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Abstract

Purpose. The article is devoted to studying the long-term variability of the characteristics of surface
manifestations of the Arctic Frontal Zone formed seasonally in the Marginal Ice Zone of the Arctic
seas.

Methods and Results. To identify the frontal zone, the satellite measurements of surface temperature
carried out by the MODIS/Aqua and VIIRS/Suomi NPP from August to September 2002—2020 are used
as initial data. The Arctic Frontal Zone position and characteristics were determined using the cluster
analysis. In the warm period of the year, the average long-term thermal surface gradient in the Arctic
Frontal Zone is revealed to be 0.06 °C/km, and its area — 348,000 km?2. Variability of the interannual
gradient estimates in this region ranged from 0.04 to 0.09 °C/km, and the area — from 159,000 to
489,000 km?.

Conclusions. During the last two decades, spatial position of the frontal zone has been characterized by
a significant shift to the north (81°-82°N). The surface temperature in the frontal zone in the last decade
was on average higher than that in the previous one. Such dynamics is conditioned by retreat of the
arctic ice cover edge. The thermal gradient maximum values in the Arctic Frontal Zone were recorded
in 2009, 2016 and 2018 at the significant near-surface wind speeds and the reduced ice cover
concentration. The surface temperature, the thermal gradient and the frontal zone area are shown to be
conditioned by the ice area and concentration in last year’s autumn season. It is established that during
a warm season, the North Atlantic Oscillation winter index governs variation of the surface temperature
in the Arctic Frontal Zone.
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1. Introduction
The Arctic ice pack is one of the most important characteristics of the polar
regions. The characteristics and spatial dynamics of ice affect both the regional
features of individual seas [1] and the entire climatic system of the Arctic [2].
In recent decades, an intensive retreat of the ice cover edge towards the North Pole
has been observed in the Arctic region [3, 4]. On the boundary of the first-year ice
and completely open sea waters, a Marginal Ice Zone (MIZ) that is unique in its
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hydrological structure is formed (works * and [5-9]). The processes of interaction
between the ocean and the atmosphere with sea ice in the MIZ enhance small-scale
turbulence and convective mixing [5, 6], and also affect various marine food chains
[10, 11].

Numerous studies of the MIZ [10-16] revealed that as a result of the interaction
of relatively cold freshened waters near the ice cover edge and warmer sea waters
farther from the edge, a frontal zone is formed [13]. To date, this zone has no
established name. It is known that in some studies it is called the Arctic [12, 13],
Near-Edge [17], or Frontal zone of the MIZ [15]. In this paper, the authors will rely
on the terminology of [13] and use the term “Arctic Frontal Zone” (AFZ).

The methodological difficulties of contact and remote observations in the AFZ
cause the absence of any information about the long-term variability of quantitative
estimates and its dynamics in the Barents and Kara Seas. It is known from individual
works [13, 17] that in the Barents Sea, according to shipborne measurements, the
AFZ has complex seasonal and interannual spatial dynamics, which depends on the
characteristics and position of the ice cover edge, as well as surface wind parameters.
In the warm period of the year, the AFZ in the Barents Sea [16, 17] is characterized
by pronounced vertical and horizontal thermohaline gradients. Using satellite
probing data from high-resolution radiometers, the spatial dynamics of the AFZ was
described and some seasonal estimates of thermal gradients and the width of this
zone were obtained in the Kara Sea in recent studies [14, 17].

However, very rare and fragmentary studies do not enable one to describe
the spatial dynamics over a long-time interval and systematize quantitative estimates
of the AFZ characteristics in the Barents and Kara Seas. Obtaining and refining these
data is an important aspect in understanding ongoing global climate change. No
less relevant is the study of the relationship between the characteristics of the AFZ
and large-scale atmospheric circulation, which will make it possible to reveal the
features of ocean-atmosphere interaction process in the northern parts of the Arctic
seas.

Thus, the purpose of this study is the detection of the AFZ on the surface,
the study of its interannual variability, and the analysis of estimates of its relationship
with regional and global hydrometeorological processes.

2. Data and methods

The spatial variability and quantitative characteristics of the AFZ were
estimated using monthly average satellite measurements of the sea surface
temperature (SST) from August to September 2002-2020. To identify the AFZ,
the data from satellites with high resolution infrared radiometers MODIS/Aqua and
VIIRS/Suomi NPP were used. The spatial resolution of the data is 0.05° in latitude
and longitude [18].

