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Purpose. The study is aimed at identifying the regional features of the surface air temperature in
the coastal zone and over the Pacific Ocean (to the north of 40° N) manifested as a result of global
climate changes at the turn of the XX—XXI centuries, and at assessing their trends and possible causal
relationships with the processes in the atmosphere and on the ocean surface.

Methods and Results. Based on the Global Meteorological Network and NOAA reanalysis data,
the regional features of interannual oscillations of the surface air temperature and their relationship
with variations in the fields of pressure, wind and water temperature on the ocean surface, and with
climate indices over the past 4 decades were identified. In order to determine the temperature field
spatial-temporal structure and to zone the water area according to the features of climate changes,
the methods of cluster, correlation analysis and the apparatus of empirical orthogonal functions were
used. The results obtained made it possible to characterize the degree of heterogeneity of the studied
area response to the ongoing global changes, to identify different domains and to assess quantitatively
the warming rate in these water areas.

Conclusions. The tendencies of modern warming are manifested in the trends of interannual air
temperature variability, on the average, by ~ 0.20°C/10 years in the subarctic, and indicate significant
regional differences (1.5-2 times) in the ongoing changes. In the west of the region, the warming rate
is higher than in the east, where the temperature trends are minimal or statistically insignificant.
In the warm period of a year, their values are higher than those in the cold period. The alternation
phases of the warm and cold periods are consistent with the variation tendencies in the characteristics
both of the atmospheric action centers and various climatic parameters. The corresponding
correlations are most widely manifested in variations in the empirical orthogonal functions modes of
the Hsoo geopotential field, and the PDO, NP, SOI, PTW, AD and EP/NP indices. Stable anomalies
and trends of the ocean surface temperature in the North Atlantic also play an important role in
formation of the 7, anomalies in the western subarctic.
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Introduction
Modern warming to varying degrees is expressed over oceans and continents
in almost all climatic zones. The last four decades are characterized by rapid
changes in climatic conditions, manifested in various geospheres with significant
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spatial (from region to region) and temporal (from season to season, from year to
year) heterogeneity [1-4]. As a result of planetary changes and the shift in
the climate regime since the late 1970s, a phase of increasing positive trends in
water and air temperature anomalies is observed. And the recent years have
become the warmest in the history of observations [1, 5-6]. Moreover, even slow
climatic changes occurring over large areas have long-term and large-scale
consequences affecting various spheres of the economy and ecology [4, 7, 8].
Global causes, regional peculiarities and consequences of the ongoing climatic
changes are diverse and are widely discussed. It is noted that one of the indicators
of these changes are the tendencies of warming in the lower troposphere and
significant cooling in the lower stratosphere against the background of a weakening
of the zonal component of wind speed [6, 9, 10]. The increase in the greenhouse
gas concentration in the atmosphere continues, being a key driver of climate
change [4, 5]. In the northern Pacific Ocean, a shift in the climatic regime of
the late 1970s is well expressed in the characteristics of interannual oscillations of
large-scale anomalies of meteorological and oceanographic parameters, the state of
the atmosphere action centers (AAC), as well as indicators of heat and energy
exchange between the ocean and the atmosphere [3, 4, 8, 11-14]. An important
role in the formation of such anomalies belongs to the energy-active zone of
the ocean and atmosphere (EAZO) of the northwestern Pacific Ocean and
the continuation region of the Kuroshio, associated with increased heat and
moisture fluxes from the ocean surface in the torrid zone and temperate latitudes
and contributes to the strengthening of tropical and extratropical cyclones,
advection of heat to high latitudes and its redistribution between various regions
[15-20].

