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Abstract

Various climatic factors, including temperature, precipitation, humidity, and wind, play a crucial
role in plant growth, yield, and quality. Therefore, understanding a region’s climate characteristics is
essential before beginning agricultural activities to determine suitable crops for cultivation.

This study aims to map the spatial distribution of annual total precipitation in Kazakhstan by
applying different interpolation methods to long-term (20-year) precipitation data from 80
meteorological stations. Precipitation data from 2000 to 2019 were obtained from the MERRA-2
Meteorological Re-Analysis database.

To identify the most accurate interpolation method, seven techniques were tested: Inverse
Distance Weighting (IDW), Radial Basis Functions (RBF), Local Polynomial Interpolation (LPI),
Ordinary Kriging (OK), Bayesian Empirical Kriging (BEK), CoKriging (COK), and Diffusion
Kernel. Correlation coefficients and Root Mean Square Error (RMSE) values were used as criteria to
evaluate each method's accuracy.

Results showed RMSE values of 35.568 for IDW, 30.777 for RBF, 30.031 for LPI, 25.751 for
OK, 28.767 for BEK, 45.9 for COK, and 25.379 for Diffusion Kernel. The Diffusion Kernel method,
with the lowest RMSE and highest correlation coefficient, was found to be the most suitable for
creating the areal distribution map of precipitation in Kazakhstan.

Selecting the best interpolation method is essential as variations among methods can lead to
different spatial distributions. Using the most appropriate interpolation method for each point dataset
allows for more accurate mapping of water, soil, and climate data, leading to improved resource
management.
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Introduction

Climate features such as precipitation and temperature are among the primary factors
influencing agricultural production [1]. The spatial distribution of climate significantly impacts water
resources [2]. In agriculture, irrigation plays a crucial role in production; however, in regions without
access to irrigation, precipitation becomes the key factor for crop growth.

Traditionally, many climate data are obtained from meteorological or precipitation stations.
However, limitations in the positioning of these measurement points can lead to inaccuracies in
determining climate values in unmeasured areas. Therefore, data from radars or satellites have
increasingly been used in hydrological studies over recent years [3]. Various climate parameters are
employed across studies in multiple disciplines [4].

MERRA-2, developed by NASA’s Global Modeling and Assimilation Office, is an analysis
program widely and successfully used in current studies [5,6]. In a 2020 study conducted in Nepal,
Hamal et al. compared precipitation data from 141 ground observation stations with precipitation data
generated from MERRA and found a very high correlation between measured and MERR A-generated
data.

Today, the need and interest in producing spatial climate data layers from point observations
are growing. Geographic Information Systems (GIS), an essential component of spatial databases,
have become indispensable in climate studies [7]. Modeling the spatial variation of precipitation,
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producing precipitation distribution maps, and preparing climate classifications are critical [8,9]. The
preparation of spatial distribution maps of climate data holds great importance for meteorologists and
water resource managers [10,11,12].

Different interpolation methods are frequently used to prepare spatial distribution maps. These
methods are categorized as deterministic or stochastic. Among deterministic methods, Inverse
Distance Weighted Interpolation (IDW) and Radial Basis Functions (RBF) are the most commonly
applied, while the Kriging family of methods is the most widely used among stochastic techniques.
In numerous studies on the spatial distribution of precipitation, interpolation methods have been
employed [13,14,15,16].

In 2021, Antal et al. conducted a study in Portugal comparing four deterministic methods—
Inverse Distance Weighted (IDW), Radial Basis Function (RBF), Local Polynomial Interpolation
(LPI), and Global Polynomial—with three geostatistical methods: Ordinary Kriging (OK), Bayesian
Kriging Regression (EBKR), and CoKriging (COK) for spatial precipitation distribution. The study
concluded that the EBKR method provided more accurate results than the others.

In this study, the spatial distribution of the annual average precipitation in Kazakhstan is
modeled using long-term (20-year) precipitation data from 80 city centers. Seven different
interpolation methods (Inverse Distance Weighting (IDW), Radial Basis Functions (RBF), Local
Polynomial Interpolation (LPI), Ordinary Kriging (OK), Bayesian Empirical Kriging (BEK),
CoKriging (COK), and Diffusion Kernel) were compared to determine the most suitable interpolation
method for the region.

Materials and methods

Study Area and Data

Kazakhstan's climate is primarily characterized by aridity. The climate map reveals that
precipitation across the country is minimal and irregularly distributed, a pattern largely due to its
central location in Eurasia and its distance from oceans. The annual distribution of atmospheric
precipitation in Kazakhstan is irregular and highly seasonal. In the northern part of the country, 70-
80% of annual precipitation falls during the warm season, with the majority occurring in July. In
contrast, minimal summer rainfall is observed in the southern desert belt and in the foothills of the
mountains in the east and southeast.

