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Ha ocHoBe maHHBIX HAOMIOAEHUI MPOaHATU3UPOBAHbl 3aKOHOMEPHOCTU U3MEHYUBOCTHU TeMIIEpaTyphl U COJIEHO-
cTU B BepxHeM 20-MeTpOBOM cJioe OKeaHa Ha BpeMeHHOM uHTepBaie 1950—2014 rr. st uccienoBaHust ObIJIO BHIOPAHO
YeThIpe XapaKTepPHbIX 00JIACTU B LIEHTPAJbHOI YacTU APKTUYECKOTo OacceliHa U ABa paiioHa Ha €ro rpaHulle C MOpeM
Jlantesnix. [1o pe3ynbratam aHanu3a mokaszaHo, 4to a0 1990-x rr., koraa 6oJiblast 4acTb ApKTUYECKOTO OacceiiHa Obuia
KPYTIJIOTOJUYHO MTOKPHITAa MHOTOJIETHUMMU JIbIaMU, BpeMEHHAsI U3MEHUYMBOCTb TEPMOXAJIMHHBIX TApaMEeTPOB B BEPXHEM
repeMelIaHHOM CJIoe B IIEHTpaIbHOM ApKTHUYecKOM OacceliHe Obl1a MaJia B TeueHue Bcero roga. C cepenunbl 1990-x rr.
B 3aI1alHOU U BOCTOUHON YacTsIx ApKTUUYECKOro 6acceiiHa HaOII0Na0TCsl pa3HOHANIPABIEHHbIE U3MEHEHUST TEPMOXaTUH-
HBIX TTapaMeTPOB B BepxHeM cjioe. B 3amanHoit 061acTv B 3MMHUI C€30H MPOUCXOIUT OCOJIOHEHUE U OXJIaXIeHUEe Mo-
BEPXHOCTHBIX BOJI, TOTJa KaK B BOCTOYHOU ApPKTHKE, HA000POT, HabJI0JaI0TCsI CUJIbHOE PACIIPECHEHUE U COOTBETCTRY -
Iolliee TOBBIIICHHE TeMITepaTypbl Bofabl. OTHOM M3 OCHOBHBIX TPUYMH PACIIPECHEHUSI TOBEPXHOCTHBIX BOJ B BOCTOUHO
ApPKTHUKE SIBJIIETCS COKpallleHUe IO MHOTOJIETHUX JIbIOB U 3aMEIIEHUEM UX ONHOJETHUMU Ha (hOHE YBEIUUEHUS
001Iero MPecHOBOAHOTO CTOKA PEeK U U3MEHEHMSI XapakTepa aTMoc(hepHOi LupKyasiuuu B Apktudeckom bacceitne. Oco-
JIOHEHNE MOBEPXHOCTHBIX BOJ B 3aMafHON APKTUKE CBS3aHO C YBEJIMUEHUEM MOCTYIUIEHUS COJIEHBIX aTTAHTUYECKUX BOJ
u3 nposuBa OGpamMa 1 UX MOIBEMOM K MOBEPXHOCTHU B YCIOBUSAX BO3POCIIEH CE30HHOCTH apKTUYECKOTO MOPCKOTO JIbIa,
MOJ KOTOPOU MOHUMAETCS YBeTUUEeHUE TPOAOIKUTEIbHOCTU CE30HA TasIHUSI.

KmoueBsie ciioBa: CeBepHbIii JIemoBUTHI OKeaH, ApKTUYECKUI O0acceiiH, TepMOXaJIlnHHbIE TapaMeTphl, MOPCKOI1 Jiel,
BPEMEHHBIC PSIIHI.
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Temperature and salinity variability in the upper 20-meter ocean layer in the 1950—2014 time interval were analyzed
on the basis of the observational data. Four typical regions were selected for this study in the central part of the Arctic basin
and two regions on its border with the Laptev Sea. The analysis allowed revealing that until the 1990s, when most of the
Arctic basin was covered with perennial ice all year round, the temporal variability of the thermohaline parameters in the
upper mixed layer in all the considered areas was small throughout the year. Since mid-1990s, multidirectional changes
in the thermohaline parameters in the upper layer have been observed in the western and eastern parts of the Arctic basin.
In the Western region in the winter season, salinization and cooling of surface waters are happening, whereas in the eastern
Arctic, on the contrary, there is strong desalination and a corresponding increase of water temperature. One of the main
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reasons for the desalination of surface waters in the eastern Arctic is a reduction in the area of perennial ice and its
replacement by seasonal one against the background of increased riverine water discharge and change in the atmospheric
circulation over the Arctic. The salinization of surface waters in the western Arctic is associated with an increase in
the supply of saline Atlantic waters from the Fram Strait and their rise to the surface under conditions of increased
seasonality of Arctic sea ice, which refers to an increase in the duration of the melting season.

