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SPATIO-TEMPORARY CLIMATE VARIABILITY
AND THEIR MANIFESTATIONS IN THE WATERSHED
OF THE ASSA-TALAS RIVER BASIN

To predict current climate changes and their manifestations in the watershed of the Assa-Talas river
basin, a research base has been created based on many years of information and analytical materials from
RSE «Kazhydromet» and «Kyrgyzhydromet», the World Meteorological Organization (WMO), the refer-
ence and information portal «Weather and Climate», allowing to study trends on a spatio-temporal scale.
Based on the established research base for the weather stations Susamyr, Talas, Kyzyl-Adyr, Nurlykent,
Taraz, Saudakent and Oyyk, located in the catchment areas of the Assa-Talas river basin, graphs of time
series of average annual air temperatures and annual precipitation amounts were constructed using
classical and modern methods mathematical statistics based on standard application packages of digital
technology and equations of their linear trend were obtained, which made it possible to develop a math-
ematical model of the growth rate of climatic and hydrological indicators, which has a fairly high physical
and mathematical meaning, based on the law of nature.

An analysis of the growth rate of climatic indicators in the catchment area of the Assa-Talas River
basin shows that their quantitative values for all meteorological stations do not coincide, that is, in mod-
ern conditions, the growth rate of average annual air temperatures in comparison with the growth rate of
annual precipitation is twice as high, which contributes to increasing the shortage of water consumption
of natural and cultivated agricultural land up to 25% and reducing the surface hydrological runoff up to
15% in comparison with the middle of the twentieth century, ensuring the water security of the region.

Key words: climate, forecast, change, air temperature, precipitation, linear trend, growth rate, mod-
el, law.
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Acca-TaAaac e3eHiHiH, Cy XXKMHay aAaObIHAAFbl KAMMATTbIH,
KeHiCTIKTiK-yaKbITTbIK ©3repriluTiri )koHe OHbIH, aliMaKTaFbl KepiHicTepi

Acca-Taaac e3eHiHiH Cy >XMHay arabblHAAFbI KAMMATTbIH ©3repy 6afbiThl XXOHE OHbIH alMaKTaFbl
KOpIHICTepiH yaKbIT-KeHICTiK MacwTabbiHaa 6Garpaapasay MakcatbiHAa — «KasrmapomeT»  >KoHe
«KbIpFbI3rnapomeT» PMO-HiH, Byaikaaemaik MeTeopoaormnsaabik, YxbiMHbIH, (BMY) xaHe «Aya-paribl
>KOHE KAMMAT» aHblK TaMaAbIK-akMapaTTblK, MOPTAAAbIH KOMXKbIAABIK, aKNapaTTblK-TaAAQy MOAIMETTEPIHIH,
HerisiHAE, 3epTTey KOpbl KYpbIAFaH. Acca-TaAac e3eHiHiH Cy >KMHay aAabblHbIH alMarbIHAQ OPHAAACKaH
Cycamblp, Tanac, Kbi3bia-Aablp, HypabikeHT, Tapa3, CayaakeHT >kaHe O¥iblK, METEOPOAOTrUSIAbIK,
6ekeTTep 6OMbIHLIA KYPbIAFAH 3€pTTeY KOPbIHbIH, HETi3iHAE, CTAaHAAPTHIK, LUPPABIK, TEXHOAOTUSIAAPAbI
KOAAAHY — GaFAapAamMaAapbiHblH — MakeTTepiHe  HEeri3AeAreH  MaTeMaTMMKaAbIK,  CTaTUCTMKAHbIH
KAQCCMKAAbIK, >KOHE 3aMaHayM 9AICTEPiH MaiAaAaHy apKblAbl, opTalla XbIAABIK, aya TemrepaTypachl
SKOHE OKbIAABIK,  aTMOC(EPaAbIK, >KayblH-lUALbIHHBIH YaKbITIIA KATapblHbiH Cbi36aAblK, CyAGaChl
TYPFbI3bIAFAH XKOHE >KOFapbl AdpexxeAeri (M3MKAAbIK, )KOHEe MaTeMaTWMKaAblK MaraHara me, Taburu
3aHAbIAbIKTapFa Heri3AeAin KypbIAFaH CbI3bIKTbIK, TPEHATEPAIH TEHAEYAEPAIH, Heri3iHAe, KAMMATTbIK,
>KOHE TMAPOAOTMAABIK, KOPCETKILUTEPAIH 6CY KapKbIHbIHbIH, MaTeMaTUKaAbIK, MOAEAT KYPbIAAbL. Acca-
Taaac e3eHiHiH cy >KMHAy aAabblHbIH, aMMarblHAAFbl KAUMATTbIK, KOPCETKILITEPAIH 6CY KakKblHbIHbIHA

