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SPATIAL-TIME CHANGE IN THE CLIMATIC PARAMETERS OF THE DRAINAGE
OF THE RIVER BASIN ILI

Abstract. In order to analyze climate change on a spatio-temporal scale, proceeding in various physical
and geographical (geomorphological) conditions of the catchment area of the Ili River basin, we used the
average annual air temperatures and annual precipitation for the period 1948-2020 of the meteorological
stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan. For the quantitative assessment and
forecasting of climate change, statistical methods were used based on studies of long-term fluctuations in
climatic indicators, where they were made in Microsoft Excel for forecast calculations and graphing using a
linear trend.

At the same time, there is simultaneously a significant increase in the average annual air temperature
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably
related to the geographical location of the catchment area of the Ili River basin: runoff formation zones in
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) in the foothill plain zone with the close location of the Kapshagai reservoir and runoff accumulation
(superaqual and subaquatic facies) in the plain zone of the activator of Lake Balkhash, which are determined
by the formation of a specific climatic profile.

Key words: climate, catchment of river basins, average annual air temperature, annual precipitation,
change, linear trend.
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VIE ©3EHIHIH CYKUHAY AJIABBIHBIH KJINMATTBIK OJIIHIEMJIEPIHIH
KEHICTIKTIK-YAKBITTBIK O3I'EPYI

AHHoOTanus1. l1e e3eHiHIH Cy:)KnHaY anaObIHBIH dPTYPIIi PU3HKAIIBIK-TeOrpadHsUTBIK (TeOMOP(OIOTHSITBIK)
KaFIaiIapblH €CKepe OTBIPHII, KIMMAaTThIH 03repyiH KeHiCTiK-yaKbIT MacITa0bIHAa Tanaay yurin 1948-2020
XKbliap apaisirbigaarel Hapsiakon, Maus, XKapkent, Aiinapinel, bakanac sxone KyitFaH MeTeoponorusibik
OCKeTTepiHIH opTalla JXbUIABIK aya TeMIeparypachl JKOHE KbUIABIK arMochepalblk KayblH-IIAIIbiH
nainanansurrad. KmmmarTelg e3repyiH caHblK Oaranay KoHe OOoJpKay YIUIH KIMMATTHIK KOPCETKIIUTepAiH
y3aK Mep3iMJIi aybITKYJIAPbIH 3€PTTEYTe HETI3CNINCH CTATUCTUKAIBIK 9JIICTEDP KOJIIAaHBUIJIBI dKOHE OOJKAMIBI
ecenTeyyiep MeH ChI3BIKTHIK TPEHATTEPIIH ChI30aibIK cyii0anapasl Typreizyra Microsoft Excel 6arnapiamacst
nanaIaHbIIIbL.

Kanmbl, y3aK Mep3iM/ie ayaHbIH OpTallia KbIIIBIK TEMIIEPaTyPAChIHBIH XKOHE JKbIJI CAHBIHFBI aTMOC(epabik
JKaybIH-IIAIIBIHHBIH TYPAKTBUIBIFBIHBIH alTapibIKTal jKorapiaybl Oalkanaipl, Oy, MyMKiH lne e3eHiHiH
Cy’)KHHay asla0bIHBIH TeorpausUIbIK OpHAJIacybIMEH OailIaHBICThI: Tayibl (MIOBHAIBIBIK (alysi) alMaKTaFbl
aFblH  CyJapAblH KaJblOTacybl, Tay OOKTepiHAeri (TpaHCAMIOBHANBABIK (amus) alMakTapAarbl arblH
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CYJIapbIHBIH TaCMallJIaHyhl XKOHE Tay OOKTEpiHJErl JKa3bIKTHIK (TPAaHCAKKYMYJSITHBTIK (parust) aiiMakTapia
arblH CYBIHBIH TaCMaJIIaHYBIHBIH JIICPEYi JKOHE JKa3bIKTHIK (CyIepaKBaIbIbIK JKoHE CyOaKBaIbIBIK (arims)
aliMaKTarbl arblH CyJapbIHBIH KOpJIAaHYBIHBIH JKaKbIH OpHanackaH Karmaraili cyKoiMachIHBIH jKOHE arblH
Cyaap/Ibl KOPIaWTHIH JKa3bIKTHIK (CyTepaKBajbIbIK KOHE CyOaKBaIbIbIK (aius) aiiMakTarsl bamkarr kesiHiH
ocepiHeH, alphIKIa KIUMATTHIK OCHHEHIH KaJIbINTAaCyblH aWKBIHAAWTHIH CEKIJIII.

Tyiiin ce3aep: KIMMart, ©3¢HHIH Cy’)KHHAY analbl, OpTalia KbUIIBIK aya TeMIIepaTypachl, JKbUIIBIK )KaybIH-
IIAIIBIH, ©3TepY, CHI3BIKTHIK TPCHI.