Warming in the continental regions generally goes more rapidly than in
the oceanic ones and is more pronounced in the Northern Hemisphere (NH). In
recent decades, the trend of air temperature increase in (T,) over the NH continents
was estimated at ~ 0.3°C/10 years, and in the northern Pacific Ocean ~ 0.2°C/10
years, where warming is more pronounced in the summer-autumn season.
In the Southern Hemisphere, these values are much less. In this case, the T, trend
value increases in the direction from low latitudes to higher ones, and
the interannual variation of seasonal temperatures in each of the regions has its
own peculiarities [1, 2, 4, 9]. Thus, according to observations at coastal
meteorological stations (MS), the positive trend value in the mean annual air
temperature in the seas of the eastern sector of the Arctic over the past 40 years
ranged from 0.7 to 1.5°C/10 years [21], which is significantly higher than
the corresponding estimates for the marginal seas of the western Pacific Ocean,
such as the Sea of Okhotsk (0.3-0.4°C/10 years), Sea of Japan (0.2-0.3°C/10
years), Yellow, East China and South China seas (0.1-0.2°C/10 years) [22].
At the same time, until 2014 near the northwestern coast of America, there were no
the stable tendencies to warming [1, 23], which was replaced by a period of growth
of positive anomalies in water and air temperatures in recent years [6].

In the present paper, the regional features of interannual changes in surface air
temperature in the Pacific subarctic over the past four decades, manifested as
aresult of planetary changes and a shift in the climatic regime at the turn of
the 20"-21% centuries, are specified.
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The considered water area is a vast zone of the subarctic cyclonic gyre to
the north of 40°N, occupied by the waters of the subarctic structure and its
modifications [24, 25]. The great length, structural and circulation features of
the atmosphere and ocean in this area determine the noticeable differences in
the most important climatic indicators in the latitudinal and meridional directions
in all seasons of the year. Weather and climatic conditions are determined here
mainly by the interaction of three main baric formations that are seasonal AACs:
the Aleutian minimum (Aleutian depression), the North Pacific (Hawaiian) High
and the Siberian winter anticyclone, which determine the wind field structure and
the state of the upper layer of the ocean. Climatic changes occurring in the northern
Pacific Ocean and the Pacific subarctic, through circulation mechanisms in
the atmosphere and regional AACs, are closely related to similar phenomena in
other regions [2, 26-28] and influence the ongoing global processes, being
an important regulator of interdecadal climatic fluctuations [29-31].

Data and Methods

To analyze interannual changes in thermal conditions, monitored
homogeneous data sets of air temperature (Tac) observations at 59 weather stations
of the GHCN-M (V3) NOAA global climate network
(https://www.ncdc.noaa.gov/ghcnm/v3.php) for 1978-2018 were used. The grid data
of reanalysis (7, — NCEP/NCAR Reanalysis-1) [32], fields of pressure, wind and
heat fluxes on the ocean surface, as well as climatic indices (CI) taking into
account the seasonality of their action: PDO, AMO, SOI, PTW, NP, WP, PNA and
EP/NP, was used in the present study [22]. The considered Cls have a clear
geographic reference and a definite  physical interpretation  ([2],
https://climatedataguide.ucar.edu/climate-data). The listed data was obtained from
its developer website (https://www.esrl.noaa.gov/psd/): NOAA/OAR/ESRL PSD,
Boulder, Colorado, USA and from the sites NOAA/NCEI/CPC
https://www.nodc.noaa.gov/ and https://www.cpc.ncep.noaa.gov/. Regional indices
of the Aleutian (Al) and Asian (AD) depressions were calculated from the surface
pressure value.

To ensure the comparability of quantitative estimates with the results obtained
for other geographic regions [21, 22], a unified method of processing and analyzing
the data used was applied. The analysis of the interannual changes structure in
the fields of air temperature, water on the ocean surface (SST) and atmospheric
pressure was carried out using the method of decomposing the anomalies of these
fields into principal components, or empirical orthogonal functions (EOF).
The method provides the ability to extract the most important information from
observational data arrays by decreasing the dimension and highlighting
the principal components or modes [33]. Taking into account the duration of
the summer and winter monsoons in the northwestern Pacific Ocean and the intra-
annual cycle of T, the conditionally warm (June — September) and conditionally
cold (November — March) seasons (periods) of the year were distinguished. Trends
were estimated for a time series that includes mean annual values of the variables
and their anomalies (A), defined as the deviation from the average for all years of
the 30-year period of 1984-2013.
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In the present work, the 95% significance level of time series trends was
calculated by the Student's t-test using effective degrees of freedom [33], where
the time series length (N) was divided by the integral estimate (T) obtained from
the autocorrelation function. Calculation of the correlation coefficients was carried
out by the "bootstrap” method [33]. To determine the correlation coefficient R of
two time series, 5,000 pseudo-samples were generated, and generalized estimates
of the correlation coefficient, standard deviation and standard error were
calculated. These values were used to determine the 95% significance level of R
according to the Student's t-test.

