ISSN 1563-0234, eISSN 2663-0397 Xab6apuibl. ['eorpadus cepuscel. Nel (68) 2023 https://bulletin-geography.kaznu.kz

IRSTI 39.19.31 https://doi.org/10.26577/JGEM.2023.v68.11.06

.. i,
1 [ |

Zh. Mustafayev @ | A. Tuletayev' @ | A. Kuderin
Institute of Geography and Water Security, Kazakhstan, Almaty
*e-mail: hat_0512@mail.ru
ASSESSMENT OF THERMAL AND NATURAL MOISTURE PROVISION
IN TERRITORY OF TURKESTAN REGION OF THE REPUBLIC
OF KAZAKHSTAN IN CHANGING CLIMATE CONDITIONS

Nl

The assessment of natural moisture availability of the natural areas of the Turkestan region of the
Republic of Kazakhstan for 1941-2020 (by providing a comparative analysis of indicators for 1941-1960
and 2001-2020) was conducted based on the use of the natural moisture coefficient and hydrothermal
index or “dryness index” predicated on energy resources (total of biologically active air temperatures
above 10 °C, photosynthetically active radiation, evaporating capacity and water consumption
of agricultural land). The results of a comparative analysis of climatic indices changes in the natural
areas of the Turkestan region for 1941 to 2020 have shown that there is an increase in average annual
air temperatures in all natural areas, and the annual precipitation tends downward which affects the
formation of energy resources and natural water supply. The identified features of changes in the natural
moisture coefficient and hydrothermal index or “dryness index” in natural area of Turkestan region, make
it possible to adjust the spread of its boundaries and consider these changes in the territorial organization
of agricultural nature management.

Key words: Climate change, air temperature, energy resources, natural moisture coefficient,
hydrothermal index.

K.C. Myctadpaes, A.b. Tyaetaes®, A.A. KyaepuH
[eorpadms xeHe cy Kayincisairi MHCTUTYTbl, Ka3akcTtaH, AAMaThbl K.
*e-mail: hat_0512@mail.ru
O3repmeni KAMMaTTbIK, XafFaaiAapaa Kasakcran Pecny6amkacol TypkictaH 06AbIChI
QyMarbIHbIH, TAOUFU XKbIAY YKOHE bIAFAAMEH KaMTamacbl3 eTiAyiH OaFaray

KasakcraH Pecrnybamnkacbl TypkicTaH OOAbICbIHBbIH — Tabuin  ariMakTapbiHbiH - 1941-2020
KbIAAAPAAFbI TAOUFU CYMEH KamTamachi3 eTiayiHe (1941-1960 >xaHe 2001-2020 K. Ke3eHAEpPiHAETI
KepceTKilluTepre CaAbICTbIPMaAbl TaAAQY >KYPri3y apKblAbl) SHEPreTMKaAbIK, pecypcTapFa HerispAeAreH
TabUFU  bIAFAAAAHY KOBMPMUUMEHTIH >XOHE TMAPOTEPMMUSABIK, KOPCETKIlUTI Hemece «KypFrakKTbiK,
MHAEKCiH» NManAaAaHy HerisiHae (ayaHblH 6MOAOTUSABIK, BEACEHA] TeMnepaTypachiHbiH comackl 10 °C-
TaH >KOFapbl, POTOCMHTETUKAABIK, BEACEHAT paaMaums, ByAaHy XKEHEe aybliA LapyaLlbiAbIFbl AAKAMNTapbIH
CY TYTbIHYybl) Gararay >yprisiaai. 1941-2020 >xbiAaaap apaAbiFbiHAa TypkicTaH 0BOAbICbIHbIH, TabuFm
arMaKTapblHAAFbl KAMMATTbIK, KOPCETKILUTEPAIH ©3repicTepiH CaAbICTbIPMaAbl TaAAQdy HBTMXKeAepi
6apAblK TabWFM aiMakTapAa ayaHblH OpTalla >KbIAAbIK, TemrepaTypacbiHbiH apTybl GanKaAraHbIH,
aA, KbIAABIK, aTMOCIEpaAbIK, >KayblH-LIALbIHHBIH TOMEHAEY YPAICi 6aikaaraHbliH KepceTTi, 6GyA
3HepreTMKaAbIK, PECYpPCTap MeH TabuFM CyMEH KaMTaMachI3 eTyAiH KaAbINTacyblHa acep eTeAi. TypkicTaH
OOAbICbIHBIH  Tabufu  aiMakTapbiHAQ TabWFU  bIAFAAAAHY KOIMDMDUUMEHTI MEH TMAPOTEPMUSIABIK,
KepceTKill GeAriaepiHiH, Hemece «KypFakTbIK, MHAEKCIHIH» ©3repy epeklleAiKTepiH aHbIKTay OAapAbIH,
LeKapaAapblHbiH TApaAyblH TY3ETyre XOHe ayblA LapyallblAblfbl TabWUFaTbIH NanAaAaHyAbl ayMakThIK,
YMbIMAACTBIPY Ke3iHAe GepiAreH e3repicTepai eckepyre MyMKiHAIK Gepeai.

