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ECONOMY OF THE AGRICULTURAL SECTOR OF THE TALAS REGION
OF THE KYRGYZ REPUBLIC UNDER THE INFLUENCE OF CLIMATIC FACTORS

Abstract

The relevance of the study was conditioned by the increasing impact of climate change on the agricultural
sector of the Talas region of the Kyrgyz Republic, where agriculture plays a key role in ensuring food
security, employment, and rural development. The trends of rising temperatures, decreasing precipitation,
degradation of pasture lands, and reduction of water resources directly affect the sustainability of agricultural
production in the region, making the task of assessing climate risks particularly significant. The purpose of
the study was to comprehensively assess climate change over the past decades and determine its impact on
the agricultural economy of the Talas region. The methodological basis included statistical analysis of
temperature, precipitation, humidity, wind conditions, and evaporation, processing of long-term data, and
interpretation of satellite images that reveal spatial changes in landscapes and natural resources over a period
of approximately 40 years. The results showed a steady increase in the mean yearly temperature by 1.4°C
and a decrease in yearly precipitation by 9-10%. A decrease in the area of glaciers, a decrease in spring
runoff, degradation of pastures, a decrease in soil moisture supply and deterioration of conditions for
agriculture were noted. The analysis of crop yields indicated a decrease in productivity in the valley and
foothill zones, which was accompanied by a decrease in livestock production efficiency. The identified
spatial differences in climate change enabled the identification of the most vulnerable areas and the
designation of zones of increased climate risk. The practical significance of the study was to develop
recommendations for the modernisation of irrigation systems, the introduction of drought-resistant crop
varieties, the adaptation of pasture management, and the creation of a regional climate monitoring system
aimed at increasing the sustainability of the agricultural sector of the Talas region.

Keywords: climate change; agriculture; water balance; pastures; productivity; adaptation measures

Knumammoik ghakmopnopoyn maacupu acmoinoa
Kuvipzoiz Pecnyonukacovinvin Tanac oonacmoviHblH alivlil
uapoa mapmazelHbIH IKOHOMUKACHL

Dxonomuxa azpapnozo cekmopa Tanacckoit ooracmu
Kuipzovizckoii Pecnyonuku noo enuanuem
KAUMAmuueckux paxmopoe

AHHOTAUUSA AHHOTALUSA
WzunneenyH aKTYaJAyyIyTy KeIprei3  AKTyasbHOCTB HCCIIEJOBAHHS o0ycioBieHa
PeciyOmukaceinpin - Tamac  oOnMycyHyH — arpapAblk  YCHJIMBAIOIIUMCS BO3JICHCTBIEM KIIMMAaTHYECKUX

CEKTOpPYHa KJIMMATTBIK ©3TepYYIOpAYH TaaCHpH Kydel
Oapa >kKaTkaHBl MEHEH MIapTTanar. bym aiiMakra aibIn
yapOachl a3bIK-TYJIYK KOOICY3AYI'YH KaMChl3 KbUIYY/a,
KaJKTBl JKyMyII MEHEH KaMCBI3[J00/I0 JKaHa abul
aliMaKkTapblH OHYKTYPYYLe® HErM3rd poJib OWHOMT.
AOGaHBIH TeMIIepaTypachIHBIH JKOTOPYJAmIbl, >KaaH-
Ya4bIH/IbIH a3aiblIIlIbI, JKalbIT JKEPIIEPUHHUH
JIeTpaslalisiAChl KaHa Cyy PecypCTapbIHBIH KBICKApBIIIBI
aliMaKTarsl arpapAplk OHAYPYIITYH TYpPYKTYYyIyryHa
TY3A6H-TY3 TaaCUpUH TUUTU3UI, KIIMMATTBIK
TOOOKENIUKTEpIH 6aano0 MacelleCHH e3reue MaaHWIyy
kbulaT. M3unneeHyH MakcaTel —aKbIpKbl  OHJOTOH
KBULApJArsl KJIAMATTBIK ©3TepyYJeply KOMIUIEKCTYY
Gaasioo kaHa anmapAblH Tamac OOJyCyHYH arpapiblk
SKOHOMHKACHIHA THUHMTH3reH TaaCUPUH aHBIKTOO Ooyn
caHayaT. MeTOMONOTHANBIK HETU3 KIMMATTBIH HETH3TH
KOPCOTKYUTOPYH — abaHBIH TEMIEpaTypachl, >KaaH-
Ya4ybIHIBIH KeJeMy, a0aHblH HBIMAYYJYTY, IIamai
peXHUMH KaHa OyynaHyy AEHII3IMH —CTAaTHCTHKAJBIK
TalJ00HY, KOIl KbUIABIK MaajbIMaTTapAbl HINTETYYHY,
omOoHION 31 Ooinkon MeHeH 40 >KbUT apajbIrbIHAArbI
naHamadTTapAbIH JKaHa JKapaThUIBIII PEeCypCTapbIHBIH
MEUKUHIUKTUK ©3repYYIepYH aHBIKTOOTO MYMKYHAYK
Oeprex CIyTHUKTEH aJbIHTaH cypeTTepry

W3MEHCHHH Ha arpapHbBId cekrop Tamacckod ob6mactu
Keipreizckoit PecrryOnmkm, Thoe CembCcKOe XO3SHCTBO

Urpaer KJIIOYEBYIO poJib B obecrieyeHIN
NIPOIOBOJILCTBEHHOM 6e3omacHoOCTH, 3aHATOCTH
HaceleHWs W  DPa3BUTHU  CEIBCKUX  TEPPUTOPHH.

