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In recent years, regional satellite products that provide high spatial and temporal resolution
for describing snow cover parameters have become publicly available. These products offer
the most accurate estimates for steppe areas, where interference from forest cover is minimal.
Regular data grids provide new opportunities to analyze the spatial characteristics of snow
coverage in territories that previously could not be obtained from meteorological station data.
This study investigates the long-term changes in the large-scale spatial distribution of water
reserves in the snow cover in the Abai and East Kazakhstan regions. These characteristics of
the snow cover can also experience transformations, which are driven by climate change. The
Abai and East Kazakhstan regions of Kazakhstan, with a total area of about 0.27 million km?,
are located in the center of the Eurasian continent. This paper describes the transformation
of the large-scale spatial distribution of the snow cover on the analyzed territory from 2001
to 2022. The Snow Water Equivalent Anomaly (SWEA) product on March 1 was used as
the initial data, which has a daily update and a resolution of 1 km and is available on the
USGS FEWS NET portal. It was found that the large-scale spatial distribution of positive
anomalies of the water equivalent of the snow cover on the analyzed territory varied between
2001...2022, with an increase in situations characterized by a decrease in the typical
size of zones with positive anomalies of water reserves in the snow. This effect is partly
synchronized with similar phenomena described for large mountainous countries of Eurasia,
where the average area of clusters forming an area with a positive anomaly of water reserves
in snow decreased tenfold from 2001 to 2019, from approximately 10000 km? to 1000 km?.
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INTRODUCTION

The impact of climate change on the
snow cover parameters of Northern Eurasia has
been extensively considered in the scientific
literature (Bulygina et al., 2009, 2011; Dye,
2002; Kitaev et al., 2005). Earlier studies relied
on observational data from a network of ground-
based weather stations. The development of
satellite research has provided an additional
source of information on the state of snow cover
(Bormann et al., 2018). In recent years, regional
products describing snow cover parameters,

including snow height and water equivalent of
snow, with high spatial and temporal resolution
have become publicly available, such as the
USGS/EROS developments hosted on the USGS
FEWS NET Data Portal platform. The validation
of the «Snow Depth FEWS NET» product
showed good correspondence with ground-based
meteorological data (Terekhov et al., 2020b),
allowing them to be used in describing the snow
cover of Kazakhstan (Terekhov et al., 2019,
2020a, b). The availability of regular data grids
withashortperiod (1 km for FEWSNET products)
describing the long-term characteristics of snow
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cover offers new possibilities for analyzing
the spatial (morphological) characteristics of
snow cover. These characteristics of the snow
cover, which refer to the features of the spatial
distribution of snow reserves, can also experience
transformations driven by climate change.

The study conducted by Terekhov
and Makarenko (2020) described significant
changes in the morphological characteristics of
snow cover in the high-altitude zone of Eurasia,
including the largest mountainous countries
such as the Tien Shan, Pamir, Karakorum, Hindu
Kush, Kun-Lun, and Himalayas. It was shown
that there was a tenfold decrease in the average
area of clusters forming a territory with a positive
anomaly over 19 years (from 2001 to 2019),
from approximately 10000 km? to 1000 km?.
Furthermore, the study showed that large-area
anomalies that were typical in the early years
of the 21-st century were replaced by groups of
relatively small and isolated zones, especially
after 2015. It was assumed that similar changes
could take place in other places in Eurasia.

MATERIAL AND METHODS

The purpose of this study was to assess
the long-term changes in the spatial distribution
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of the snow cover of Eastern Kazakhstan. This
steppe and semi-desert territory is located
in the eastern part of the Kazakh Uplands
(Aksoran 1565 m) and the western part of the
Altai Mountains (Belukha 4506 m), the long-
term humidification regime of which can be
synchronized with the large mountainous
countries of Eurasia. The study area covered the
Abai and East Kazakhstan regions of Kazakhstan,
with an area of approximately 0.27 million
km?, as illustrated in Figure 1. The climate of
the region is highly continental and arid, with
annual precipitation ranging from 150 to 1500
mm (in the mountains). Solid precipitation
during the cold period plays a significant role in
the water balance of the territories. The amount
of snow accumulated in winter significantly
affects the volume of spring flooding (Terekhov
et al,, 2016) and the soil moisture reserves
in the first half of the growing season, which
determines the great practical interest in
this natural resource at the regional level.