Ty#in cesaep: KamatTbiH e3repyi, aya Temnepartypachl, 3Heprus pecypcrap, Tabusn bIAFAAAIAbIK,
KO3(PPULMEHTI, TMAPOTEPMUSIABIK, MHAEKC.

K.C. MycTtadbaes, A.b. TyaeTaes®, A.A. KyaepuH

MHCTUTYT reorpacdmm 1 BoaHOM Ge3onacHocTu, KasaxcraH, r. AAMarbi.
*e-mail: hat_0512@mail.ru

OueHKa NPUPOAHOH TENAO- M BAAroo0ecrne4yeHHOCTH TeppuTopun TypKkecTaHCKoi 06AacTH
Pecny6Amku KazaxcraH B MU3MEHSIIOLLIMXCS KAUMATHUYECKMX YCAOBMSIX
I_IpOBeAeHa OLleHKa eCTeCTBEHHOM BOAOO6eCI’queHHOCTl/I NMPUPOAHbIX 30H TypKeCTaHCKOVI O6/\aCTVI

Pecnybamkm Kasaxcran 3a 1941-2020 roabl (C NPOBEAEHMEM CPABHUTEABHOIO aHaAM3a MokasaTeAei
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3a nepuoabl 1941-1960 1 2001-2020 rr.) HA OCHOBE MCMNOAb30BaHMS KO3(hUUMEHTA eCTECTBEHHOIO
YBADKHEHUS U TMAPOTEPMMUYECKOrO MOKasaTeAs WMAM «MHAEKCA CyXOCTW», 6asupylowmxcs Ha
3HEpreTMYeckmMx pecypcax (Cymma OMOAOrMYECKM aKTMBHbIX TemrepaTyp Bo3ayxa Bbiwe 10 °C,
hPOTOCUHTETMYECKM aKTMBHAs paaMaumsi, UCMapsIeMOCTb U BOAONOTPEBAEHME CEAbCKOXO3AMCTBEHHbIX
yroami). Pe3yAbTaTbl CDaBHUTEABHOIO aHaAM3a M3MEHEHMIN KAMMATUUECKMX MoKa3aTeAei B MPUPOAHBIX
30Hax TypkecTtaHckonm obaactm 3a 1941-2020 rr. nokasaAn, 4TO HabAIOAQETCS BO3pacTaHMe
CpPeAHEroAOBbIX TeMrnepaTyp BO3Ayxa BO BCEX MPUPOAHbBIX 30HaX, a FOAOBble aTMOCHEPHbIE OCaAKM
MMEIOT TEHAEHLIMIO K CHUXKEHMIO, YTO OKa3blBaeT BAMSIHME Ha (hOPMMPOBaHMeE SHEPreTUYeCKNX PpeCcypcoB
M EeCTEeCTBEHHOW BOAOOOECNEeYEeHHOCTU. BbIsIBAEHHbIE OCOGEHHOCTM M3MeHeHus KoadduumeHTa
€CTEeCTBEHHOI0 YBAQXKHEHWUS M TMAPOTEPMMUYECKOrO MOKa3aTeAsl MAM «MHAEKCA CYXOCTW» B MPUPOAHBIX
30Hax TypKecTaHCKOM 00AaCTM MO3BOASOT CKOPPEKTUPOBATb PACMpPOCTPaHEeHUE WX FPaHULL U
yunTbiBaTb A@HHble W3MEHEHUS MpU TeppUTOPMAABHOM OpraHM3auMmn  CeAbCKOXO39MCTBEHHOIO

NMPUPOAOTNOAb30BAHMS.

KAtoueBble CAOBa: M3MEHEHME KAMMATA, TemrnepaTypa BO3AyXa, SHEPropecypchl, KoahuumeHT
€CTeCTBEHHOM YBAQKHEHHOCTU, TMAPOTEPMUUECKMIA MHAEKC.

Introduction

One of the main functions of climate is to support
the life activities of the soil and vegetation cover of
landscape systems in different natural-geographical
zones, which differ in the quantitative values of
the average annual air temperature and annual
atmospheric precipitation, characterizing the energy
resources and moisture content of the territory. At
the same time, the moisture content of the territory,
as a function of climatic indicators, directly depends
on the annual atmospheric precipitation and, in
turn, on the average annual air temperature, which
determines their relative instability in space-time
scales and, taking into account territorial differences,
acquires important practical significance as a basis
for nature management and at the same time is a
difficult task due to the need to take into account
interrelated factors of the natural system.

