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Abstract—This paper presents the results of a study of the interannual variability of the convergence of oce-
anic and atmospheric advective heat fluxes in the Barents Sea region for 1993—2014 using combined (in situ,
satellite, and model-based) datasets: ARMOR-3D and ERA-Interim. The convergence of oceanic and atmo-
spheric heat fluxes play a leading role in variations of the area of ice cover of the Barents Sea on interdecadal
and interannual time scales, respectively. The interdecadal and the interannual variations of the oceanic heat
flux are mainly shaped by current velocity variations in the western boundary of the Barents Sea. The contri-
bution of current velocity to interdecadal variations is 70% of the increase in the oceanic heat flux, mainly
due to an increased transport in the North Cape Current. The variations in the transport of the North Cape
and of the Return currents has been found to be associated with the variation in the meridional gradient of
the zonal wind speed, which, in turn, is caused by an increased oceanic heat transport into the Barents Sea
and by the resulting melting of the sea ice. The in situ observations confirm the possible efficiency of the pos-
itive feedback between variations in the oceanic heat flux into the Barents Sea, the area of the ice cover, and
of the character of atmospheric circulation in the Barents Sea region on decadal time scales.
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INTRODUCTION

Since the early 21st century, there has been a slow-
down in the increase in average annual near-surface
air temperature in the Northern Hemisphere; how-
ever, the temperature continues to increase at the
same rate [1], which is associated with a decrease in
the Arctic sea-ice extent [2, 3]. Consistently, the
reduction in the sea-ice extent in the Barents Sea in
recent decades is maximal in the Arctic region [2, 4].
The heat transferred by the ocean and the atmosphere
to the Barents Sea region can be a significant factor of
this “Arctic intensification.” Advective heat fluxes gov-
ern ice conditions in the Barents Sea and affect the cli-
mate of the entire Eurasian sector of the Arctic [5, 6].
The change in heat flux from the ocean to the atmo-
sphere caused by the reduction of the sea-ice extent in
the Barents Sea may be the origin of large-scale vari-
ability of atmospheric circulation [7, 8].

At present, there is no consensus on the magnitude
of the relative contribution of oceanic and atmo-
spheric heat fluxes to the ongoing reduction in the sea-
ice extent. Some authors suggest that the main contri-

bution is formed by the oceanic heat advection [9],
while others believe that the interannual variability in
the sea-ice extent is largely affected by atmospheric
circulation [10]. However, the atmosphere affects the
heat balance of the Barents Sea not only through the
advected heat. Atmospheric circulation largely deter-
mines the rate of the oceanic heat flux through the
Barents Sea Opening [11]. In turn, the oceanic heat
flux amplifies the westerly winds in the southwestern
part of the sea, which leads to a further increase in the
oceanic heat influx. The efficiency of this positive
feedback proposed in [12] from an analysis of a cou-
pled ocean—atmosphere model is examined in this
paper using in situ observations.

DATA AND METHODS

This paper analyzes interannual variability of con-
vergence of oceanic and atmospheric heat fluxes from
1993 to 2014.

Advection of atmospheric heat fluxes through the
boundaries of the research domain (Fig. 1) was esti-
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Fig. 1. Bathymetry of the study domain. Thick black lines show the sections through which atmospheric (solid lines) and oceanic
(dashed lines) heat fluxes were computed. Black arrows show the currents transporting the Atlantic water and gray arrows show

the currents transporting the Arctic water.

mated using air temperature and wind speed from
ERA-Interim analysis (http://apps.ecmwf.int/data-
sets) with the spatial resolution of 0.75 degrees and the
temporal resolution of 6 h.

Atmospheric heat fluxes through the boundaries of
the Barents Sea were computed using the formula

Q, =T,v,p,C,,dzdx, where T, is air temperature (K);

La 4 P _ s air
Rdta tha

density (kg m~?); C,, = 1005 J kg~ K~ is the specific
heat of air; dz is the cell height (m); dx is the horizontal
cell scale (m), p,and p, are the partial pressures, and R,
and R, are the specific gas constants of dry air and

water vapor, respectively.

v, is the wind speed (m s7'); p, =

The vertical profiles of atmospheric heat fluxes
averaged over the period from 1993 to 2014 and from
1000 to 100 hPa (Figs. 2a, 2b), are similar for zonal and
meridional boundaries, respectively. The meridional
fluxes at different heights corresponds to earlier
obtained values of meridional heat transfer through
70° N [13, 14].