Keywords: Arctic Ocean, Arctic Basin, thermohaline parameters, sea ice, time series.

1. Introduction

The decrease in the volume of the Arctic sea ice in the 1990—2010 changed the energy balance in
the “ocean-sea-ice-atmosphere” system. One of the consequences of the occurred changes was the vertical
structure transformation of the waters, due to more intense atmospheric effects on the upper layer of the ocean.
The general tendency due to atmospheric forcing strengthening, at first glance, should be the deepening of the
upper mixed layer, its heat storage increase by the end of the summer season, and ice formation slowdown in
the subsequent winter season [1]. However, in reality, the consequences of sea ice reduction are less predictable
and regionally dependent. The key role, however, belongs to the ocean upper layer desalination, caused by
intensive ice melting and river discharge, coupled with horizontal advection that depends on the atmospheric
circulation characteristics [2]. The near-surface (~0—20 m) quasi-homogeneous layer of water is most strongly
affected by summer heating, desalination; and, in the modern conditions of the summer ice cover reduction, by
the influence of wind waves. In the winter season, the same layer experiences the greatest salinization during ice
formation and dynamic effects from drifting ice (turbulent mixing caused by the ice motion). Below 20 m over
the most areas of the Arctic Ocean rests the upper boundary of the high-gradient structural zones separating
the upper quasi-homogeneous layer from the intermediate warm and saline waters of the Atlantic (AW) and
Pacific (PW) origin.

An effective way to assess the effects of sea ice reduction on the vertical structure of water is to analyze
the temporal variability of thermohaline parameters. At a fixed point in space, this variability can be traced using
continuous observations at anchored buoy stations (for example, the NABOS project: http://nabos.iarc.uaf.edu/).
In the Arctic, such observations are few and short. Another historically preceding approach implies a quasi-regular
hydrological surveys in a specific area (i.e., the expedition “North” [3]). Such surveys allow: firstly the spatial
variability estimation on the scale of the studied area, and secondly, the identification of interannual variability
of thermohaline parameters with the proviso that in the case of the study area intersection by a frontal zone, this
temporal variability can be “masked” by an unknown spatial variability of the frontal zone position. In the summer,
an objective analysis of spatial surveys designed to identify the spatial variability of the thermohaline characteristics
is much more complicated, especially in the marginal Arctic seas, due to the intense seasonal signal associated
with heating, snow and ice melting, and river runoff. Because of this, the analysis of summer data, even within the
boundaries of one sea into which water-abundant rivers discharge (i.e. the Laptev Sea) is very difficult, especially
when the observations last over a long period — more than 1—2 months. In such cases, the accuracy of the analysis of
the thermohaline characteristics spatial variability is reduced due to the uncertainty input to the temporal variability
owing to rapid summer processes. It is especially important to get an undistorted view of the long-term temporal
variability in the context of the epochal change of ice conditions in the Arctic Ocean at the turn of the 20th and
21st centuries, when most of the Arctic seas and a significant part of the Arctic basin became ice free in the summer
season, and in the winter season covered with first-year ice [4].