Temperature increases, reduced precipitation
and increased evaporation in Central Asia,
documented in several studies (Xu, 2016: 395-400;
Yin, 2016: 378-382; Sheffield and Wood, 2008:
86-93), increase the sensitivity of natural areas to
droughts because of limited water resources, low-
adaptive capacity and growing population (Qi, 2012:
115-118; Patrick, 2017: 95). The climate changes in
the territory of Kazakhstan, located in the northern
part of Central Asia, have occurred somewhat
faster in recent decades compared to other regions
of the world situated in the same latitudinal zone
(Zheleznova, 2022: 144; Karatayev, 2022: 28): the
rate of change in average annual air temperatures
over the past 20 years at all meteorological stations
has increased from 0.8 to 2.2 °C. Such changes can
also impact erosion and salinization, the principal
processes of desertification (Lal, 2012: 212). Soil

salinization is a global environmental concern that
can negatively affect sustainable land use, crop land
productivity, and food security.

In the conditions of global climate change, in
order to neutralize the negative impact of climatic
indicators and ensure favorable conditions for
territorial organization of agricultural nature
management (Aldazhanova, 2022: 1187, Viana,
2022: 806), forecasts of natural thermal and moisture
supply and trends in the development of this process
in spatial and temporal scales in terms of natural and
geographical zones and administrative regions serve
as a means of ensuring food and feed security in the
region (Wang, 2020: 137-139; Yu, 2019: 5-10).

The purpose of the research is to obtain
scenario-based forecasts of changes in natural heat
and moisture availability and its annual indicators’
variability under possible climate change and the
development trend of this process in territories
characterized by different natural conditions.

The Turkestan region of the Republic of
Kazakhstan located in the northwestern part of
Central Asia in the basin of the Syrdarya River, with
an area of 11 609.4 thousand ha, is taken as the object
of study. The total area of all agricultural lands is 10
043.4 thousand ha, including 926.4 thousand ha of
arable land, 38.3 thousand ha of perennial plantings,
94.9 thousand ha of hayfields, 120.2 thousand ha of
fallow land and 8 863.6 thousand ha of pastureland
(Consolidated report, 2021: 56).

Materials and Methods
Study area. The research is concerned with the
natural area of Turkestan region of the Republic of

Kazakhstan. The region is located in the southern
part of the Republic of Kazakhstan. The following
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natural zones are distinguished on the territory of
the region with an area of 116 094 km? (4.3 % of
the territory of the Republic of Kazakhstan): forest-
meadow-steppe zone of mid-mountains; steppe
zone of low-hill terrain and midlands; semi-arid
zone of foothills; arid zone of foothills, lowland and
high land plains. All natural areas are characterized
by a variety of natural and climatic conditions. The
region’s climate is sharply continental.

Data sources. The time series of the average
annual temperature and annual precipitation
indicators for 1941-2020 by sixteen weather
stations represented in the following analytic
databases: Kazgidromet RSE (Kazgidromet, 2021),
World Meteorological Organization (WMO, 2021)
and in the “Weather and Climate” reference and
information portal have been used as information
support to assess the natural moisture availability
of natural zones of the Turkestan region of the RK
(http://www.pogodaiklimat.ru/).

The initial information for the allocation of
natural areas of the Turkestan region was: materials
of the field landscape research of contributors,
landscape map of the Republic of Kazakhstan.

Methods. The following indicators were used
to assess the moisture availability of natural areas
in the Turkestan region (Mustafayev and Ryabtsev,
2012: 212-214):

— natural moisture coefficient (K,), enabling
to assess the heat — and water availability of the
territory which was determined according to the
formula 1 (Ivanov, 1941: 15):

K}' = D.:'K.En, (1)

where O, — precipitation amount, E; — monthly
average evaporation; _

— hydrothermal index or “dryness index” (R;),
representing the ratio of the radiation budget (Ri)
to the heat input for evaporation of precipitation
(L-0,), which was determined by formula
2 (Budyko, 1956: 256):

R, =R;/L- 0, )

where L — specific heat of evaporation assumed
constant and equal to 2.5 kJ/cm?, which, firstly,
takes into account the idea of hydration (Dokuchaev,
1948: 25-29) and the provision on the value of the
ratio of the radiation balance to precipitation for the
characterization of moisture conditions (Grigoriev,
1966: 381); secondly — qualifies the conditions of
heat and moisture availability of soil and vegetation
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cover; thirdly — specifies considerably the
conditions of formation of soil, hydrogeological and
geochemical environment and, fourthly, it allows
considering the nature and intensity of human
anthropogenic activity.