The convergence of atmospheric heat advection
was calculated by summing the difference in heat
fluxes through the western and eastern and southern
and northern boundaries of the Barents Sea. The vari-
ability of the horizontal convergence of atmospheric
heat fluxes in the lower troposphere was analyzed from
1000 to 850 hPa (Fig. 2¢).

The oceanic heat fluxes were computed using
ARMOR-3D data (http://marine.copernicus.eu), pro-
viding four-dimensional fields of water temperature
and current velocity on a regular grid with the spatial
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resolution of 0.25 degrees at standard oceanographic
levels and with temporal resolution of 1 month since
1993. The final fields were obtained through the com-
bination of field and satellite observations. The in situ
vertical profiles of temperature and salinity were
obtained by CTD profilers, ARGO buoys, and XBT
bathothermographs. Satellite observations include
satellite altimetry (AVISO, https://www.aviso.altime-
try.fr) and ocean surface temperature (Reynolds SST,
https://www.nhc.noaa.gov/sst/). The data array also
uses surface current velocity data obtained from sur-
face drifting buoys.

Data on temperature and salinity in the regular grid
are obtained in two stages. First, at each point, “syn-
thetic” profiles are constructed from the earlier
obtained relationships between temperature (or salin-
ity) at different levels and anomalies of ocean surface
temperature and sea level obtained from satellite data.
Then, the method of optimal interpolation is used to
interpolate the “synthetic” and in situ profiles with
different weights to the regular grid. The currents at
the sea surface are obtained from satellite altimetry
and drifters, and the currents at standard levels are
obtained by extrapolating surface geostrophic currents
into the ocean using the thermal wind relationships
and information on water density. The latter is
obtained from the previously gridded temperature and
salinity fields.

The use of satellite information (with a high spatial
and temporal resolution) and episodic in situ observa-
tions of high accuracy results in a more robust estimate
for the spatial and temporal variability of ocean char-
acteristics than if using in situ observations only. These
advantages of the data array are especially evident for
No. 6

Vol. 55 2019



642

KALAVICHCHI, BASHMACHNIKOV

100 100 100 (c)
200 200 - 200
300 300 - 300
400 400 - 400
500 500 500

< © <

2l =] A

<= <= =
600 600 |- 600
700 700 - 700
800 800 - 800
900 900 - 900

1000 1000 1000 : ' ' :
0 5 10 —4 0 20 40 60

Heat flux, x10° W/m?

Heat flux, x10° W/m?

Heat convergence, TW

Fig. 2. Vertical sections of averaged (over 1993—2014) atmospheric heat fluxes (W m_z): (a) zonal—through the western (solid
line) and eastern (dashed line) boundaries and (b) meridional—through the southern (solid line) and northern (dashed line)
boundaries of the Barents Sea (see Fig. 1); the positive heat fluxes are eastward and northward, respectively. (c¢) Vertical profile

of average integral atmospheric heat flux convergence through the Barents Sea boundaries (TW).

shallow-water regions, such as the Barents Sea Open-
ing, with a significant barotropic component of the
flow.

The oceanic heat flux across the western bound-
ary of the sea (Fig. 1.) was computed as:
Qo = (T —T,)VpC,dzdx, where T is the water tem-
perature (°C), T, = —1.8°C is the “reference tem-
perature” (the seawater freezing temperature), V is
the current velocity (m s~!), p = 1030 kg m~—3 is water
density, and C, = 4183 J kg~! C~! is the specific heat
of water.

The oceanic heat flux was computed through the
western boundary of the Barents Sea, between the
northern boundary of Norway and the Bear Island. In
previous studies, the heat influx into the Barents Sea
through this section was estimated at around 50 TW
(at T, = 0°C) [15, 16]. The amount of heat transferred
to the Barents Sea through the northern boundary of
the sea is an order of magnitude smaller: ~1 (+/-5)
TW [15, 17]. The presence of ice in the northern and
eastern parts of the sea makes it difficult to obtain reli-
able flux estimates in these regions. The oceanic heat
fluxes through the northern and the eastern boundar-
ies were not used in this study. The almost lack of
observations would induce an error in the results,
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rather than improve their accuracy. Thus, the variabil-
ity in convergence of the oceanic heat flux is a func-
tion only of variability of the oceanic heat flux at the
western boundary of the sea.

The area of ice cover in the Barents Sea was com-
puted with a temporal resolution of 1 month and a
spatial resolution of 0.25 degrees using ERA-Interim
reanalysis data (http://apps.ecmwf.int/datasets).