The characteristics and position of the AFZ were determined by joint analysis
of the SST fields and their gradients. The thermal horizontal gradients were
calculated according to the method presented in [19]. In the Matlab software, a two-

! Nikiforov, E.G. and Shpayher, A.O., 1980. [Patterns of Formation of Large-Scale Fluctuations in
the Hydrological Regime of the Arctic Ocean]. Leningrad: Gidrometeoizdat, 270 p. (in Russian); Terziev,
F.S., ed., 1990. Hydrometeorology and Hydrochemistry of the Seas of the USSR. Volume 1. Barents Sea.
Issue 1. Hydrometeorological Conditions. Leningrad: Gidrometeoizdat, 280 p. (in Russian).
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dimensional grid was created with coordinates from 75° to 83°N and 30° to 90°E in
the Barents and Kara Seas with a step of 0.25° in latitude and longitude. Then the
obtained data on the SST and its gradients were combined into a single matrix and
interpolated to the specified grid.

The AFZ on the surface of the Barents and Kara Seas was identified in
the Statistica 10 program using hierarchical and interactive cluster analysis
algorithms 2 in two stages. In the first stage, the optimal number of classes was
determined using the dendrograms constructed by the Ward method with
the Euclidean metric. In the second stage, the final clustering was carried out using
the k-means method. Based on the cluster analysis results, the distribution maps of
the selected AFZ positions were constructed. The maps of the positions of the main
water classes were analyzed for each individual month. For the subclass
corresponding to the AFZ, the mean SST values, its gradients, and area were
calculated on monthly and annual intervals, and the coordinates of the northernmost
point of the frontal zone were determined. Further, on the basis of the obtained
coordinates for decades, the frequency of latitudes was estimated, at which the
northern boundary of the AFZ was recorded.

To analyze the wind effect on the AFZ parameters, we used 6-hour near-water
wind velocity data from the ERA-Interim Reanalysis product, obtained from
the website https://www.ecmwf.int from the European Center for Medium-Range
Weather Forecasts (ECMWF). The wind field data were obtained from 2002 to 2019
and averaged to monthly values. The area and concentration (the term
“concentration” is used in the initial data) of the ice cover in the study area was
described using the data from the AMSR-E and AMSR-2 satellite radiometers.
The data were prepared by the University of Bremen [20]. They also determined the
ice cover edge position (on the maps presented in the work, these are the lines where
the ice concentration was 1%) and the area of ice with different concentrations.

The analysis of the effect of global atmospheric processes on the change in
the AFZ parameters was carried out using the NAO (North Atlantic Oscillation)
atmospheric circulation index 3, which reflects the intensity of zonal transport of air
masses over the northern part of the Atlantic Ocean [21]. The data was downloaded
from the Climate Prediction Center website (https://www.cpc.ncep.noaa.gov).

The cross-correlation analysis was applied to determine the degree of
connection between the regional and global processes and the characteristics of
the AFZ. The frontal zone characteristics were compared with data on the wind, area,
and concentration of the ice cover on a monthly interval with a shift of up to 12
months. The data on atmospheric circulation indices correlated with the average
seasonal estimates of the frontal zone characteristics over a time interval from 3to 9
months. The obtained coefficients were tested for significance using Student’s t-test
for a significance level of 95%.

2 Vainovsky, P.A. and Malinin, V.N., 1992. [Methods of Processing and Analysis of Oceanological
Information: Multidimensional Analysis]. St. Petersburg: RGGMI, 96 p. (in Russian).

3Climate Prediction Center. 1999. Climate Diagnostics Bulletin. [online] Available at:
https://www.cpc.ncep.noaa.gov/products/CDB/CDB_Archive_html/bulletin_0299/telemonc.gif [Accessed:
20 November 2022].
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3. Results of the study