The following estimation integral criteria have
been used to assess changes in the energy resources
indicators of climate in the natural areas of the
Turkestan region for 1941-1960 and 2001-2020:

— sum of biologically active air temperatures
(X t.°C) above 10 °C, which was calculated
by summing the product of average monthly air
temperatures and the number of months with
average monthly air temperatures above 10 °C that
was determined by formula 3 (Mustafayev and
Ryabtsev, 2012: 214-216):

StfC=Thit N g

where t., — average monthly air temperature above
10 °C; N — number of days in a month; 1 —number of
months where the average monthly air temperature
is above 10 °C;

— photosynthetically active radiation (R&;, kJ/
cm?) during the biological active period of the year,
which was determined by the formula 4 (developed
by the authors):

R, = 4.1868 [13.39 + 0.0079-Lt; > 1( (4

— monthly evaporation (E,, mM), which was
determined by formula 5 (Ivanov, 1941: 15):

E_ = 0.0018(t, + 25)*(100 — a) )

where fx — average monthly air temperature, °C; t,
— average monthly relative humidity, %;

— water consumption by agricultural land
(vegetation and soil cover) (ET.;), which was
determined by formula 6 (Budyko, 1956: 256):

_ .o .r-1
ET,; =10-R, L™ ©)

where L — heat of evaporation numerically equal to
2.5 kl/em’.

In the nature, annual photosynthetically active
radiation (E;) and precipitation (O) qualify
the material and energy environment enabling
to determine the cost of solar energy for the soil
formation process ({,;), which is determined by
formula 7 (Budyko, 1956: 256):

Qu =R;*exp (—a-R;) )
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where R, — annual radiation balance of the soil
surface (kJ/cm?); @ — index of the complete use
of radiant energy in soil-forming processes,
numerically equal to 0.47; R, — “radiation dryness
index” or Nesterov’s fire-danger index.

The favorable conditions for developing the
soil formation process in the natural environment
are observed in the natural and climatic conditions,
where the Nesterov’s fire-danger index (R) is equal
to 0.9-1.0, that commonly corresponds to the area
of highly productive chernozem soil formation.
By reference to specific features of these natural
processes, potential cost of solar energy on the soil-
forming process (@y;) with R, = 1.0 is determined
by formula 8 (Mustafayev and Ryabtsev, 2012: 216):

n —

n = R, exp(—a), (8)

In the natural environmental conditions, “excess
solar energy on the soil-forming process” (AQ}.
), that is, the unused annual radiation balance of
the soil surface (&;) is determined by formula 9
(developed by the authors):

Table 1 — Indicators of annual average air temperature (£;, °C) and annual precipitation (O

AQn: =@ — Qu = R, ~exp(—a) — R, -exp[:—a 'Er’):
AQE. = Ri[exp(—a) — exp[—a - Ea)] =R, - exp[—[cc —a 'Ea)]i

504 =R -exl-fa- (=R} (o)

The natural heat and moisture availability in
the natural areas of the Turkestan region which has
made it possible to establish the impact of climatic
change on the natural moisture and heat supply of
agricultural land (soil and vegetation cover) on the
space-time scale is determined on the basis of the
proposed integral climatic and energy indicators.

Results and Discussion

Average annual air temperature and annual
precipitation of natural zones

A comparative analysis of data for the 1941-
1960 and 2001-2020 periods for sixteen weather
stations was conducted for identification of changes
in annual average air temperature (t;, °C) and
annual precipitation (O_;, mm) affecting the natural
moisture and heat supply of the natural areas of the
Turkestan region (Table 1).

o> M) N the natural areas of Turkestan

region
Climatic indices
Average annual air temperature Annual precipitation
N Weather bure- (t;, °C) (O, mm)
atural area . " .
au stations average of period differ- average of period
1941-1960 2001- ence 1941-1960 |2001-2020  difference
2020
Forest-meadow | Shuyldak 7.5 6.2 -1.3 602.0 601.0 -0.1
steppe zone of frp (oK 93 10.2 0.8 816.0 754.0 -62.0
mid-mountains
Steppe zone of | Achisai 10.3 11.4 1.1 500.0 552.0 52.0
low-hill  terrain | T. Ryskulov 11.5 12.4 0.9 855.0 786.0 -69.0
and midlands
Semi-arid zone of | Shymkent 11.9 13.6 1.7 640.0 615.0 -25.0
foothills Kazygurt 11.3 13.6 1.3 517.0 524.0 7.0
Arid zone of foot- | Shayan 11.6 13.3 1.7 349.0 362.0 13.0
hills, lowland and | Sholakkorgan 9.1 11.0 1.9 180.0 203.0 23.0
high plains Shardara 12.6 14.8 2.2 230.0 230.0 0.0
Bugen 11.8 13.7 1.9 305.0 294.0 -11.0
Arys 12.5 14.1 1.6 290.0 282.0 -8.0
Bayirkum 11.7 13.6 1.9 275.0 275.0 0.0
Turkestan 11.8 13.8 2.0 207.0 225.0 18.0
Tasty 8.7 10.9 2.2 185.0 163.0 -22.0
Akkum 11.3 13.1 1.8 154.0 174.0 20.0
Kyzylkum 12.1 13.8 1.7 190.0 195.0 5.0
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A comparative analysis of changes in the
average annual air temperature in the natural areas
of the Turkestan region for the periods considered
has showed that there is an increase in this indicator
in all natural areas, except for the indicator at the
Shuyldak weather station (forest-meadow steppe
zone of mid-mountains), where there was a decrease
in the average annual air temperature by 1.3 °C,
which is due to the high-altitude location of this
weather station with 1984 m elevation above sea
level (Ugam mountain system).