Using Ta reanalysis data and optimal interpolation of water temperature on
the ocean surface (as a more inertial characteristic) for the same years (NOAA Ol
SST V2) [34] from https://www.esrl.noaa.gov/psd/ by cluster methods analysis for
three main components ! in the Pacific subarctic, six relatively isolated regions
were identified: the western part of the Bering Sea (WBS), the Alaska-Aleutian
(AA), the western subarctic (WSA), the transition domain (TD) or the mixing zone
[25], the eastern subarctic (ESA) and coastal region (CR) (Fig. 1). Further, by
simple averaging of station or grid data within the boundaries of each region,
the long-term variation of air and water temperatures in the coastal zone and in
open water areas was calculated. The relative error in calculating the linear trend
when grouping station data was 3-6%. T, and SST oscillations in each of
the identified areas are characterized by very close correlations — R > 0.9, and
the relationship of temperature variations between areas is significantly lower than
the relationship between them in the region center with any other point within
the region. Note that the Sea of Okhotsk water area is not included in this scheme,
since it was already considered before [22].
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F ig. 1. Scheme of location of the meteorological stations and the identified domains, the values of
the annual average air temperature trends for 1978-2018 (°C/10 years) based on the meteorological
stations and reanalysis data. Crosses mark the grid points and the stations where the trends are
statistically significant at the 95% level

! Ding, C. and He, X., 2004. K-Means Clustering via Principal Component Analysis. In: Association for
Computing Machinery, 2004. ICML04: Proceedings of the Twenty-First International Conference on Machine
Learning. New York, NY, United States : Association for Computing Machinery, p. 29.
doi:10.1145/1015330.1015408
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Features of spatial and interannual variability

of air temperature
The location of the identified areas (Fig. 1) generally agrees with the natural
physical and geographical zones of the subarctic region and the schemes of spatial
features of the structural and circulation characteristics of its waters [24, 25].
Climatic differences of the selected areas are manifested when comparing both
generalized estimates of average and extreme values of air temperature oscillations,
and trends of corresponding temperature changes (Fig. 1). Years with extreme
values of T, are roughly consistent with the corresponding extrema in the course of
mean annual temperatures in the entire NH, calculated by the authors using
the NCEP/NCAR Reanalysis-1 data and reflecting the global warming trend.
Quantitative assessments of the trends of the changes taking place on average for

the year and in individual seasons are given in Table 1.

Table 1

Trends of interannual changes of the air temperature anomalies at the meteorological
stations (Tac) and in the identified domains based on the reanalysis data (Ta)
for the observation period 1978-2018

Area Parameter | b | Tr [ b, [ b
Tac 0.43 1.8 0.45 0.34
WBS Ta 0.38 1.6 0.45 0.28
Tac 0.12 05 0.17 0.02
AA Ta 0.09 0.4 0.14 0.0
Toc 0.29 1.2 0.31 0.28
WSA Ta 0.19 0.8 0.26 0.17
TD Ta 0.24 1.0 0.30 0.22
ESA Ta 0.14 0.6 0.21 0.05
CR Tuc 0.15 0.6 0.16 0.14
Ta 0.17 0.7 0.11 0.20
Whole area Ta 0.20 0.8 0.24 0.15

N ot e. b is the linear trend slope coefficient, °C for 10 years; tr is the 40-year trend, °C; bw, bc are
the values of b for warm and cold seasons. Here and in the other tables, statistically significant (95%)
estimates are highlighted in bold.