As initial data, the Snow Water
Equivalent Anomaly product (SWEA) was
used, which has a daily update and a resolution
of 1 km and is available on the USGS
FEWS NET portal (as shown in Figure 2).

Fig. 1. Physical Map of the Abai and East Kazakhstan Regions of Kazakhstan.
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March 1 was chosen as the key date when the
snow cover in the test area had fully formed, and
the process of its spring melting began. Figure
3 presents the maps of anomalies of the water

equivalent of snow on March 1 for the 22 spring
seasons from 2001 to 2022. The depth of the
archive allows for a comprehensive analysis of
long-term changes in snow cover in the study area.

Snow depth, meters
No Data
0.002

Fig. 2. An example of a daily snow depth map according to the “Snow Depth”
FEWS NET product (resolution 1 km) for January 30, 2021.

RESEARCH RESULTS AND DISCUSSION

The morphology of the contour maps
of anomalies of snow reserves (snow water
equivalent) can be numerically described, as
noted by Terekhov and Makarenko (2020).
However, due to the significant influence of
boundary conditions, the analyzed area is
not large enough to obtain reliable results.
Furthermore, the possibilities of expanding the
analysis area are limited by the existing climatic
zonality. Therefore, the long-term changes in the
morphology of the snow cover were evaluated
only qualitatively. Several maps showing the
distribution of water reserves in the snow cover
on March 1 were generated, as shown in Figure 3.
Two of the most typical scenes were selected for
2001 and 2016, which illustrate the direction of
the recent changes in the snow cover morphology
of the region, as illustrated in Figure 4.

The snow cover in Kazakhstan is
primarily formed by moisture transported via
atmospheric transport, mainly from the Atlantic
Ocean. The spatial distribution of snow reserves
in the region is determined by various synoptic

processes that bring solid precipitation, such
as warm air intrusions (southern intrusions)
or cold air (arctic intrusions). The strength
and proximity of the Siberian anticyclone also
play a crucial role in shaping the snow cover.
The anticyclone forms a temperature inversion
in the region of its influence, which affects the
relationship between precipitation and altitude.
Therefore, changes in the characteristics of
the Siberian anticyclone over the years have
a significant impact on the morphology of the
snow cover in central and eastern Kazakhstan.