52 © 2024 Al-Farabi Kazakh National University


https://orcid.org/0000-0003-2425-8148
https://orcid.org/0000-0003-0581-0881
https://orcid.org/0000-0002-5326-1154
https://orcid.org/0000-0001-5436-5708
mailto:z-mustsfs@rambler.ru

Zh.S. Mustafayev et al.

KOPCETKEHAEM, KApaCTbIPbIAbIT OTbIPbIAFAH GAPAbIK, METEOPOAOTMSIABIK, GEKETTEPAE, OAAPAbIH, CaHADBIK,
MOHi BipAer emec, aFHM Kasipri Ke3Aeri opTalla >XbIAAbIK, aya TemrepaTypachl 6Cy KapKblHbl, XXbIAAbIK,
aTMocdepaAbIK, >KayblH-LLIALLbIHHbIH, ©CY KAPKbIHbIMEH CaAbICTbIPFAHAQ €Ki ece >KOFapbl OOAFAHABIKTaH,
OA XX FacbIpAbIH OPTACbIMEH CAAbICTbIPFAHAQ, aMMaKTbIH, CYy pPeCypCTapbiIMeH KamTamachl3 eTy Aspe-
>KeciHe acep eTin, Taburn XKaHE MOAEHM aybIALLIAPYALLIAbIK, €riCTiK XXEPAEPAI XKETICMenTiH CyAbl TyTbl-
HY LWamacbiH 25% ecyiHe xoHe >kep 6eTi TMAPOAOrUIABIK, aFbIHAAPABIH, WamMacbiH 15 % TemeHaeyiHe
AAbIT KEAYI MYMKIH.

Ty#in cesaep: kammar, 6araapAamMa, e3repy, aya TemnepaTypachl, aTMOCEPAAbIK, XKayblH-LUALLIbIH,
CbI3bIKTbIK, TPEHA, 6CY KQPKbIHbI, MOAEAI, 3aHABIABIK.
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lNpocTpaHCTBEHHO-BpeMeHHast U3MEeHYMBOCTb KAMMaTaA
M UX NPosIBA€HUSI HA BoaocOope 6acceriHa peku Acca-TaAac