In southern regions, there are years when no rainfall occurs at all for 2-3 months during summer.
In such times, "dry" rains are observed, where raindrops evaporate before reaching the ground.
Precipitation is less frequent during the cold season: in the north, it makes up 20-30% of the annual
norm, while in the south, it accounts for 50-60%, mainly due to cyclones passing through the southern
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Figure 1. Study Area

407



I3nenicrep, Hotmxkenep — MccnenoBanus, pe3ynbratsl. Ned (104) 2024, ISSN 2304-3334

Obtaining climate data for every region of Kazakhstan is challenging. Therefore, for this study,
precipitation data covering the years 2000-2019 for 80 different locations in Kazakhstan were
obtained from the MERRA-2 METEOROLOGICAL RE-ANALYSIS database.

Interpolation Methods

Many data related to climate, soil, and water quality are easily analyzed using Geographic
Information Systems (GIS). GIS is fundamentally an information system designed to store data in
flexible formats for real-time use to derive information. In the GIS environment, there are various
methods for generating raster surfaces through interpolation.

Stochastic methods, also known as geostatistical methods, are primarily referred to as Kriging
methods. Kriging includes several sub-methods, such as Simple Kriging, Ordinary Kriging, Universal
Kriging, Indicator Kriging, Probability Kriging, Disjunctive Kriging, and CoKriging. While each
method has specific applications, only CoKriging allows the inclusion of a secondary variable in the
model. Deterministic methods include Inverse Distance Weighting (IDW), Local Polynomial
Interpolation, Radial Polynomial, and Radial Basis Function (RBF).

In this study, precipitation distribution maps for Kazakhstan will be generated using seven of
the most commonly applied interpolation methods. The correlation coefficient and Root Mean Square
Error (RMSE) values will be used to compare the methods. The method with the highest correlation
coefficient and lowest RMSE value will be identified as the best approach. The RMSE value is
calculated using the following equation:

Ry
RMSE = /Z(ZI%

where; z; represents the predicted value, z; the observed value n the number of samples.

Findings and Discussion

Table 1 presents basic descriptive statistics for the annual average precipitation data. Based on
a 20-year average for Kazakhstan, precipitation levels range from 112 mm to 419 mm. The average
precipitation is 235 mm, indicating very low rainfall across much of the country. This underscores
the significant importance of irrigation in agricultural production.

Table 1. Basic descriptive data of the average annual precipitation

n Min. Max | Average Standard Distortion Kurtosis
deviation
Total Rainfall 80 112 419 235 58 0.43 3.62
(mm)

Enterpolasyon yontemi yapmadan once veriler Kolmogrov Smirnov normallik testine tabi
tutulmus ve verilerin normal dagilima uygun oldugu belirlenmistir. Bu nedenle haritalama
asamasinda normal veriler kullanilmistir.

As part of the study, average total precipitation distribution maps were created using
precipitation data from 2000-2019 obtained from the MERRA-2 METEOROLOGICAL RE-
ANALYSIS database and applying seven different interpolation methods: IDW, RBF, LPI, O.K.,
BEK, COK, and Diffusion Kernel (Figure 2). Comparison results for these interpolation methods are
presented in Table 2.

Table 2 shows that RMSE values for the interpolation methods range from 25.38 to 45.90 mm,
with correlation coefficients (R) between 0.644 and 0.898. The specific RMSE values for each
method are: 35.57 for IDW, 30.78 for RBF, 30.03 for LPI, 25.75 for OK, 28.77 for BEK, 45.90 for
COK, and 25.38 for the Diffusion Kernel method. These findings reveal substantial variation in
performance across the different methods.
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Table 2. Comparison results of the methods

R? RMSE
1 IDW 0.807 35.57
) RBF 0.850 30.78
3 LPI 0.855 30.03
4 OK 0.895 25.75
5 BEK 0.867 28.77
6 COK 0.644 45.90
7 Kernel 0.898 25.38

The highest RMSE value and lowest R value were in the COK method, while the lowest RMSE
and highest R value were in the Diffusion Kernel method. It was determined that the most suitable
method for preparing the areal distribution map of precipitation in Kazakhstan was Diffusion Kernel,
which gave the highest correlation coefficient and the lowest RMSE value. When the map prepared
according to the best method was examined, it was seen that the annual precipitation total in the
southern and central parts of the country was below 120 mm. The highest precipitation was
determined to be Almaty City and the Northern Kazakhstan Region. The annual total precipitation in
the region with the highest precipitation varied between only 280 mm and 420 mm. When these
precipitation amounts were examined, it was determined that a large part of the country was located
in the arid and semi-arid climate zone. These results show that irrigation is very important for
agricultural production in the country. Therefore, it is of great importance to prefer irrigation methods
that use water more economically in terms of agricultural production. In addition, the use of drought-
resistant varieties is important for production in regions where irrigation is not possible.