CONCLUSION

The observed increasing frequency of
events in the study area (2016, 2017, 2019)
shows a significant decrease in the typical size of
zones with positive anomalies of snow reserves,
as illustrated in Figure 3. This phenomenon is
synchronized with similar processes described
for the largest mountainous countries of Eurasia,
including the Tien Shan (7439 m), Pamir
(7719 m), Karakorum (8614 m), Hindu Kush
(7708 m), Kun-Lun (7723 m), and Himalayas
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Fig. 3. Anomalies of the water equivalent of snow cover (deviations from the average
level from 2001...2021) on March 1 in the territories of Abai and East Kazakhstan
regions. Source of information: FEWS NET portal.
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Fig. 4. Anomalies of the water equivalent of snow cover (deviations from the average level
from 2001...2021) on March 1 in the Abai and East Kazakhstan regions in 2001 and 2016
are illustrated. Differences in the spatial distribution of water reserves in the snow are
highlighted, with zones of positive anomalies. Source of information: FEWS NET portal.
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(8848 m) (Terekhov and Makarenko, 2020;
Report on Climate Features in the Russian
Federation for 2022). Therefore, the zone of
multiyear changes in the spatial distribution of
the snow cover in Eurasia can be expanded to
include part of the lowland massifs of the Kazakh
Uplands (1565 m) and the Altai Mountains.
The work was carried out with the support
of funding from the Ministry of Science
and Higher Education of the Republic of
Kazakhstan, project No. BR 18574144.
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Ob UIBMEHEHMUAX B TIPOCTPAHCTBEHHOM PACIHIPEJEJIEHUU 3AITACOB
CHET'A B BOCTOYHOM KA3AXCTAHE B IIEPUO/ 2001...2022 'OJJOB
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B nocnegnue TOABI B OTKPBITOM JOCTYIIE IOSIBUWIMCH PETMOHAJIBHBIE CITyTHUKO-
BbI€ IIPOAYKTHI, ONMCHIBAIOIINAE ITAPAMETPhl CHEXKHOTO TIOKPOBA C BBICOKOW TIPO-
CTPaHCTBEHHO-BpEMEHHOM JeTanu3anueil. Hawubosiee TOYHBIE OLIGHKH H3TH MPOIYK-
Thl JAIOT ISl CTEMHBIX TEPPUTOPUM, IJI€ MOMEXH OT JIECHOIO MOKPOBA MHUHUMAJIBHBI.
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Perynsipable ceTKH JaHHBIX OTKPBHIBAIOT HOBBIE BO3MO)KHOCTH B aHAJIHM3€ MPOCTPAHCTBEH-
HBIX XapaKTEPUCTUK CHEKHOTO TMOKPBITHS TEPPUTOPHH, KOTOPHIE paHee HE MOIIU OBITH
NOJTY4YeHBl Ha OCHOBE JAaHHBIX METEOPOJIOTUYECKMX CTaHIuid. B pabore paccMoTpeHbl
MHOTOJIETHUE W3MEHEHUS B KPYIMHOMACIITAOHOW MPOCTPAHCTBEHHOW OpraHU3aIlMH 3aria-
COB BOJ/IbI B CHEXHOM IOKpoBe B Abaiickoil u Bocrouno-Kazaxcranckoil obnactsax. Otu
XapaKTePUCTUKU CHEXHOTO MOKPOBA, TAKXKE MOTYT HCIBITHIBATh TpaHC(HOpPMAIINH, paii-
BEpaMH KOTOPBIX BBICTyNAeT U3MeHeHue Kiaumara. Alalickas u Bocrouno-Kazaxcranckas
obmactu Kazaxcrana, ¢ cymmapHO# mionaapio okoino 0,27 MiIH. KM? pacroioKEHbI B IIEH-
Tpe matepuka EBpasus. B pabore ommcano siBnenue TpanchopManuy KpynmHOMacTaOHOH
IPOCTPAHCTBEHHOW OPTaHM3allMM CHEKHOTO TOKPOBA HA aHATU3UPYEMOW TEPPUTOPUU B
nepuoa 2001...2022 rr. B xauecTBe MCXOAHOW MH(OPMALMK KCIIOJIB30BAICA MPOAYKT —
aHoManus BOTHOTO >KBHBajieHTa cHera (Snow Water Equivalent Anomaly) na 1 mapra, c
paspeuienuem 1 kM, kotopsiil qoctyneH Ha nopraine USGS FEWS NET. beuto nomyue-
HO, YTO KpymHOMAacIuTaOHas MPOCTPAHCTBEHHAs OpraHHU3alys MOJOKHUTEIbHBIX aHOMa-
JMA BOIHOTO SKBHBAJICHTA CHEXKHOTO TOKPBITHS HA aHATTU3UPYEMON TEPPUTOPUH B TIEPUO]T
2001...2022 rr. BappupoBasiack. Habmtonanoce yyamieHue CUuTyaluid, XapakTepu3yOIIUXCs
YMEHBUICHHEM THIIMYHBIX Pa3MEPOB 30H C MOJOKHUTEILHBIMUA aHOMAJIUSIMHU 3aI1aCcOB BOJIBI
B CHere. 3aperucTpUpOBaHHBIA A(H(PEKT OTIACTH CHHXPOHU3HPOBAH C AHAIIOTUYHBIMH SIB-
JICHUSIMH, OTIMCAHHBIMU JUTS KPYTHBIX TOPHBIX cTpaH EBpa3uu, rue cpeaHss miomaib Kia-
CTepOB, (POPMUPYIOMIUX TEPPUTOPHIO C TOJOKUTEIBHON aHOMAIHEH 3a11acoB BOJBI B CHETE,
ymenbImmiack B mepuoy ¢ 2001 mo 2019 rr. B 10 pa3, mpumepnro ¢ 10000 km? 1o 1000 kM.

KiroueBble ¢J10Ba: CHEXKHBIN IMOKPOB, aHOMAJIMX BOJHOI'O SKBUBAJICHTA CHEr'a, paClpeCaciiCHUC
3araca CHEra Ha TCPPUTOPHUKU, MHOTOJICTHHUEC U3MCHCHUA, UBMCHCHHE KJIMMara.