AAS NPOrHO3a COBPEMEHHbIX M3MEHEHUI KAMMATa U MX MPOSIBAEHMS Ha BOAOCOOpe BacceiHa peku
Acca-Taaac co3aaHa 6a3a MCCAEAOBaHMI, HA OCHOBE MHOTOAETHMX MH(POPMALIMOHHO-AHAAUTUYECKMX
matepunanroB PITI «Kasruapometr» n «Kbiprbisruapomet», BcemmpHoii Meteopoaormyeckon OpraHu-
3aummn (BMO) 1 cnpaBovHO-MHOPMaALMOHHOrO nopTaAa «[loroaa n KAMMAT», MO3BOASIOLLMX M3YyUNUTb
TEHAEHUMM B MPOCTPAHCTBEHHO-BPEMEHHOM Mactutabe. Ha ocHoBe co3paHHOM 6asbl MCCAEAOBaHUS
no MeteopoArormyeckmm ctaHumam Cycamblp, Taaac, Kbidbia-Aablp, HypabikeHT, Tapas, CayasakeHT u
O¥iblK, PACMOAOXEHHbIX Ha BOAOCOOPHbIX TeppuTOopusx bacceiiHa pekn Acca-Taaac, C MCNOAb30BaHM-
€M KAQCCUYECKMX U COBPEMEHHBIX METOAOB MaTeMaTMUeCKOM CTaTUCTUKM, OCHOBAHHbIX Ha CTAHAAPT-
HbIX MaKeTax NMPUKAAAHbBIX MPOrpamm LMMPOBON TEXHOAOIMM, MOCTPOEHbI FPahrkM BPEMEHHOIO psaAa
CPeAHEroAOBbIX TEMMEPATYP BO3AyXa M FOAOBbIX aTMOCKEPHbBIX OCAAKOB M, MOAYYEHbI YPaBHEHWS UX
AVIHEMHOTO TPEHAQ, KOTOPbIE MO3BOAMAM pa3paboTaTb MATEMATUUECKYIO MOAEAb TEMIA MPUPOCTA KAM-
MaTMYeCKMX M TMAPOAOTMYECKMX MOoKa3aTeAel, MMEIOLLMX AOCTAaTOYHO BbICOKMI (hM3MUECKMiA N maTe-
MaTMUECKMI CMbICA, HA3MPYIOLLMXCS HA 3aKOHe NMPUPOAbI. AHAAM3 TEMMA PocTa KAMMATUYEeCKMX noka-
3aTeAeit Ha Tepputopmmn Boaocbopa GacceriHa pekun Acca-Taaac nokasbIBAeT, UTO UX KOAMYECTBEHHbIE
3HaUYEeHMS MO BCEM METEOPOAOTMYECKMM CTaHLUMIM He COBMAAAET, TO €CTb B COBPEMEHHBIX YCAOBUSX
TEMI NPUPOCTa CPEAHErOAOBBIX TEMMEPATYP BO3AyXa B CPABHEHMM Temra pocTa roA0BbIX aTMocdhep-
HbIX OCAAKOB B ABa pasa 60AbLUE, KOTOPbIM CNOCOOCTBYET MOBbILLEHUIO AehrLmTa BOAONOTPEBAEHMS
€CTECTBEHHbIX M KYAbTYPHbIX CEAbCKOXO3SMCTBEHHbIX YrOAMIM A0 25% W YMEHbLUEHUIO MOBEPXHOCT-
HOrO TMAPOAOTMYECKOro cToka A0 15 % B cpaBHeHue cepeanHe XX Beka, 06ecreunBaloLmx BOAHYIO
6e30MacHOCTb pervoHa.

KAtoueBble cAOBa: KAMMAT, MPOrHO3, U3MEHEHWe, TeMrepaTypa BO3AyXa, aTMOC(EepHbIE OCaAKM,
AMHENHBIN TPEHA, TEMMN MPUPOCTA, MOAEAb, 3aKOH.

Introduction

Features of the formation of surface runoff, soil
and vegetation cover of watersheds of river basins
are mainly determined by the climatic factor, that
is, the average annual air temperatures and annual
precipitation, characterizing their heat and moisture
supply, performing the functions of environment
formation. In this regard, a comprehensive assess-
ment of climate change in the catchment areas of
river basins on a spatio-temporal scale, character-
izing the activities of the natural system, is the main
issue of water supply and the development trend of
this process. At the same time, the need to study
modern climate change is due to insufficient knowl-
edge of their watershed areas of the Assa-Talas river

basin and practical needs for reliable information on
the state of the temperature and humidity regime on
a spatio-temporal scale that affects the evolution of
natural conditions for the formation of the produc-
tivity of landscape ecosystems.

The purpose of the study is explore the trend of
climate change in the catchment areas of river ba-
sins on a spatio-temporal scale to form a research
base, for the natural and climatic orientation of their
environment-forming activities.

The object of research is the catchment area of
the Assa-Talas river basin located in the northwest
of the Kyrgyz Republic and southwest of the Re-
public of Kazakhstan. The Talas River is formed at
the confluence of the Karakol and Uchkoshoy riv-
ers, which form at the junction of the Kirghiz and
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Talas ridges, in the lower reaches it is lost in the
Muyunkum sands. The length of the Talas River is
661 km, the catchment area is 52,700 km?2. The river
Assa originates from the confluence of the Kurkureu
— Suu rivers, originating on the northern slope of the
Talas Ala- Too and Ters, formed on the southeast-
ern slope of Asa Karatau, the length of which is 253
km and the catchment area is 6670 km > is the left
tributary of the Talas River and flows into the des-
ert reservoir in the Muyunkum sands (Mustafayev
Zh.S. et al., 2022).