Warming trends are expressed in all areas of the region under consideration,
except for AA and CR. In the western part of the subarctic zone, the b values are
noticeably higher than in the eastern one, where the T, and T4 trends are either
minimal or statistically insignificant, which is consistent with the results of studies
carried out in other years [1, 6, 8, 13, 23]. In the northwestern Bering Sea (WBS
area, Fig. 1), both according to observations at the MS and according to reanalysis,
the highest b values are noted (0.6°C/10 years and 0.9°C/10 years, respectively)
comparable with the estimates for the seas of the eastern Arctic sector for the same
period [21]. Over the past 40 years, in the coastal-island zone of the western
subarctic region (WBS and WSA areas), the mean annual air temperature has
increased by 1.2-1.8 °C, and in adjacent sea areas by 0.8-1.6°C. In the transition
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domain (TD) and the eastern subarctic (ESA), the warming trends corresponded to
a moderate Ta increase by 0.6-1.0 °C, while in the northeast and east (AA and CR)
this growth was minimal, about 0.4-0.7 °C. In general, according to the reanalysis
data, the value of the mean annual Ta trend over the entire Pacific subarctic water
area was about 0.20 °C/10 years, which corresponds to a warming of 0.8°C over
the past 40 years. As a rule, in the warm season, these values are higher than in
the cold one (Table 1).

Changes in the mean annual T,, as well as its anomalies (ATa) and cumulative
anomalies (3Ta), In some areas vary considerably in the amplitude and
synchronism of oscillations, especially in the western and eastern parts of
the subarctic zone (Fig. 2, b, f and 2, d, i, j). The closest correlations of AT,
variations (R = 0.7-0.8) were found between separate adjacent areas: WSA/TD and
AAICR.

Oscillations in the ATa time course with 2-7 year interval are specific for
the ocean and the atmosphere. They can be associated with the EI Nifio impact with
a time shift of several months against the background of a general growth trend in
T, [4, 35, 36]. Integral curves of cumulative anomalies correspond to separate
phases of alternation of warm and cold periods, noted earlier in different years of
observations [1, 3, 8], which are consistent with changes in regional climatic index
(Cl) and the AAC state [2, 9, 22]. Individual extrema on the curves (Fig. 2)
emphasize the heterogeneous nature of the warming process in space and time. For
example, in the eastern part of the subarctic zone, the maximums of 2003-2005
and 2014-2016 are expressed (Fig. 2, c, i, k), which, according to the authors'
estimates (according to NCEP/NCAR Reanalysis-1 data), are consistent with
the deepening period (up to 995 mbar), eastward displacement and localization of
the Aleutian depression area in winter and weakening of the Hawaiian High in
summer. Moreover, from the late 1970s to the late 1990s. In the Alaska-Aleutian
region (AA), in contrast to other regions of the Pacific subarctic zone, there was
a tendency for a continuous increase in the sum of positive 7, anomalies (Fig. 2, d),
which is also associated with the peculiarity of interannual changes in
the atmospheric pressure field in the tropical and extratropical zones of the Pacific
Ocean, the state of regional AAC and El Nifio [12, 37]. According to our estimates
and the data published, in winter the time intervals under consideration
corresponded to the periods of the greatest exacerbation of the pressure gradient
between the Aleutian depression and the Siberian High, in summer — to the warm
(positive) phase of the PDO index [17, 28, 38].
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F i g. 2. Interannual variability of the annual average air temperature anomalies AT, and
the cumulative anomalies Y AT. in the identified domains: WBS (a, b); AA (c, d); WSA (e, f); TD (g,
h); ESA (i, j); CR (k, ). The range of oscillations, mean values in the region (bold lines) and linear
trend (dotted lines) are shown

According to the data of coastal meteorological stations, the features of
the dynamics of the interannual variation of air temperature anomalies in
the eastern and western sectors differ significantly, and the alternation phases of