3.1. AFZ detection on the surface of the Barents and Kara seas. On
the example of the results of temperature fields’ clustering and its gradient by
the Ward method, shown in Fig. 1, a, one can see two main classes, which are located
quite far from each other. These classes can be attributed to clean sea waters and
waters in the area of the Arctic ice pack. By reducing the threshold distance by more
than three times, one can observe the division of the seawater class into two
subclasses. According to general ideas about the characteristics of the Barents and
Kara Sea waters (see works * and [22-24]), it is known that Arctic waters are
observed in the region under consideration. During various studies [13, 14, 16], it
was found that frontal zones of different genesis arise between the waters formed
under the direct effect of the ice cover edge and the Arctic waters in this region.
Accordingly, the results of clustering by the Ward method enable us to make
an assumption about the presence of two modifications of sea waters in the surface
layer and a separate class of waters in the area of the drifting ice pack. As a result,
in this region, the allocation of three classes of water will be the most optimal from
a physical and statistical point of view.
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Fig. 1. Results of the cluster analysis and application of the satellite-derived ice parameters in August,
2002: a - dendrogram obtained by the Ward’s method (black vertical line and numbers denote the water
main classes); b — classification obtained by the k-means method (class 1 — arctic water mass; class 2 —
AFZ; class 3 — waters in the ice cover area; black hatch line — the monthly average position of the ice
cover edge (1% ice concentration); black solid line — boundary of the ice with 20% ice concentration)

4 Dobrovolsky, A.D. and Zalogin, B.S., 1982. Seas of the USSR. Moscow: MGU, 192 p. (in Russian).
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The resulting number of classes was applied in clustering by the k-means
method, the results of which are represented in Fig. 1, b.

The quantitative estimates of the resulting clustering are presented in Table 1. It
can be seen from the table that the classification provides clear correlation of
the obtained classes with waters of different genesis, which are observed in
the selected study region.

Table 1

Quantitative estimates of SST characteristics (T), its gradients (VT) and AFZ area (s)
based on the cluster analysis results for August, 2002

Class T,°C VT, °C/km s-10%, km?
1 2.6 0.03 272
2 1.8 0.06 263
3 -0.2 0.04 641

According to the studies (the works ° and [9, 23-26]), the Arctic waters in
the Barents and Kara Seas are most often observed above 77°-79°N and are located
near Svalbard and Franz Joseph Land (FJL) archipelagos and ice cover edge.
The position of the first class (see Fig. 1, b) generally corresponds to the climatic
position of this water mass, described in the works ° and in [23, 25]. The average
temperature of the Arctic waters in the warm season averages 2-3 °C, which
generally coincides with the clustering results (see Table 1).

The second class occupies a boundary position between the Arctic waters and
the seasonal (melting) ice (concentration over 1%). The northern boundary of
the class almost along its entire length is in contact with the ice cover edge. Such
a spatial position of the class is comparable to the previously described position [13]
of the AFZ at the ice boundary in the MIZ. This class has the maximum surface
thermal gradient (0.06 °C/km) which, according to the classification ’, makes it
possible to refer it to the frontal zone. An additional confirmation of the assignment
of this class to the frontal zone is its minimum area (263,000 km?) in comparison
with the area occupied by other classes. In addition, the results of expeditionary
studies [16] correlate with the obtained value of the frontal zone thermal gradient,

5> Dobrovolsky, A.D. and Zalogin, B.S., 1982. Seas of the USSR. Moscow: MGU, 192 p. (in
Russian); Vainovsky, P.A. and Malinin, V.N., 1992. [Methods of Processing and Analysis of
Oceanological Information: Multidimensional Analysis]. St. Petersburg: RGGMI, 96 p. (in Russian).

6 Nikiforov, E.G. and Shpayher, A.O., 1980. [Patterns of Formation of Large-Scale Fluctuations
of the Hydrological Regime of the Arctic Ocean]. Leningrad: Gidrometeoizdat, 270 p. (in Russian);
Vainovsky, P.A. and Malinin, V.N., 1992. [Methods of Processing and Analysis of Oceanological
Information: Multidimensional Analysis]. St. Petersburg: RGGMI, 96 p. (in Russian).

" Fedorov, K.N., 1983. The Physical Nature and Structure of Oceanic Fronts. Berlin: Springer,
333 p. doi:10.1029/LN019
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which was identified at the MIZ boundary. Based on the performed analysis, this
class can be attributed to the AFZ.

An analysis of the AMSR-E radiometer data for August 2002 showed that in the
3rd class area, the maximum area (more than 340,000 km?) is occupied by waters
with ice fields with a concentration of more than 1%. The quantitative SST estimates
obtained as a result of clustering (mostly negative values) also confirm that this class
belongs to waters in the area of seasonal ice fields (see Table 1). It should be noted
that negative temperatures, similar to the temperature of surface waters, also form in
separate open areas of thin ice near thawed patches.

Thus, as part of the clustering in the study area of the Barents and Kara Seas, it
was possible to distinguish three classes: arctic waters, the AFZ, and waters in
the area of seasonal ice fields.