According to field observations, the general trends in the thermohaline state change of the Arctic waters
upper layer in the summer season in the 2000s, in comparison to those observed in the second half of the
20th century, are desalination in the Pacific sector and salinization in the Atlantic sector [5]. As the main
reason for such trends, a steady anticyclonic circulation regime is often suggested, which persists on average
over the Arctic Basin from 1997 to the present [6]. A characteristic feature of the surface pressure field is the
displacement of the high pressure centre to the Beaufort Sea and the formation of a deep depression over
eastern Siberia. In modern western literature, such a structure is referred to by the term “arctic dipole” [7, §].
Under its action over the East Siberian and Chukchi seas, the southerly winds bringing warm air from the
continent predominate and intensify the melting of ice and its drift towards the Pole and the Fram Strait [8].
Another important feature of the arctic dipole is the provision of cloudless weather over the Beaufort Sea.
Extra solar radiation coming in the summer season contributes to the melting of an additional amount of ice.
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Within the described concept, the ongoing accumulation of freshwater in the upper layer of the Beaufort gyre
[9] is mainly due to the anomalously long persistence of the anticyclonic circulation regime [10]. At the same
time, in addition to “conservation” of desalinated water in the Beaufort gyre due to local melting, the surface
pressure field also contributes to the circulation reinforcement with the river freshwater discharge into this area
due to the deviation of the Ob’ and Lena flows to the east from their average trajectories [2]. In the Eurasian
Basin, on the contrary, there is a shortage of river discharge and an increase in salinity, which also occurs as
a result of increased inflow of high-saline Atlantic waters [11]. Thus, despite the desalination (on average)
of the upper layer of the Arctic basin as compared to the climatic norm due to increased ice melting, actual
changes include both desalination in the Pacific sector of the Arctic and salinization in the Atlantic sector.

The article consists of five sections, including the Introduction. The second section describes
the observations used for the analysis. The third section contains a comparative analysis of time series of
temperature and salinity in selected areas. The fourth section discusses obtained results in the general context
of current climate change. Brief summary conclusions complete the article.

2. Data and methods

In this study, two partially intersecting data arrays were used. The main multiyear hydrological data array
(1950—2014) covering the Arctic Basin allowed identification of local areas in distinct regions with sufficient
data to obtain reasonable estimates. The initial data set, from which the working array was subtracted for
further analysis, is located at the World Oceanographic Data Center (Data Center VNIGMI WDC, Obninsk,
RF, http://nodc.meteo.ru/). Four specific regions were selected for the analysis: the Western (W), the
Eastern-1 (E-1), and the Eastern-2 (E-2), and the Polar region (P) (see fig. 1). The average size of the selected
areas is 150 x 150 km. The areas selection was based on the conditions of the minimum spatial variability
of the thermohaline parameters within the area and the maximum distance from the river runoff influence.
All the hydrological profiles befalling into a given area were selected from the dataset. The profiles distribution
description in these areas is presented in table. The results of the analysis are presented as time dependences
of temperature and salinity in a layer of 8—20 m separately for the winter (November—May) and summer
(June—October) seasons.

Table
Selected areas in the Arctic basin
BoiOpanHbie paiioHbl B ADKTHYECKOM Oacceiine
Western North Pole Eastern-1 Eastern-2
83.50—84.83° N 88.50—89.83° N 75.00—76.50° N 78.00—79.50° N
92.00—105.00° E 00.00—60.00° E 150.00—143.00° E 160.00—153.00° E
Winter Summer Winter Summer Winter Summer Winter Summer

Number of stations 152 125 1264 885 1713 1036 177 228

Number of profiles
in 8—20 m layer 191 172 762 234 4004 2014 179 457
(8, 10, 15, 20 m)

Total number

of stations 2380

A shorter, but at the same time, more detailed data set covers the northern and northeastern parts of the
Laptev Sea (fig. 1), where the field studies were conducted within the NABOS international program from
2002 to 2018. The data is publicly available on the project website: https://uaf-iarc.org/nabos/. Available
data on temperature and conductivity (salinity) measurements allow estimation of the rapid changes
observed during the last 15 years when the intensity of Arctic sea ice reduction has accelerated significantly.
NABOS measurements were regularly performed in the same locations: in the northern part of the Laptev
Sea (L-1: 78.4°4+0.10 N, 126.00°+0.5) and the north-eastern part of the Laptev Sea (L-2: 80.0°+0.10 N,
142.30°4-0.5) with a vertical resolution of 1 m. Also, the data were averaged in a layer of 8—20 m and visua-
lized as time series of temperature and salinity.
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Fig. 1. The relief of the Arctic Ocean (shown isobaths: 500, 1000 and 2000 m). The position of the selected areas
for analysis is marked by white circles with an appropriate abbreviation.

Puc. 1. Penbed nHa CeBepHoro JlenoButoro okeaHa (mokasansl nzo6atsr: 500, 1000 u 2000 m). [MonoxeHue
BBIOPAHHBIX TSI aHAJIM3a 00J1acTeit OTMEUeHO OeTbIMM KPYXKKaMU ¢ COOTBETCTBYIOIIEHT ab6peBrUaTypOIA.

