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AGRO-CLIMATIC ZONING OF ALMATY REGION
USING GIS TECHNOLOGIES

Abstract. Climate change and climatic factors over the past few
decades on a regional and global scale, in particular in the south-east of
Kazakhstan, affect the restructuring of the agro-industrial complex. Agro-
climatic zoning is one of the fundamental actions in determining the
quantitative and qualitative characteristics of agro-climatic resources, as
well as important factors in agriculture, thereby updating the reliability
and accessibility of climatic indicators.

This study is devoted to the definition of agro-climatic zones on the
territory of the Almaty region using GIS technologies. The purpose of the
scientific work is to study favorable agro-climatic indicators for the growth
and development of agricultural crops. To achieve this goal, the tasks of
a comprehensive and geospatial study of agro-climatic components were
performed, including the calculation of the sums of active temperatures and
precipitation, the Selyaninov hydrothermal coefficient and the coefficient
of humidification of the growing season, and their relationship is also
assumed when constructing an agro-climatic model.

As a result of the study, 5 agro-climatic zones were identified with
interpretation and information on the sum of active temperatures and
precipitation, hydrothermal coefficient and humidification coefficient in
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tabular form. Aggregates of data indicate the main characteristics of agro-
climatic resources and the potential of growing certain types of crops with
rational use of water resources relevant for irrigation crops.

This study is carried out under the project “BR10764908 - To develop
a system of agriculture for the cultivation of agricultural crops (cereals,
leguminous oilseeds and industrial crops) using elements of cultivation
technology, differentiated nutrition” in Kazakh Research Institute of
Agriculture and Plant Growing for further introduction in manufacture.

Key words: GIS technologies, agricultural lands, remote sensing, open
climate data, climate change, agro-climatic zoning.
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TAK-TEXHOJIOTUAJIAPBI HET'T3IHAE AJIMATBI
OBJIBICBIH ATPOK/IMMATTBIK AYJAHAACTBIPY

AnHoTanmusi. Kitmmar sxoHe KIIMMATTHIK (aKTopiapIblH ©3repyi COHFBI
OipHelIe OHXBUIIBIKTA OHIPIIK )KoHE )ahaH IbIK MaciiTadTa, COHBIH 11TiH-
ne KazakcTaHHBIH OHTYCTIK-IIBIFBICBIHIAFBl arPOOHEPKACINTIK KEIIEHHIH
KYpBUIBIMBIHA 01pa3 e3repic €HTri3/l. ATpOKIMMATTHIK ayJaHIacThIpy pe-
CypCTapAbIH CaHABIK KOHE CalallbIK CUIIaTTaMa apblH aHBIKTay/a KINMaT-
THIK KOPCETKIMTEPAIH CEHIMIUIITT MEH KOJ JKETIMIUIITIH ©3€KTeHIIpir,
aybll IAPYalIbUIBIFBIH KYPri3yJeri MaHbI3bl GakTopiaapably Oipi eKkeH-
JUT1H aKbIHIA b,

byn 3eprrey 'AXK-TexHonorusmapasl KojagaHa OTBIPBIN, AJIMaThl 00-
TBICHIHBIH ayMaFbIHIAFbl arPOKIUMATTHIK ayJaHAapIbl aHbIKTayFa OaFbIT-
TanFaH. FhUIBIMU )KYMBICTBIH MaKCaThl — JAKbUIAAPIBIH 6CYyl MCH JaMYbI
YIIIH KOJAiIbl arpOKIMMATTBIK KOPCETKIIITEPiH 3epTTey. MakcaTKa *KeTy
YUIIH arpoKJIUMATTBhIK KOMIOHEHTTEpP/I KeHIEHl JKOHE T'COKEHICTIKTIK
3epTTey MIHACTTEPl OPBIHIAJILI, COHBIH ImIiHAEe OCNCEeHal TeMmIlepaTypa
MEH JKaybIH-IIAIIBIHABIH, CeISTHUHOBTBIH THAPOTEPMHUSIIBIK KOIPUIIU-
€HTI MEH BEreTalUsJIbIK Ke3€HHIH bUIFajaHy KOA(UILEHTIHIH KOCHIHIbI-
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CBIH €CeNTey Ky3ere acTbl. THICTI KOPCETKIMITEPAl aHBIKTAY HOTUKECIH/E
amIbIK KOJDKETIMIUTIKTI KIIMMATTHIK AepekTep naiganansiiasl. CSV ¢op-
MatbiHaa ansiHFad MamiMertep ['AXK opraceiHa omgaH opi MHTErpamusiay
yiin shapefile-re Typnenaipinai. PacTpiablk ¢opmarTarbl KIUMAaTTHIK
KOPCETKINITEep aABIHFBI KOBapHAIlMsJIADMEH aHBIKTaJIFaH [aycc mporeci
apKbUIBI MOJIENIb/ICHETIH UHTEPHOJSAIUS - KPUTHHT (criging) oJiCiH KOJI-
JlaHa OTBIPBII, HYKTEIIK 00BEKTUIEPAl KEHICTIKTIK 63TepTy apKbLIbl Kypa-
CTBIPBLI/IBI.

