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The Snow Depth FEWS NET daily product was used to analyze snowy regime of the upper
part of the River Emba basin from January 1 to April 30 for the period of 2001...2020. The
Emba River basin is situated in Kazakhstan at the Eastern coast of the Caspian Sea. The area
is characterized by the arid and extreme continental climate with dry-steppe and semi-desert
landscapes. The population is small and the anthropogenic impact on the snow cover is minimal
there. These conditions give an opportunity to identify the natural tendency in long-term changes
of snow covering in semidesert zone of Kazakhstan. This paper describes the characteristics of the
formation and destruction of the snow cover in the last 20 years. It was indicated that snowy regime
has a trigger structure including two states; low-snowy regime and others years. It was shown that
the snowy conditions are triggered. There are two modes, the first, as a low-snowy regime (up to
50 % of the entire sample) and the second mode includes other years. Significant variations of
snow depth in various years masked many years’ tendencies of snow cover characteristics. But
low-snowy regime was observed four times during five last years that can relate with modern
decreasing snow covering in semi-desert zone of Kazakhstan.
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INTRODUCTION

The utilization of satellite data in various
applications related to snow cover monitoring
in the CIS countries has been widely covered in
the scientific literature [1, 2, 4, 10, 15, 22]. Solid
precipitation of the cold period in the sharply
continental climate of Kazakhstan is a critically
important source of water for various economically
significant processes. Such processes include: spring
flood activity [19]; snow reserves in glacial runoff
formation zones mountain rivers and its impact on
hydropower industry [18, 17]; hydration of the first
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half of the growing season [7]; activity of spring
sprouting of weed vegetation on agricultural fields
[8]; spring planting calendar dates [5, 9], and so on.

The main issue is the applicability of satellite-
based assessments of snow cover parameters to
practical tasks, and their accuracy. For example, as
shown in [2], the product "Snow Water Equivalent
(SWE)" from the National Snow & Ice Data Center
(http://nsidc.org/data/NSIDC-0271) has larger than
usual discrepancies with ground data for northern
Eurasia and Russia. This limits the applicability
of this satellite product to assessing the direction
of long-term climate trends. There are a number
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of interfering factors for recording snow cover
parameters. One of these factors is forest cover.
The territory of Central Asia is mainly represented
by unforested dry plains (deserts, semi-deserts, dry
steppes, steppes, forest-steppes). The lack of forest
facilitates the processing of satellite information for
snow assessment purposes. Recently, new model
snow assessment products ("Snow Depth", "Snow
Water Equivalent Anomaly"), specially developed
forthe territory of Central Asia (https://earlywarning.
usgs.gov/fews/product/613) and based on data
sets of GDAS (Global Data Assimilation System,
https://www.emc.ncep.noaa.gov/gmb/gdas/)  and
LDAS (Land Data Assimilation System, https://
ldas.gsfc.nasa.gov) systems have appeared. The
Snow Depth product has been successfully used
both for snow assessment in Kazakhstan as a whole
[12], and mountain zones of Central Asia [16] and
for the local task of forecasting some Tien Shan
rivers runoff with snow-glacial nutrition [13].

The sparsely populated, desert and semi-desert
areas of Central Asia are of particular interest,
where the network of weather stations is rare and
strong winds during the cold season (winter storms)
significantly interfere with ground measurements
of snow amount and height. It is better to use river
basins as a test site for monitoring snow changes in
the dry steppe and semi-desert areas of Kazakhstan.
This makes it possible to have not only data on the

snow cover of the area, but also leaves the possibility
to characterize and obtain additional information on
the humidification regimes of runoff formation zones.
The purpose of this work was to determine the
direction of modern trends in changes in snow cover
regimes in the dry steppe and semi-desert zones of
Kazakhstan, using the Emba River as an example of
the zone of runoff formation of the largest regional
river in the eastern coast of the North Caspian Sea.