2001-2022 KBIJIJIAP APAJBIFBIHIA HIBIFBIC KASAKCTAHJA KBICKBI
KE3EH/IE "KUHAKTAJIFAH KAP KOPTAPBLIHHBIH KEHICTIKTIK
TAPAJYBIHIAFEBI O3TEPICTEP
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CoHFBI XKbUIIApAa KEHICTIKTIK-YaKbITTBIK Kap >KaMBUIFBICBIHBIH TapaMeTpiepiH JKaH-
JKAKThl CHUIIATTAUTBIH aMaKTBIK KEPCEPIKTIK OHIMACDP KOMIIUIIKKE KO >KeTIMIl OOJIbI.
by eHimMaep opmaH ajKanTapblHaH Keaepriiep a3 0omaThiH Ka3blK aymMaKTapra Aoy Oara
Oepe amanel. BipTekTi TopjaHFaH alKanTaFbkl MAMIMETTEpP OYPBIH COHIBI METEOPOJIO-
TUSJIBIK CTAHITUSIIAPIBIH JIEPEKTepl HETi31HIe KOJDKETIMCI3 OOJIFaH, ayMaKTapAblH Kap
YKaMBUTFBICBIHBIH KEHICTIKTIK CHUMIaTTamMajiapblH Tajjaylda >kKaHa MYMKIHIIKTEp aIllThl.
Kymeicta Abaii sxoHe [birpic KazakcTan oOMbICTaphIHAA Kap JKaMBUIFBICBIHIAFBI CY KO-
PBIHBIH ayKbIMJIbl KEHICTIKTIK TapajbIMBIHBIH KOIDKBUIJIBIK ©3repicTepl KapacThIPBUIILI.
Kap >xamMbUIFBICBIHBIH OyJI cuUmarTamajiapbl KIMMAaTThIH €3Tepyl cajjapblHaH OonaThiH
TpaHchopManusiapra yibipaybl MyMKiH. Ka3zakcTtanHbiH A6aii sxone [Ieirpic KazakcTan
00JBICTapBI, JKaJMBI aynanbl maMmameH 0,27 miH. kM? KypaiTeiH Eypa3us marepuriig op-
TaJIBIFBIHA OpHajiackaH. JKymbicTa aranFad aymakrapaa 2001...2022 xpuigap apaiblFbiH-
JIaFbl Kap YKaMBUTFBICBIHBIH KeH ayKbIMbI KCHICTIKTIK TapalybIHBIH ©3Tepyl CHMaTTaJIFaH.
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bacranker aknapar peringe USGS FEWS net mopransiHga Ko KeTiMal 1 KM aXbIpaThIM-
TeUTBIKIEH 1 Haypb13 KyHT1 (Snow water Equivalent Anomaly) KapabiH ¢y KOPBIHBIH aHO-
Manusicel naigaitansuiasl. 2001...2022 xeligap apanblFblHIa ayMakTa Kap ’KaMbUIFBICHI-
HBIH CY KOPBIHBIH OH ayBITKYJIAPBIHBIH K€H ayKbIMJIbI KeHICTIKTIK Tapaybl SpTYp:i OOIbI.
Kapnarsl cy KOpBIHBIH OH ayBITKYJapbl 0ap ailMaKTapAbIH TUTITIK MOJIIIEPiHIH TOMEHCYIMEH
CHUIATTANATBIH JKaFIaimapabiH keoberoi Oarikanasl. Tipkenren acep EypasusiHbiH ipi Taymbl
ayMaKTaphl YIIIiH CUIIATTAJIFaH YKCcac KYOBUTBICTApMEH COMKeC KeJle i, MYHIa KapAaFbl Cy KO-
PBIHBIH OH aHOMAJIUSICHI Oap ayMaKThl KYpanuThIH Ki1acTepiaepAid oprama aynanst 2001...2019
xbuinap apansirbigga mamamed 10000 xkm*-gen 1000 km?re peiiin 10 ece azaiiras.

TyiiiH ce3aep: Kap *KaMbUIFBICHI, Kap/IbIH Cy SKBUBAJICHTIHIH aybITKYJIaphl, ayMaKTaFbl Kap KO-
PBIHBIH Tapaybl, KOIDKBULIBIK ©3TepicTep, KIMMAaTThIH 03Trepyi.
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