Materials and research methodology

To form the research base, long-term informa-
tion and analytical materials of the Republican State
Enterprise «Kazhydromet» (Scientific and applied
reference book on the climate of the USSR, 1989)
and «Kyrgyzhydromet» (Scientific and applied ref-
erence book on the climate of the USSR: Kirghiz
SSR, 1989), the World Meteorological Organization
(WMO; https://public.wmo.int/en) and the refer-
ence and information portal “Weather and Climate”
(www.pogodaiklimat.ru) located on the watersheds
of the Assa-Talas River basin of the meteorological
stations Susamyr, Talas, Kyzyl-Adyr, Nurlykent,
Taraz, Saudakent and Oyik, which are more than 81
years and include years with different natural and
climatic conditions.

The assessment and determination of all statis-
tical parameters of linear trends in the time series
of climate indicators were carried out using classi-
cal and modern methods of mathematical statistics,
based on standard digital technology application
software packages.

Analysis of recent research and publications on
the issue of climate change. There is a large num-
ber of works carried out in various continents of the
globe, the administrative territories of individual
countries and the catchment areas of river basins,
among which the following works should be high-
lighted:

- Salma Khalid, Salahuddin Azad, Alia Naz, Zia
ur Rahman and Arshad Igbal (Khalid, S. etal., 2017),
Barry R.G. (Barry R.G., 2001), Bhutiyani M., Kale
V. and Pawar N. (Bhutiyani M. et al., 2010), Dash
S., Jenamani R., Kalsi S. and Panda S. (Dash S. et
al., 2007), Shrestha A.B. and Aryal R. (Shrestha
A., Aryal R., 2011), where both surface and ocean
temperature changes, extreme weather events, gla-
cier melt and sea level rise, water quality and crop
management practices are widely attributed to both
short-term and long-term climate change, with par-
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ticular emphasis on South Asia and Pakistan, India,
Mongolia and the Himalaya mountain ranges;

- Mokhov 1.1 (2019), Kadioglu M. (1997), where
the trends of modern and regional climate changes
are described using long-term data from the Arctic
and various regions of Russia, Turkey using linear
trends and their consequences in the 21st century;

- Hanski 1. (2005), Holten J.1. (1993), where the
impact of climate change on landscape fragmenta-
tion, the distribution of plant species and the natural
ecosystems of Europe was studied;

- Karl T.R. and Trenberth K.E. (2003), Kawa-
hara M. and Yamazaki N. (1999), Kaser G., Har-
dy D.R., Molg T., Bradley R.S. and Hyera T.M.
(Kaser G. et al., 2004), Markham A. (1996), Mu-
hammed A., Stewart B.A., Mitra A., Shrestha K.L.,
Ahmed A.U. and Chowdhury A. (Muhammed A.
et al., 2004) where the problems of modern climate
change and their influence on the natural system of
America, Japan, glaciers are considered Kilimanja-
rai water resources formation South Asia.

According to the results of the analysis of stud-
ies conducted in various continents of the globe, the
administrative territories of individual countries and
the drainage areas of river basins, it can be stated
that the direction and intensity of changes in climate
indicators are not the same and the conclusions are
very contradictory due to the conditions for the for-
mation of natural systems that determine the scien-
tific and practical feasibility of their study, to create
a regional base for climate research.

Research results

The climate, as a long-term regime of weather
factors inherent in the geographical zones of the
Planet, performing special functions — runoff forma-
tion, biomass production, soil formation and human
habitat, has direct and inverse relationships in natu-
ral processes that require analysis and evaluation on
a spatio-temporal scale. This functional activity of
the climate determines the scientific and practical
feasibility of studying the trend of climate change
in order to identify their favorable and negative im-
pacts, taking into account the interests of environ-
mental management and nature management.

Currently natural the system has entered the ac-
tive stage of “succession”, i.e. the successive regu-
lar replacement of one biological community by
another in connection with global climate change,
within which it is possible to assess climate change
in the watersheds of river basins, which are the spa-
tial bases of nature management, requires the need
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to determine their favorable or negative impacts at
the level of water and food security and the safety
of society.