STUDY AREA

The Emba River basin is located within
Kazakhstan in the climatic zones of dry steppes and
semi-deserts (figure 1). The hydrological regime of
the rivers in this region is classified as a specific,
kazakhstan's type [6]. It is characterized by high,
short spring flood, and low-water periods in summer
and winter, i.e. pure snow type of nutrition. The
Emba River originates on the Western slopes of the
Mugodzhary Mountains (the southern extension
of the Ural Mountains). The river is 712 km long
and has a catchment area of 40,400 km?. The main
tributary network is concentrated in the upper part of
the Emba River basin. The Emba River, which runs
from the southern tip of the Ural Mountains to the
Caspian Sea, is used by geographers as the border
between Europe and Asia [3]. The upper part of the
Emba River basin, above the hydrological post of
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Fig.1. Snow cover of Kazakhstan and the Emba river basin. Example of a daily snow depth map from FEWS NET
(February 1, 2020) with reference to meteorological stations: Altai, Aktobe, and Atbasar.
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MATERIALS AND METHODS

As basis we used the "Snow Depth" product
FEWS NET, developed at NASA Goddard Space
Flight Center and available in the form of overview
maps of the snow cover depth for the Central Asian
region (CA), determined within the coordinates
25...55° North latitude and 50...85° East longitude
(fig. 1). The overview maps are provided in a
geographical projection (Lat/Lon) with daily
update and a spatial resolution of 0.044°x0, 044°,
which is (4,88 x 3,14 km) for latitude 50° (area of
interest). The snow depth is calculated by the Asia-
LISS model (https://earlywarning.usgs.gov/fews/
product/439), which includes not only analysis of
satellite spectral characteristics of the underlying
surface, but also model estimates of precipitation.
Maps are available in "png or tiff" files, with a
legend step of 20 cm in the snow depth, as well as
through the internal EWX viewer tool, with a step
of 1 cm and a resolution of 1 km (fig. 1.)

The Asia-LISS model uses current and historical
(11-year retrospective analysis) data and parameters
from the GDAS (Global Data Assimilation System,
https://www.ncdc.noaa.gov). The depth of the
"Snow Depth" archive, linked to TERRA MODIS
satellite data, is 20 years: from October 2000 to
the present. This archive allows us to analyze 20
winter-spring seasons (2001...2020) and allows to
determine the features of the snowy regime.

This paper considered three contours. First, the
upper part of the River Emba river, Fig.1. Second
contour around the Aktobe weather station (50°
17 North latitude; 57° 12 East longitude). Third,
the contour around the Atbasar weather station
(51° 48 North latitude; 68° 20 East longitude).

Meteorological data on snow depth were taken from
the Internet resource "Weather Forecast" http://rp5.
kz. To compare Snow Depth FEWS NET data with
ground-based meteorological data on snow depth, we
used data from the Aktobe weather station (WMO
ID-35299), Atbasar (WMO ID-35078) and the
average for five Altai weather stations: Verkhneuralsk
(WMO ID-28833), Magnitogorsk (WMO ID-8838),
Kizilskoye (WMO ID-28939), Energetik (WMO ID-
35038), Orsk (WMO ID-35138).

The Snow Depth FEWS NET monitoring
period included 120 days, from January 1 to April
30, for 20 seasons (2001...2020). This period covers
most of the winter times and the process of spring
snowmelt. The following parameters were used
for analysis of the test site snow cover: seasonal
maximum of snow depth; average seasonal snow
depth; duration of period without snow cover during
seasonal monitoring.

RESULTS

Twenty seasonal snow depth curves were
formed and analyzed for the River Emba basin
in the period 2001...2020 (see fig. 2). Long-term
trends (2001...2020) are considered for the following
parameters: the seasonal maximum of snow depth; the
average value of season snow depth; and the number
without snow cover days during January 1 to April
30. The confidence of linear approximation values
(R?) of these trends were very low: less than R*=0,09
(for tendency for the number without snow cover
days). The average long-term seasonal maximum
snow depth (33,5 cm) occurs on February 23 (fig. 2).
For this day, a histogram of the distribution of snow
depth for different years was constructed (see fig. 3).

River Emba basin
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Fig.2. Snow Depth FEWS NET monitoring, period 2001...2020 years.
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Fig.3. Histogram of the distribution of the average snow depth values in the River Emba basin on February 23 for
the seasons 2001...2020.

DISCUSSION

The confidence value of the linear trend
approximation strongly depends on outliers in a
series of values. Therefore, in the conditions of
significant interannual variations of snowy regimes
inthe River Emba basin, we do not find a pronounced
tendency in long-term snowy regimes.