3.2. Long-term and interannual variability of AFZ. The cluster analysis
provided long-term quantitative estimates and describe the dynamics of the AFZ
variability from 2002 to 2020. Table 2 shows the averaged long-term AFZ
parameters for August and September.

Table 2

Average long-term estimates of SST (T), its gradients (VT) and the AFZ area (s)
for August and September

Month T,°C VT, °Clkm s-10%, km?
August 12 364
September 0.8 0.06 332
Average 1.0 348

The long-term SST estimates for each month reflect the variation with
a maximum in August and a minimum in September. The thermal gradient in August
and September remains unchanged. The maximum area of the surface AFZ is
recorded in August, and then a slight decrease in its value takes place.

An analysis of the long-term spatial dynamics of the AFZ (Fig. 2, a—b) revealed
that in August the frontal zone is located in areas from 78°-80°N, being located
southward of FJL archipelago. In September, the AFZ, dividing into two separate
parts, shifts to the region of 80°-81°N. Probably, the main contribution to the
variability of the frontal zone spatial position in a given period of the year is made
by the intensity of solar radiation, which affects the melting and retreat of the ice
cover edge to the north.
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Fig. 2. Long-term AFZ positions (hatch lines area): a — August; b — September. Black line indicates
position of the ice cover edge (1% ice concentration based on the AMSR-E and AMSR-2 radiometers
data)
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F i g. 3. Interannual variability (2002-2020) of SST (a), SST gradient (b), AFZ area (c)
and repeatability of the coordinates of the zone northern boundary in 2002-2010 (d) and in 2011-
2020 (e)

The interannual variability of temperature characteristics in the frontal zone for
the entire study period is demonstrated in Fig. 3, a. It can be seen that from 2002 to
2020 the SST fluctuates from 0.4 °C in September to 2.1 °C in August. Most often,
the maximum surface temperature is observed in August, and the minimum — in
September. In the period from 2002 to 2012, the SST in the AFZ did not change
significantly, and the maximum values reached 1.4 °C, which generally coincides
with the average long-term estimates (see Table 2). In the second decade of the 21
century, a positive trend in surface temperature takes place, the maximum of which
is observed in August 2020 and reaches 2.1 °C. This value is twice higher than
the average estimates (see Table 2). It is important to immediately note that in recent
years the AFZ in the region under consideration is registered only in August.

Variability of the value of the AFZ gradient from 2002 to 2020 (Fig. 3, b) is
generally characterized by uniformity. The thermal gradient in the AFZ varies from
0.04 °C/km in 2010 to 0.09 °C/km in 2009. In the first decade of the 21* century
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the magnitude of the SST gradient is almost unchanged and generally corresponds
to its average long-term values (see Table 2). However, from 2011 to 2020, there is
aslight increase in the thermal gradient with a maximum of 0.08 °C/km in
September 2016. It should be noted that in certain months, for instance in August of
2009, 2016, 2019, at small SST values the maxima of SST gradient are observed in
the AFZ. However, these cases are exceptional and do not apply to the entire study
period.

The AFZ area parameters (Fig. 3, ) are characterized by a minimum value in
September 2014 (139,000 km?) and a maximum in August 2013 (489,000 km?). The
interannual variability of the area is characterized by insignificant fluctuations in the
first decade of the 21% century (amplitude of 30-40,000 km?), and from 2010 to 2020
its range increases several times (amplitude of more than 330,000 km?). In some
years, both positive (2004, 2013, 2017) and negative (2006, 2014, 2020) anomalies
in the AFZ area are observed, their magnitude significantly exceeds the average
long-term estimates (see Table 2). It is also worth noting the cycles of growth (2008—
2012; 2016-2019) and decline (2004-2007; 2013-2015) of the area value, their
interval is from 3 to 4 years.

An analysis of the frequency diagrams of the latitude of the AFZ northern
boundary over 20 years (Fig. 3, d — e) showed that in the first decade the frontal zone
was observed in the southern regions of FJL (80.5°-81.5°N), and in the second, it
began to be observed more often much northwards, in the area up to 82.5°N. It is
important to note that from 2010 to 2020, the percentage of occurrence of the frontal
zone northern boundary at higher latitudes increased. Such a spatial position of the
frontal zone is the main cause for the absence of its quantitative estimates in
September in recent years. The AFZ, like the Arctic ice pack, is shifting significantly
to the north and going far beyond the geographic boundaries of the Barents and Kara
Seas.