For the analysis and assessment of the climate
change trend, the mean annual air temperatures
(t,°C), characterizing energy resources ().t > 10°C
= f(t)) and being a function of the evaporating (E, =
f(t)) capacity of the natural system and annual pre-
cipitation (Oc), which are the incoming part of the
water balance of the Earth’s day surface, as well as
the linear trend method, which is written as a linear
regression equation with two free numerical indica-
tors:

ym)=a,+a-n, (1)

where y(n) is the calculated value of the observation
index; n is the ordinal number of the observed value;

a, and a, — regression coefficients or a free numeri-
cal indicator.

Depending on the long-term regime of climatic
indicators, that is, the average annual air tempera-
tures (t,°C) and annual precipitation (O.), occur in
nature in the form of an increase or decrease in a
linear trend characterizing the trend in changes in
climatic indicators:

- positive —ti=a; " n,+ a,and O = a; * n, + a,;

-negative —ti=—a;*n + a, and O =—a; " n,+
a,or—ti=a;*n,—a, and O« = a, * n,— a,

The study of the climate change trend in the
catchment area of the Assa-Talas river basin as a
model of river basins with diverse natural and cli-
matic areas was carried out on the basis of geomor-
phological schematization characterizing catenary
patterns (Table 1).

Table 1 — Natural and climatic zones of zoning of the catchment area of the Assa-Talas river basin based on geomorphological

schematization

Natural and climatic zones i ) )
- Weather station Terrain altitude (m)
landscape class catenary facies

Mountain Eluvial Susamyr 2092.0
Foothill Transeluvial Talas 1218.0
Nurlykent 954.0
foothill plain Transaccumulative Kyzyl-Adyr 824.0
Taraz 655.0
Saudakent 338.0

southern desert Superaqueous -
Oyik 336.0

Based on the created research base for the me-
teorological stations Susamyr, Talas, Kyzyl-Adyr,
Nurlykent, Taraz, Saudakent and Oyik (Table 1), lo-
cated in the catchment area of the Assa-Talas river
basin using the Microsoft program Excel plots of the
time series of average annual air temperatures and
annual precipitation were constructed and the equa-
tions of their linear trend were obtained (Table 2,
Figures 1-4).

An analysis of the long-term course of changes
in climatic indicators at the Susamyr meteorologi-
cal station located in the mountainous zone (eluvial
facies ) of the Assa-Talas river basin and its climate
model indicates that for the period under consider-
ation 1940-2020, the change in average annual air

temperatures (Table 2 and Figure 1) for 81 years is
2.6180 °C with an intensity of 0.032 °C/year and an-
nual precipitation (Table 2 and Figure 2) decreases
by 36.2640 mm from 0.45 mm/year.

An analysis of the dynamics of climatic indica-
tors for the Talas meteorological station (Table 2
and Figure 3), located in the foothill zone (transe-
luvial facies ) of the Assa-Talas river basin, and its
climate model showed that in the study area for the
period under consideration of 1940-2020, changes
in average annual air temperatures (Table 2 and
Figure 3) for 81 years, it increased by 2.3840 °C
with an intensity of 0.029 ° C/year and annual pre-
cipitation increases by 24.400 mm from 0.30 mm/
year.
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Figure 1 — Graph of changes in the average

annual air temperatures of the mountain

(1 — meteorological station Susamyr ), foothill (2 — meteorological station Talas) and foothill plains
(3 — meteorological station Kyzyl- Adyr ) zones (ordinate — average annual air temperature; abscissa — years)
for 1940-2020 and their linear trend
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Figure 2 — Annual change chart precipitation mountainous (1- meteorological station Susamyr),
foothill (2- meteorological station Talas) and foothill plain (3- meteorological station Kyzyl- Ardyr) zones
(ordinate — average annual air temperature; abscissa — years) for 1940-2020 and their linear trend

An analysis of the dynamics of climatic indica-
tors for the Talas meteorological station (Table 2
and Figure 3), located in the foothill zone (transe-
luvial facies ) of the Assa-Talas river basin, and its
climate model showed that in the study area for the
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period under consideration of 1940-2020, changes
in average annual air temperatures (Table 2 and Fig-
ure 3) for 81 years, it increased by 2.3840 °C with an
intensity of 0.029 ‘C/year and annual precipitation
increases by 24.400 mm from 0.30 mm/year.
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Figure 3 — Graph of changes in average annual air temperatures foothill plain zone of the catchment area
of the Assa-Talas river basin (ordinate — average annual air temperature; abscissa — years;
1 -Nurlykent meteorological station; 2- Taraz meteorological station) for 1940-2020 and their linear trend
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Figure 4 — Annual change chart precipitation foothill plain zone of the catchment area
of the Assa-Talas river basin (ordinate — average annual air temperature; abscissa — years;
1 — Nurlykent meteorological station; 2 — Taraz meteorological station) for 1940-2020 and their linear trend