K.C. MycragpaeB', PoickynoexoBa JI.M.?
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IMPOCTPAHCTBEHHO-BPEMEHHOE UBMEHEHUE KIMMATUYECKHUX
IMAPAMETPOB BOJOCBOPA BACCEMHA PEKH WJIE

AHHOTamus. /{1 aHanM3a W3MEHEHHWs KiIMMara B IPOCTPAHCTBEHHO-BPEMEHHBIX MaciuTabax,
MPOTEKAloIe B pPa3U4yHBIX (Qu3nKo-Teorpaduuecknx (reoMopoIOTrHUECKHX) YCIOBUSAX BOmOCOOpa
Oacceiina pexu e ncrnonp30Banbl CpeTHETO0BBIC TEMIIEPATYPhI BO3AyXa U FOI0BbIC aTMOC(EpPHBIC OCATKU
3a nepuox 1948-2020 romoB  mereoposormdeckux craHuuii Hapsinkon, Weun, JKapkent, Anpapisl,
bakanac u Kyiiran. [{ns konumuecTBeHHON OLIEHKH M IPOTHO3UPOBAHUS U3MEHEHHSI KJIIMMAaTa UCTIOIb30BaHbI
CTaTUCTUYECKHE METOJbl, OCHOBAaHHBIC HA HCCIECIOBAHUSIX MHOTOJNETHUX KoJeOaHMH KIMMaTHYECKHX
MoKa3aTese, rae st IPOrHO3HBIX PacyeTOB U OCTPOCHHUS IPaMKOB C UCTIONb30BaHUEM JIMHEHHOTO TPeH1a
ObLTH TTpou3BeIeHbI B mporpammMe Microsoft Excel.

[Ipn 3TOM, OIHOBpPEMEHHO HAOIIOHACTCSl 3HAYUTENFHOE IOBBILICHUE CPEIHErOO0BOW TeMIlepaTyphl
BO3/lyXa U CTA0OMIILHOCTh T'OJJOBBIX aTMOC(HEPHBIX OCAJKOB B MHOTOJIETHEM Pa3pe3e B LEJIOM, YTO CBS3aHO,
BEPOSITHO, ¢ reorpaduueckuM MecToM BogocOopa 6acceiina pexu Mie: 30Hb1 poOpMUpOBaHHUS CTOKA B TOPHON
30HE (AnmroBHANbHAS (arysi), TpaHchopMaIK CTOKa (TPaHCAMIOBHANIbHAS (allysi) B MPEIrOpHON 30HE H
ocnalJIeHHsI CKOPOCTH TpaHc(hopMaLny 1 MOSIBIICHUS TPU3HAKOB aKKyMYJISILIMHU CTOKA (TPaHCAKKyMYJISITUBHAS
¢dauys) B npeAropHol paBHUHOM 30HE ¢ ONM3KHM pacrojoxeHueM Kammaraiickoro BoZOXpaHWINIIA U
aKKyMYJISILIMH CTOKa (cymnepakBalibHast 1 cyOakBanbHas (aiys) B paBHUHOM 30HE akTHBaTOpa o3epa banxar,
KOTOpBIE ONpeaeioTcsl GOPMUPOBAHUEM CIIEHU(PHUECKOTO KIMMATHIECKOrO MPO(UII.

KiroueBble cioBa: kiauMar, BofocOOp pEUHbIX OacceiHOB, CpelHEroAoBas TeMIleparypa BO3IyXa,
roJ0BbIe aTMOC(EpPHbIC OCAJKHU, W3MEHEHHUE, TUHEHHBIN TPEH.

Introduction. The formation of hydrological runoff, as an environment-forming system, is a very complex
multifactorial natural process, which is a function of the climatic components of the physical and geographical
conditions of the catchment area of river basins, that are, atmospheric precipitation and evaporation.

Therefore, to solve the problem of sustainable management of water resources in the catchment area of the
Ili River basin, it is necessary to study changes in climatic conditions on a spatial-temporal scale to identify
regional features of the formation of natural processes.

The forecast of the impact of climatic changes on natural processes is very complicated, it is only possible
to judge in general terms how the components of the natural system can react to one or another scenario of
climate change. In this regard, to assess the spatial and temporal changes in the climatic parameters of the
catchments of river basins and to ensure their reliability requires, firstly, the formation of an information and
analytical research base and, secondly, the construction of graphs using a linear trend based on Microsoft
Excel.

Purpose of research — study climate change in the Ili catchment area in spatio-temporal scales in order to
create a database for making effective decisions on the necessary adaptation actions.