It has been established that the rate of change
in the average annual air temperature in the natural
areas of the region over the past 20 years (2001-
2020) has significantly increased from 0.8 (Tassaryk
weather station, forest-meadow steppe zone of mid-
mountains) to 2.2 °C (Tasty weather station, arid
zone of low-land and high plains).

From the above calculation data (Table 1), a
decrease in the amount of annual precipitation in
all natural areas has been established, specifically
in the forest-meadow steppe zone of mid-mountains
(Tassyryk weather station) by 62.0 mm, in the steppe
zone of low-hill terrain and midlands (T. Ryskulov

weather station) by 69.0 mm, in the semi-arid zone
of the foothills (Shymkent weather station) by 25.0
mm, in the arid zone of foothills, lowland and high
plains (weather stations — Bugen, Arys and Tasty)
from 11 to 22 mm. It was noted that the general
trend of changes in the amount of precipitation in all
natural zones of the Turkestan region in recent years
(2001-2020) is directed downwards.

The conducted analysis of changes in climatic
indices in the natural areas of the Turkestan region
in the space-time terms has allowed establishing
increase in the average annual air temperature,
especially during 2001-2020, which had an effect
on the natural moisture availability of natural areas
decreasingly since the increase of air temperature
has caused expectable decreases in the annual
average values of relative humidity enhancing the
evaporative capacity of the natural environment.

Energy resources of natural areas climate

The conducted assessment of changes in energy
resources indicators based on climatic indices (Table 1)
depending on the average annual air temperature and solar
radiation in the natural areas of the Turkestan region for
1941-1960 and 2001-2020 has demonstrated that (Table 2):

Table 2 — Indicators of energy resources of natural areas climate of the Turkestan region

Indicators of energy resources climate
Natural area Weather stations Periods
Et."0 R;,kJ/em? | E , mm ET_ , mm

1 2 3 4 5 6 7
Forest-meadow- Shuyldak 1941-1960 3172.2 161.0 911.0 644.0
st§ppe zone Qf 2001-2020 2281.3 131.5 707.0 526.0
mid- mountains difference -890.9 295 204 118
Tassaryk 1941-1960 3461.3 170.5 993.0 682.0
2001-2020 3594.9 175.0 1114.0 700.0

difference 133.6 4.5 121 18
Steppe zone of Achisai 1941-1960 3877.3 184.3 1385.0 737.0
low-hill terrain and 2001-2020 4069.3 190.7 1590.0 763.0

midlands difference 192 6.4 205 26
T. Ryskulov 1941-1960 4054.0 190.2 1405.0 761.0
2001-2020 4163.8 193.8 1438.0 775.0

difference 109.8 3.6 33 14
Semi-arid zone of | Shymkent 1941-1960 4179.5 194.3 1359.0 777.0
foothills 2001-2020 44542 203.4 1526.0 814.0

difference 274.7 9.1 167 37
Kazygurt 1941-1960 3977.6 187.6 1280.0 750.0
2001-2020 4435.8 202.8 1553.0 811.0

difference 458.2 15.2 273 61
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1 2 3 4 5 6 7
Arid zone of Sholakkorgan 1941-1960 3849.4 183.4 1239.0 734.0
foothills, lowland 2001-2020 42063 195.2 1472.0 781.0
and high plains .

difference 356.9 11.8 233 47
Shayan 1941-1960 4301.9 198.3 1547.0 793.0
2001-2020 4594.9 208.0 1788.0 832.0

difference 293 9.7 241 39
Shardara 1941-1960 4695.6 211.4 1677.0 845.0
2001-2020 4842.6 216.2 1863.0 865.0

difference 147 4.8 186 20
Bugen 1941-1960 4458.0 203.5 1586.0 814.0
2001-2020 4695.7 211.4 1799.0 845.0

difference 237.7 7.9 213 31
Arys 1941-1960 45374 206.1 1603.0 825.0
2001-2020 4790.6 214.5 1828.0 858.0

difference 253.2 8.4 225 33
Bayirkum 1941-1960 4307.7 198.5 1544.0 794.0
2001-2020 4646.5 209.7 1794.0 839.0

difference 338.8 11.2 250 45
Turkestan 1941-1960 4445 .4 203.1 1588.0 812.0
2001-2020 4765.8 213.7 1805.0 855.0

difference 320.4 10.6 217 43
Tasty 1941-1960 4035.5 189.5 1426.0 758.0
2001-2020 4365.3 200.4 1705.0 802.0