Studies conducted by the meteorological sta-
tions Saudakent and Oyik, located in the southern
desert of the drainage area of the Asa-Talas river ba-
sin, which are a zone of hydrological runoff storage,
showed that, despite significant variability over the
years, general patterns of change in climate indica-
tors are characteristic, that is, for the period under

consideration 1940-2020 (Table 2 and Figure 5-6),
respectively, the change in average annual air tem-
peratures for 81 years is 1.880 °C with an intensity
0f 0.023 °C/year and 2.9120 °C with an intensity of
0.036 °C/year, as well as annual precipitation (Table
2) decreases by 30.740 mm from 0.379 mm/year and
72.7360 mm from 0.898 mm / year, respectively.
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Figure 5 — Graph of changes in the average annual air temperature foothill plain zone
of the catchment area of the Assa-Talas river basin (ordinate — average annual air temperature ;
abscissa — years; 1 — meteorological station Saudakent; 2 — meteorological station Oyik) for 1940-2020 and their linear trend
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Figure 6 — Annual change chart precipitation foothill plain zone of the catchment area
of the Assa-Talas river basin (ordinate — average annual air temperature; abscissa — years;
1 — Saudakent meteorological station; 2 — Oyyk meteorological station) for 1940-2020 and their linear trend
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Consequently, the sharply continental, arid na-
ture of the climate in general for the catchment area
of the Assa-Talas river basin, which is smoothed
out by an increase in precipitation due to the high
mountain relief, is determined by its location in the
Kyrgyz and Talas the ridge akh, as well as the close
location of natural and artificial reservoirs and an

increase in air temperatures, are associated with the
close proximity of deserts and Moyinkum.

Climate change is a large-scale manifestation of
natural processes that go beyond the historical bal-
anced state of nature, inherent in individual natu-
ral and geographical zones, which depend on the
growth rate of climatic indicators.

Table 2 — Regression models of climate change in the context of natural and climatic zones in the catchment area of the Assa-Talas

river basin

weather station Indicators Linear trend equation . Change Growth rate
indicators

k.o t, = 0,0327 - n, — 2,8405 2.6180 136.80

Susamyr -
Oci 1um 0= —0453-n, + 380,81 -36.2640 -27.98
E oo t, =0,0298- n, + 7,0302 23840 2435

Talas :
Ot 0,; = 0,2550 - n; + 306,07 24.4000 6.24
ti oo t, =0,0218-n, + 6,7621 1.7440 20.45

Nurlykent -
Ot 0., = 1,1236 -n, + 405,24 89.8880 18.11
& .o t, = 0,0298 - n, + 7,0302 23840 2435

Kyzyl-Adyr .
Ot o 0., = 0,4437 -n, + 260,90 35.4960 11.96
& .o t, = 0,0348 - n, + 8,8887 27840 23.78

Taraz :
Ot 0. = 0,7711-n, 4+ 300,63 61.6880 16.99
& .o t. = 0,0236 - n, + 9,5270 1.8880 16.50

Saudakent :
Oci oum 0= —0384-n, + 205,56 -30.704 -17.60
ti oc t; =0,0364-T; +8,7960 2.9120 24.70

Oyik -
Ot 0, = —0,909-n, + 253,12 72,7360 -40.59

The assessment of the growth rate of climatic
indicators is carried out on the basis of the equa-
tion of linear trends of the time series, characteriz-
ing the average annual air temperatures and annual
precipitation, allowing to determine their current
and base values within the considered time series