PHYSICAL OCEANOGRAPHY VOL.28 ISS.1 (2021) 155



warmer and colder years are well coordinated only within each of these sectors
(Fig. 3). At the same time, the phases of AT.. changes on the MS are consistent
with the corresponding phases of oscillations of the SST anomalies in the adjacent
water areas. In all latitudinal zones near the western coastal part of the subarctic
zone, the phase of stable warming was expressed after 2003, and in the eastern part
it has started a decade later and continues to the present. So, in 2019, the anomalies
of both the mean annual 7, and SST in the northeastern subarctic zone
simultaneously increased to 1-1.5 °C, which is associated with the PDO transition
from a negative to a neutral phase, the subarctic circulation expansion and
the Aleutian depression deepening, as well as the spread of the so-called “sea heat
waves” and warming in the lower troposphere [6, 39, 40]. This year was
the warmest on record in the AA region.
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Fig. 3. Dynamics of interannual variability of the annual average air temperature anomalies A7.c.°C
in the coastal zone of the Pacific subarctic to the west (a) and to the east (b) of the meridian 170° W

To obtain generalized data on the spatial and temporal changes in the air
temperature field in the subarctic zone, the EOF of interannual oscillations of 7,
anomalies were calculated. The main EOF components provide the most
comprehensive view of the main modes of large-scale interannual variability of
the temperature field in the studied region. Its features can be estimated from
the variance, trends and connectivity of oscillations in the spatial coordinate
system. The first three modes describe 81% of the contribution of oscillations in
the mean annual AT, values to the total variance. During the warm period of
the year, in the course of changes in the expansion coefficients (K) of the first (C,)
and second (C;) EOF modes, a significant positive trend is expressed. In the spatial
distribution of the first mode, the maximal C; values are observed in the area of
the greatest trends in the annual mean AT, values (WBS region), and
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the configuration of the second mode distribution forms a dipole with centers in
the AA and TD regions (Fig. 1). During the warm period of the year, interannual
changes in these modes are associated with significant correlation coefficients with
air temperature oscillations both in different subarctic regions and throughout
the Northern Hemisphere (authors' estimates based on NCEP/NCAR Reanalysis-1
data), as well as with other climatic variables and indicators.

Correlation between thermal conditions
and atmospheric processes

To determine the cause-and-effect relationships of the formation of stable Ta,
anomaly regions, a cross-correlation analysis of the AT, time series and oscillations
of the mean monthly anomalies of the geopotential field of the 500 hPa isobaric
surface, the zonal (U) and meridional (V) components of the wind speed, latent and
sensible heat fluxes were carried out and climatic indices characterizing the state
and climate system dynamics in the Pacific subarctic zone. In the interannual
variability of the wind regime characteristics over the past four decades,
the following trends are observed. In the northeastern part (AA region), statistically
significant trends in the weakening of the southern winds were observed both in the
warm (by 0.4 m/s) and in the cold (by 0.8 m/s) seasons, while in the western part
(WSA area) — significant trends in the weakening of the northern winds
(by 1.1 m/s) in the cold season, up to a change in direction to the opposite after
2017 in most of this area. Similar changes took place against the background of
the Aleutian depression weakening [22, 23]. In all the regions identified, significant
correlations between the oscillations of 7, and the wind speed components, mainly
in the cold period, are traced (Table 2).

Differences in the warming nature in separate regions are largely determined
by the values of advective transfer of sensible (SH) and latent (LE) condensation
heat from low latitudes to high ones and zonal transport [19, 29]. In the southwest,
the study area is bordered by the energy-active zone of the ocean and atmosphere
(EAZO) Kuroshio — Oyashio, which is a powerful accumulator and a source of heat
to the adjacent areas [16, 19, 41]. The main routes of typhoon movement pass
through this region, and cyclonic activity in the northwestern Pacific Ocean affects
the thermal regime characteristics, atmospheric and oceanic circulation of
the entire subarctic zone [15, 17-19]. According to https://www.esrl.noaa.gov/psd/,
in 20-40° N, 125-150° E region from the end of the 1970s there were stable
positive trends of an increase in the average annual LE and SH fluxes into
the atmosphere by about 4-6 W/m for 10 years and 2-3 W/m= for 10 years,
respectively, and an increase in the speed of southern winds during the summer
monsoon by 0.8 m/s, accompanied by a decrease in the heat content of the upper
700-meter layer [6, 13]. In the troposphere over the same area, the maximum zonal
eastern wind speeds are noted [19]. Interannual changes in heat fluxes in the EAZO
and air temperature in different subarctic regions are characterized by moderate
positive correlations. In the cold season in the east of the subarctic, these relations
are not manifested (Table 2).
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Table 2

