian coast subregions in the East Siberian Sea and the

lygons indicate the six subregions and the black lines in the subregions indicate



Fig. 2. The multi-year mean (2003e2011) monthly variation of polynya areas based on AMSR-E 6.25 km-IC, 6.25 km-h, 12.5 km-IC and 12.5 km-h in the six

subregions from January to April.
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elevation (Chen et al., 2009); current circulations (Chen et al.,
2016); sea ice extent, concentration, thickness, and drift ve-
locity (Gao et al., 2011; Zhang et al., 2016b); and water
transports (Zhang et al., 2016a; Deng et al., 2019).
Fig. 3. The variation of annual (from January to April) polynya area based on AM

over the period 2003e2011.
3. Monthly and interannual variations in polynya area

The monthly results showed that was hard to detect the
polynyas in the case of 12.5 km-IC because most of the
SR-E 6.25 km-IC, 6.25 km-h, 12.5 km-IC and 12.5 km-h in the six subregions



Fig. 4. The multi-year mean (2003e2011) monthly wind in the East Siberian Sea and Chukchi Sea from January to April.
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derived sea ice concentration in the East Siberian Sea and
Chukchi Sea were larger than 75 %, which resulted in a very
small area of polynya in all of the subregions and periods.
Therefore, in the following analysis and discussion, the
12.5 km-IC case was not included.
Fig. 5. The correlation coefficients between monthly alongshore wind speed and pol

January to April over the period 2003e2011 (The dashed line indicates the 95 %
3.1. Monthly variation
The multi-year mean (2003e2011) monthly polynya areas
from January to April showed large differences among the four
cases (Fig. 2). For 6.25 km-IC, 6.25 km-h, and 12.5 km-h, the
ynya area for the cases of 6.25 km-IC and 6.25 km-h in the six subregions from

confidence level).



Fig. 6. The yearly (from January to April) correlation coefficients between

alongshore wind speed and polynya area for the cases of 6.25 km-IC and

6.25 km-h in the six subregions over the period 2003e2011 (The dashed line

indicates the 95 % confidence level).
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maximum polynya areas in domains A and B occurred in April,
while themaximum polynya area in domainsD, E and F happened
in January. In domain C, 6.25 km-h and 12.5 km-h could not detect
polynya areas well, and only a small area of polynya was found in
6.25 km-IC. This suggests that domainCwas dominated by sea ice
with a large thickness and small concentration.

The cases using the sea ice thickness algorithm generated
larger polynya areas than the cases using the sea ice concen-
tration algorithm. However, they all reflected monthly variation
of polynya area in each subregion (Fig. 2). The polynya areas in
Fig. 7. The correlation coefficients between monthly offshore wind speed and poly

January to April over the period 2003e2011 (The dashed line indicates the 95 %
6.25 km-h and 12.5 km-h were relatively similar whereas the
cases of 6.25 km-IC and 6.25 km-h had the largest differences.
3.2. Interannual variation
The annual mean polynya area in each domain showed
large interannual variation (Fig. 3). In domains A and B, the
simulation results (except for 12.5 km-IC) showed a signifi-
cantly larger polynya area in 2011. In domains D, E and F, the
largest polynya areas appeared in 2004, 2007 and 2011. In
domain C, the polynya areas for 6.25 km-h and 12.5 km-h
were close to zero in all years. The polynya area for 6.25 km-
IC was also smaller than in other domains.

4. Impacts of atmospheric and oceanic factors on polynya

The polynya areas in the four cases were quite different
from one another due to differences in judgment methods and
resolutions. In general, the higher resolution data captured a
more detailed pattern of sea ice variation. The cases of
6.25 km-IC and 6.25 km-h were used to investigate the im-
pacts of atmospheric and oceanic factors on the variation in
polynya areas.
4.1. Impact of wind on polynya
During 2003e2011, northwest winds prevailed in the study
area of the East Siberian Sea and Chukchi Sea from January to
April (Fig. 4). The distribution pattern of wind speed in the
four months was similar, increasing gradually from west to
east with maximums close to Bering Strait. The mean wind
speeds were larger in February and smaller in April.

The correlation between monthly alongshore wind speed and
the polynya area for 6.25 km-IC and 6.25 km-h is shown in
nya area for the cases of 6.25 km-IC and 6.25 km-h in the six subregions from

confidence level).



Fig. 8. The correlation coefficients between yearly (from January to April)

offshore wind speed and polynya area for the cases of 6.25 km-IC and

6.25 km-h in the six subregions over the period 2003e2011 (The dashed line

indicates the 95 % confidence level).
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Fig. 5. Although the polynya area for 6.25 km-IC was very
different from that of 6.25 km-h, the correlation between
alongshore wind speed and the polynya area for these two cases
had similar results (except in domain C). Both cases indicate
that the alongshore wind had significant impacts on the polynya
area. In domains D and F, the correlation coefficient was
0.43e0.47 at 95 % confidence level. In domain C, the 6.25 km-
IC had a higher correlation with alongshore wind speed with the
mean coefficient of 0.37. The 6.25 km-h could not detect any
Fig. 9. The mean current and temperature of upper 10 m
polynya areas in domain C. In domains A and B, the 6.25 km-h
showed a large correlation coefficient (over 0.40) in January.