3epTTey HOTHXKeciHAe OelceHli aya TeMIleparypachl MeH JKa-
VBIH-INANTBIHABIH, KOCBIH/IBICHI, THAPOTCPMUSIIBIK KOI(DPUIIUEHT >KOHE
bUIFAJIIaHy KO3(PUIIMEHTI Heri3iHae 5 arpOKINMATTHIK ayJaHHBIH [IeKa-
packl aHBIKTAIBL. J[epeKTep )KUBIHTHIFBI arPOKIMMATTHIK PECYpCTap KOHE
aybll IIapyallbUIbIFBl JaKbUIJAPBIHBIH JKEKeJIereH TYpJepiH ecipy djey-
€TiH Cy pecypCTapblH YThIM/IBI IAlJJaiaHy HETi31H/e )KY3ere achlpy Oarbi-
THIH/A aHBIKTATAJIbI.

Foumeimu 3eprrey kymbichl Kazak eriHOIIK KoHE OCIMIIK IIapy-
alIbLIBIFBl FBUIBIMU-3€pTTEY MHCTUTYThIHAA «BR10764908 - Aybu1 mapy-
AIIBUTBIFBI TAKBUIAAPBIH (IOH/1 JOHI-OYPIIAKTHI MaMIIbl )KOHE TEXHUKA-
JBIK JAKbUIIAP/Ibl) OHJIEY TEXHOJIOTHICH JIEMEHTTEPIH KOJIJaHa OTHIPHIIL,
eriHIIUIIK XYyHeciH a3ipiey» kobackl OolbIHINIA, OoyamakTa eHAIpiCKe
€HI'13y MaKcaTbhIH/a XY pri3iiaye.

Tyiiin ce3aep. [AX-TexHonorusnapsl, aybulliapyamblibIK aJIKanTapsl,
XKepai KambIKTHIKTaH 30HATAY, alIbIK KIUMATTBIK AEPEKTEP, KIMUMATThIH
e3repyi, arpOKIUMATTBIK ayJaHIacThIPY.
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ATPOKJIMMATUYECKOEPAMOHUPOBAHUE ATMATUHCKOM
OBJIACTU C IPUMEHEHUEM I'IC-TEXHOJIOT UH

AHHoTanus. V3MeHeHue KiiuMara 1 KIMMaTH4ecKuX (pakTopoB 3a 1o-
CJICTHUE HECKOJIBKO JICCATUIICTUI B PErHOHATBHOM U TJI00aJIbHOM MacITa-
0e, B 4aCTHOCTH I0T0-BOCTOKa Ka3axcraHa, BO3CHCTBYIOT Ha MepecTpoe-
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HUE arpONpPOMBIIIIIEHHOTO KOMIUIEKCA. ATPOKIMMATHYECKOE palloHHpOBa-
HUE SIBJISETCA OJHUM M3 OCHOBOIIOJIOTAOLIUX JEHCTBUM IPU ONIPEIEIEHUN
KOJINYECTBEHHBIX M KAYECTBEHHBIX XapPAKTEPUCTUK arpoKIMMaTHUYEeCKHX
pECypcoB, a TakXke HEMAaJOBAXXHBIM ()aKTOPOM IPHU BEJIEHUHU CEIBCKOTO
XO3SIIICTBA, TEM CaMbIM aKTyaJM3UpPys JOCTOBEPHOCTh M JIETKOAOCTYII-
HOCTb KJIUMAaTUYECKUX MMOKA3aTeNeH.