Average long-term (2001...2020) maximum
snow cover depth in the River Emba basin is
observed on February 23. For this day, a histogram
of the distribution of snow depth in the River
Emba basin in different years has a pronounced
bimodal distribution (fig. 3). Of the 20 seasons
(2001...2020) was ten belonged to a low-snowy
(2004, 2006, 2009, 2010, 2012, 2013, 2016, 2018,
2019, 2020), with an average snow depth of 19.0
+ 3.9 cm. The cluster of snow depth values for
these years is more than 3 Sigma from the average
snow depth for the complete row (33.5 cm), which
indicates the statistical significance of the low-snow
regime as separate type. Out of the last five years
(2016...2020), four were snowless, which diagnoses
the progressive snow shortage in the zone of dry
steppes and semi-deserts of Kazakhstan.

Modern changes in the “Western transfer”,
which provides Central Asia with moisture, affect
various processes [11, 20, 21].

VALIDATION

Wind snow transfer on the positive and negative
terrain configuration forms a snow cover with

significantly differ snow depth. On flat surfaces,
the wind also forms a specific spatial structure with
variable snow depth, similar to the dunes of a sandy
desert. Descriptions of snow cover characteristics,
which are given together with the measured snow
height at the weather station, can sometimes clarify
the situation. For example, for the Atbasar weather
station in the spring period, typical descriptions of
snow cover are "dense, icy snow with a depth of
40...45 cm, which does not completely territory
cover". This situation indicates that the snow cover
is transformed by a long, strong wind field, and the
measurement of snow depth is carried out in areas
with positive anomalies.

Figure 4 shows curves that show the relationship
between Snow Depth FEWS NET and snow depth
measurements at weather stations. The Atbasar
weather station is characterized by an almost two
times overestimation of the snow depth at the snow
measuring ground point relative to the FEWS NET
data. The linear equation of the relationship between
Snow Depth FEWS NET and snow depth (weather
station) has a coefficient equal to (0.5414) Fig. 4.
For the Aktobe weather station, the coefficient
value is (0.9398), which is close to the theoretically
expected value of 1.00. Altai stations, on average,
have a coefficient value (1.28), which indicates
an overestimation of Snow Depth FEWS NET
estimates relative to the data of snow measuring
points [14]. The reason for contradictions may be
either wind snow transfer, or mistakes in models
that calculate the amount of precipitation that are
used in calculating Snow Depth FEWS NET.
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Fig.4. The relationship between snow height estimates at weather stations and daily data from Snow Depth FEWS
NET. Data on Altai weather stations are taken from [14].

CONCLUSION

The Snow Depth FEWS NET with a daily
renew and archive since 2000 is a competitive
informative tool that allows to diagnose long-term
snow regimes in arid zones of Central Asia. Ground-
based meteorological measurements of snow depth
at weather stations in unforested areas of the Central
Asian plains with typical strong winds are associated
with the probability of significant distortions due to
wind snow transfer.

The direction of changes in snow cover
parameters on the Caspian plain over the past 20
years has no clear direction. However, in the snow
regimes of the desert / semi-desert territories of
Kazakhstan, the presence of a separate mode — a
low-snowy is significantly highlighted. For the last
5 years in the Emba River basin was recorded for 4
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years with low-snowy, which indicates a decrease
in the snow cover of semi-desert territories, as the
most likely direction of modern changes.

ACKNOWLEDGMENT

This research is funded by the Ministry of
Education and Sciences, Republic of Kazakhstan
(Grants: AP08957394, AP05134241).

REFERENCES

1. Cherenkova E. Tendentsii zimnego
uvlazhneniya territorii basseinov severnoi dviny
i pechory v XX — nachale XXI vv. po nazemnym
i sputnikovym dannym // Sovremennye problemy
distantsionnogo zondirovaniya Zemli iz kosmosa.
— 2019. — V. 16. — No. 5. — Pp. 285-292. Doi:



Tuopomemeoponozusa u skonozusn. Ne2, 2021

10.21046/2070-7401-2019-16-5-285-292.