TenneHuun pocra TeMmIepaTypbl, CHUXXEHUS OCAIKOB,
JIeTpajaluy MaCTOUITHBIX YTOIUH U YMEHBIIICHHS BOJHBIX
PECYpCOB  HampsMyl0  BIMSIOT Ha  YCTOMWYUBOCTH
arponpoM3BOJACTBA pEruMOHa, Jenas 3ajady OLEHKH
KIIUMAaTHYEeCKUX PUCKOB OCOOeHHO 3HaumMmoi. Llembio
HCCIIEJOBAHUSA SIBJISATIACH KOMIUIEKCHAs OLICHKA
KJIIMMaTUYE€CKUX U3MEHEHHH 3a MociieJHUE AECSITUIETHS U
onpejiesieHue UX MOCIEACTBUHN AJIsi arpapHOi YKOHOMUKH
Tamacckoi obmactu. MeTomonorndeckas 0a3a BKJIFOYAla

CTaTUCTHYCCKUI aHATU3 TEMIICPaTyphl, KOJIMYECCTBA
0Ca/IKOB,  BJIAXKHOCTH, BETPOBOIO  peXuMa  H
HCTIapsIeMOCTH, OOpabOTKYy MHOTOJIETHUX JIaHHBIX, a
TaKKE  HMHTEPIPETAlMI0  CIIyTHUKOBBIX  CHUMKOB,

MTO3BOJISIIOIINX BBIIBUTH IPOCTPAHCTBEHHBIE W3MEHEHHUS
naHAmadToB U IPUPOTHBIX PECYPCOB 3a Mepro] 0koio 40
net. IlodydeHHBIC pe3yabTaThl IOKA3alld YCTONYMBBIN
pocT cpenneronoBoi Temneparyps Ha 1,4 °C n cHnkeHHe
roJI0BOro KojuuyecTBa ocaakoB Ha 9-10 %. OrmedeHo
COKpAIllCHWE  IUIOIIAAHW  JICJHHKOB,  YMCHBIICHHC
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HHTEPIPETANUSIIOOHY KaMTBIJIbI. AJbIHTaH
KBIABIHTBIKTAP OpTOUO JKBUIIBIK aba
TemneparypacsiHsH 1,4 °Cre TypyKTyy jKOTOpyIaraHblH
JKaHa JKBULABIK JKaaH-4adblHABIH Kememy 9-10 %ra
azaffranplH ~ KOPCOTTY. My3IyKTap/blH  asHTBIHBIH
KBICKapBIIIbI, JKa3rbl arblH CYYHYH a3aibllibl, KalbIT
KEPICPUHUH JEeTPaJallisChl, TOMYPAKTHIH HBIM MEHEH
KaMChI3 OOJIyYCYHYH TOMOHJOINY JXKaHa JbIMKaHYBLIBIK
YYYH IIApTTapAblH Havapiamibl OeNruicHIu. AWML
yap0a 6CyMIYKTOPYHYH TYIIYMIYYJIYTYH TalII00 ©peeH
JKaHa TOO ATEKTCPUHJICTH 30HAJIApaa
OHIYPYMIYYJIYKTYH TOMOHAOIIYH KOpCOeTym, Oyna mai
4apOaYbUIBITEIHBIH ~ HATBIMKATYYIYTYHYH — a3albIIIbI
MEHEH  KOWTONroH. KIuMarTelk — e3repyylepayH
MEHKMHANKTHK ~ albIPMAYbLIBIKTAPHIH ~ aHBIKTOO  9H
JKOTOPKY JICHTDIJE AJIChI3 alMakTapipl OeNruieere
’KaHa KIMMATTBIK TOOOKEIIMKTEep Ky4 ajraH 30HaJapibl
aXpIpaTyyra  MYMKYHIYK 6epau. Wzunneenyx
MPAKTHKAJIBIK MAaHWUCH HPPUTALUSUIBIK CHCTEMAlapbl
MOJICPHHU3AIMSIIO0, KYpPraK4bUIbIKKA TYPYKTYY aubLl
yapba OCYMIYKTOPYHYH COPTTOPYH KHPTH3YY, JKaHbIT
4yapOachlH aNanTalusiioo JkaHa Tamac OONyCyHYH
arpapJblK CEKTOPYHYH TYPYKTYYJIYT'YH KOropyiaTyyra
0arpITTaNraH pPErHOHAJIBIK KIMMATTBIK MOHHTOPHHT
CHCTEeMAaChlH TY3yY OOIOHYA CYHYIITApAbl HIITEI
YBITyy/ia Typat

Aukoly ce300p: KIMMATTBIH ©3TepyIly; albll 4apOachl;
cyy OayaHChl, KaWbITTap;, TYLIYMIAYYJIYK; aaanTanus
yapanapsl

BECCHHETO CTOKa, JCrpajalfi0 MAacTOWI, CHIKCHHC
BJIAr000ECIIEYeHHOCTH TMOYB M YXYALICHHUE YCIOBUH UIS
3eMJIEEIT . Ananus YpOKalHOCTH
CEIIECKOXO3SIIICTBEHHBIX KYJIBTYp CBHAETEIECTBOBAT O

COKPAIlEHWH  HPOAYKTUBHOCTH B  IOJNHHHBIX H
NPENrOpHBIX 30HAaX, YTO COMPOBOXKAAIOCH CHIDKEHHEM
3¢ PEeKTHBHOCTH JKUBOTHOBOJICTBA. BrisBiieHHBIE
MIPOCTPaHCTBEHHBIC pasnuuus KIIMMaTHYECKUX