3.3. Relationship of AFZ with regional and global hydrometeorological
processes. Estimates of the characteristics of the area and ice cover concentration,
as well as the characteristics of the near-water wind for the period under study in the
considered water area, are presented in Fig. 4. The parameters of the area and
concentration of the ice cover for the period under consideration have a pronounced
negative time trend. At the same time, minimum estimates were more often recorded
in certain years of the second decade of the 21% century (2012 — 117,000 km? and
5%, 2013 — 52,000 km? and 4%, 2018 — 110,000 km? and 3%, 2020 — 53,000 km?
and 4%). It should be noted that the ice area in the studied region over the first two
decades of the 21* century decreased on average by 200-250,000 km?, and its density
more than halved from 16 to 6%. The intensification of the wind impact was more
often observed from 2002 to 2010: the maxima are observed in 2006 (2.9 m/s) and
2009 (3.5 m/s). In the second decade of the 21 century the wind velocity fell, in
recent years its steady decrease has been taking place (2018 — 1.2 m/s, 2019 -
0.8 m/s). It is important to note that in recent years (from 2016 to 2019), the
parameters of the ice cover and the average wind velocity have changed
synchronously.
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Fig. 4. Interannual estimates of the sea ice parameters for August and September, 2002-2020: a — ice
cover area with a concentration from 1 to 100 %; b — average ice concentration in the region under
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A comparison of the interannual parameters of ice and wind with the AFZ
characteristics showed that the overall increase in surface temperature in the frontal
zone (see Fig. 3, a) for certain years (2015, 2016, 2018, 2020) is formed against
the background of a low surface wind velocity, as well as a decrease in the area and
concentration of the ice cover. Most of the small SST values in the AFZ (2002, 2003,
2007, 2009) coincide with the large area and concentration of ice and the maximum
wind velocity in the region. The exception is 2012 minimum SST values (0.4 °C)
and a small area and ice concentration are observed when at an average wind velocity
of no more than 2 m/s. Probably at the beginning of the second decade of the 21%
century an intense melting of ice could not have a one-time response in changing the
AFZ surface temperature. However, the constant increase in the sea surface open
from ice against the background of low wind velocities, apparently, affected the
intensification of radiative heating and the formation of significant positive SST
anomalies in the AFZ, for example, in August 2020.

A large value of the AFZ thermal gradient (see Fig. 3, b), recorded in 2009,
2016, and 2018, was observed at relatively high near-water wind velocities and
minima in the area and concentration of the ice cover. The increase in the gradient
probably occurs as a result of an increased inflow of cold freshened water into
the area outside the ice zone due to ice melting. The melting accelerates due to
the increase in near-water wind velocity. Small SST gradients in September 2008
and August — September 2010 correspond to a low wind velocity and periods of
maxima in the area and concentration of ice, which indicates a relationship between
the characteristics of the AFZ gradient and the volume of water incoming as a result
of melting.

The maximum values of the AFZ area (2012, 2013, 2017, 2019) coincide with
periods when low wind velocities and minima in the area and concentration of the ice
cover are observed. The minimum areas occupied by AFZ are observed in the years
of increased area and concentration of ice (2002, 2003, 2006, 2014), as well as wind
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intensification (2009, 2016). Comparison of the area of the AFZ and the area of ice
with a concentration of no more than 20% in the region under consideration (Fig. 4,
d) showed their almost synchronous variability. This interdependence suggests that
the intensity of ice melting makes a significant contribution to the formation of the
AFZ area. The only exception (resynchronization) was recorded in 2006, when, with
a decrease in the AFZ area, an increase in the ice area with its low concentration was
observed, which was probably due to the intensification of the northern surface wind
velocity during this period (Fig. 4, a — ) that affected the increase in the volume of
ice carried out from the northern regions of the Arctic.