Correlation coefficients (R) of the air temperature oscillations (T.) with the
wind speed V- and U-components and the heat flux values on the ocean
surface during the warm and cold seasons 1978-2018

Yearperiod | R(T./V) | R(T./U | R(L/LE) | R(T./SH)

WBS

Warm 0.2 0.1 0.5 0.6

Cold 0.6 -0.1 0.3 0.3
AA

Warm -0.3 0.0 0.4 0.4

Cold 0.4 -0,5 0.1 0.1
WSA

Warm 0.6 0.4 0.4 0.5

Cold 0.6 -0.1 0.4 0.3
TD

Warm 0.3 0.1 0.5 0.5

Cold 0.3 -0.7 0.3 0.4
ESA

Warm -0.2 -0.3 0.4 0.4

Cold 0.5 -0.3 0.0 0.0
CR

Warm 0.0 0.1 0.4 0.3

Cold 0.4 -0.6 -0.1 0.2

N ote. LE and SH are the latent and sensible heat fluxes for the region 20-40° N, 125-150° E.

The revealed trends and relationships reflect the regional features of
the atmospheric circulation and thermal regime, the interannual changes of which
are the result of the interaction of a large number of different-scale processes in
the sea and the atmosphere. In the middle troposphere, at the AT-500 level, both
zonal and meridional flows are significantly enhanced in comparison with surface
ones [9]. During the temporal expansion coefficients of the first and third EOF
modes of the geopotential anomalies (AHsg0) (the entire northern Pacific Ocean was
considered), statistically significant positive trends were present. Spatial
distribution of the first mode coefficients (C:) in the warm season characterizes
the in-phase oscillations of the geopotential anomalies within the entire water area
with a maximum (as for the AT, trends) in the WBS region, where the value of
the H500 trend was 1.4 dam/10 years. In the cold season, two centers of antiphase
oscillations are distinguished in the C; distribution, forming a dipole with centers
near the Hawaiian and Aleutian Islands, which roughly coincide with the AAC
position corresponding to their names.

Oscillations of individual AHse and A7, EOF modes are related both to
each other (Table 3) and to variations in different characteristics of atmospheric
circulation and the state of the ocean, expressed in terms of regional climatic
indices. In the period under consideration, during the interannual oscillations of
the CI majority, statistically significant trend components were present.
Relation with them reflects the influence of various large-scale processes on
158 PHYSICAL OCEANOGRAPHY VOL.28 ISS.2 (2021)



the structure of pressure and wind fields and thermal characteristics [22].
In the subarctic zone, the impact of these processes is most pronounced through
the correlations of individual Cls (PDO, NP, SOI, AD, AMO and Ki; EOF AHsgo)
with the main modes of air temperature variability in the study area (Table 3).

Table 3

Correlation coefficients of interannual oscillations of the climatic indices (Cl) and K1
EOF AHsoo with variations of the first modes EOF AT, coefficients in the warm (w)
and cold (c) seasons for 1978-2018

