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Agriculture in the Republic of Kazakhstan plays a strategic role in
ensuring the country's food security and exports. This paper shows the
effectiveness of remote sensing methods for assessing the productivity
of grain crops. In this article, Sentinel-2 space images for the period from
2019 to 2023 are used. Normalized difference vegetation index (NDVI)
was used to forecast crop productivity. Space images interpretation and
calculation of the NDVI were carried out using ArcGIS software. The
article reveals that NDVI values reflect well the biological productivity
of agricultural crops during the growing season and show correlation
with biomass and yield. The work indicates that the analysis of crop
yields will be more accurate if along with NDVI index such indicators of
climatic conditions as air temperature and precipitation are used.
Forecasting yields is of great practical importance.

Tyiinai cesaep:

TYNIHAEME
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BeTeTalVsIAbIK, THAEKC
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Kasaxcran PecnybamkachiHAAFBI aybld ITapyallbIABIFBl €AJiH a3bIK-
TYAiK KayiIci3AiriH >koHe 9KCIIOPTTHI KaMTaMachl3 eTy4e CTPaTernsaAbIK,
pea aTKapaasl. by >KyMbIcTa 49HAL AaKblAJapAbIH ©HIMAiairiH Oaraaay
yurin JKepai KaIIBIKTBIKTAH 30HATAy 9AiCTepiHiH TuimMaiadiriH xepce-
Tizeai. bya Makaaaga 2019-2023 >xplagap apaablFbIHAAFBL Sentinel-2
FApBINITLIK CypeTTepi MalijadaHbiaabl. OciMaixTepAiH HOpMajlaHFaH
albIPBIMABIK BereTalmsaabiK uHAekci (NDVI) gakpragapapiy eHiMaiairin
OoaxKay YIIiH HalijaaaHbIAARL. FapeIIITHK cypeTTepai Aemmdpaey MeH
NDVI wunaexcin ecentey ArcGIS ©OargapaamaablK >KacaKTaMachl
apKbLABI JKY3ere acklpblagnl. 3epTrey HoTvkeaepi NDVI kepcerkimrepi
BereTalMsABIK Ke3eHAerl gaKbladapAblH OMOAOTUAABIK, ©HIMAIAITIH 494
OeliHeAeiITiHIH, cOHAAll-aK Oya KepceTKilTepain OmoMacca MeH eHiM
Ke/eMiMeH e3apa THIFbI3 OallaaHBICTH eKeHiH KopceTTi. COHBIMEH KaTap,
eHiMaiaikke Taasay >Kacay OapwickiHaga NDVI kepcetkimiMeH KaTap
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aya TeMIlepaTypachl, >KayblH-IIAIIbIH MOAIIEpi CUSAKTBHl KAUMATTBIK,
IapaMeTpAepAi e ecKepreH >Karaaiida, 00AKayAblH A9A4iri apTaThIHBI
aTan eTiaai. OHiMAiAiKkTi G0AKayABIH TPAKTNKAABIK MaHBI3EI 30P.

Karouessre caoBa: AHHOTANWSI

AaHHBIE AVICTAaHITMIOHHOTO Ceabckoe xo3:1iicTBO B Pecrybanke Kaszaxcran urpaer crpaTernieckyio
30HAMPOBaHU 3eMAn, poap B obecriedeHUN IPOJOBOALCTBEHHON 0e30I1acHOCTM CTpaHBI U
YPO>KaltHOCTh, 9Kcropra. B aanHOI paboTe mokazaHa 9¢QQPEeKTUBHOCTH MeTOA0B
HOpPMaAM30BaHHBII AVICTaHLMIOHHOTO 30HAVPOBAHII 3eMAN AAs OLIeHKU IIPOAYKTUBHOCTU
Pa3HOCTHBIIA 3epHOBBIX KyAbTYp. B craThe mCII04b30BaHBI KOCMMYECKME CHUMKN
BereTalMOHHBIN MHAEKC, Sentinel-2 3a mepmog c¢ 2019 mo 2023 roarl. Jas HNpOrHO3MPOBAHILL
KOCMUYEeCKUe CHUMKY, HPOAYKTUBHOCTY CEeAbCKOXO3SICTBEHHBIX KyABTYpP OBLA ICIIOAb30BaH
AemndprposaHe HOPMaAM30BaHHBIN Pa3HOCTHBIN BereTallMOHHBIN uHAekc (NDVI).
KOCMIMYECKVX CHIMKOB. JemmpuposaHne KOCMHUYECKUX CHMMKOB I pacdeT HOPMaAM3O-

BaHHOTO Ppa3HOCTHOTO BETeTAI[MOHHOTO WMHAEKCa IIPOBOAVANM C
JCII0Ab30BaHIEeM IIPOrpaMMHOTo mpogykra ArcGIS. B craTse mokasaHo,
gyro 3HaueHMst NDVI Xopomo oTpaXalOT OMOJ0THMYECKYIO ITPOAYK-
TUBHOCTh Ce/AbCKOXO3SMCTBEHHBIX KyABTYp B TeueHIe BeTeTalllIOHHOTO
repuoja, MoKa3plBaloT KOppeAsInIo ¢ O110Maccoil U yposKaliHOCThIO. B
paboTe ykaszaHO, YTO aHaAM3 YPOXKATHOCTU CEeAbCKOXO3SVICTBEHHBIX
KyAbTyp OydeT 0oaee TO4YHee, ecaum Hapsagy uHZekca NDVI
UCIIOAB30BaTh TaKMe IIOKazaTeAy KAMMaTHIeCKUX YCAOBUI, Kak
TeMmIlepaTypa BO34yXa, KOAMYeCTBO oOcalkoB. Ilpormosmposanme
yPpO>KalTHOCTH MIMeeT DOABIIIOe MTpaKTIUIecKoe 3HaueHNe.