3. Results

3.1 Changes on a long time scale. Figures 2 and 3 show the inter-annual variability of salinity in selected
areas in the winter and summer seasons, respectively. It is noteworthy that, despite the presence of
remarkable spatial variability, characterized by the scale of the mean-square deviation (RMS), the temporal
variability due to climatic changes is revealed quite reliably in all areas. This is especially conspicuous in
the longest winter series (fig. 2). Within both Eastern regions (fig. 2, a, ) during almost the entire 20th
century (until the early 1990s), while the major part of the Arctic Basin was covered with perennial ice all
year round, the temporal variability of salinity was small, within 0.5—0.7 practical salinity units (PSU).
At the turn of 1990—2000, a sharp decrease in winter salinity by 3.5—4 PSU is observed in these areas.
In the 2010s, multidirectional changes occur in the E1 and E2 regions, while maintaining general low
background salinity. In the Western region the tendency is opposite. At least from the mid-1970s (and
possibly over a longer interval, if we take into account occasional historical data), a monotonous increase in
salinity by about 3 PSU (from 1973 to 1990) has been observed. Further, the winter salinity in the Western
region remains high, although in the 2010s there is a slight decrease. In the Polar region, similar to the
Western one, there is a general trend on increasing salinity about 3 PSU between 1950 and 2014. During
the period from 2005 to 2014, when winter observations in this area were carried out annually as part of
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Fig. 2. Temporal variability of salinity of the upper (8—20 m) layer in the winter season in the East-1 region (a),
in the East-2 region (b), in the West region (¢) and in the Polar region (d). The shading shows the standard deviation.

Puc. 2. BpeMeHHast M13BMEHYMBOCTh COJICHOCTH BepxHero (8—20 M) cj1os1 B 3MMHUIA ce30H B BocTouHoii-1 o61acTtu (a),
B BoctouHoii-2 o6nactu (6), B 3ananHoii ob6actu (¢) u B [IpumnontocHoit o6actu (). Cepoil 3aIMBKOM ITOKa3aHO

CPCAHEKBAAPATNUYCCKOC OTKJIOHEHUE.
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Fig. 3. Temporal variability of salinity of the upper 8—20 m layer in the summer season
in the East-1 region (a), and in the East-2 region (b), in the West region (c) and in the Polar region (d).
The shading shows the standard deviation.

Puc. 3. BpemeHHass I3BMEHYMBOCTD COJIEHOCTH BepxHero 8—20 M cJios1 B ISTHUI CE30H
B BocrouHoii-1 o6nactu (a), u B Bocrounoii-2 obmactu (6), B 3amagHoit o61actu (8)
u B [IpunomocHoii o6aactu (). Cepoii 3a11BKOI ITOKa3aHO CpeIHEKBAIpaTUYECKOe OTKIOHEHHE.
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the Barneo seasonal ice camp (https://tass.ru/info/1075254), sharp annual fluctuations in salinity values,
commensurate with the scale of long-term climate changes, have been registered (2—3 PSU). A possible
explanation of the nature of these oscillations is discussed in the next section.

Summer observations in the selected areas (see table) are shorter and start from the 1980—1990s.
The long-term variability of salinity in the summer season is generally consistent with the temporal
variability in the winter. There is strong desalination in both Eastern regions in the 1990s, with a delay
of several years in E-2 compared to E-1. It must be emphasized that in the summer season during
the 2000—2010s, the spatial variability of salinity increased significantly in both Eastern regions.
In the Western region, maximum salinity was observed in the mid-1990s. By 2010, the salinity in this area
returned to the values observed in 1990. In the Polar region until 2010, the salinity temporal variability
almost repeated that observed in the Western region, but in 2014 the salinity increased again reaching
the maximum values. The magnitude of salinity fluctuations in the W and P areas is 2—2,5 times smaller
than in the Eastern ones, about 1.5—1.7 PSU. The obtained results are consistent with the findings in [12],
based on the analysis of the thermohaline state of the upper layer of the Arctic Basin during anomalous ice
conditions in 2012.