JlaHHO€ WuCCJIEN0BaHUE TOCBALIEHO OINPEIEICHUI0 arpoKIuMaruye-
CKMX PallOHOB Ha TEPPUTOPHHU AJMATHUHCKOW 00JaCTH C MPUMEHCHHEM
I'MC-texnonoruii. Llenpto HayyHOU pabOTHI ABISETCS UCCIIEI0BaHHUE Oa-
TONPUATHBIX arpOKJIMMAaTUYECKUX MOKa3aTreaeld AJis pocTa M pa3BUTHUS
CEJIbCKOXO3SIUCTBEHHBIX KyNbTyp. IS JOCTMKEHHS 1€ BBIITOIHEHBI
3a/1a4i KOMILJIEKCHOTO U I'€ONPOCTPAHCTBEHHOIO U3YUYEHUS arpOKJINMATH-
YeCKHX KOMIIOHEHTOB, B TOM YHCJI€ BBIUUCIECHUE CYMM aKTUBHBIX TEMIIE-
patyp ¥ OCaJKOB, TUAPOTEPMUUECKOT0 KodduireHnta CeasHuHOBA U KO-
¢uLMeHTa yBIaXXHEHNUS MepUOo/ia BEreTallly, a TakKe MPEANoIaraeTcs ux
B3aUMOCBSI3b [IPU OCTPOCHHUH arpOKIMMATHUYECKONW MOJIEIH.

B pesynbrare uccienoBaHus ONPEAENIEHbl 5 arpoKIMMaTUYeCKUX 30H
C MHTeprperanuel u uHPopmanuend 0 cCyMMe aKTHBHBIX TeMIlepaTyp U
0CaJIKOB, THAPOTEPMHUECKOM KO(PUIIMEHTE U KOI(PUIIUEHTE yBIIAXKHEHHS
B TabnnuHON Gopme. COBOKYITHOCTh JIAHHBIX YKa3bIBaeT HA IJIaBHbBIE Xa-
PAKTEpUCTUKH arpoKIMMATHUYECKUX PECYpPCOB M MOTEHLIMAe BhIpallliBa-
HUS OTEJBHBIX BUJOB CEJIbCKOXO3AMCTBEHHBIX KYJIBTYP C PAllMOHAIBHBIM
WCIIOJIb30BAaHUEM BOJAHBIX PECYpPCOB, AKTyalbHBIX JISI OPOCUTEIBHBIX
CEJIbCKOXO35ICTBEHHBIX KYJIBTYD.

JlanHoe wuccnenoBanue mpoBoauTcsa 1o mpoekty «BR10764908-
Pazpabotats cucteMy 3emiiefenusl BO3JECIBbIBAHUS CEIbCKOXO3SHCTBEH-
HBIX KYyJbTYp (3€pHOBBIX, 36pHOOOOOBBIX, MACIUYHBIX M TEXHHYECKHX
KYJIBTYp) C IPUMEHEHUEM AJIEMEHTOB TEXHOJIOTHU BO3IeTbIBaHMs, T de-
peHuupoBaHHoro nurtanus» B Kasaxckom HUU 3emnenenus u pacrenue-
BOJICTBA JJIs1 JaJIbHEHIIIETO BHEAPEHMS B TPOU3BOJICTBO.

KuioueBbie ciioBa: ['MIC-TexHOMOTHH, CEIBCKOXO35HCTBEHHBIE YTObS,
JUCTAHLMOHHOE 30HIMPOBAaHUE 3€MJIM, OTKPBIThIE KJIMMAaTUYECKHUE JTaH-
Hble, U3MEHEHHE KJIMMaTa, arpoKJIMMaTUYeCcKoe pailoHupOBaHUE.