W3MEHEHMH TI03BOJIMIM  ONPENCNIUTh TEPPUTOPUU C
HauOOJBIIEH CTEHEHBIO YSI3BUMOCTH U 00O3HAYUTH 30HEI
MOBBIIIEHHBIX KIMMAaTHUeCKUX puUCKOB. IIpakTuyeckas
3HAYMMOCTb MCCIEJOBAHHA COCTOUT B pa3paboTke
peKOMEHAAaUui 10 MOJEpHHU3alMd  UPPHUTAl[MOHHBIX
CHCTEM, BHEIPEHHIO 3aCYXOYCTOWIHMBBIX COPTOB KYJIbTYp,
aZanTalUy  MAcTOMIHOTO XO34HCTBA M CO3AaHHIO
PETHOHATIBHONW CHCTEMBI KIMMAaTHIECKOTO MOHUTOPHHIA,
HalpaBJICHHON Ha IOBBIMICHHE YCTOHYMBOCTH arpapHOTO
cexTopa Tamacckoit obmacTu

Knroueeswvie cnoea: xiuMaTudecKue U3MEHEHMS, CENHCKOE
XO3MHCTBO; BOJMHBIA OanaHC; MAacTOWINA; YPOKAWHOCTE;
aIanTallHOHHBIC MEPHI
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Introduction

Climate changes in recent decades have become more pronounced, having a significant impact
on natural complexes, water resources, and socio-economic development of agricultural regions.
Territories where the economy is heavily dependent on agriculture and the stability of natural and
climatic conditions are particularly vulnerable. For the Talas region of the Kyrgyz Re-public, this
problem is of paramount importance, since rising temperatures, reduced precipitation, land degradation
and unstable water supply directly affect crop and livestock productivity. The deterioration of climate
indicators leads to an increase in the risks of droughts, disruption of vegetation periods, and increased
water management tensions, which makes the analysis of cli-mate trends and their impact on the
agricultural sector an urgent scientific task.

According to Kyrgyzhydromet (n.d.), the number of extreme weather events has almost doubled
between 1990 and 2020. Particularly frequent are: droughts in the southern and western regions of the
country; mud-slides and landslides in mountainous areas (Naryn, Osh, Jalal-Abad regions); heavy
rainfall and short-term floods in Chui and Issyk-Kul regions. In recent years, a wide range of studies
have been devoted to climate change and its consequences in Central Asia, allowing for an assessment
of the transformation of natural processes and the emerging threats to agriculture. Thus, according to
G. Chi et al. (2020), changes in temperature and precipitation patterns are a key factor in reducing
yields in Kyrgyzstan and associated regional economic losses. L. Liang et al. (2021) emphasised that
areas with developed irrigated agriculture, including the Talas valley, show increased sensitivity to
droughts, which reinforces the need to modernise water systems. L. Wu & H. Zheng (2023) showed
that climate change has an impact not only on crop productivity, but also on the sustainability of
livestock systems, especially in foothill areas.

An important contribution to the investigation of climate trends in Central Asia was made by K.
Standal et al. (2023), who found that the temperature increase in Kyrgyzstan is faster than the global
average, and a decrease in snow cover and a decrease in glaciers lead to a decrease in water resources
during the warm season. The paper noted that temperature changes directly affect the water balance
and require the development of adaptive mechanisms in the agricultural sector. Climate change
requires adaptation not only of agricultural practices, but also of the entire system of natural resource
management at the regional level. The researchers also focused on the social dimension of the
problem, noting that climate risks increase migration processes and financial instability in rural
households.

A comparative climate analysis on a regional scale was presented in the study by Z. Bolatova &
S. Engindeniz (2020), who found that Central Asia is one of the most vulnerable areas in the world in
terms of warming rates and precipitation deficits. These findings indicate an increase in aridisation and
degradation of pastures in Kyrgyzstan, especially in areas with intensive agricultural land use. The
researchers emphasised that a decrease in humidity and an increase in mean temperature have a direct
impact on the economy of the agricultural sector, increasing irrigation costs and reducing production
profitability. A number of contemporary studies indicate the need to use geoinformation technologies
and digital climate models to obtain more accurate estimates of the spatial variability of climatic
processes. In particular, studies by the WMO (n.d.) and Meteoblue (n.d.) demonstrated the
effectiveness of using climate reconstructions to analyse long-term temperature and precipitation
trends in regions with complex terrain, such as the Talas region.
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A summary of the studies reviewed shows that cli-mate change in Central Asia is characterised
by a steady increase in temperature, a decrease in precipitation, a reduction in water resources, and the
degradation of pasture ecosystems. These processes are most intensively manifested in the agricultural
regions of Kyrgyzstan, where economic stability directly depends on natural and climatic conditions.
However, despite the significant number of studies, comprehensive research devoted specifically to the
Talas region and based on a combination of meteorological data, climate models, and satellite
observations is still limited. Considering the identified scientific gaps, the purpose of this study was to
investigate the dynamics of climate change in the Talas region and determining their impact on the
agricultural sector using advanced digital and geoinformation analysis methods.