2. Kitaev L., Tikhonov V., Titkova T
Tochnost' vosproizvedeniya po sputnikovym
dannym anomal'nykh znachenii snegozapasov
/" Sovremennye problemy  distantsionnogo
zondirovaniya Zemli iz kosmosa, —2017. — V. 14. —
No 1. —Pp. 27-39. Doi: 10.21046/2070-7401-2017-
14-1-27-39.

3. Lewis M. W, Wigen K. The Myth of
Continents: A Critique of Metageography. —
University of California Press, 1997. — 383 p.

4. LoupianE., Burtsev M., Krasheninnikova Yu.

Zona rannego skhoda snezhnogo pokrova
v Dmitrovskom raione Moskovskoi oblasti
/" Sovremennye problemy  distantsionnogo

zondirovaniya Zemli iz kosmosa. — 2018. — V. 15.
— No 2. — Pp. 277-281. Doi: 10.21046/2070-7401-
2018-15-2-277-281.

5. Muratova N. and Terekhov A. 1EEE
IGARSS. — 2004 — V. 6. — Pp. 4019-4020. Doi:
10.1109/IGARSS.2004.1370010.

6. Resursy poverkhnostnykh vod SSSR:
Gidrologicheskaya izuchennost'. T.12. Nizhnee
Povolzh'e 1 Zapadnyi Kazakhstan. Vyp. 2. Uralo-
Embinskii raion /pod red. Z.G. Markovoi. — L.:
Gidrometeoizdat, 1966. — 152 s.

7. Spivak L., Vitkovskaya I., Batyrbayeva M.,
Terekhov A. The experience of land cover change
detectionby satellite data // Frontiers of Earth
Science. — 2012. — V. 6(2). — No. 2. — Pp. 140-146.
Doi: 10.1007/s11707-012-0317-z.

8. Sultangazin U., Muratova N,
Doraiswamy P, Terekhov A. Estimation of weed
infestation in spring crops using MODIS data //
IEEE Cat. No. 03CH37477.—-2003.-V. 1.—Pp. 392-
394. Doi: 10.1109/IGARSS.2003.1293786.

9. Terekhov  A., Abayev N., Lagutin E.
Diagnostika vodoobespechennosti
sel'skokhozyaistvennykh kul'tur SUAR KNR v
techenie 2003-2019 gg. po dannym eMODIS NDVI
C6 // Sovremennye problemy distantsionnogo
zondirovaniya Zemli iz kosmosa. — 2020. — V. 17.
— No. 1. — Pp. 128-138. Doi: 10.21046/2070-7401-
2020-17-1-128-138.

10. Terekhov A., Abayev N., Bolatov K.,
Egemberdieva Z. Opportunities of short-term
weather forecasts data in the environmental
monitoring of the Kazakhstan // E3S Web of
Conference. — 2020. — V. 149. — No 03003. Doi:
10.1051/e3sconf/202014903003.

11.Terekhov A., Abayev N., Vitkovskaya I,

Pak A., Egemberdieva Z. O svyazi mezhdu
sostoyaniem gornoi rastitel'nosti Tyan'-Shanya
1 indeksami severoatlanticheskoi ostsillyatsii
sleduyushchego goda // Sovremennye problemy
distantsionnogo zondirovaniya Zemli iz kosmosa.
— 2020. — V. 17. — No. 2. — Pp. 275-281. Doi:
10.21046/2070-7401-2020-17-2-275-281.

12. Terekhov A., Abayev N., Yunicheva N.
Anomalous snow regime in 2019 and long-term
trends in snow depth in Kazakhstan // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2019. — V. 16. — No. 5. — Pp. 351-355.
Doi: 10.21046/2070-7401-2019-16-5-351-355.

13. Terekhov A., Ivkina N., Abayev N.,
Galayeva A., Yeltay A. Reaktsiya stoka reki Ural
na izmeneniya vysoty snezhnogo pokrova v ee
basseine v period 2001-2019 gg. // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2020. — V. 17. — No. 5. — Pp. 181-190.
Doi: 10.21046/2070-7401-2020-17-5-181-190.

14. Terekhov A., Ivkina N., Abayev N.,
Yeltay A., Egemberdieva Z. Sovremennye problemy
distantsionnogo zondirovaniya Zemli iz kosmosa.
— 2020. — V. 17. — No. 3. — Pp. 31-40. Doi:
10.21046/2070-7401-2020-17-3-31-40.