Introduction. Climate change over the past decade on a global and
regional scale has an impact on agricultural productivity, which is one
of the fundamental factors of the economic well-being of each country.
The increase in the number of industrial enterprises over the past 50
years has been the main factor in the excess concentration of CO, in the
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atmosphere, thereby causing global warming. Climatic indicators, such
as air temperature, precipitation, evaporation rate, etc. and their trends
of change over time change the usual ways of cultivating crops. Global
warming affects the water consumption of irrigated lands, increasing the
total evaporation. This statement implies a study of the relationship between
irrigation methods for each crop and changes in climatic indicators.

The main task of the agro-climatic classification is to identify zones that
differ from each other in terms of agro-climatic indicators and conditions
of agricultural production, to establish their geographical boundaries and
to draw up a map of agro-climatic zoning (Balgabekov, 1999).

Many scientists, when allocating agro-climatic zones, take into account
the peculiarities of the development of a certain type of agricultural crop
with certain metereological indicators. Taking into account the climate
and weather as environmental conditions, it is necessary to evaluate the
combination of agro-climatic conditions with the growth, development
and formation of crop yields, based on taking into account the needs of
culture to environmental factors (Bajsholanov et all, 2017a).

Araya et al (2010) investigated the agro-climatic resources of the Giba
watershed in northern Ethiopia, including climatic suitability for growing
teff (Eragrostis tef) and barley (Hordeum vulgare). The authors determined
the beginning and duration of the growing season, evaluated the traditional
method of climate classification, and also compiled complex agro-climatic
zones of the studied region (Araya et all, 2010).

Nabati (2020) and others researched the relationship and complex of
climatic factors, topography parameters, soil and land use in chickpea
cultivation using GIS technologies. The corresponding maps of the territory
were also developed. The authors proved that agro-climatic zoning and
agro-land zoning play an essential role in determining the optimal areas
for growing chickpeas in rain-fed and irrigated conditions (Nabati et all,
2020).

The work of Tanasijevic and others (2014) focuses on the impact of
climate change on olive cultivation in the Mediterranean region, taking
into account possible changes in acreage, phenological dates, crop
evapotranspiration and irrigation requirements using agro-climatic zoning
(Tanasijevic et all, 2014).

Zhou (2009) and other scientists conducted a spatial analysis to create
maps of the climatic zoning of the irrigation zone of East Murambidji,
Australia. 4 climatic indicators were selected - the average annual precipi-
tation, the average annual evaporation value, the average annual degree of

80



ISSN 1991-346X 2.2022

growth per day and the average daily temperature. These indicators were
used to differentiate the studied region into climatic zones and subzones
based on long-term metereological studies (Zhou et all, 2009).

In this study, methods are being determined and maps of agro-climatic
components are being developed for the territory of the Almaty region
using GIS technologies. The determination of the corresponding agro-
climatic indicators was accompanied by the methods of calculating the sum
of active temperatures and precipitation, the coefficient of humidification
(K) and the HTC according to Selyaninov.The purpose of the scientific
work is to create a geoinformation model based on open climate databases,
which are available information for the analysis of agro-climatic indicators
and their relationship.

Materials and methods. Almaty region is located in the south-east of
the Republic of Kazakhstan, between 42° 20° and 47° 12’ north latitude,
73° 47’ and 82° 34’ east longitude. The area of Almaty region is 223,911
km?. It is divided into 17 districts and 3 cities of regional significance on
an administrative-territorial basis.

The climate of Almaty region is mainly continental. Winter is
moderately cool. The average January temperature in the northern lowland
part is 10-16°C, in the southern -4-9°C. Summers are hot and dry. The
average temperature in July is +25°C in the north and +27°C in the south.
The average annual precipitation in the lowland regions is 110-250 mm.
The climatic conditions of the foothills are mild. The average temperature
in January is 5-9°C, there are often thaws. The average temperature in
July in the foothills is +21+23°C, in the mountain valleys +19+22°C.
Precipitation in the foothills is 400-600 mm, in mountain valleys 700-
1000 mm. Precipitation falls mainly in the spring and early summer on the
territory of the region. On the plains and foothills of the Northern region,
the average thickness of the snow cover is 10-30 cm, on the mountain
slopes-40-100 cm. There is a breeze on the shores of Balkhash and Alakol
(Almaty region, 2022).