The temporal variability of water temperature in the studied regions in the winter and summer seasons is
presented in figures 4 and 5. In the winter season, the temperature variability in all regions is insignificant:
0.1-0.3 °C, which is easily explained by the presence of a continuous ice cover. Against this background,
opposite interannual trends are observed in the Eastern and Western areas. In the Eastern regions, an
increase in temperature (by 0.2 °C) is registered between the mid-20th century and the 2000s, while in
the Western part temperature decreased by 0.1 °C during the same period. Such variations are consistent
with the salinity changes noted above in the winter season, since in winter the temperature is close to the
freezing point for given salinity. There is no apparent temperature trend in the Polar region; however,
in the 2000s, intense short-period fluctuations are observed. Conspicuous is the fact that in the summer
season there is a noticeable increase in the temperature variability scale in the Eastern regions (up to 1 °C
in E-1) while a small (about 0.1 °C) temperature variability is maintained in the Western and Polar regions.
However, it is necessary to emphasize that the small amount of data does not allow characterization of
the actual variability in these areas unambiguously.
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Fig. 4. Temporal variability of the temperature of the upper 8—20 m layer in the winter season
in the East-1 region (a), in the East-2 region (b), in the West region (c) and in the Polar region (d).
The shading shows the standard deviation.

Puc. 4. BpeMeHHass U”3BMEHYMBOCTh TeMIIEpaTyphl BepxHero 8—20 M ¢J10s B 3MMHUI CE30H
B BocTouHoii-1 o6nactu (a), B BoctouHoii-2 obnactu (6), B 3anagHoit oonactu () u B [IpunontocHoit
obmactu (2). Cepoil 3aJIMBKOIA ITOKA3aHO CPETHEKBAIPATUIECKOE OTKJIOHEHME.
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Fig. 5. Temporal variability of the temperature of the upper 8—20 m layer in the summer season
in the East-1 region (a), in the East-2 region (b), in the West region (c) and in the Polar region (d).
The shading shows the standard deviation.

Puc. 5. BpemeHHas ”3MEHUYMBOCTD TeMIIEPATyphl BepxHero 8—20M cJIosl B ISTHUIM CE30H
B BocTouHoii-1 o61acTu (a), B BoctouHoii-2 obaactu (6), B 3anaaHoii o6iactu (8)
u B [IpunomtocHoii obnactu (e). Cepoil 3a1MBKOIM MOKa3aHO CpelHEeKBAAPaTUUECKOe OTKJIOHEHUE.

3.2. Changes in the 2000s. The main difference between the observations at points L-1 and L-2
(fig. 6 and 7) from those considered in the previous subsection is the complete elimination of the spatial
component of variability since the observations were regularly carried out in practically the same position
in August-September. Thus the space averaging was not performed in this case. To a certain extent, this fact
explains the greater fluctuations’ amplitude observed in both salinity and temperature. Besides, points L-1
and L-2 are located on the periphery of the Arctic basin, where the ice cover interannual variability during
the summer seasons in the 2000s was larger in comparison with the central part of the basin. At the L-1
point, the salinity is more uniform over time: the magnitude of the interannual fluctuations is within
31.542.0 PSU. At point L-2, this value is 30.643.5 PSU with a single “outburst” (by -5 PSU) in 2005.
These values are close to the average salinity in the Western region (33.3+1.8 PSU) (fig. 6). Somewhat
smaller values are explained by the proximity to the shelf, which results in more significant influence of
freshwater flow from the continent.

The scale of water temperature variability in the L-1 and L-2 regions is several times larger than the similar
variability scale in all areas of the central basin (fig. 7). The temperature varies from the values close to
the freezing point to positive ones. Obviously, the reason for a significant increase in temperature is summer
warming in the absence of ice cover. Accordingly, the absolute maximum temperature (1.46 °C) was observed
at the L-1 point in 2015, when there was no ice cover in this area for a prolonged period [13].

In general, the observed trends in salinity and temperature in the L-1 and L-2 areas are consistent with
similar trends in the Western region in the summer season, i.e. increase in temperature and salinity in the
2000s. The probable causes of the noted changes are discussed in the next section.
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Fig. 6. Temporal variability of the salinity Fig. 7. Temporal variability of the temperature
of the upper 8—20 m layer in the summer season of the upper 8—20 m layer in the summer season
at the point L-1 (@) and L-2 (b). at the point L-1 (@) and L-2 (b).
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B Touke JI-1 (a) u JI-2 (6). JI-1 (@) n JI-2 (6).