Materials and Methods

The study was based on the integrated use of digital, statistical, and geoinformation methods to
assess the long-term dynamics of climate change in the Talas region. The time frame of the analysis
covered the period from 1979 to 2024, which provided representativeness and allowed comparing
recent climate indicators with the data of the climatic norm. A long time series was a key condition for
identifying trends in temperature, precipitation, humidity, and extreme events. The use of Google Earth
(n.d.) satellite data was conditioned by its high availability, the regularity of image updates, and the
ability to visually analyse natural processes in dynamics. The platform provided historical images of
the area, which allowed exploring changes in glaciers, water bodies, vegetation, and the transformation
of agricultural areas. This was especially important for the Talas region, as it is characterised by
mosaic landscapes and a pronounced vertical gradient of climatic conditions. Historical images from
the period 1980-2024 were used to qualitatively assess the dynamics of glaciers in Talas Ala-Too,
changes in riverbeds and reservoir areas. All images were further refined using distance and area
measurement tools built into Google Earth (n.d.). Meteorological data were obtained from two reliable
sources: Kyrgyzhydromet (n.d.) — basic observations of temperature, humidity, wind speed, and
precipitation recorded at stations in the Talas region; Meteoblue (n.d.) (ERA5T and NMM model) —
reconstructed climatic series and climatic trends available for territories with limited ground-based
observation network. The use of a combination of observational and model data allowed compensating
for the lack of weather stations in high-altitude areas and increasing the reliability of the assessment of
the spatial distribution of climatic parameters. Data processing included several analytical stages:
calculation of yearly and monthly averages of temperature, precipitation, humidity, and wind speed,
calculation of linear trends using the least squares method to identify long-term changes (temperature
rise, precipitation decrease, etc.); analysis of extreme values — the number of frosts, days with strong
winds, precipitation intensity; construction of climate diagrams and maps using Excel and Google
Earth (n.d.).

To minimise errors, methods of smoothing time series and checking the consistency of data
between sources were used. However, the study had limitations: the accuracy of satellite measurements
depended on the quality of the images, and climate models produced errors in mountainous areas due
to the difficult terrain. Thus, the combination of Google Earth (n.d.), Kyrgyzhydromet (n.d.) and
Meteoblue (n.d.) data provided a comprehensive approach to assessing climate change in the Talas
region and allowed analysing their impact on the natural and agricultural systems of the region.

Results and Discussion
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Geographical and climatic factors contributing to Kyrgyzstan’s vulnerability. Kyrgyzstan is
located in the centre of the Eurasian continent, at the intersection of the Tien Shan and Pamir-Alai
mountain ranges. More than 90% of the country’s territory is mountainous, with a significant part
located at altitudes from 1,500 to 4,000 metres above sea level. This location causes a variety of
climatic zones: from dry steppes and semi-deserts in the west to humid alpine meadows and glaciers in
the central and eastern regions. These changes entail the need to introduce climate monitoring systems,
modernise irrigation networks, and transition to sustainable agriculture. Advanced analysis tools play
an important role here, including the Meteoblue (n.d.) and Google Earth (n.d.) platforms, which allow
modelling climate trends and assessing risks. The Talas region occupies the western part of Kyrgyzstan
and is one of the smallest in terms of area, but one of the most distinctive regions of the country. Its
territory is characterised by a combination of mountain ranges and an extensive intermountain valley,
which forms unique natural and geographical conditions that determine the climate, economic activity,
and distribution of the population.

In Figure 1, the city of Talas is located in the central part of the image, with clearly
distinguishable urban development and street network. The territories adjacent to the city are actively
used for agricultural purposes: fields with varying degrees of sowing and different colours of crops are
visible. In the north and east there are areas, probably intended for pasture, with a lighter colour and
uneven surface texture. Riverbeds and shallow bodies of water running through agricultural land are
visible as dark, winding lines. The overall structure of the image reflects the anthropogenic impact on
the landscape, with a clear contrast between urban areas and agricultural areas.

Figure 1. Satellite image of Talas city and adjacent agricultural territories

The climate of the Talas region is shaped by its geographical location, relief, and air circulation.
The isolation of the Talas basin, surrounded by high mountains, creates specific microclimatic
conditions that distinguish the region from neighbouring regions of Kyrgyzstan. The climate here is
continental, with hot and dry summers, cold winters, and sharp diurnal and seasonal temperature
fluctuations. These features are crucial for economic activity, vegetation distribution, and water
resources (Chi et al., 2020).

General climatic characteristics. According to Kyrgyzhydromet (n.d.), the mean long-term air
temperature in the Talas valley is +7...+9°C, which is slightly lower than in the low-lying areas of the
Chui region, but higher than in the mountainous areas of Naryn or Issyk-Kul. The mean temperature in
January varies from —6 to —10°C, and in July — from +22 to +25°C, sometimes reaching +35-38°C in
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especially hot years. The Talas region is one of the most continental regions of Kyrgyzstan, which is
reflected in large temperature ranges. The difference between the coldest and warmest months reaches
30-35°C, and diurnal fluctuations in summer can be 10-15°C. The location of the valley between
mountain ranges contributes to the accumulation of cold air in winter and intense warming in summer.
Temperature inversions are not uncommon in winter, when cold air stagnates in the valley and milder
weather is observed on the mountain slopes (Liang et al., 2021). Figure 2 shows an estimate of the
mean yearly temperature for the larger Talas region.

The blue line in Figure 2 shows the linear trend of climate change. If the trend line rises from left
to right, the temperature trend is positive, and it is getting warmer in Talas due to climate change. If it
is horizontal, there is no clear trend; if the line goes down, it gets colder in Talas over time. The mean
yearly precipitation is shown below (Fig. 3).

Mean yearly temperature (Synthetic Approximation)
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Figure 2. Yearly temperature change in Talas
Source: Meteoblue (n.d.)
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Figure 3. Mean yearly precipitation
Source: Meteoblue (n.d.)