15. Terekhov A., Ivkina N., Yunicheva N.,
Vitkovskaya I, Yeltay A. lzmeneniya snezhnogo
pokrova sukhikh stepei i polupustyn' Kazakhstana
na primere basseina reki Emby // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2020. — V. 17. — No. 2. — Pp. 101-113.
Doi: 10.21046/2070-7401-2020-17-2-101-113.

16. Terekhov A., Makarenko N. Morfologicheskii
analiz anomalii prostranstvennogo raspredeleniya
vesennikh zapasov snega v gornykh territoriyakh
Evrazii v period 2001-2019 gg. // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2020. — V. 17. — No. 5. — Pp. 243-254.
Doi: 10.21046/2070-7401-2020-17-5-243-254.

17.  Terekhov A., Pak A. Sputnikovyi
prognoz vliyaniya popolneniya Kapshagaiskogo
vodokhranilishcha (KNR) na vodnost'
transgranichnoi reki Ile v 2019 // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2019. — V. 16. — No. 4. — Pp. 298-302.
Doi: 10.21046/2070-7401-2019-16-4-298-302.

18. Terekhov A., Pak I, Dolgikh S. Dannye
Landsat-5, -7, -8 1TsMR v zadache monitoringa
gidrologicheskogo  rezhima  Kapshagaiskogo
vodokhranilishcha na reke Tekes (kitaiskaya
chast' basseina reki Ile) // Sovremennye problemy

85



Hay'IHble cmamolu

distantsionnogo zondirovaniya Zemli iz kosmosa.
2015. - V. 12. = No. 6. — Pp. 174-182.

19. Terekhov A., Pak 1., Dolgikh S. Sputnikovye
nablyudeniya anomal'nogo vesennego pavodka
2016 goda v nizov'yakh reki Ayaguz // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz
kosmosa. — 2016. — V. 13. — No. 4. — Pp. 273-276.
Doi: 10.21046/2070-7401-2016-13-4-273-276.

20. Terekhov A., Vitkovskaya I., Abayev N. The
effect of changing stratification in the atmosphere in
central zone of Eurasia according to vegetation data
of Tien Shan mountains during 2002-2019 // E3S
Web of Conference, 2020. — V. 149. — No 03004. —
Doi: 10.1051/e3sconf/202014903004.

21. Terekhov A., Vitkovskaya I, Abayev N.,
Dolgikh S. Mnogoletnie trendy v sostoyanii
rastitel'nosti khrebtov Tyan'-Shanya 1
Dzhungarskogo Alatau po dannym eMODIS
NDVI C6 (2002-2019) // Sovremennye problemy
distantsionnogo zondirovaniya Zemli iz kosmosa.
— 2019. — V. 16. — No. 6. — Pp. 133-142. Doi:
10.21046/2070-7401-2019-16-6-133-142.

22. Zakharov A., Zakharova L. Observation of
snow cover dynamics on L-band SAR interferograms
/" Sovremennye problemy distantsionnogo
zondirovaniya Zemli iz kosmosa. — 2017. — V. 14.
—No 7. — Pp. 190-197. Doi: 10.21046/2070-7401-
2017-14-7-190-197.