RESULTS

1. Interannual Variability of the Convergence of Oceanic
and Atmospheric Heat Fluxes in the Barents Sea

In addition to the average annual values, we also
assess the interannual variability of the parameters for
five seasons, selected to account for the phases of the
seasonal ice variations in the Barents Sea: January—
March (stable ice cover), April (maximum ice cover),
May—August (active ice melting), September (mini-
mum ice cover), and October—December (active ice
formation) [11, 18].

Table 1 presents statistics on the convergence of oce-
anic and atmospheric (in the layer of 1000—850 hPa)
heat fluxes. Atmospheric heat fluxes include both
advective as well as eddy heat fluxes. The average oce-
Vol. 55
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Table 1. Characteristics of convergence of integral oceanic and atmospheric heat fluxes through the boundary of the Bar-
ents Sea (TW). RMS is the root-mean square error, Cv is the coefficient of variation, and a is the angular coefficient of the
linear trend (the critical values for significant trends are given in parentheses)

January—March April May—August September | October—December Year
Oceanic heat flux
Average, TW 123 83 79 98 124 102
RMS error, TW 22 21 14 27 23 16
C, % 18 25 18 28 18 16
a, TW/year 0.9(0.4) 1.5(0.4) 1.5(0.3) 2.5(0.6) 2.7(0.5) 2.0(0.3)
Convergence of atmospheric heat fluxes

Average, TW 405 263 4 217 336 225
RMS error, TW 283 207 96 209 158 102
C, % 70 79 2400 1174 96 45
a, TW/year —16(6) 7(4) —4(2) 1(4) —-1(3) —5(2)

anic heat flux over the entire study period was 102 TW.
Earlier estimates of the average oceanic heat fluxin a
section located 35 km to the east at the same T} was
78 TW, performed using the Massachusetts Institute
of Technology General Circulation Model (MIT
GCM) [19]. The maximum values of the oceanic
heat flux are reached during the cold season (Octo-
ber—December and January—March), which is typi-
cal for this region [11].

Over the observation period, linear trends were
computed over the annual and the seasonal mean con-
vergence of the oceanic and the atmospheric heat in the
study region (Figs. 3a, 3b). The confidence intervals of
the angular coefficients of linear trends were computed

as [20]: b + M

(N - 1)/ Sx
Student’s distribution at a significance level of 95% and
N—1 degrees of freedom, where N is the length of the

, Where #ys y_, is the value of

. . LYo o =
time series; s, [mzizl i =) } s S T

1/2

1 N —\2 N ..
[ﬁ Zle (x; —Xx) } , y; and y; stand for the origi-
nal series and the linear trend at the data-points x;, and
X is the average value of x;.

The results indicate a significant steady increase in
the heat transport of almost 2 TW per year over the
observation period (Fig. 3a). The angular coefficients
of the trend are significant for annual, as well as for
seasonal mean values (Table 1). Earlier calculations
using the MIT model for 1993—2014 revealed an
increase in the oceanic heat fluxby 1 TW peryear [19],
and the field data for 1998—2006 yielded 2.5 TW per
year [16].

The average convergence of atmospheric heat
fluxes over the whole study period was 225 TW. The

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS

maximum (by magnitude) values of heat convergence
are observed in the cold period (October—December
and January—March). The standard deviation and the
coefficient of variation of the convergence of atmo-
spheric heat fluxes are significantly higher than for the
oceanic ones. The linear trends show a tendency
towards a decrease in the atmospheric heat convergence
since 1993 (Fig. 3b) for the whole year and almost all
seasons except April and September (Table 1). Other
studies also noted some weakening of the meridional
atmospheric heat transfer to the Arctic region during
recent decades [13, 17] (see Table 1 and Fig. 3b).

This analysis allows us to assume a leading role of the
convergence of the oceanic heat flux in the interdecadal
variability of the sea-ice extent in the Barents Sea.

2. Mechanisms of Interdecadal Variability
of the Oceanic Heat Flux into the Barents Sea

The increase in the oceanic heat transport, derived
in the previous section can be associated with both an
increase in water temperature and in current velocity.
According to ARMOR-3D data, the average water
temperature over the section (1993—2014) was 5.9°C
and the average current velocity over the section was
2.8 cm s~! (Figs. 4a, 4b). In the Barents Sea Opening
(Fig. 4b), the warm Murmansk Current and two
branches of the North Cape Current lie south of the
cold Return Current identified in the northernmost
part of the section [16].