4. Discussion

The main factors determining the thermohaline state of the upper layer of the Arctic basin water (far from
the coast) are the processes of ice freezing/melting, energy exchange with the atmosphere, horizontal advection
and ice drift. Besides, heat transfer and salt exchange with deep layers may play a significant role in certain
areas. The general increase in the seasonality of sea ice cover in the 2000s (see fig. 8 and 9) changed the balance
of these factors, which led to multidirectional changes in different geographic areas.

A common characteristic of both winter and summer salinity in both Eastern regions (E-1 and E-2) is a small
temporal variability until the early 1990s and a sharp decrease after the 2000. At the same time, winter temperatures
increased slightly, while non-periodic fluctuations appeared on the temperature graph in the summer season with
the amplitude significantly exceeding the climatic trend. It is well known that in the 20th century, almost the entire
central Arctic was covered with ice all year round [15, 16]. In the Eastern regions, this situation started to change in
the mid-1990s (fig. 9, a). The increase in summer melting led to the desalination of the upper layer in the summer
season, which was no longer balanced by the increase in salinity due to the growth of ice throughout the subsequent
winter. Significantly increased temperature fluctuations in the summer season in the Eastern regions are related,
obviously, to the variability of the ice edge location. In the case of longer preservation of open water, the amount
of heat absorbed by the upper water layer increases, this leads to an increase in temperature. This pattern is clearly
illustrated by temperature peaks in the summers 2007 and 2015 in L-1 and L-2 (see fig. 7), when these areas were
completely ice free for a long time (see fig. 9, c¢). This was reflected in changes of the atmospheric circulation mode
and the warm air inflow from the continent in the summer season [17].

The consistent changes in salinity and temperature in the Western region during the winter season are
probably due to the so-called “atlantification” of the Nansen Basin, i.e. the strengthening of the influence of
the Atlantic waters (AW) on the hydrological regime under conditions of reduced ice cover [18]. Although in the
majority of the Arctic basin the warm and salty “core” of the Atlantic water mass is located in the intermediate
layer, AW contribute to formation of overlaying and underlaying water masses [19], supplying the “building
material” to the surface and deep waters. Taking into account the pathways of Atlantic waters inflow to the
Arctic basin, their impact should be the most pronounced in the western part of the Arctic Basin in the so-
called Atlantic Arctic [20]. In the summer season, local melting of ice reduces the effect of increasing salinity
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Fig. 8. The area of ice cover normalized by the climate mean value (1979—2016) in March in the areas
limited by coordinates 75—80° N, 160—140° W (includes areas E-1 and E-2) (a), in the Western region (b)
and in the area bounded by the coordinates 77—82° N, 125—145° E (includes areas L-1 and L-2) (¢).
Data on the ice area are taken from [6].

Puc. 8. HopMupoBaHHast Ha cpenHe-MHoroneTHee 3HadeHue (1979—2016) muromanb JIenTHOTO MOKPOBa
B MapTe B paifoHaxX orpaHWYeHHBIX KoopanHatamu 75—80° c.ir., 160—140°3.1. (Bkimovaet obaactu B-1 u B-2) (a),
B 3amagHolt o61actv (6) U B paifoHe, orpaHUYeHHOM KoopauHatamMu 77—82° .., 125—145° B.n.
(BxurouaeT oomactu JI-1 u JI-2) (8). JlaHHBIE O IUIOIIAAN JIbIA B3SITHL U3 [ 14].
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Fig. 9. Normalized by the climate mean value (1979—2016) of the ice cover in September
in areas limited by the coordinates of 75—80° N, 160—140° W (includes areas E-1 and E-2) (a),
in the Western region (b) and in the area bounded by the coordinates 77—82° N, 125—145° E.
(includes areas L-1 and L-2) (c). Data on the ice area are taken from [6].

Puc. 9. HopMupoBaHHast Ha cpenHe-MHoronetHee 3HadeHue (1979—2016) ruioianp JIeasTHOIO IMOKpOBa
B CEHTSAOpE B paiioHaX OrpaHMYEHHBIX KoopauHataMu 75—80° c.ur., 160—140° 3.1.
(Bximouaer obsactu B-1 u B-2) (@), B 3anmagHoii obiactu (6) ¥ B paiioHe, OrpaHUYEHHOM
KoopauHaTtamu 77—82° c.u1., 125—145° B.1. (BkimodaeT oomactu JI-1 u JI-2) ().