The yearly correlation (from January to April) between
alongshore wind speed and polynya area also showed small
differences between the two cases and both with larger
values (0.42e0.47) in domains D and F (Fig. 6). In each
domain, a large amount of variability in the coefficient
values was observed over the years. In domains A and B,
both cases had maximum correlation coefficients in 2011. In
domain C, the 6.25 km-IC had a maximum coefficient in
2005. In domain D, 6.25 km-IC and 6.25 km-h showed
maximum values in 2006 and 2004, respectively. In domains
E and F, the two cases had the maximum correlation co-
efficients in 2007.

The monthly correlation between offshore wind speed and
the polynya area had larger coefficients than alongshore wind
(Fig. 7). Both cases found that the offshore wind affected the
polynya area significantly in every subregion except domain
C. The smaller correlation coefficient in domain C was caused
by the smaller polynya area.

Other domains had larger correlation coefficients but
different patterns in different months. In domains A, B, E, and
F, the maximum correlation coefficient appeared in February.
In domain D, the correlation coefficient was almost the same
in February and March. The month with the smallest corre-
lation coefficient varied: January in domains A and B, March
in domain E, and April in domains D and F.

In all domains except for domain C, the yearly (from January
to April) correlation coefficient between offshore wind speed and
polynya area was larger than with the alongshore wind (Fig. 8).
The difference in correlation coefficients between these two cases
was small. A maximum correlation coefficient of 0.69 occurred
in 2005 for domain E. In domains A and D, the maximum
from January to April over the period 2003e2011.



Fig. 10. The correlation coefficients between monthly ocean heat transport and polynya area for the cases of 6.25 km-IC and 6.25 km-h in the six subregions from

January to April over the period 2003e2011. The dashed line indicates the 95 % confidence level.
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correlation coefficient appeared in 2003. The maximum corre-
lation value in domains B and F occurred in 2011.
4.2. Impact of ocean heat transport on polynya
Fig. 11. The yearly (from January to April) correlation coefficients between

ocean heat transport and polynya area for the cases of 6.25 km-IC and

6.25 km-h in the six subregions over the period 2003e2011 (The dashed line

indicates the 95 % confidence level).
The study area is a transitional zone between the Pacific-
derived waters and the Arctic shelf waterswith two currents
that run in opposite directions (Semiletov et al., 2005) which
was captured by our simulation (Fig. 9). Sensible heat po-
lynyas in this area are thermally driven. The current circula-
tion carries ocean heat into the study area and results in the
continuous transport of warm water rising to the surface.
Because of the shallow depth in the coastal region, sea ice is
significantly affected by the surface layer water. Ocean heat
transport in the upper 10 m in each subregion was calculated
for the transects shown in Fig. 1. The transect location for each
domain was selected based on the locations with the highest
occurrences of polynya.

Fig. 10 shows the correlation between monthly ocean heat
transport and the polynya area for 6.25 km-IC and 6.25 km-h.
In general, the correlation coefficients for the two cases were
similar. However, the correlation coefficient between ocean
heat transport and polynya area was smaller than that between
wind and polynya area, which suggests that the contribution of
ocean heat transport to the polynya was not as significant as
the contribution of the wind. Domain C was still a special
case, without correlation values for 6.25 km-h. Compared with
other domains, domains B and F had relatively larger corre-
lation coefficients. Domains A and B had maximum correla-
tion coefficients in January, and domain F had a maximum
correlation value in February. In domains D and E, the
maximum correlation for 6.25 km-IC was in April, while the
maximum correlation for 6.25 km-h was in January.
The correlation coefficients between yearly ocean heat
transport and polynya area for 6.25 km-IC and 6.25 km-h are
shown in Fig. 11. Except for in domain C, there were small
differences in correlation coefficients between 6.25 km-IC and
6.25 km-h. However, the correlation coefficients changed
remarkably with the years and domains. Similar to the
monthly result in Fig. 10, domains B and F had relatively
larger correlation values (Fig. 11). In domain A, the largest
coefficient appeared in 2004 and 2006. In domains D and E,



Fig. 12. The mean correlation coefficient between offshore wind speed and

polynya area (a) and between ocean heat transport and polynya area (b) based

on four cases of 6.25 km-IC, 6.25 km-h, 12.5 km-IC and 12.5 km-h in the six

domains (2003e2011).
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the maximum coefficient appeared in 2006 and was much
larger than in other years.