Positive trends were observed both in the average
annual values of the current velocity and in the average
annual values of water temperature (Figs. 5a, 5b). This
is confirmed by the earlier in situ observations [11, 16].
Knowing the initial and final (along the a linear trend)
values of water temperature and of current velocity, one
No. 6
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Fig. 3. Interannual variability (annual averaging) of convergence of integral (a) oceanic and (b) atmospheric (1000—850 hPa) heat
fluxes through the Barents Sea boundary (solid lines, TW); linear trends (dashed lines) and confidence intervals (dotted lines).

can estimate the contribution of each of these variables
to the general trend of the oceanic heat flux as:

0, -0 =pCdzdx

1

(L rnm-n+imeonm-n) O
where Q, and Q, are the initial and final values of heat
flux along the trend line, respectively; 7, and T, are
the initial and final temperatures along the trend line,
respectively; and V; and V, are the initial and final cur-
rent velocities along the trend line, respectively. In for-
mula (1), the total linear tendency in the heat flux over
the observation period is split among the contribution
of the current velocity (the first term of the right-hand
side) and the contribution of water temperature (the
second term of the right-hand side). These terms are
computed at each point of the regular grid with a sub-
sequent integration over the oceanic section.

The calculation using the right-hand side of the
formula indicated that the total amount of heat carried
by the ocean over the whole study period increased by
40.3 TW, and the growth of the total heat flux accord-
ing to the left-hand side of the formula was 40.4 TW.

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS

The slight discrepancy can be caused by the error from
the multiply calculated linear trends at each point of
the section. Taking into account the confidence inter-
vals of the angular trend coefficient, the increase in the
total heat flux in the Barents Sea is in the range from
35 to 46 TW. The contribution of the current velocity
the total oceanic heat flux in the Barents Sea was
28 TW (69%). In view of the confidence intervals of the
angular trend coefficient, this contribution is in the
range from 23 TW (66%) to 33 TW (72%). The contri-
bution of the water temperature to the total oceanic heat
flux in the Barents Sea was 12 TW (31%). In view of the
confidence intervals of the angular trend coefficient,
this contribution is in the range from 11 TW (34%) to
13TW (28%). Thus, the leading contribution in the
long-term variability of the oceanic heat flux is made by
an increase in the current velocity, while the observed
temperature increase plays a secondary role.

With trends removed, high significant correlation
coefficients between the oceanic heat flux and current
velocity (0.8—0.9) are observed, for the annual values,
as well as for all seasons except April (Table 2). A leading
role variations in water transport in seasonal and in the
2—4 years variability of heat fluxes was noted in [19].
Vol. 55

No. 6 2019



MECHANISM OF A POSITIVE FEEDBACK IN LONG-TERM VARIATIONS 645

100 100
200 200
= :
= . |
§3OO A 300 1 I
o) 1 | 1 [
I 1 I I
400 ! ! 400 ! !
I | I I
1 1 I 1
1 1 1 1
500 | 1 500 | 1
I 1 1 1
1 1
1 I 2 '3 3.0 1 , 2 i
600 1 1 1 I 1 600 1 1 1 I 1
71 72 73 74 71 72 73 74
Latitude Latitude
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1993—2014. Dotted lines indicate the boundaries of the main currents: (/) Murmansk, (2) North Cape, and (3) Return.
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Table 2. Coefficients of correlation between parameters of the oceanic heat flux in the Barents Sea Opening (the subscript
t means that the correlations were computed with the linear trends removed; the bold numbers mark coefficients exceeding
the 95% significance level), Q,, is the oceanic heat flux, V; is the current velocity, and 7, is the water temperature

January—March April May—August September October—December Year
Q,and V, 0.94 0.25 0.90 0.95 0.90 0.77
Q,and T, 0.54 0.25 0.45 0.24 0.37 0.38

Table 3. Variations along the trend line (1993—2014) of seasonal and annual mean meridional gradients of the sea level (grad H)
and of the zonal component of tangential wind stress (grad W, N m~) in the region of the North Cape Current

January—March April May—August September | October—December Year
gradH x 1078 0.2 -8.5 -3.4 —17.8 —-16.5 -7.9
gradW x 10~° 33.0 —35.7 —14.2 —28.7 —2.1

Significant (though low) correlations between the oce-
anic heat flux and water temperature were obtained
only for two seasons: January—March (0.54) and May—
August (0.45). The leading role of water transport in the
interannual variability of oceanic heat flux into the Bar-
ents Sea Opening is consistent with the results obtained
in [9].