Object of research - the catchment area of the Ili River basin, which is the main waterway of the Balkhash
Lake basin, which originates on the Muzart glaciers in Central Tanirtau (Kazakhstan), the source of the Tekes
River and then flows through the territory of the People’s Republic of China (PRC), where it merges with the
Kunes and Kash rivers, at 250 km from the confluence it again enters the Republic of Kazakhstan, at 1001
km it flows into Lake Balkhash [1].
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Research methods and materials. The work used materials of the reference and information portal
“Weather and Climate”, the World Meteorological Organization (WMO) and the RSE “Kazhydromet” where
the main criterion when choosing meteorological stations located in the catchment area of the Ili River basin
is the duration of a series of observations of climatic indicators, which is more than 70 years [2; 3].

For a quantitative assessment and forecasting of climate change, statistical methods were used based
on studies of long-term fluctuations in climatic indicators, based on information and analytical materials of
standard hydrometeorological observations for a long-term period and linear trends.

The choice of meteorological stations located in the catchment area of the Ili River basin is due to the
possibility of assessing climate change on a spatio-temporal scale, proceeding in various physical and
geographical (geomorphological) conditions, that are, Narynkol in the zone of runoff formation - a mountainous
class of landscapes (eluvial facies), Inin and Zharkent in the zone of runoff transformation - a foothill class
of landscapes (transeluvial facies), Aydarly and Bakanas in a zone of weakening transformation rate and the
appearance of signs of runoff accumulation - a foothill lowland class of landscapes (transaccumulative facies)
and Kuygan in a runoff accumulation zone - a lowland class of landscapes (super-aquatic and subaquatic
facies), which were carried out according to two meteorological indicators: average annual air temperature
and annual precipitation [4-20].

Research results. To assess the long-term changes in meteorological parameters in the catchment area of
the Ili River in the mountainous and foothill zones, chronological graphs of changes in the average annual
air temperature and annual precipitation were plotted at the Narynkol meteorological stations in the runoff
formation zone - a mountainous class of landscapes (eluvial facies), Inin and Zharkent in the zone runoff
transformations - of the foothill class of landscapes (transeluvial facies) (Figures 1 and 2).
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Figure 1- Graph of changes in average annual air temperature for meteorological stations Narynkol (1),
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

As can be seen from Figure 1, in the mountainous runoff formation zone (eluvial facies) of the Ili River
catchment area, according to the Narynkol meteorological station for the period 1948-2020, located on the
Muzart glaciers in Central Tanirtau, an increase in the average annual air temperature is observed, which is
2.016°C in 73 years.

The change in the average annual air temperature for the study period 1948-2020 in the foothill zone
of runoff transformation (transeluvial facies) at the meteorological stations Inin and Zharkent (Figure 1),
respectively, are 3.1104°C and 2.700°C in 73 years.
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Figure 2- Graph of changes in the average annual air temperature for the meteorological stations Aydarly
(1), Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend

104



Reports of the Academy of Sciences of the Republic of Kazakhstan

The study of the change dynamics in the average annual air temperature in the foothill plain zone, the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) show (Figure 2) that there is an increase in the average annual air temperature for the studied period of
1948-2020, that is, according to the Aydarly meteorological station is 2.2784°C and for Bakanas is -2.592 c.

Analysis of the change in the average annual air temperature in the runoff accumulation zone - the lowland
class of landscapes (super-aquatic and subaqual facies) according to the Kuygan meteorological station for
1948-2020 is 2.5632°C.

The trend of changes in annual atmospheric precipitation in the mountainous zone of runoff formation
(eluvial facies) in the period 1948-2020 is positive (Figure 3) and, according to the Narynkol meteorological
station, annual precipitation increased by an average of 0.39 mm/year, in the foothill zone runoff transformation
(transeluvial facies), their values increased on average for the meteorological stations Inin and Zharkent,
respectively, by 0.75 mm / year and 2.90 mm / year (Figure 3).
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Figure 3 - Graph of changes in annual atmospheric precipitation for meteorological stations Narynkol (1),
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

At the same time, the change in annual atmospheric precipitation in the foothill plain zone, a weakening
of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative facies)
according to the Aydarly meteorological station shows (Figure 4) that there is a decrease over the studied
period of 1948-2020 at a rate of 0.027 mm / year and in the transition zone of the plain class of landscapes
(super-aquatic and sub-aquatic facies), according to the Bakanas meteorological station, 0.0575 mm / year
increases for 1948-2020.
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Figure 4- Graph of changes in annual atmospheric precipitation for the meteorological stations Aydarly (1),
Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend.

The change in the annual atmospheric precipitation in the plain zone, the accumulation of runoff (super-
aquatic and sub-aquatic facies) according to the Kuygan meteorological station for 1948-2020, increases by
0.615 mm / year.