difference 329.8 10.9 279 44
Akkum 1941-1960 4399.5 201.6 1560.0 806.0
2001-2020 4671.3 210.6 1846.0 842.0

difference 271.8 9 286 36
Kyzylkum 1941-1960 4567.6 207.1 1603.0 829.0
2001-2020 4851.6 216.5 1903.0 866.0

difference 284.0 9.4 300.0 37

— in the forest-meadow steppe zone of mid-
mountains (Shuyldak weather station) during the
period under consideration there were decreases in:
sum of biologically active air temperature values
(Zt.°C) by 890.9 °C; photosynthetically active
radiation (R;) by 29.5 kJ/cm?; evaporation from
the water surface (E,;) by 204.0 mm and water
consumption by agricultural land (vegetation and
soil cover) (ET ;) by 118.0 mm which is due to the
high-altitude location of the natural area (1984 m
above sea level). According to data of the Tassaryk
weather station located in this natural area, but well
below in the mountains (1523 mabove sealevel) there
is already an increase in: sum of biologically active
air temperatures by 133.6 °C, photosynthetically
active radiation by 4.5 kJ/cm?, evaporation from the
water surface by 121.0 mm and water consumption

by agricultural land (vegetation and soil cover) by
18.0 mm;

— in the steppe zone of low-hill terrain and
midlands (T. Ryskulov and Achisai weather
stations), there has been an increase in: sum of
biologically active air temperatures from 109.8
to 192.0 °C, photosynthetically active radiation
from 3.6 to 6.4 kJ/cm?, evaporation from the water
surface from 33 to 205 mm and water consumption
by agricultural land from 14 to 26 mm;

— in the semi-arid zone of foothills, (Shymkent and
Kazygurt weather stations), there was an increase in:
sum of biologically active air temperatures from 274.7
to 458.2 °C, photosynthetically active radiation from
9.1 to 15.2 kJ/cm?, evaporation from the water surface
from 167.0 to 273.0 mm and water consumption by
agricultural land from 37.0 to 61.0 mm.
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— in the arid zone of foothills, lowland and high
plains (Sholakkorgan, Shayan, Shardara, Bugen,
Arys, Bayirkum, Turkestan, Tasty, Kyzylkum and
Akkum weather stations), there was an increase in:
sum of biologically active air temperatures from
147.0 to 356.9 °C, photosynthetically active radiation
from 4.8 to 11.8 kJ/ecm?, evaporation from the water
surface from 186.0 to 300.0 mm and water consumption
by agricultural land from 20.0 to 47.0 mm.

Therefore, in the natural areas of the Turkestan
region there is a positive trend of changes in the
average annual air temperature and negative trend
in the amount of annual precipitation which will
have an impact on the productivity of agricultural
land. In particular, there will be increase in the

sum of biologically active air temperature values
and photosynthetically active radiation since as
energy resources of the climate which will drive up
the evaporation from the water surface and water
consumption by agricultural land (vegetation and
soil cover).

Natural moisture and heat supply of natural
areas

Based on the proposed integral climatic and
energy indicators, the natural heat and moisture
availability of the territories of the Turkestan
region are determined, which allow us to establish
the impact of global climate change on the natural
moisture and heat supply of agricultural land on a
spatio-temporal scale (Table 3).

Table 3 — Changes in the natural heat and moisture supply of agricultural lands in the Turkestan regions compared to the base period

(1941-1960) and the last 20 years (1961-2020)

Natural area Weather stations Periods Indicators
Ky R; Qi Qi AQY;
Forest-meadow- | Shuyldak 1941-1960 0.66 1.07 97.4 100.6 3.2
steppe zone Qf 2001-2020 0.85 0.88 87.2 82.2 -5
mid- mountains difference 0.19 0.19 102 (184
Tassaryk 1941-1960 0.82 0.84 115.1 106.6 -8.5
2001-2020 0.68 0.93 113.1 109.4 -3.7
difference -0.14 0.09 -2 2.8
Steppe zone of Achisai 1941-1960 0.36 1.47 92.2 115.2 23
lowhill terrain and 2001-2020 0.35 1.38 99.6 119.2 19.6
midlands difference -0.01 20.09 7.4 4
T. Ryskulov 1941-1960 0.61 0.89 125.2 118.9 -6.3
2001-2020 0.55 0.99 121.9 121.1 -0.8
difference -0.06 0.10 -3.3 2.2
Semiarid zone of | Shymkent 1941-1960 0.47 1.21 109.8 121.4 11.6
foothills 2001-2020 0.40 132 109.2 127.1 17.9
difference -0.07 0.11 -0.6 5.7
Kazygurt 1941-1960 0.40 1.45 94.8 117.3 22.5
2001-2020 0.34 1.55 98.0 126.8 28.8
difference -0.06 0.1 3.2 9.5
Arid zone of Sholakkorgan 1941-1960 0.15 4.08 27.0 114.6 87.6
foothills, lowland 2001-2020 0.14 3.85 32.0 122.0 90
and high plains difference -0.01 -0.23 5 7.4
Shayan 1941-1960 0.23 2.27 68.1 123.9 55.8
2001-2020 0.20 2.30 70.6 130.0 594
difference -0.03 0.03 2.5 6.1
Shardara 1941-1960 0.14 3.68 37.6 132.1 94.5
2001-2020 0.12 3.76 36.9 135.1 98.2
difference -0.02 0.08 -0.7 3
Bugen 1941-1960 0.19 2.67 58.1 127.2 69.1
2001-2020 0.16 2.88 54.7 132.1 77.4
difference -0.03 0.21 -3.4 49