In summary, our results show that the current
velocity is the main factor in the formation of both
long-term and interannual variability of the conver-
gence of oceanic heat flux in the Barents Sea. Further
analysis shows that among the three main currents in
the Barents Sea Opening, the North Cape Current has
the major contribution to the observed water transport
variability, responsible for 68% of the observed linear
increase in the integral water transport, while the con-
tributions of the Murmansk and the Return currents
were 17 and 15%, respectively.

3. Role of Wind in the Variability of Oceanic Heat Flux
through the Barents Sea Opening

The water transport in the Barents Sea Opening is
the sum of the geostrophic and of Ekman currents. The
integral (by depth) Ekman transport was computed as

2
[21]: Uy =M, where C,, is the friction coefficient
oPo
(1.45 x 1073), p, is the air density (1.2 kg m~3), Wis the
wind speed (ms™'), f; is the Coriolis parameter (1.4 x
10~* s71), and p, is the characteristic water density
(1028 kg m~3). The meridional component of the wind
velocity is obtained from ERA Interim reanalysis. The
integral Ekman transport in the Barents Sea Opening,
as well as its interannual variability, turned out to be an
order of magnitude smaller than the geostrophic
transport: on average, 0.2 Sv against 2.8 Sv, respec-
tively. Therefore, further analysis involves only the
dynamics of the geostrophic current. The currents in
the Barents Sea Opening have a substantial barotropic
component [15]. To estimate this component, we used
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AVISO satellite altimetry and calculate the interan-
nual variability of the meridional gradient of the sea-

g dg

level and the current velocity: U = —=—=2, where ( is
090y
the sea level (m) and g is the acceleration of gravity.

The section under consideration was divided into
three segments corresponding to the average position
of the three main currents: Murmansk, North Cape,
and Return (Figs. 1, 4b).

In annual means, positive trends in the absolute
values of the meridional sea-level gradient are
observed only in the region of the North Cape Cur-
rent, which indicates an intensification of the baro-
tropic component of the current since 1993 (Fig. 6a).
The maximum change in the sea-level gradient along
the linear trend for 1993—2014 are achieved in April,
September, and October—December (Table 3), and
are several times higher than the values obtained for
other seasons. In the regions of the Murmansk and the
Return currents, the linear trends show a decrease of
the meridional sea-level gradients in time, which indi-
cates a decrease in the corresponding flows (Fig. 6a).
The positive increment in the southern part of the
Return Current is associated with a change in the flow
direction to the east (the Barents Sea) by the end of the
observation period.

In [22, 23], it is demonstrated that the variability of
water transport in the Barents Sea Opening between
the northern part of Norway and the Bear Island
largely depends on atmospheric circulation. An
increase in the cyclonic circulation in the western part
of the Barents Sea is followed by an increase in Ekman
transport and a local sea-level rise in the northwestern
part of the sea. The resulting meridional pressure gra-
dients increase the volume of the Atlantic Water enter-
ing into the Barents Sea due to the weakening of the
Return Current [24].

To assess the effect of wind on the sea level variabil-
ity and the barotropic current velocity in the Barents
Sea Opening, we considered temporal variability of
No. 6
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the convergence of the zonal component of Ekman
transport along various segments of the given section:

w

divV = —i( i
I\ Poso

stress (N m~2). An increase in the meridional gradient
of the zonal component of the tangential wind stress
was observed only in the North Cape Current region.
The peak negative values of the angular coefficients of
the linear trend in the gradients of the wind stress are
observed in September—December and April (Table 3),
i.e., during the formation and the maximum sea-ice
extent. The resulting increments of the zonal compo-
nent of Ekman divergence along the section (Fig. 6b),
averaged over 1993—2014, are consistent with an
increase in the water transport in the North Cape Cur-
rent and a decrease in the Return Current, both due to
the corresponding changes in local sea-level gradients.
The weakening of the wind divergence corresponds to
some decrease of the velocity in the Murmansk Cur-
rent; however, the weakening of the coastal current is

j, where T, is the tangential wind
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associated with a local decrease in the wind speed (fol-
lowing a migration of the center of the atmospheric
circulation cell), rather than with wind gradient. Thus,
the wind-field variability is possibly responsible for the
formation of the observed trends: an increase in trans-
port of the North Cape Current and a decrease in
transport of the Return Current.