JlaHHBIC O TJIOIIAAY JIbaa B3STHI U3 [ 14].
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in the upper layer, resulting in the absence of a clear trend of salinity (see fig. 5, ¢). The low variability of
the summer temperature in the Western region is apparently associated with the absence of sustained changes
in the ice cover area over the entire range of available observations both in the winter and summer seasons [9]
(see fig. 8, band 9, b).

The long-term variability of temperature and salinity in the Polar region during the winter season is small
during the period from the late 1950s to the late 1990s. As noted in the previous section, until the beginning of
the 2000s, weak trends in increasing salinity (~1 PSU) and decreasing temperature (~0.1—0.15 °C) are similar
to trends in the Western region. The 2000—2010s are characterized by quasi-periodic fluctuations in salinity
and temperature in the winter season with a value of ~2—3 PSU and ~0.2 °C, respectively. In 2014, the spatial
variability of salinity (~2 PSU) was observed, unusually large for the winter season, which was comparable to
the interannual variability. It should be emphasized that the typical spatial variability of salinity in the winter
from 2000 to 2013 was ten times smaller (0.2—0.7 PSU). Interannual temperature fluctuations are consistent
with salinity fluctuations and reach 0.15—0.2 °C. Most likely, the interannual fluctuations of temperature and
salinity with a period of 4—5 years, revealed in the Polar region, do not have direct link with climatic changes.
Such significant interannual fluctuations of the thermohaline characteristics in the winter period, which are
formally indicate temporal variability, most likely reflect the spatial variability of the frontal zone. This frontal
zone separates surface waters that are desalinated by river flow, reaching the Polar region from the Laptev
Sea; and more saline waters, which enter the area from the west. Thus the revealed interannual variability
of temperature and salinity characterizes the temporal variability in the frontal zone position relative to the
selected area. Apparently, in 2007 and 2008, the front was located east of area P, and consequently, salinity
reached 33 PSU (with spatial variability of 0.3—0.5 PSU). In 2009, the front was located to the west, and the
selected area P occurred in much less saline waters with a salinity of 30.5 PSU (with a spatial variability of
0.7 PSU). Further, until 2013, there is a gradual increase in salinity, i.e. the thermohaline front shifts to the east
and in 2012—2013 high-saline waters (more than 33 PSU) are observed again in area P. In 2014, the average
salinity in area P became lower again: the front probably shifted to the west. Given the abnormally high spatial
variability of salinity for the winter season, it can be assumed that the frontal zone in 2014 was located directly
within the boundaries of region P. In this case, the interannual variability of salinity is 2.5—3.0 PSU (which is
comparable to maximum spatial variability of 2.0 PSU), characterizes the magnitude of the salinity difference
across the frontal zone.

5. Conclusions

The results of the study can be summarized concisely in the following main conclusions. Until the early
1990s, when most of the Arctic Basin was covered with perennial ice all year round, the temporal variability of
thermohaline parameters in the upper mixed layer of 8—20 m in all considered areas was small throughout the
year. Since the early 1990s, there have been noticeable changes in temperature and salinity in the winter season,
but the direction of these changes is not the same in different areas. In the Western Region, salinization and
cooling of surface waters are observed, whereas in the eastern Arctic, on the contrary, considerable freshening
is recorded, and a corresponding water temperature rise. The desalination of surface waters in the eastern Arctic
is due to a perennial ice reduction, and its replacement by the first-year ice. The salinization of surface waters
in the western Arctic is associated with an increase in the of saline Atlantic waters supply from the Fram Strait
and their rise to the surface [5, 9]. In the Polar region as a whole, insignificant salinization of surface waters
is observed. However, the Polar region is characterized by an unstable frontal zone between the freshened
waters to the east and more saline waters to the west. The features of the front shift depend on the prevailing
synoptic processes in winter and summer seasons. The presence of the frontal zone substantially masks the real
interannual temporal variability of the thermohaline parameters in the subsurface layer of the Polar region.
Less ice coverage or complete absence of ice in the summer season in the last two decades increases the spatial
variability of temperature and salinity in the surface layer in all areas of the Arctic due to increased thermal and
dynamic effects of the atmosphere.

The study was carried out as part of the RFBR project 17-05-41197.
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