Recommendations

In this study, 7 different interpolation methods (IDW, RBF, LPI, OK, BEK, COK and Diffusion
Kernel) were compared to determine the areal distribution of precipitation using long-term
precipitation data of Kazakhstan. Correlation coefficient and RMSE values were used to determine
the best method. As a result of the study, it was determined that the best interpolation method for the
distribution of annual precipitation was Diffusion Kernel. There were significant differences between
the methods and it was determined that the method with the highest error for this region was COK.

It was determined that the areal distribution of precipitation in the country showed great change
and that the annual precipitation total was very low, especially in the southern parts. According to
these results, it was determined that many parts of the country were arid. This situation causes
irrigation management to gain even more importance in terms of agricultural production. Growing
drought-resistant agricultural products is of great importance in these regions.

Areal distribution maps provide great convenience in the management of water and soil
resources. However, there are great differences between interpolation methods in the preparation of
areal distribution maps. Therefore, in order to obtain more accurate results in planning and
observation studies, the best interpolation method for the region and the parameter under investigation
must first be determined and then other studies must be started.

Gratitude: Research works were carried out under the research grant project «IRN:
AP23488859 Adding values to the Central Asian wheat through the means of whole genome
scanning, automated phenotyping and intensive selection» for the period 2024-2026. Committee
of Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan, the results
of which are given in this article.
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Figure 2. Areal distributions of annual total precipitation according to interpolation methods.
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_ KA3AKCTAH/JAT'BI XKBIJIABIK 7KAYbIH-IHAIIIBIHHBIH KEHICTIK
BOUBIHIINA TAPAJIYBIH OPTYP/JII HHTEPIHHOJIALUA SAICTEPI APKbIJIBI TAJIIAY

Anoamna

Temmepatypa, JKayblH-IIANIBIH, BUIFAIABUIBIK KOHE MKEJl CHUSKTBI OPTYPJi KIMMATTBIK
(dbakTopiap eciMIIKTEepAiH 6CyiHe, OHIMIUTITIHE )KOHE canachlHa YJIKeH acep etei. COHIBIKTaH aybuT
[IapYyallbUIBIFBIHA AWMAaKThIH ~KIMMATTBIK EPEKIICTIKTepiH TYCIHY eTICTIKTepre KOJaiibl
JaKbUIIAp/Ibl aHBIKTAY YILI1H MaHbI3/IbI.

byn 3eprreyain makcatel KaszakcTaHmarbl >KbUIIBIK Kbl JKAYBIH-IIANIBIHHBIH KEHICTIK
OOMBIHIIIA TApATYBIH KapTOTpadUsIIBIK KOPCETUTIMIH Xkacay, YIIiH 80 MeTeOpOIOTHsIIBIK CTAHIIHSITaH
anpraraf 20 sxpuiasik (2000-2019) xaybIH-IAIIBIH ASPEKTEPiH Mai1alaHbIIl, SpTYPIl HHTEPIOISLNS
omictepin Kosmany. JKaybeiH-mmambiH Aepektepi MERRA-2 Mereoponorusiiblk KaiTa Tangay
0a3achIHaH aJIbIH/IBI.

HakTbl nHTEpHONISAIMS 9MICIH aHBIKTAY YIIIH KEeTl ofic Tekcepinai: MHBepC KalIbIKTHIKIICH
canmakTay (IDW), Paguannet neriz ¢pynkmusuiapsl (RBF), XKeprimikTi moauHOMIBI HHTEPIIOSIUS
(LPI), Kapamaiibim Kpununr (OK), baiiec opicimen smnupukansik Kpununr (BEK), Ko-kpununr
(COK) xone [uddysumsublk sapo. OpOip OmICTIH JOMAIriH Oaranmay KpHTEpHl peTiHIe
Koppesusuibik koddunnentrep men Oprarnia kBagparTeiK Kare (RMSE) MoHepi naiiiananbuiib.

Hotmwxenep IDW ymia RMSE 35.568, RBF ymin 30.777, LPI ymrin 30.031, OK ymin 25.751,
BEK ymrin 28.767, COK ymiin 45.9 xone uddy3usubik sapo yurid 25.379 6onael. EH Temen RMSE
KOHE CH JKOFAphl KOpPeIsuusiIblK Kodddumuentnen Juddy3usnsik sapo omici Kazakcranmarbl
»KaybIH-IIAIIBIHHBIH KeHICTIKTIK Tapaly KapTachlH jKacay YIIiH €H KOJIaljIbl OOJIbIN TaObLI/IbI.