Indicators of agro-climatic zoning. Agro-climatic indicators are
quantitative expressions of the relationship between the development,
growth, condition and productivity of agricultural production facilities with
climate factors. When studying the agro-climatic resources of territories,
agro-climatic indicators obtained by averaging data in a multi-year section
of the growing season are used.

This study uses such agro-climatic indicators as the sum of active
temperatures (air temperature above +10°C) and precipitation, indicators
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of aridity and moisture availability, as well as modes of humidification of
the air and the temperature of the earth’s surface for the growing season
(Mishchenko, 2009).

Duration of the growing season. The duration of the growing season
is defined as the period during the year when average temperatures exceed
or equal +10°C (Tmean >=10°C), and precipitation plus moisture stored in
the soil exceeds half of the potential evaporation (P>0.5PET). The normal
growing season is defined as the period when precipitation exceeds the norm
(i.e. the wet period). This period fully satisfies the needs of agricultural
crops in evaporation and makes up for the lack of moisture in the soil
profile. The intermediate growing season is defined as the period during
which precipitation usually does not exceed the potential evaporation.
The absence of a growing season occurs when the temperature does not
promote crop growth or P does not exceed PET (Sauvage et all, 2022;
FAO, 2014; Length of growing period, 2022).

The sum of active temperatures and precipitation during the growing
season. The sum of active temperatures is an indicator characterizing the
amount of heat exceeding the biological minimum temperature set for a
certain period of plant development. This indicator is used to determine
the heat needs of most plants, as well as to assess the thermal resources of
the territory. It is defined as the sum of the average daily air temperatures
for the period of time during which the vehicle was above +10°C. In
many studies, the air temperature above +10°C is mentioned as a stable
indicator of the growth and development of many crops. The total amount
of precipitation is determined by summing up the daily precipitation
indicators for the growing season.

Aridity and moisture availability of the growing season. Moisture
availability is the ratio of the stock of productive moisture available in
the soil to its stock at the lowest moisture capacity. Moisture availability
in this study was determined using the moisture coefficient. The moisture
coefficient (K) is calculated by the ratio of the average amount of
precipitation to the amount of evaporation during the growing season:

K = R/E (1)

where, R is the average amount of precipitation during the growing
season, E is the amount of evaporation.

The assessment of moisture availability according to the coefficient of
humidification (CU) is carried out according to the following gradation:less
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than 0.2 — dry; 0.2 — 0.3-moisture deficiency; 0.3-0.5 — moderate moisture
deficiency; 0.5-0.7 — insufficient moisture supply; 0.7-1.0 — sufficient, but
unstable moisture supply.

Climatic aridity is calculated with the Hydrothermal coefficient of
humidification (HTC) of Selyaninov:

HTC = ZR-10/T, 2)

where, XR is the total amount of precipitation during the growing
season, XT . is the sum of active air temperatures for the same period.

The HTC assessment is conducted on a scale of: less than 0.3 - very dry;
0.3-0.5 - dry; 0.6-0.7 - arid; 0.8-1.0 - insufficient moisture; 1.0 - equality
of the arrival and consumption of moisture; 1.0—1.5 - sufficient moisture;
more than 1.5 - excess moisture; more than 2.0 - excess moisture for the
tropics (Mishchenko, 2009; Bajsholanov et all, 2017 b).

Data sets and processing. The data from the National Aeronautics
and Space Administration (NASA) POWER Data Access Viewer v2.0.0
includes long-term averages of climatology, estimates of meteorological
quantities and solar energy fluxes on the surface. The average daily
values of basic meteorological and solar data are presented in time series
format. Many studies have shown that satellite and model-based products
are accurate enough to provide reliable data on solar and meteorological
resources in regions where surface measurements are rare or absent. The
products offer two unique functions: the data is global and, as a rule,
continuous in time (Kelley, 2013; POWER Data Methodology, 2022).

Spatial interpolation methods predict values for locations on a raster
(grid) surface using values from sample data points. Spatial interpolation
assumes that attribute data is continuous in space (Flowerdew et all, 1992),
and is widely used to create continuous data when data is collected in
separate locations, as well as in a Geographic Information System (GIS).