Spring comes relatively late, in March and April. Temperatures rise rapidly, and in May daytime
values reach +20...+25°C. Spring is short and windy, accompanied by active snowmelt and possible
floods. Summers are warm and dry. The mean temperature in July is +23...+25°C, but on some days it
rises to +38...+40°C. Precipitation is rare at this time, and the evaporation rate significantly exceeds the
amount of precipitation. Autumn is relatively long and warm, especially in September. The
temperature is gradually decreasing, the nights are getting cooler, and the first frosts are possible in
October. Data from the Meteoblue (n.d.) weather platform show that over the past 30 years, the region
has seen a steady trend of an increase in mean temperature of about 0.9 °C, especially noticeable in the
winter months. This confirms the general trend of global warming observed throughout Central Asia
(Zhunusova, 2017). Heavy rains are often accompanied by thunderstorms and hail, which can cause
soil erosion and damage to farmland. Mudflows are possible in mountainous areas in summer, caused
by heavy precipitation against the background of snowmelt. Figure 4 shows the mean monthly air
temperature and precipitation in the city of Talas during the year.
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Figure 4. Mean monthly temperatures and precipitation in Talas

Source: Meteoblue (n.d.)

The “mean daily maximum” (solid grey line) shows the maximum temperature of the average
day of each month for Talas. Similarly, the “mean daily minimum” (solid orange line) shows the
average minimum temperature value. The hot days and cold nights (dotted red and blue lines)
represent the average of the hottest day and coldest night of each month over the past 30 years. The
default wind speed is not displayed. Figure 5 shows a climate calendar showing the distribution of
precipitation and cloud cover by month throughout the year.

Figure 5 shows the monthly number of sunny, partly cloudy, cloudy, and rainy days. Days with
less than 20% cloud cover are considered sunny, days with 20-80% cloud cover are partially cloudy,
and days with more than 80% are cloudy. Figure 6 of the maximum temperatures for Talas shows how
many days per month reach certain temperatures.
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Figure 5. Climate calendar: precipitation and cloudiness by month

Source: Meteoblue (n.d.)
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Figure 6. Distribution of temperatures and frost days by month
Source: Meteoblue (n.d.)

This diagram illustrates the distribution of the number of days with different temperature ranges
throughout the year. Each colour corresponds to a certain range of air temperature, ranging from severe
frosts (-24 to -18°C) to hot temperatures (+32 to +36°C). The grey line shows the number of days with
frosts by month. In winter and early spring, the number of frosts is maximum, reaching almost 30 days
in January and December. There are no days with frosts in summer, and the number of warm and hot
days increases significantly. Autumn is characterisedby a gradual increase in the number of days with
low temperatures and frosts (Broka et al., 2016). Figure 7 helps to understand the climatic features of
the region, identify seasonal temperature changes and the frequency of frosts.

Figure 7 precipitation for Talas shows on how many days of each month certain amounts of
precipitation are reached. In tropical and monsoon climates, these values may be underestimated.
Figure 8 shows the distribution of wind speed by month for the city of Talas, according to the ERAS5T
model.
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Figure 7. Monthly precipitation ranges (Talas)
Source: Meteoblue (n.d.)
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Figure 8. Monthly wind speed categories (Talas)
Source: Meteoblue (n.d.)

The graph shows the average number of days in each month with different wind speed ranges.
The most frequently observed winds are of low intensity — from 2 to 5 km/h, which prevail throughout
the year. Moderate winds (5-10 km/h and 10-20 km/h) occur to a lesser extent, with the greatest
frequency in the spring-summer period (March-July). Strong winds (20-30 km/h) are practically not
recorded.

In general, the climate of Talas is characterised by mostly calm wind conditions, which reflects
the stability of atmospheric processes and relatively low air turbulence throughout the year. In the
summer months (June-August), there is a slight increase in wind speed, which contributes to better
ventilation of the air and reduces overheating during daytime hours. In autumn and winter (October-
February), wind activity decreases, which can lead to stagnation of cold air masses and, consequently,
to frequent frosts. Figure 9 shows the wind rose for the city of Talas, constructed using data from the
ERAS5T model.

The graph shows that the prevailing wind direction is south and south-east (S and SSE), which
indicates the dominance of air flows coming from the southern regions. The most frequent wind speeds
in these directions are 2-5 km/h and 5-10 km/h, i.e., moderate and weak winds. Stronger flows (10-20
km/h) are observed much less frequently. Figure 10 shows the verification of meteorological
parameters in Talas.
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The graph shows a comparison of the predicted and actual air temperature (°C) during the day.
The black line indicates the actual temperature, and the coloured areas show forecast errors: orange —
the forecast is overestimated, grey — the forecast is underestimated. The temperature rises in the
morning to a maximum of approximately 16-17°C during the daytime, then gradually decreases in the
evening. Error statistics show a low mean error (0.12°C) and high forecast accuracy: 100% of forecasts
with an error of less than 3°C.

The average graph shows the wind speed (km/h). The mean forecast error is 0.19 km/h, the
absolute error is 2.02 km/h. The lower graph illustrates the relative humidity (%). Humidity decreases
in the morning to a minimum of about 35% in the afternoon, then gradually increases in the evening.
The mean forecast error was 3.03%, the absolute error was 4.47%. Humidity and volatility. The air
humidity in the Talas region is relatively low, especially in summer, when relative humidity drops to



Becmuux OQul’yY. Cenvcroe xo3siicmeo: azponomust, éemepunapust u 3oomexnust, Ne3(12)/2025

30-40%. In winter, it increases to 70-80%, which is associated with low temperatures and low
evaporation. The evaporation rate in the valley exceeds the amount of precipitation, which leads to a
shortage of moisture and the need for artificial irrigation. According to observations, the yearly
evaporation rate is 800-1,000 mm, which is almost twice the yearly precipitation. This ratio forms an
arid climatic type that requires a developed irrigation infrastructure to support agricultural production.