(Table 2). At the same time, the growth rate of cli-
mate indicators is determined as the ratio of the
difference between the current and base values of
climate indicators to the current value of the time
series expressed as a percentage according to the
following formulas:
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AT=[(tn—t,) /t,] - 100; )
ATOc = [(Ocm - Ocv) / Ocv] : 1005 (3)

where AT, — growth rate of mean annual air tem-
peratures; AT, — growth rate of mean annual air
temperatures; t,, — current values of average annual
air temperatures; O, — current value of annual pre-
cipitation; t, — base value of average annual air tem-
peratures; O,, — base value of annual precipitation.
The evaporative capacity of the day surface
(soil and vegetation cover) of the natural system
depends on energy resources (temperature and air
humidity deficit, radiation balance), that is, it can be
represented as a mathematical function having the
following form: E=f(t,d,R). Based on the physical
nature of the evaporative capacity of the day surface
(soil and vegetation cover) of the natural system,
their growth rate can be represented as follows:

AT\= ATg,;
[(tm - tv) / tv] 100 = [(Eom - EOV) / Eov] : 1003 (4)

where ATy, is the growth rate of day surface evapo-
ration; E,, — current values of day surface evapora-
tion; Eov — the base value of the evaporation of the
day surface.

Based on the theory of water balance in the catch-
ment area of river basins, proposed by A.l.Voeikov
(Voeikov A.L, 2021), which includes a three-term
equation (layers of atmospheric precipitation, river
runoff, total evaporation) characterizing formation
of the average annual runoff layer in the watersheds
of river basins, depending on the layer of atmo-
spheric precipitation for the year, together with the
genetic theory of runoff, according to A.N. Befani
(Befani A.N., 1957 ), can be presented in the fol-
lowing form: V.= O, — E,, where V. is the evapora-
tion layer, mm; O,— atmospheric precipitation layer,
mm.

In this case, the water balance of the catchment
area of river basins can be represented by an equa-
tion of straight lines with a correlation regression
coefficient less than one in the form V= k- X+ b
(where £ is the regression coefficient; b is the free
term of the equation) or V.= k - O, — E,, which al-
lows, on the basis of the growth rate of annual pre-
cipitation (AT,,), to determine the growth rate of the
surface runoff of the river catchment (AT},), which
has a functional straight-line relationship between
them in the form ATy, = A{AT,.)

ATQC = ATOL’;
[(O.,—0,)0,]-100=[(O., — O.)/0.]-100, (5)
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Where AT, — growth rate of surface runoff in
the catchment area of river basins; O,,, — the current
value of the surface runoff of the catchment area of
the river basins; Q., — the base value of the surface
runoff of the catchment area of the river basins.

At the same time, the system equation of lin-
ear trends not only characterizes the mathematical
meaning of long-term natural processes, but also is
an indicator of the physical processes of the catch-
ment of river basins, characterizing the growth rate
of climatic and hydrological indicators.

The resulting systems of equation of linear
trends in the study of climate change in the spatio-
temporal scale of the catchment area of the Assa-
Talas river basin, using long-term information and
analytical materials of meteorological stations
Susamyr, Talas, Kyzyl-Adyr, Nurlykent, Taraz,
Saudakent and Oyik, differing in climatic condi-
tions, allow us to state that the mathematical model
of the growth rate of climatic and hydrological in-
dicators proposed on the basis of them has a fairly
high physical and mathematical meaning based on
the law of nature.

An analysis of the growth rate of climatic indi-
cators in the catchment area of the Assa-Talas River
basin shows that their quantitative values for all me-
teorological stations do not coincide, that is, in mod-
ern conditions, the growth rate of average annual air
temperatures is twice as high as compared to the
growth rate of annual precipitation (Table 2), which
contributes to an increase in the water consumption
deficit of natural and cultivated agricultural land up
to 25% and a decrease in surface hydrological run-
off to 15% compared to the middle of the twentieth
century, ensuring water security region.

Conclusions

The study of changes in climatic indicators in
the catchment area of the Assa-Talas river basin
showed that at the meteorological stations Susamyr,
Talas, Kyzyl-Adyr, Nurlykent, Taraz, Saudakent and
Oyik, the identified trends in average annual air tem-
peratures and annual precipitation differ both in sign
and magnitude. Based on them, it can be stated that
the growth rate of average annual air temperatures
compared to the growth rate of annual precipitation
is twice as high, which contributes to an increase in
the evaporative capacity of the soil and vegetation
covers of the natural system, that is, the water con-
sumption of agricultural land can become the main
factor determining the conditions for the formation
of river runoff, ensuring water and food security of
the region.
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