KACTINI1 TEHI3IHIH IOJIENT KOHE KYPFAK JAJIAJIAPBIHBIH KAP
"KAMBLJIFBICBIHBIH, 2001...2020 ’KbLJIFBI CITYTHUKTIK JEPEKTEP BOMBIHIIIA
AHBIKTAJIFAH EPEKIIEJIKTEPI
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Kem e3eHiHIH XKOFaprbl OaccelHiHIH Kap pexumid tangay yurid 2001...2020 xsuinapasia 1
KaHtap MeH 30 coyip apaibIFbIHAAFRl KYHIENKTI skaHapTbuiaThiH "Snow Depth" USGS/EROS
FEWS NET enimi konmansuiasl. 2Kem e3eHiHiH O0acceiini Kazakcranmga Kacnuii TeHI31HiH IIBIFBIC
’KarajaybIH/Ia CUPEK KOHBICTaHFaH KYpFaK Jjajia KOHE IIeJeUT aiMakTa, KYpFakK, IIYFbIJI KOHTHU-
HEHTAJIJbl KJIMMAaTTa OpHaJacKaH. bys aymak yIIiH aHTpOMOTreHIiK ocep eTy (haKkTopbl MUHUMAJT-
Ib1 OOJFaH/IBIKTAaH TAOUFH KOIDKBUIABIK Kap pPeKUMIIEPIHIH €PEeKIICTIKTEPIH TIpKeyTre MYMKIH/IIK
6epeni. XKympicta conrbl 20 *KbUT 1IIIHIE Kap KaMbUIFBICBIHBIH Maiia 00JIybl MEH OY3bLTYBIHBIH
epeKILIeNIKTepl KapacThIpbUIFaH. baccelHHIH Kap pexXuMi a3 Kap pekuMi jKoHE KaJlFaH KbUIIap
peXUMITEPl KOCATBIH €Kl KYHre ue TpUrrep KypbUIbIMBbIHIA KOPCETIIreH. Op TYpJIl KbLIAapIaFbl
Kap MeJIIEPiHIH aUTapibIKTall e3repyl alKblH KOPIHOCHTIH KOIDKbUIIBIK TeHACHUIMIApAbI JKa-

CBIPAJIbIL.

Tyiiin ce3nep: Kap »KaMbUIFbICHI, CITyTHUTIK I€PEKTEP, Kap *Karaiibl, XKem e3eHi Oaccelini, Kap TepeHIirt,
KYHZemiKTi Ta3za eHiM, “Snow Depth” USGS/EROS FEWS NET enimi
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OCOBEHHOCTHU CHEXKHOI'O IOKPOBA MMOJIYIIYCTBIHb 1 CYXUX CTENEA
KACIIMACKOI'O MOPS IO CITYTHUKOBBIM JAHHBIM 3A IIEPHUO/I 2001...2020 I'T.
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[Tponyxkt “Snow Depth” USGS/EROS FEWS NET 3a nepuo ¢ 1 suBaps o 30 ampenst st 2001-
2020 rooB ¢ CyTOUYHBIM OOHOBJICHHEM HCIIOJIB30BAJICS JJISl aHAIHM3a PEKUMa CHEXKHOCTH BEpXHEH
yactu OacceitHa p. OM0a. bacceitn p. Omba pacnonoxen B Kazaxcrane na Boctounom noGepe-
*be Kacrmiickoro Mopst B MaJOHaCEJICHHON CyXOCTEITHON U IOJIYIIyCTBIHHOM 30HE, C apUIHBIM,
PE3KO0 KOHTUHEHTAJIbHBIM KIMMaToM. [t aToii Tepputopun (hakTop aHTPONOTEHHOTO BIUSHUS
MUHHUMAJICH, YTO MO3BOJIET PErHCTPUPOBATh OCOOCHHOCTH €CTECTBEHHBIX MHOTOJIETHUX PEXKU-
MOB CHEXHOCTH. B paGore paccMOTpeHbl 0COOCHHOCTH (POPMUPOBAHUS U PA3PYIICHUS CHEKHOTO
nokpoBa B TeueHue nociennux 20 net. [lokazano, 4To pexxuM CHEXHOCTU OacceiiHa nMeeT Tpu-
ITEPHYIO CTPYKTYPY, BKIIOYAIOIIYIO JIBa COCTOSIHUS, MAJIOCHEKHBIM PEXXHUM U PEKUM OCTATIBHBIX
JeT. 3HaYuTeIbHbIe BapUallU B KOJMUYECTBE CHETa B Pa3IMYHbIC TOJIbI MACKUPYIOT MHOTOJIETHUE
TEH/ICHLIUH, KOTOPbIE IBHO HE BBHIPAYKCHBI.

KiroueBble cj10Ba: CHEXHBIM MOKPOB, CIIyTHUKOBBIE JJAHHBIE, CHEXHbIE yCIIOBUs, OacceiiH peku OmoOa,
I'my6Guna cHera, UucThli exxeiHeBHBINA TPOAYKT, TpoayKT “Snow Depth” USGS/EROS FEWS NET
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