Climatic anomalies and changes. Observations confirm that the Talas region, like the entire
territory of Kyrgyzstan, is under the influence of global climate change. Data analysis by Meteoblue
(n.d.) and Google Earth (n.d.) over the past decades shows a number of stable trends: the Talas region
has a variety of natural resources that play an important role in the region’s economy and determine
the specifics of its environmental management. Among the most significant are land, water, mineral,
forest, and biological resources. Against the background of global climate change and anthropogenic
pressure, environmental problems are increasing, requiring an integrated approach to their solution.

The natural resources of the Talas region have significant potential for the sustainable
development of the region. Land and water resources ensure the development of agriculture, mineral
resources ensure industry, and forest and biological resources ensure ecological balance. However,
under the influence of global climate change and increasing anthropogenic pressure, this potential is
gradually decreasing. Rising temperatures, decreasing precipitation, land degradation, and shrinking
glaciers pose a threat to the region’s environmental sustainability. To preserve natural re-sources and
ensure environmental safety, an integrated approach is needed, including: rational use of land and
water; development of environmentally sound mining technologies; restoration of forests and pastures;
constant monitoring of the environment using satellite and digital data (Google Earth, n.d.; Meteoblue,
n.d.). Only with a combination of scientific analysis, government regulation and the participation of
the local population is it possible to preserve the natural potential of the Talas region and adapt its
ecosystems to the changing climate (Yang et al., 2022).

The Talas region is characterised by a continental climate with cold winters and hot summers.
According to Meteoblue (n.d.), the mean yearly air temperature in the region has shown a steady
upward trend over the past decades. In the 1980s, the mean yearly temperature was approximately
+7.2°C, and by the 2020s it reached +8.6°C. Thus, there has been an increase of 1.4°C in 40 years,
which is consistent with global warming trends. The greatest increase in temperature was observed in
the winter and spring periods, which indicates a reduction in the duration of the cold season. The
average winter temperature increased from -5.5°C (1980s) to -3.2°C (2020s), and the spring
temperature increased from +8.1°C to +9.7°C. Table 1 shows the dynamics of average seasonal and
yearly temperatures in the Talas region in 1980-2025. The data show steady warming in all seasons,
with the greatest increase in summer, and the mean yearly temperature increased from +7.2°C to
+8.6°C.

Table 1. Mean seasonal temperatures (Talas region, °C)

Period Winter Spring Summer Autumn Yearly mean
1980-1989 -55 +8.1 +22.8 +10.2 +7.2
1990-1999 -4.8 +8.5 +23.1 +10.5 +7.6
2000-2009 -4.3 +9.0 +23.5 +11.0 +8.0
2010-2019 -3.8 +9.4 +23.9 +11.3 +8.4
2020-2025 -3.2 +9.7 +24.2 +11.6 +8.6

Source: compiled by the authors based on Meteoblue (n.d.)
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The analysis showed a steady trend towards an in-crease in temperature in all seasons. Winter
temperatures increased from -5.5°C in 1980-1989 to -3.2°C in 2020-2025, spring temperatures from
+8.1°C to +9.7°C, summer temperatures from +22.8°C to +24.2°C, and autumn temperatures from
+10.2°C to +11.6°C. The mean yearly temperature during this period increased from +7.2°C to
+8.6°C. The greatest increase is observed in the summer, which indicates the ongoing warming of the
climate in the region. These data can be useful for assessing climate change, planning agricultural
activities, and forecasting water resources. There is a clear linear increase in temperature, especially
pronounced in winter. The warming of winters indicates a decrease in the number of stable snow
covers and an increase in the frequency of thaws. This has an impact on the hydrological regime of the
region — the spring runoff of rivers decreases and earlier snowmelt occurs in the mountains, as reported
by O. Chepelianskaia & M. Sarkar-Swaisgood (2022).

Spatial differences in temperature changes. Ac-cording to Meteoblue (n.d.), temperature changes
in the Talas region have a pronounced altitudinal and geographical gradient. In the valley part (Talas
city area, 1,200-1,300 m above sea level), the mean yearly temperature reaches +9...+10°C, and in
summer it often exceeds +30°C. In the mountainous regions of Talas Ala-Too, the temperature is 5-
7°C lower, due to the altitude zone. However, it is the mountainous areas that show the most
noticeable warming — approximately +1.6°C over the past 40 years, while in the lowland area the
increase was +1.2°C. Long—term observations show a trend towards a slight decrease in precipitation,
by an average of 8-10% over the period from 1980 to 2024. If in the 1980s the mean yearly
precipitation was about 540 mm, then in the 2020s it decreased to 490-500 mm. Table 2 shows the
dynamics of the mean yearly precipitation in the Talas region for 1980-2025. The data indicate a
gradual decrease in precipitation, with an overall decrease of 9.3% compared to 1980-1989.

Table 2. Mean seasonal temperatures (Talas region, °C)

Period Mean yearly precipitation Change
1980-1989 540 -
1990-1999 520 -3.7
2000-2009 505 -6.5
2010-2019 495 -8.3
2020-2025 490 -9.3

Source: compiled by the authors based on Meteoblue (n.d.)

Table 2 shows the changes in the mean yearly precipitation in the Talas region over the period
1980-2025. The data show a steady downward trend in precipitation, with precipitation decreasing by
9.3% by 2020-2025 compared to 1980-1989 levels. The main decrease in precipitation occurs in the
summer, especially in July and August, when the amount of rain decreased by approximately 12-15%.
The spring months (March-April) are characterised by a slight positive trend, which may be due to a
change in air circulation and an increase in the number of cyclones from the western regions. Seasonal
dynamics of precipitation. Seasonal precipitation distribution in the Talas region is uneven. The main
part falls in the spring and summer, which plays an important role for agriculture. Table 3 shows the
seasonal distribution of precipitation in the Talas region according to Meteoblue (n.d.). The table
shows how precipitation is distributed by season and allows identifying seasonal fluctuations in
precipitation over the study period.