Geostatistical methods are based on statistical models that include
autocorrelation, which is defined as a tendency for the observed value of
a variable in one locality to depend on the values of neighboring points.
In addition to creating an interpolated (predicted) surface, kriging also
provides some degree of reliability and accuracy of forecasts, unlike other
types of interpolation. Kriging uses the principle of weighing sample
values when predicting interpolated values. Kriging is best suited for well-
distributed data without discontinuities (Munyati et all, 2021).

Algorithm of work execution. The algorithm of work execution
(Figure 1) includes the procedure for determining agro-climatic zones.
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Figure 1. Sequence of work (indicators, datasets, methods, tools, result)

The agro-climatic indicators of the sum of active temperatures and
precipitation, the coefficient of humidification and climatic aridity were
determined within one administrative unit. The period of vegetation was
chosen between April and October. The open climate data used in this
research are downloaded from the POWER Data Access Viewer website
and integrated into the GIS environment in the form of air temperature and
precipitation data. The data on the moisture coefficient were obtained from
the dissertation work of Balgabekov (1999). The method of calculating
agro-climatic indicators was carried out using mathematical formulas
(1,2). Geospatial data processing using GIS tools (display XY, kriging
interpolation, data converter) was carried out in the ArcGIS program. Based
on the processed data, cartographic models of agro-climatic indicators
were developed, followed by the implementation of a geoinformation
agro-climatic model of the Almaty region.

Results and discussion. Analysis of heat supply data and the amount of
precipitation during the growing season. The determination of the amounts
of active temperatures and precipitation was carried out according to the
POWER Data Access Viewer (link to the Web application: https://power.
larc.nasa.gov/data-access-viewer/). The period from April to October
2021 (the growing season) was chosen as the studied interval. Climate
indicators of daily air temperature values have been uploaded in CSV
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format for further integration into the ArcGIS environment. Files of this
type included fields with coordinate data, as well as data on daily air
temperature indicators. To allocate days with indicators above +10°C, a
sample was performed where the conditions were greater than or equal to
10 (=>10). The resulting point layers were interpolated using the Kriging
method (Figure 2). Isolines of the sum of active temperatures were carried
out using the Contour GIS tool (ArcToolbox/Spatial Analyst tools/Surface)
with an interval of 200°C (McMastera et all, 1997).

Effective heat sum
of growing season

The amount of precipitation
during the growing season

)

0 50 100 200 300 400 o=

- — K fomcters —
-0+

a) b)
Figure 2. Results of analyses of heat supply (a) and precipitation (b) during the growing

s€ason

Figure 2a illustrates the sums of active temperatures by geospatial
distribution. The temperature range includes values from 1000 to 4000.
The highest indicator (4000°C) is inherent in the western part of the
Almaty region. The sum of active temperatures varies gradually by natural
and altitude zonality. The lowest index of 1000°C is observed in the high
mountain massif of the Eastern Tien Shan (Khan Tengri Peak).

The amount of precipitation for 2021 (Figure 2b) is determined in the
period from April to October. The data was also converted into a GIS
environment to build an interpolated surface. The kriging method in
processing the amount of precipitation was the most optimal option, due to
the same distances between the point objects. Precipitation is distributed in
the study area in the range from 41 mm to 461 mm. The spatial distribution
of climatic indicators occurs from the smaller (north-west of the region) to
the larger (south-east). Precipitation changes are correlated with changes
in natural zones and altitude zonality. The highest precipitation rates (over
400 mm during the growing season) are inherent in the south-eastern part of
the Almaty region, and the least amount falls in the arid north-western part.
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Determination of the degree of aridity and moisture availability
of the studied territory. The climatic aridity was determined using
the POWER Data Access Viewer. Processing CSV files of 2021 (April-
October), raster data on climatic aridity according to the Selyaninov's
HTC (2) were obtained (Figure 3a).

As a result, zones with corresponding indicators from 0.1 to 3.8 were
obtained. The range of indicators from 0.1 to 0.3 covers the northern and
western parts of the studied region and is interpreted as a very dry indicator.
Further, the range of 0.3-0.5 (dry indicator) extends from the southwest to
the east of the Almaty region, covering a significant part of the central
region. 0.5-0.7 covers the plain and the foothill part and is designated as
an arid indicator. On the foothill part, it covers the range of 0.7-0.8 and is
interpreted as an insufficiently moistened indicator. The range from 0.8 to
1.0 covers the mountainous area and is designated as an indicator of the
equality of the arrival and consumption of moisture. Indicators over 1.0 of
the indicator are located in mountainous areas with difficult terrain and are
interpreted as indicators of sufficient and excessive moisture (Bajsholanov
et all, 2017b; Mtynski et all, 2021).