PDO NP” SOl AD [PTW |AMO K1 AHsgo
Parameters
r/w] x/c|x/clr/w [x/c [t/w [r/w |r/w |t/w [ x/c
b (CI) -02 01 06 01 04 -01 05 01 06 0.4
Ki AT, 01 05 -01 00 -01 01 00 04 06 0.2
K2 AT, -09 06 -07 04 -05 -07 05 03 03 -0.7
N o te: b (Cl) is the slope coefficient of the linear trend, conv. units/10 years.
* Based on the updated data.
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Fig. 4. Correlation coefficients (R) of the air temperature oscillations, the climatic indices AMO (a),
NP (e), PDO (g) variations and the first mode Ci(AHsoo) (c); the interannual changes of these
parameters in warm (b, d) and cold (f, h) periods of a year. Crosses denote the grid points in which R
are statistically significant at the 95% level
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Nature of the corresponding relationships is expressed in the field of
isocorrelates — the spatial distribution of the correlation coefficients of various
indices with T, (Fig. 4). The features of this field reflect the main features of
the spatial distribution of the first (Fig. 4, a, ¢) and second (Fig. 4, e, g) AT, EOF
modes.

Moderate correlations, reflecting local and seasonal features of the isocorrelate
fields, are also expressed with the following Cls: West Pacific (WP), Pacific/ North
American (PNA) and East Pacific / North Pacific (EP/NP). There are no
statistically significant correlations of the considered Cls with the coefficients of
the third AT, EOF mode, which describes 9% of the total dispersion of
the temperature field. In the warm period of the year, such relations are manifested
with the third mode oscillations of the geopotential field anomalies (R = 0.5), in
the cold period — with the oscillation index of the North Pacific Gyre (NPGO —
http://www.oces.us/npgo/) (R =-0.4).

In the presence of a close correlation between air temperature oscillations and
SST, the noted features of changes in these climatic parameters are in good
agreement with each other, and the analysis of the corresponding changes in
the underlying layers of the water column requires separate consideration.
A preliminary analysis of the available data showed that changes in water
temperature and anomalies in heat content in the water column of the regions under
study are extremely uneven, which is associated with the peculiarities of
the atmosphere and ocean circulation and is a consequence of the heat
redistribution between individual layers of the water column and different regions
by horizontal advection.

Conclusion

Global warming trends at the turn of 20 — 21 centuries are expressed in trends
(b) of interannual variability of surface air temperature and other climatic
characteristics. Their value indicates significant regional differences in the ongoing
changes. For example, in the west of the Pacific subarctic zone, the warming rate is
much higher than in the east, where temperature trends are either minimal or
statistically insignificant. In the northwestern Bering Sea, both according to
observations at the MS and according to the reanalysis, the highest b values
(0.6°C/10 years and 0.9°C/10 years, respectively) are noted, comparable with
the estimates for the eastern Arctic sector seas over the same period. In all
latitudinal zones near the western subarctic coast, the phase of stable warming was
expressed after 2003, in the eastern part — only a decade later. By 2019 in
the northeastern part of the region, the mean annual T. anomalies reached their
maximum over the entire history of observations. Within the marine areas of
the southern subarctic, the warming trends corresponded to a moderate increase in
Ta by 0.1-0.3°C per decade, and the value of the mean annual T, trend over
the entire Pacific subarctic water area is estimated at 0.20°C/10 years. As a rule, in
the warm season, this value is higher than in the cold one.

In all the regions selected, mainly in the cold season, positive correlations
between an increase in T, and fluctuations in the meridional component of the wind
speed are clearly manifested, and the weakening of the northern winds and
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the strengthening of the southern ones during this period are accompanied by
warming over the ocean.

Differences in the nature of warming in certain regions of the subarctic zone
are largely influenced by the advective transfer of sensible and latent heat from
the EAZO Kuroshio — Oyashio, which is a powerful accumulator and source of
heat for adjacent regions. Since the late 1970s there steady positive trends of
an increase in these flows, contributing to an increase in cyclonic activity and
general warming in the subarctic have been observed there.

Separate phases of alternation of warm and cold periods in the interannual
variation of T, are consistent with the trends in the pressure field, the AAC
characteristics and climatic indices. This relation indicates the strengthening or
weakening of the influence of various large-scale processes on the thermal
conditions of the region in different seasons of the year. In the subarctic zone,
the impact of these processes is most pronounced through the correlations of
individual Cls (PDO, NP, SOI, AD, AMO and K; EOF AHsg) with the main modes
of air temperature variability in the study area.
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