80




Zh. Mustafayev et al.

Arys 1941-1960 0.18 2.84 54.2 128.8 74.6
2001-2020 0.15 3.04 51.3 134.1 82.8
difference -0.03 0.20 -2.9 53

Bayirkum 1941-1960 0.18 2.39 51.1 124.1 73
2001-2020 0.15 3.05 50.0 131.1 81.1
difference -0.03 0.16 -1.1 7

Turkestan 1941-1960 0.13 3.92 32.1 126.9 94.8
2001-2020 0.12 3.80 35.8 133.6 97.8
difference -0.01 -0.12 3.7 6.7

Tasty 1941-1960 0.13 4.10 27.6 118.4 90.8
2001-2020 0.10 4.92 19.9 125.3 105.4
difference -0.03 0.82 -7.7 6.9

Akkum 1941-1960 0.10 5.24 17.2 126.0 108.8
2001-2020 0.09 4.84 21.6 131.6 110
difference -0.01 -0.4 4.4 5.6

Kyzylkum 1941-1960 0.12 4.36 26.7 1294 102.7
2001-2020 0.10 4.44 26.9 1353 108.4
difference -0.02 0.08 0.2 5.9

The identified spatial variations in the boundaries
of natural moisture and hydrothermal index in the
natural areas of the Turkestan region for 1941-1960
and 2001-2020 are shown in Table 3 and Figure
1-2, that have an impact on energy cost for the soil
formation:

— in the forest-meadow steppe zone of mid-
mountains (Shuyldak weather station), a natural
moisture coefficient has increased by 0.19 and the
Nesterov’s fire-danger index has dropped by 0.19.
In the area of Tassaryk weather station location,
natural moisture coefficient has decreased by 0.14,
Nesterov’s fire-danger index has increased by 0.09;

— in the steppe zone of low-hill terrain and
midlands, natural moisture coefficient has decreased
by 0.01 (Achisai weather station) and 0.06 (T.
Ryskulov weather station), Nesterov’s fire-danger
index has decreased by 0.09 and 0.10 accordingly;

— in the semi-arid zone of foothills, natural
moisture coefficient has decreased by 0.07
(Shymkent weather station) and 0.06 (Kazygurt
weather station), Nesterov’s fire-danger index
(dryness index) has increased by 0.10 and 0.11
accordingly;

— in the arid zone of foothills, lowland and high
plains (Sholakkorgan, Shayan, Shardara, Bugen,
Arys, Bayirkum, Turkestan, Tasty, Kyzylkum and
Akkum weather stations) natural moisture coefficient
is prone to decrease from 0.01 (Sholakkorgan
weather station) to 0.03 (Arys weather station, etc.)
and the Nesterov’s fire-danger index (dryness index)
to the increase from 0.03 to 0.82.

Generally, in the space-time terms, in the
natural areas of the Turkestan region from 1941 to
2020 there is a decrease in the coefficient of natural
moisture by 15-20 %, with simultaneous increase
in the Nesterov’s fire-danger index (dryness index),
which affects the spatial spread of the boundaries
of natural areas, and requires the development of
measures to ensure water security in agricultural
activities, with respect to the natural and climatic
differences of the Turkestan region.

The identified spatial variations in the boundaries
of natural moisture and hydrothermal index in the
natural areas of the Turkestan region for 1941-1960
and 2001-2020 are shown in Figure 1-2, that have an
impact on energy cost for the soil formation.