Assessment of the statistical significance of the linear trend of long-term fluctuations of meteorological
parameters at a reliable level of 95% indicates the non-stationarity of the average annual values of air
temperature and annual precipitation for the study period, since a significant increase in average annual
air temperatures and an insignificant increase in annual precipitation by 2020 in all studied meteorological
stations located in the catchments of the Ili River basin.
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To identify the periods within which the average long-term values of air temperature and annual
precipitation are unchanged, the analysis of the statistical homogeneity of the time series of the investigated
meteorological parameters was carried out in the following sequence: the graph of the difference integral
curves, the graphical analysis of the integral curves and checking the significance of the trends of the studied
characteristics within the statistically selected homogeneous periods.

To assess the interconnectedness and interdependence of the average annual air temperatures and annual
precipitation in the catchment area of the Ili River basin, integral difference curves were constructed (Figures
5 and 6), which show that according to the difference integral series, the regular structure between them does
not appear.

Analysis of the difference integral curves of average annual air temperatures showed that in all
meteorological stations there is a tendency for their value to increase (Figure 5), and in annual atmospheric
precipitation, fluctuations in their temporal spaces with certain patterns are observed (Figure 6), characteristic
of the catchment area of the Ili River basin.

At the same time, there is simultaneously a significant increase in the average annual air temperature
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably
related to the geographical location of the catchment area of the Ili River basin: runoff formation zones in
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative
facies) in the foothill plain zone with close locations of the Kapshagai reservoir and runoff accumulation
(transaccumulative facies) in the plain zone of the activator of Lake Balkhash, which are determined by the
formations of a specific climatic profile.
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Figure 5- Graph of differential integral curves of average annual air temperatures for meteorological
stations Narynkol (1), Inin (2), Zharkent (3), Aydarly (4), Bakanas (5) and Kuygan (6) located in the
catchments of the Ili river basin
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Figure 6 - Graph of differential integral annual atmospheric precipitation for meteorological stations
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the catchment area
of the Ili river basin.

To determine statistically homogeneous periods of meteorological parameters, the integral curve method
was used, where, on the basis of graphical analysis, rectilinear sections of integral curves were identified,
which were carried out according to the average annual air temperature and annual atmospheric precipitation
(Figures 7 and 8).
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The time series of the mean annual air temperature and annual atmospheric precipitation of the
meteorological stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan, located in the catchments of
the Ili River basin, covering 1928-2020, obey the normal distribution law.
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Figure 7 - Change in the running sum of average annual air temperature values at meteorological stations
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuigan (6) located in the catchments
of the Ili river basin.
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Figure 8- Change in the running sum of annual values of atmospheric precipitation in meteorological
stations Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the
catchments of the Ili river basin.

Therefore, the assessment of the significance and violation of the homogeneity of the samples under
study was carried out according to parametric and nonparametric criteria at a significance level of 5%,
which confirmed the reliability of the graphically established violation of the homogeneity of the series of
meteorological parameters. The results of the analysis of the statistical homogeneity of the time series of
meteorological parameters of the catchment area of the Ili River basin are shown in Table 1.

By comparing the average values of meteorological parameters in the first and last of the statistically
homogeneous time periods located in chronological sequence, the increase in the average annual air
temperature and annual precipitation in the meteorological stations Narynkol, Inin, Zharkent, Aidarly,
Bakanas and Kuygan, located in the catchments of the Ili river basin.

Table 1- The results of assessing the statistical homogeneity of time series of meteorological parameters
of the catchment area of the Ili River basin

Meteorological stations Average annual air temperature, °C Annual precipitation, mm
Statistically homogeneous period | Average value | Statistically homogeneous period | Average value
Narynkol 1928-1970 2,68 1928-1970 389,0
1971-2020 3,78 1971-2020 393,0
Inin 1928-1970 8,10 1928-1970 265,0
1971-2020 9,50 1971-2020 285,0
Zharkent 1928-1970 8,80 1928-1970 179,0
1971-2020 10,30 1971-2020 201,0
Aidarly 1928-1970 8,90 1928-1970 245,0
1971-2020 10,0 1971-2020 232,0
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Bakanas 1928-1970 7,70 1928-1970 197,0
1971-2020 9,00 1971-2020 190,0
Kuygan 1928-1970 6,70 1928-1970 142,0
1971-2020 8,00 1971-2020 140,0

According to the results of the studies carried out to study climate change in the spatio-temporal scales
of the catchment area of the Ili River basin, it can be stated that the trend of change in the average annual
air temperature is positive and significant, and the change in the quantitative values of annual atmospheric
precipitation in the mountain and foothill zones is significant and in the foothill plain and plain zones -
insignificant, which are determined by a significant degree of activity of natural mountain and water bodies.

Conclusions: The current trend of climate change in the Ili River catchment area shows that on a spatio-
temporal scale, the average annual air temperature is gradually increasing in comparison with annual
precipitation, which in the future may lead to a change in the areas of geographical zones with an increase in
the aridization of the region’s climate.
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