Moisture availability by moisture coefficient was obtained from the
scientific work of Balgabekov (1999), and integrated into this study (Figure
3b). The coefficient was calculated using a special formula (1), shown in the
Materials and methods section. Based on the formula, raster data of average
precipitation and evaporation values in mm were needed to process the data
and obtain the result. Cartographic data from paper media is scanned and
digitized in ArcGIS, using ArcScan and Editor tools. The mentioned tools are
focused on vectorization with pixel data information. As a result, shapefiles
with attribute information about moisture availability were obtained.

Hydrothermic Coefficient

i Climatic aridity by Selyaninov's 1 Py - Moisture availability by
A L\ = . moisture index (K)

Figure 3. Indicators of climatic aridity (according to the Selyaninov HTC) (a) and
moisture availability (according to the moisture coefficient - K) (b) of the territory
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As a result, zones with a moisture coefficient with a step of 0.1 were
obtained. It was confirmed that moisture availability decreases from north
to south. The range of 0.1-0.2, which are interpreted as a dry indicator, are
located in the northern and central parts of the region. 0.2-0.3 extends from
west to east and is designated as an indicator of moisture deficiency. 0.3-
0.5 covers the central and part of the foothill area of the study area, also
interpreted as an indicator of moderate moisture deficiency. In this case,
irrigation of agricultural land occurs with additional irrigation measures.
Indicators 0.5-0.7 cover the foothill area of the Northern Tien Shan and
the Dzungarian Alatau and are interpreted as insufficient moisture supply.
Indicators above 0.7 cover the entire south of the Almaty region and are
designated as areas with sufficient, but unstable, as well as further south
as optimal and stable moisture supply (Balgabekov, 1999; Bajsholanov,
2017b) (Balgabekov, 1999; Bajsholanov, 2017b).

Construction of a geoinformation model of agro-climatic zoning of
the Almaty region. In many studies (Araya et all, 2010; Nabati at all,
2020; Tanasijevic et all, 2014; Zhou et all, 2009) agro-climatic zoning
is carried out taking into account the sum of active temperatures and
humidification coefficients (Bajsholanov, 2017b). However, in this work,
the development of zones of agro-climatic zoning implied a combination
of thermal characteristics, data on aridity, moisture availability, as well as
indicators of the amount of precipitation in the studied region (Figure 4).

1°E 78°E SI°E
Administrative divisions Agro-climatic areas
1- Eskeldi district East Kazakhstan region =+ sone.
2 - G.A. Taldykorgan Karaganda
3 - G.A. Tekeli region Sarkaiid
4 - G.A. Kapshagai district
5 - Karasay district
6 - Talgar district N AP BN

Alakol
district

o

(Kot

16° N

46°N

People's
Republic
of China

Zhambyl
region

N

Legend

—— Borderof.

Figure 4. Agro-climatic zoning of Almaty region
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As aresult of the superposition of the above-mentioned indicators, agro-
climatic zones on the territory of the Almaty region have been determined.
Differentiation was reproduced on the basis of natural zones and altitude
zonality. The results of the study identified 5 agro-climatic zones: I-hot
and very dry zone; Il-very hot and dry zone; III-warm and moderately
hot zone with moderate moisture deficiency; IV-moderate zone with
sufficient moisture; V-cold zone with excessive humidity. The complex
characteristics are shown in Table-1.

TheI-zoneis characterized by adry climate and covers a significant part of
the studied region, including the territories of Balkhash, Zhambyl, Karatal,
Koksu, Aksu, Sarkand, Alakol, Kerbulak districts and administrative units.
For this zone, the sums of active temperatures in the range from 3600°C to
3800°C are inherent. The growing season lasts from 30 to 120 days. The
coefficient of humidification (K) has a range of 0.1-0.2. The hydrothermal
coefficient of Selyaninov varies from 0.1 to 0.5 indicators. The amount of
precipitation during the growing season ranges from 41 to 200 mm.