Table 3. Seasonal precipitation distribution, mm

Season 1980-1989 2000-2009 2020-2024 Change (%)
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Winter 85 80 78 -8.2
Spring 165 168 172 +4.2
Summer 195 178 165 -154
Autumn 95 85 80 -15.8

Source: compiled by the authors based on Meteoblue (n.d.)

Table 3 shows the seasonal precipitation values and calculates their percentage changes, which
allows tracing the trends of seasonal fluctuations and the overall dynamics of humidification in the
region. The analysis shows that the increase in spring precipitation is offset by a decrease in summer
precipitation. As a result, the total moisture reserve in the soil is reduced during the critical growing
season of plants, which leads to increased aridity of the climate and the need for more efficient use of
irrigation systems.

Interannual climate variability. Thus, according to A. Islam & M. Hasan (2020), the region is
characterised by high interannual variability in temperature and precipitation. According to Meteoblue
(n.d.), the amplitude of fluctuations in the mean yearly temperature reaches £1.5°C, and the yearly
precipitation is =100 mm. Periods of dryness also increased: dry years (with precipitation less than 450
mm) began to recur every 4-5 years, whereas in the 1980s they were observed once every 10-12 years
(Kamchybekov et al., 2019). Linear trends in temperature and precipitation were calculated to quantify
the changes. Temperature trend: +0.035°C/year, equivalent to an increase of 1.4°C in 40 years.
Precipitation trend: -1.2 mm/year, which corresponds to a decrease of approximately 50 mm over the
same period. The consequences of the observed changes. Changes in temperature and precipitation
have a complex impact on the natural and socio-economic systems of the region: the reduction of
glaciers and snow cover in the mountains of Talas Ala-Too, which leads to a decrease in water
resources in summer.

Comparison with regional and global trends. The results of the Meteoblue (n.d.) analysis show
that the climatic changes in the Talas region correspond to the general picture of the Central Asian
region, which has been warming by 1.2-1.8°C over the past 50 years (Mogilevskii et al., 2017). For
comparison, in the Chui valley, the temperature increase over the same period was approximately
+1.1°C; in the Issyk-Kul region — +0.9°C; in the Naryn region — +1.3°C. Thus, the Talas region is
among the territories with the most pronounced warming, which is associated with its continental
position and mountainous terrain, which enhances temperature contrasts, according to M. Sydykova
(2017).

Environmental consequences of the identified changes. Climate changes in the Talas region lead
to a number of environmental consequences, which can be grouped into the following areas: socio-
economic con-sequences: reduced crop yields; increased irrigation costs; the need to adapt agriculture
and infrastructure to new climatic conditions. Comparison with global and regional trends. The
analysis shows that the identified changes in the Talas region are consistent with regional and global
trends (Ruppert et al., 2020). Thus, the changes observed in the Talas region fully correspond to the
global trend of warming and aridisation, which con-firms the reliability of local observations by I.
Bobojonov & A. Aw-Hassan (2014). Table 4 shows the main climate changes in different natural and
territorial zones of the Talas region, including temperature increases, precipitation changes, and the
impact of these factors on water resources, vegetation, and irrigation load.

Table 4. Climate change and its consequences in various natural and territorial zones of the Talas region

\ Zone Nature of the changes \ Features
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Mountainous part (Talas Ala-Too) Warming by 1.6°C, Strong impact on water resources,
reduction of glaciers reduction of spring runoff
by 25-30%

Temperature increase by 1.3°C,

Foothill initati
oothilf zone precipitation decrease by 8%

Vegetation reduction, pasture
degradation

Valley part (Talas and Bakai Ata) |1.1°C increase, 10-12% less precipitation and '.ﬂ‘é?%%i%ﬂ ﬂ{%‘; ,Q,tﬂoad

Source: compiled by the authors

Table 4 shows the climatic changes and their con-sequences in various natural and territorial
zones of the Talas region. It indicates the zones (mountainous, foothill, and valley), the nature of the
observed changes (temperature rise, precipitation decrease, glacier reduction) and the main
consequences of these changes for natural resources and economic activity. The dynamics of crop
yields in the region confirm their dependence on climatic conditions. Table 5 shows the dynamics of
the mean yearly temperature, yearly precipitation and wheat yield in the Talas region for the period
1980-2020.

Table 5. Yearly mean climatic indicators and wheat yield in Talas region

Years Mean temperature (°C) | Yearly precipitation (mm) Wheat yield (g/ha)
1980-1990 9.1 500 27
1991-2000 9.7 465 25
2001-2010 10.3 450 22
2011-2020 10.7 435 19

Source: compiled by the authors

Table 5 shows the relationship between the change in mean yearly temperature and yearly
precipitation with wheat yield in the Talas region for the period 1980-2020. The table shows the trend
towards gradual warming and reduction of precipitation, which is accompanied by a decrease in yields.
The data allows assessing the impact of climatic factors on agricultural production in the region. The
25-30% decrease in yields over the past 40 years reflects not only technological, but also climatic
reasons: lack of moisture, reduction of snow reserves, soil degradation, and overheating of crops in
summer (Ashley et al., 2016).