The natural (@5;) and potential (@p;) cost of
solar energy on the soil-forming process under the
same conditions of the radiation balance of the soil
surface (R;) is highly correlated to the Nesterov’s
fire-danger index (dryness index) (R;), which is
reported in our estimated calculations for the periods
from 1941-1960 to 2001-2020 within the boundaries
of the natural areas of the Turkestan region:

— in the forest-meadow steppe zone of mid-
mountains (Shuyldak and Tassaryk weather
stations), natural energy input for the soil-forming
process was from 100.6 to 106.6 kJ/cm? (1941-
1960) and from 82.2 to 109.4 kJ/cm? (2001-2020),
there has been a decrease by 18.4 kJ/cm? (Shuyldyk
weather station) and increase by 2.8 klJ/cm?
(Tassaryk weather station);
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Figure 1 — Spatial variations of natural moisture boundaries in the natural areas

of the Turkestan region
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Figure 2 — Spatial variations in the boundaries of natural heat provision in the natural areas of the Turkestan region

— in the steppe zone of low-hill terrain and
midlands (Achisai and T. Ryskulov weather
stations), natural energy cost for the soil-forming
process was from 115.2 to 118.9 kJ/cm?(1941-1960)
and in 2001-2020 from 119.2 to 121.1 kJ/cm?, there
is an increase from 2.2 to 4.0 kJ/cm?;
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—in the semi-arid zone of the foothills (Shymkent
and Kazygurt weather stations), natural energy cost
for the soil-forming process was from 121.4 to
117.3 kJ/cm? (1941-1960) and for 2001-2020 from

126.8 to 127.1 kJ/cm?, there is an increase from 5.7
t0 9.5 kJ/em?;
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— in the arid zone of foothills, lowland and high
plains (Sholakkorgan, Shayan, Shardara, Bugen,
Arys, Bayirkum, Turkestan, Tasty, Kyzylkum and
Akkum weather stations) for 1941-1960, natural
energy input for the soil-forming process was
observed in the range from 118.4 to 129.4,0 kJ/cm?
and in 2001-2020 — from 122.0 to 135.3 kJ/cm?, a
widespread upward trend is observed.

In general, for the natural areas of the Turkestan
region, potential cost of solar energy on the soil-
forming process for 1941-1960 period is observed
in the range of 100.6-132.1 kJ/cm? and for 2001-
2020 — 82.2-135.3 kJ/cm?, and the unused annual
radiation budget of the soil surface varies from 3.2
to 108.8 kJ/cm?.

From the presented calculation data it follows that
the natural moisture coefficient (}{}'l and Nesterov’s
fire-danger index (dryness index) (H;) indicative of
heat provisions and natural energy consumption for
the soil-forming process (2,;) in the natural areas
of Turkestan region have profoundly changed,
especially over the last 20 years (2001-2020). There
have been quite sharp changes downwards.

Therefore, hence it appears that there is a trend
of climate change in all natural areas located within
the territory of the Turkestan region. In the natural
areas, there is a displacement of the boundaries
of distribution of natural moisture coefficient
and hydrothermal index (dryness index) towards
aridization, which will affect fundamentally on the
formation of vegetation and soil cover, and — on
the territorial organization of agricultural nature
management.

Conclusion

The conducted assessment of climatic changes
in the natural areas located within the territory of
Turkestan region for the eighty-year period (1941-
2020) has allowed to establish:

— increase in annual average air temperature (
t;, °C) in all natural areas, whereby the rate of its
change over the past 20 years (2001-2020) has
significantly increased from 0.8 (forest-meadow
steppe zone of mid-mountains) to 2.2 °C (arid zone
of foothills, lowland and highland plains). Over the
past 20 years there has also been a sharp decrease

in annual precipitation (O_;, mm) in all natural
areas, specifically in the forest-meadow steppe
zone (Tassaryk weather station) by 62 mm and in
the steppe zone of the low-hill terrain and midlands
(weather station T. Ryskulov) by 69.0 mm;

— increase of indicators: total of biologically
active air temperature (X t_,° C) from 109.8 (steppe
zone of low-hill terrain and midlands) from 458.2°C
(semi-arid zone of the foothills), photosynthetically
active radiation (K;) from 3.6 to 15.2 kJ/cm? (same
natural areas), evaporation from the water surface (
E_;) t0 33.0 (steppe zone of low-mountain terrain and
mid-mountains) to 300.0 mm (arid zone of foothills,
lowland and high plains) and water consumption
bv agricultural land (vegetation and soil covering)
(ET_;) from 14.0 to 61.0 mm (same natural areas);

— decrease of the natural moisture (water
availability) coefficient (K;) by 15-20 % with
simultaneous increase in the Nesterov’s fire-danger
index (dryness index) E:‘ in all natural zones,
which to some extent impacts the formation of the
boundaries of natural areas;

— potential solar energy consumption for the s
soil-forming process @7, for 1941-1960 ranges
from 100.6 (forest-meadow and steppe zone of
the mid-mountains) to 132.1 kJ/cm? (arid zone of
foothills, lowland and high plains) and for 2001-
2020 — 82.2 to 135.3 kJ/cm? (same natural areas)
where the unused annual radiation balance of the
soil surface ranges from 3.2 to 108.8 kJ/cm?.

The identified climatic changes of natural
moisture coefficient and indicator of heat and water
availability in the natural areas of Turkestan region
allow agricultural formations, especially farming
enterprises, to arrange the sustainable agricultural
natural resource use, determine the optimal cropping
pattern of agricultural crops.
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