[I-zone. The second agro-climatic zone covers the territories of
the southern part of Balkhash, the north-eastern part of Zhambyl and a
significant part of Ili districts. The sum of active temperatures is the highest
above 4000°C. The duration of the period is 60-150 days. The coefficient
of humidification is 0.1-0.3 indicators. The HTC for Selyaninov has a
range of 0.3-0.5. The amount of precipitation during the growing season
is 100-250 mm. Irrigation of agricultural land requires a sufficient amount
of water resources.

Table 1. Agro-climatic zones and their complex characteristics.

Agro-climatic Duration of | The sum of |Humidifi- |HTC by Precipita-

zone the grow- |active tem- |cation coef- | Selyaninov |tion amo-
ing season, |peratures, |ficient (K) unt, in mm
days in °C

I-zone. Hot and  |30-120 3600-3800 |0.1-0.2 0.1-0.5 41-200

very dry zone.

II-zone. Very hot |60-150 4000 and 0.1-0.3 0.3-0.5 100-250

and dry zone. higher

[I1-zone. Warm 60-150 3000-3600 |0.2-0.3 0,3-0,7 150-350

and moderately

hot zone with

moderate mois-

ture deficiency.
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IV-zone. A tem- | 60-120 1800-2800 |0.5-0.7 1.0-1.5 150-400
perate zone with
sufficient mois-

ture.

V-zone. Cold zone | 60-90 1000-1800 |0.7-1.0 0.8 and 400 and
with excessive higher higher
humidity.

[II-zone. The third zone covers the foothill part, including the territory
of Enbekshikazakh, Karasai, Talgar, Uygur, the southern parts of Zhamby],
Panfilov and Sarkand districts, the northeastern part of Kerbulak, the
central parts of Aksu and Alakol districts. The sum of active temperatures
is 3000-3600°C. The duration of the growing season lasts 60-150 days.
The humidification coefficient has a range of 0.2-0.3. The Selyaninov HTC
covers ranges of 0.3-0.7. The total amount of precipitation in this zone is
higher compared to the previous two zones and is 150-350 mm.

IV-zone. The zone covers the mountainous region, including the
territories of Kegen, the northern parts of Panfilov and Narynkol districts,
the eastern parts of Kerbulak and Eskeldi districts, as well as the southern
parts of Aksu, Sarkand, Alakol districts. The sum of active temperatures
is 1800-2800°C, the vegetation period is equal to 60-120 days. The
humidification coefficient is measured in 0.5-0.7 diapason, and the HTC is
1.0-1.5 indicators. The amount of precipitation is 150-400 mm .

The V-zone covers most of the Narynkol district, and minor territories
of Kegen, Kerbulak, Aksu, Sarkand and Alakol districts. The sum of
active temperatures and precipitation is 1000-1800°C and 400 mm. The
humidification coefficient is 0.7-1.0, and the HTC be Selyaninov has a
range of 0.8 and higher indicators. The duration of the growing season is
60-90 days.

Conclusion. This article presents a study on the agro-climatic zoning
of the Almaty region. Climate change has a tremendous impact on the
cultivation of agricultural crops, thereby making relevant scientific work
in the agro-climatic direction.

During the study, open-access climatic data were used to determine the
sum of active temperatures and precipitation, the coefficient of humidity
and HTC according to Selyaninov. The aggregates of the above-mentioned
components were the basis for compiling a geoinformation model of agro-
climatic zoning.

Agro-climatic research on the territory of the Almaty region allowed to
draw the following conclusions:
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1. Agro-climatic indicators change from north to south, taking into
account natural zones and high-altitude zonality;

2. In most of the studied region there is insufficient humidification
and high temperatures, thereby increasing the amount of water resources
allocated for irrigation.

The model proposed in our article can be supplemented and modified
using other climatic sources, trend analysis and error measurement.
Our future research plans include a more comprehensive analysis of
the relationship between climatic factors, water resources in relation
to the zoning of agricultural irrigated lands, as well as the biological
characteristics of individual crops.
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