5. Discussion

In the above analysis, only the higher resolution (6.25 km)
AMSR-E dataset was used to explore the impacts of atmo-
spheric and oceanic factors on polynya in the East Siberian Sea
Fig. 13. The percentage distributions of wind speed and dir
and Chukchi Sea. Further correlation analysis was conducted
and discussed using the relatively coarse resolution of 12.5 km.
There were large differences between the results for 12.5 km-IC
and the results for the other three cases in that it was hard to
detect polynyas in 12.5 km-IC (Fig. 12).

With respect to the correlation between offshore wind
speed and polynya area, the three cases of 6.25 km-IC,
6.25 km-h and 12.5 km-h showed similar trends with the
maximum coefficients appearing in domain E. The correla-
tion between ocean heat transport and polynya area had the
same pattern except that the maxima occurred in domain B.
The only difference among these three cases was that it was
hard to detect the polynya in domain C with either 6.25 km-h
or 12.5 km-h. For the study of the correlations between
polynya area and atmospheric and oceanic factors in the East
Siberian Sea and Chukchi Sea, the higher resolution dataset
is strongly recommended although the coarser resolution of
12.5 km for AMSR-E dataset can be used with the algorithm
of sea ice thickness.

In the analysis of the correlation between wind speed and
polynya area, the correlation coefficients were large. However,
the wind velocity characteristics across the five domains were
different, which influenced the polynya area in different ways.
Wind direction also played a role in the formation of polynya.
In domains A and B in the East Siberian Sea, the east‒west
winds (which roughly parallel the Siberian coast) accounted
for 70.8 % and 75.4 % respectively (Fig. 13). This wind di-
rection in domains A and B was helpful in the formation of
polynya in that the wind could cause the sea ice to drift along
the coast. In domains D, E and F of the Chukchi Sea, most of
the wind was northwest but the wind speed was greater than
that in domains A and B (mean values of 5.6 m s�1 for domain
D, 5.7 m s�1 for domain E and 6.0 m s�1for domain F)
(Fig. 13). The stronger winds in domains D, E and F still could
produce the relatively large along-coast wind component
ection in the six domains over the period 2003e2011.



Fig. 14. Comparisons of yearly (top) and monthly (bottom) ocean heat transport, volume transport, and temperature in the upper 10 m in the six domains from

January to April over the period 2003e2011 (The negative values in the volume transport indicate the current flowing from the East Siberian Sea to the Chukchi

Sea, and the positive values indicate the opposite direction).
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affecting the sea ice movement. We believe that wind direction
dominates the formation of polynya in the East Siberian Sea
and wind speed dominates the formation of polynya in the
Chukchi Sea.

In the study of the influence of ocean heat transport on
polynya, the roles of variation of water temperature and volume
transport in heat transport were explored since the heat trans-
port was determined by the water temperature and water ve-
locity. Comparisons of yearly and monthly ocean heat transport,
volume transport and temperature in the upper 10 m showed
that variations in volume transport were highly correlated
(r > 0.9, p < 0.01) with variations in heat transport (Fig. 14).
Variations in water temperature had a very low correlation
(r < 0.1) with variations in heat transport. This result indicates
that the heat transport in the East Siberian Sea and Chukchi Sea
was dominant by volume transport during the study period.

6. Conclusions

Multi-year mean monthly and annual simulations of
polynya area showed distinct differences among the study
domains. In general, 6.25 km-h and 12.5 km-h derived larger
polynya areas than 6.25 km-IC and 12.5 km-IC. The exception
is domain C, where no polynya could be detected with
6.25 km-h and 12.5 km-h because the sea ice thickness in
these two cases was larger than the polynya criterion of 0.2 m.
The case of 12.5 km-IC showed sea ice concentration larger
than 75 %, which made it difficult to detect the polynyas in all
the domains. In general, the difference in polynya area be-
tween 6.25 km-IC and 12.5 km-IC was larger than the dif-
ference in polynya area between 6.25 km-h and 12.5 km-h.

Both the alongshore and offshore winds affected variation
in the polynyas. The correlation coefficient between wind
speed and polynya area was larger than that between ocean
heat transport and polynya area, which suggests a smaller
contribution of ocean heat transport to the polynya area than
the contribution of wind.

The difference in correlation between results for 12.5 km-h
and 6.25 km-h is smaller. AMSR-E sea ice thickness data with
a coarse resolution of 12.5 km can be used for the study of
atmospheric and oceanic mechanisms on polynya area, but the
higher resolution dataset is suggested as the first choice.

Both wind direction and wind speed were important factors
affecting the polynya. Wind direction dominated the polynya
area in the East Siberian Sea and wind speed was dominant in
the Chukchi Sea. Variations in ocean heat transport in the East
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Siberian Sea and Chukchi Sea was controlled by variations in
volume transport rather than by variations in water temperature.
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