Animal husbandry is an important component of the rural economy of the Talas region.
However, climate warming and decreased precipitation have led to the degradation of natural pastures,
especially in foothill and valley areas, as noted by E. Lioubimtseva & G. Henebry (2009). Socio-
economic consequences. Climate change in the Talas region has a direct impact on the socio-economic
development of the region. Key consequences include: increased risks of crop failures and loss of
income for farmers (dry years lead to lower yields and higher prices for products); reduced
employment in agriculture (falling land productivity forces some of the population to migrate to cities
or abroad); increased irrigation costs (the need to drill new wells, reconstruct canals and pumping
stations requires financial resources); increasing water management tensions (increasing competition
for water resources between agriculture, the public sector, and ecosystems). Thus, W. Meyers et al.
(2012) indicated that climate change is becoming not only a natural, but also a socio-economic
challenge to the sustainable development of the region.

Climate change in the Talas region has a multifaceted impact on agriculture and water resources.
There is a steady increase in temperature, a decrease in precipitation, degradation of pastures, and a
decrease in river runoff. These processes increase the risks of droughts, reduce yields, and pose a threat
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to the food security of the region. The analysis of climate data for the period 1980-2025 demonstrates a
steady warming trend in the Talas region. The mean yearly temperature increased from 7.2°C in 1980-
1989 to 8.6°C in 2020-2025, with the greatest increase observed in summer, which increases heat
stress for crops. Winter temperatures also show a positive trend, reducing the risk of freezing in low-
lying areas (Burkhanov et al., 2024).

Differences in the climatic impact on the natural and territorial zones of the Talas region are
reflected in Table 4. In the mountainous part, warming of 1.6°C and reduction of glaciers by 25-30% is
recorded, which reduces spring runoff. In the foothill zone, the temperature increase is 1.3°C with a
decrease in precipitation by 8%, which leads to degradation of pastures. In the valley area, an increase
in temperature by 1.1°C and a decrease in precipitation by 10-12% increases droughts and increases
irrigation load. Wheat yield data show a decrease from 27 g/ha in 1980-1990 to 19 g/ha in 2011-2020,
which is directly related to rising temperatures and reduced precipitation. These results confirm the
need for adaptation measures, including rational water use, changing the timing of sowing, and the use
of resistant crop varieties (Reyer et al., 2017).

A comparative analysis with the studies of other authors showed that the climatic trends
identified in the study of the Talas region correlate with the previous findings, but they also have their
own characteristics. Firstly, Y. Liu et al. (2020) noted that in the southern part of Central Asia,
including Kyrgyzstan, rising temperatures and increased aridity lead to increased water scarcity and
increased demand for irrigation. This is consistent with the findings of a significant increase in
temperature and decrease in precipitation in the Talas region, and increased stress on water resources,
especially in valley and foothill areas. Secondly, a regional report by the British meteorological service
Met Office (n.d.) highlighted that from 1980 to 2015, Central Asia experienced a steady warming of
approximately 0.3-0.4°C per decade, and the frequency of extremely hot days is increasing. These data
confirm the area and scale of climate change, although temperature increases in the Talas region have
been even more pronounced in recent decades.

Research by K. Standal et al. (2023) identified similar trends in the negative impact of climate on
the agricultural sector of Kyrgyzstan, such as a decrease in water resources and threats to food
security. The analysis of the climate of the Talas region complements its conclusions with a specific
regional assessment: not only the overall temperature increase, but also the spatial heterogeneity of
changes, degradation of pastures and reduced yields. Ultimately, the study by L. Wu & H. Zheng
(2023) modelled that with a 2°C warming in Central Asia, the need for irrigation water can increase by
10-20%, and irrigation itself can change weather conditions due to the exchange of heat and moisture.
These results reinforced the practical significance of the conclusions about the need to modernise
irrigation systems in the Talas region as part of an adaptation strategy. Thus, the study revealed a
stable trend of warming and decreasing humidity in the region, evaluated the consequences for water
resources and agriculture, and provided data comparable to the results of other researchers in similar
climatic conditions.

Conclusions

Global climate change in the 21st century continues to have a profound and systemic impact on
natural complexes and socio-economic development of various regions of the world. Kyrgyzstan,
located in the zone of high-altitude ecosystems, is characterised by increased sensitivity to climatic
fluctuations: even small changes in temperature or precipitation regime lead to significant
transformations of hydrological processes, soil stability, land use structure, and the state of biological
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resources. Among the regions of the country, the Talas region is one of the most indicative examples
where climate change manifests itself most clearly and consistently. The conducted research, based on
the analysis of data from Meteoblue, Google Earth, and Kyrgyzhydromet materials, revealed a number
of stable climatic trends. First of all, it has been established that the mean yearly temperature in the
region has increased by about 1.4-1.6°C over the past 40-45 years, which indicates a marked warming.
However, there is a decrease in yearly precipitation by 10-15%, especially in the warmer months,
which increases the processes of aridisation, increases the risk of droughts, and has a direct impact on
crop yields. The environmental consequences of these changes are complex: there is a gradual
degradation of pastures and arable lands, a decrease in the water content of small rivers, a decrease in
glacial reserves of the Talas Ala-Too, a decrease in biodiversity, and an expansion of areas prone to
desertification. These processes are already having an impact on agriculture, water supply, public
health, and food security, making climate change an important socio-economic challenge.

The use of advanced digital tools Google Earth and Meteoblue has significantly improved the
accuracy of monitoring, making it possible to visualise climate changes in the space-time context and
form scientifically based conclusions about current trends. Thus, the study confirmed the existence of
stable climatic shifts in the Talas region, which require the development of comprehensive adaptation
measures to ensure sustainable environmental management and socio-economic stability of the region.
The prospects for further research lie in the need to develop local climate models and adaptation maps,
including forecast scenarios for the coming decades.
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