EH ’kakchl UWHTEpHONSLMS OMICIH TaHAay MaHbI3bl, OUTKEHI oJicTep apachIHIAFbI
aBIPMAIIBUIBIKTAP SPTYPIIi KEHICTIKTIK TapajibIMAapFa 9Kellyl MyMKiH. OpO0ip HYKTEIIK IepeK YIIiH
€H KOJaillIbl MHTEPIOSUUs OSIICIH MaijanaHy Cy, TOINBIpAaK XoHE KIUMAaT NOEPEeKTEepiHIH A97
KapTaJIapblH )KacayFa MyMKIHJIIK Oepei, Oy pecypcrapabl 6ackapyabl )KakcapTabl.

Kinm co30ep: Kazakcran, XaybiH-manibig, Matepnonsus oaicrepi, RMSE
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AHAJIN3 TPOCTPAHCTBEHHOI'O PACITPEJAEJEHUSA T'OAOBBIX OCAAKOB
B KABAXCTAHE C TIOMOIIBIO PA3JIMYHBIX UHTEPITIOJIALIMOHHBIX TEXHUK

Annomauus

Paznuunble knmumaTHueckue (pakTopsel, BKIIOYAs TEMIEPATYpPy, OCAAKHU, BIAKHOCTh U BETEP,
UTPAlOT KIIOUEBYKO POJIb B POCTE€ PACTEHMH, ypOKaHOCTH M KaudecTBe. [loaTOMy moHmMaHue
KJIIMMaTHYECKUX XapaKTEPUCTUK PErHOHA ABJISETCS BAKHBIM IEPe]] HAa4aJIOM CEeJIbCKOXO03sIICTBEHHON
JEATEIBHOCTH JUIsl ONPEAEIICHUS MOAXOIAIINX KyJIbTYp JUIsl BBIPAIMBaHUS.

[lenbto JaHHOTO HCCIIEI0BAaHUS SBISETCS KapTUPOBAHUE IPOCTPAHCTBEHHOTO PaCIpeieIeHHs
rofoBOro ooOmiero kKonuyectBa ocaikoB B Ka3zaxcraHe ¢ NpUMEHEHHEM pAa3JIMYHbIX METO/I0B
MHTEPIOJSIIMA K JO0JATOCPOYHBbIM (20-meTHUM) NaHHBIM 00 ocagkax ¢ 80 MeTeopoorHYecKuX
crannuii. Jlanaeie 06 ocagkax 3a nepuoj ¢ 2000 mo 2019 roasl OBLIN MOMYYEHBI U3 0a3bl JaHHBIX
METEOpOoJIOTHIeCKUX repeananm3oB MERRA-2.

Jns onpeneneHus HanOojiee TOYHOIO METOJa MHTEPIHOJSAIMHU ObUIM NMPOTECTUPOBAHBI CEMb
TEXHHK: MeToJ1 oopaTHOoro paccrtosinus (IDW), panuansusie 6asucuHsle Gpynkuuu (RBF), nokanbhas
nonuHomuaneHas — uHTepnonsinus  (LPI), oOpikHoBeHHoe kpurunr (OK), OGailiecoBckuit
smnupuueckuit kpuruHr (BEK), kokpurunr (COK) u meton nuddysnonnoro sapa. KosddunmenTs
KOppelsiiui M 3HaueHHs cpenHekBaapaTuuHoi omuoOku (RMSE) ucnons3oBanuce B KadecTBe
KpUTEPUEB ISl OEHKU TOYHOCTHU Ka)I0T0 METOa.
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Pesynbrarsl nokazanu 3nauenus RMSE: 35.568 nns IDW, 30.777 nns RBF, 30.031 qst LPI,
25.751 nna OK, 28.767 nns BEK, 45.9 nyist COK u 25.379 st metona nuddy3nonHoro siapa. Meron
muddy3uoHHOTO siApa, obmagaromuii HauMmeHbMM RMSE u HanGonbmuMm KO3 HUIHEHTOM
KOPPEJISIUK, OKa3zajcs HauOoJiee MOIAXOMSIIAM JIJIs CO3JIaHUs KapT pacrpeiesieHUus OCaIKOB B
Kazaxcrane.

Bp100p HamIydIero MeTo1a HHTEPIOJISAIUH SIBIISCTCS BaKHBIM, IIOCKOJIBKY Pa3JIMIUs MEXKITY
METOJIaMU MOTYT MPHUBECTH K Pa3IMYHBIM MPOCTPAHCTBEHHBIM pacrpeaeiieHusM. Vcnonb30Banue
HanOoJIee MOJXOIANICIO METOAa WHTEPIOJISILMK IS KaKA0ro Habopa JaHHBIX MO3BOJISET Ooliee
TOYHO KAapTUPOBATh JIAaHHBIC O BOJE, MOYBE M KJIMMATE, YTO BEACT K YIYUIICHUIO YIPaBICHUS
pecypcamu.

Knrueewie cnosa: Kazaxcran, ocaaku, MeToabl uuTepnosauuu, RMSE

413