The role of the wind in changing the characteristics of the frontal zone is well
illustrated in Fig. 5. The maximum AFZ area (Fig. 5, a), which is recorded in August
2013, is observed at northern winds with an average velocity of up to 3.5 m/s. In
September 2014, at southerly winds with an average velocity of more than 4 m/s, the
minimum AFZ area is recorded (Fig. 5, b).

e
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0 05 1 1.5 2 25 3 35 4
Wind speed, m/s

F i g. 5 Minimum (September, 2014) (a) and maximum (August, 2013) (b) areas of the AFZ
propagation at various wind conditions. White line indicates the position of the ice cover edge

A correlation analysis of ice and AFZ parameters showed that ice concentration
in the region under study for October of last year has a significant correlation
coefficient with the SST gradient in August (r = — 0.44) and the AFZ area in
September (r = 0.47). In addition, the ice area in October of last year correlates with
the September SST values in the AFZ (r = 0.54). A possible cause for such
relationships lies in the heat reserve of waters formed at high latitudes during the
warm season. As a result, in the next summer season, as the ice melts, the amount of
released heat can affect the weakening of the gradient in the area of the frontal zone
during its formation in August, and then in September affect the increase of SST and
the AFZ area.

The AFZ parameters and NAO indices are applied for analyze the impact of
global atmospheric transports, the interannual variation of which is demonstrated
in Fig. 6.

668 PHYSICAL OCEANOGRAPHY VOL.29 1SS.6 (2022)



1.50 1.20

C3SST anomaly —NAO
1.00 0.80
O
0.50 040 °.
=
5 2
3 0.00 000 £
| =
o
-0.50 -0.40 &
1
-1.00 -0.80
-1.50 -1.20
— 0 T WL O — w0y O
S S oSS SO o e a
SoococcocooccoocoococoococoQoQQ
Lo T o I ol B o A o N o A o I s I I I e I I I I e I I e I |

Fig. 6. Interannual dynamics of the averaged NAO indices in the winter season and the SST anomalies
(differing from the SST average value in AFZ for the entire period under study) in AFZ for August and
September

It is important to note that the values of the NAO index from 2011 to 2020
almost doubled compared to the first decade of the 21* century. Such a significant
increase in the index in recent years indicates an intensification of the warm air zonal
transfer from the northern part of the Atlantic Ocean to the considered area of the
Barents and Kara Seas.

It is worth noting that positive NAO values are recorded during the periods of
minor thermal anomalies. A correlation analysis of the NAO index winter values and
the current summer SST values in the AFZ showed that there is a significant
statistical relationship between them (r = 0.50). Probably, with the intensification of
zonal transport from west to east in the winter season, there is an increase in the water
transport from the North Atlantic to the Arctic. These processes affect the water
temperature at the ice edge in the warm season, which can increase the SST in the
AFZ. Let us note that the obtained absolute values of the correlation coefficients,
although their value is small, show the importance of global transfers in the
formation of the AFZ.

4. Conclusion

Within the framework of this study, an analysis of long-term spatial variability
and quantitative estimates of characteristics in the AFZ area in the Barents and Kara
Seas was carried out for the first time.

To detect the position and parameters of the AFZ, an approach based on cluster
analysis on the integration of satellite data on surface temperature and its gradients
was applied.

In this paper, we calculated and presented quantitative estimates of SSTs and
their gradients in the AFZ for August and September 2002—-2020. The long-term SST
gradient in the frontal zone was 0.06 °C/km, and the area was 348,000 km?. The
interannual fluctuations in the thermal gradient ranged from 0.04 °C/km to
0.09 °C/km, and the AFZ area ranged from 159,000 to 489,000 km?. At the same
PHYSICAL OCEANOGRAPHY VOL.29 ISS.6 (2022) 669



time, a distinctive feature of this study is the description of the interannual variability
of the surface AFZ under the changing climate of the Arctic. The surface temperature
of the AFZ against the background of melting ice in the last decade has been growing
rapidly, while the surface thermal gradient remains stable. The AFZ area is
characterized by a cyclical growth/decline of its value with an interval of 3 to 4 years
and generally correlates with the parameters of the area and concentration of ice. The
analysis of the AFZ spatial position showed that in recent years the frontal zone has
significantly shifted northward to the area of the Arctic Ocean open waters and is
recorded in the Barents and Kara Seas only in August.

Based on estimates of the area and concentration of ice in the northern regions
of the Barents and Kara Seas with a shift of 10 months, it is possible to assess
the nature of the variability in estimates of surface temperature, its gradient, and the
AFZ area. The variation of the NAO global atmospheric circulation winter indices
can determine the change in the SST in the AFZ in the summer season. The obtained
correlations can subsequently be used to create a predictive model that describes the
characteristics of the AFZ area.

The following works will be aimed at studying the synoptic variability of
the AFZ and creating a long-term forecast model for its main parameters.
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