4. The Sea-Ice Extent and the Heat Fluxes
in the Barents Sea

The average annual values of the sea ice extent have
a pronounced negative trend from 1993 to 2014 (see
Fig. 5c and [10, 25]). It was shown in the previous sec-
tions that this is a consequence of an increase in the
oceanic heat flux to the Barents Sea over the past
decades. To assess the role of various factors in gov-
erning the short-term interannual variability of the sea
ice extent, we computed the correlation coefficients
between time series with trends removed (Table 4).
Significant negative correlations of the sea ice extent
Vol. 55
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Table 4. Coefficients of correlation of interannual variations of oceanic and atmospheric parameters with the sea ice extent
in the Barents Sea (the subscript  means that the correlations were calculated after linear trends are removed; in bold are
the coefficients exceeding the 95% significance level); Q,, is the oceanic heat flux, Q,, is the atmospheric heat flux, V;is the

current velocity, and T is the water temperature

January—April May June—August September October—December Year
O, —0.42 0.16 0.05 —0.02 0.02 0.00
Ou —0.52 —0.09 —0.44 0.06 —0.14 —0.53
T, —-0.42 —-0.49 0.10 —0.41 —0.11 —0.04
V; —0.58 —0.06 —0.05 —0.05 0.09 —0.09

with all the tested parameters were obtained for in the
winter period (January—April). The highest correla-
tions were observed between the sea ice extent and the
convergence of atmospheric heat fluxes, which indi-
cates the latter to be the main contributor to the inter-
annual variability of the sea ice extent in the Barents
Sea in the annual means (Table 4).

CONCLUSIONS

ERA-Interim and ARMOR-3D datasets were used
to analyze the average annual and seasonal variability
of the convergence of atmospheric and oceanic heat
fluxes in the Barents Sea from 1993 to 2014. The sea-
sonal variability is typical for the study region, with the
maximum dispersion of the fluxes in winter and min-
imum in summer. The oceanic flux averaged over the
whole study period was 102 TWat 7T, = —1.8°C, with a
positive linear trend of 2 TW per year, which is consis-
tent with previous studies [16, 19]. Significant trends
were observed for all seasons. The average atmo-
spheric heat convergence over the study period into
the Barents Sea was 225 TW, and the negative linear
trends show a decrease in the amount of heat trans-
ported by the atmosphere with time. Our results allow
us to assume that the oceanic heat flux plays a leading
role in the long-term reduction of the sea ice extent in
the Barents Sea. However, the convergence of the
atmospheric heat fluxes plays the leading role in the
interannual variations of the sea ice extent at the smaller
interannual time scales.

During the time period considered in this study,
almost 70% of the linear increase in the oceanic heat
flux in the Barents Sea was due to an increase in the
current velocity. The contribution of the increasing
water temperature was around 30%. In view of the
confidence intervals, the contribution of each of the
components varies within 2—4%. At smaller (interan-
nual) time scales, the main contribution of current
velocity to the formation of variability of the oceanic
heat flux is preserved: the correlation between the oce-
anic heat flux and the current velocity (averaged over
the year and in all seasons) is significant and consti-
tutes 0.77, with almost no correlation with the water
temperature.

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS

Further analysis showed the leading role of the
variability of the North Cape Current velocity in the
interannual variability of the total water transport
through the Barents Sea Opening. We obtained a rela-
tionship between the variability of the North Cape and
Return current velocities with the change in the
meridional sea level gradient. The latter is caused by
an increase in the convergence of Ekman transport
due to the increased gradient of the zonal component
of wind velocity in the Barents Sea Opening.

Our analysis confirms the possible efficiency and
reveals the details of the positive feedback mechanism
proposed earlier on the basis of model results [12]. On
interdecadal time scales, a statistical relationship is
obtained between an increase in the oceanic heat flux
and a decrease in the sea ice extent in the Barents Sea.
As a result, the cyclonic atmospheric circulation in the
western part of the sea is intensified, which leads to an
increase in the gradients of easterly winds in the north-
western part of the sea. No increase in the wind speed
in the southwestern part of the Barents Sea and,
accordingly, no increase in the Murmansk Current
velocity is noted, which contradicts earlier assump-
tions [26]. The local increase in the meridional gradi-
ents of the zonal component of the wind speed results
in a stronger heat transport the North Cape Current,
while less heat leaves the region with the weakened
Return Current. This leads to the further acceleration
of the sea ice melt and a further change in the atmo-
spheric circulation.
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