INTRODUCTION

Currently, the Republic of Kazakhstan is one of the largest producers of grain crops and
this is a strategically important task. Due to changes in climatic conditions in the vast areas of
agro-industrial complex of the Northern district of Kazakhstan in recent decades there are often
sharp temperature fluctuations, uneven distribution of precipitation, which significantly affects
the productivity of agricultural fields. Also grain crops are subject to diseases and various pests.
Agricultural land is subject to erosion and degradation. In view of these problems, space
monitoring and remote sensing methods are an important tool for agro-industrial complex. The
use of Earth remote sensing (ERS) methods is relevant in the conditions of a vast territory of
agricultural land, changing climate, and water resources deficit. Remote sensing methods allow
to manage agricultural production more effectively, increase crop yields and reduce negative
environmental impacts. And this is important in the conditions of land degradation, water
scarcity, etc.

The aim of the research in this paper is to show the effectiveness of remote monitoring of
productivity of grain crops on the example of the Northern district of Kazakhstan using satellite
data and image processing methods.

LITERATURE REVIEW

Currently, unmanned aerial vehicles (UAVs) are increasingly being used to monitor
agricultural land (GP Shetty et al., 2024a; Ridha Guebsi et al., 2024b). UAVs are becoming an
important tool for transforming precision agriculture. UAVs used in agriculture can be
categorized into the following classes based on the type of design: fixed wing drones; multi-rotor
drones; hybrid drones; and folding wing drones (Ridha Guebsi et al., 2024). Each class of drones
fulfils certain functions inherent to that design. For example, fixed wing drones are similar to
aeroplanes and are designed in such a way that they can systematically observe large areas. Can
operate at high altitudes and provide high-resolution images of the area being surveyed. They
can be used for large-scale mapping (Matese, A., et al., 2015). Multirotor drones have increased
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maneuverability and hovering capabilities. They can take off and land vertically, which means
they can be used in difficult terrain. Hybrid drones provide vertical take-off and landing are used
for wide areas. Folding wing drones are mobile, used for small agricultural operations.
Depending on the type of cameras mounted on the drones, they have different functional
purposes. RGB cameras are widely used for visual inspection of crops, e.g. to assess the density
of potato plantations (Abdou, B. et al., 2022). Thermal imaging cameras are used to detect water
scarcity.

However, despite their advantages, UAVs have certain disadvantages that limit their
application: insufficient autonomy of flight; sensitivity to wind; limited maneuverability and
others. Regulatory, technological and economic problems are also significant obstacles to the use
of UAVs.

Space-based monitoring using remote sensing data has several advantages over UAVs.
Kazakhstan has vast agricultural lands, remote sensing can cover vast areas in a single pass
(Natalya N. Karabkina et al., 2018), whereas UAV imagery requires multiple flights. Monitoring
satellites update images regularly and are publicly accessible to all. Remote sensing allows
surveillance of designated and inaccessible areas, extensive analyses of area change over a long
period of time, identification of landforms, vegetation, soil moisture, etc. (Liu T et al., 2025).

Therefore, this paper will focus on the use of remote sensing to assess the productivity of
cereal crops.

MATERIALS AND METHODS

To conduct crop yield forecasting in the example of Northern Kazakhstan, the climatic
characteristics of the study region were considered. Satellite images of the target area from
Sentinel-2 for the period from 2019 to 2023 were also used. These satellite images were obtained
from the publicly available Copernicus Browser website:
[https://browser.dataspace.copernicus.eu/?zoom=5&lat=50.16282&Ing=20.78613&demSource3D=
%22MAPZEN %22&cloudCoverage=30&dateMode=SINGLE].

Normalized difference vegetation index (NDVI) was used to predict crop productivity. The
indices used in this study were calculated using the following formulas:

Pnir — pRED)

Pnir t PRED
where, py;r — pixel values from the near infrared channel;

NDVI = (

Prep — pixel values from the red channel.

Space images interpretation and calculation of normalized difference vegetation index
were carried out using ArcGIS software. Cartographic materials of the territory of Northern
Kazakhstan from freely available websites (https://map.ikostanay.kz/;
https://map.gov4c.kz/egkn/; https://data.nextgis.com/en/region/KZ-39/base/) were also used in
the work. Calculation of normalized difference vegetation index was carried out for Denisovsky
region of Kostanay district of Northern Kazakhstan.

The averaged mean annual (January - December) temperature anomalies for the periods
under research were taken as deviations from the mean multiyear values for 1961 - 1990 for
Kostanay region (RGP «Kazgidromet», 2019-2023).

Annual amounts of precipitation during the study period in northern Kazakhstan were
taken from Kazhydromet data, considering the deviation of precipitation anomalies from long-
term averages for 1961-1990 (RGP «Kazgidromet», 2019-2023).

The average yield of grain crops in Denisovsky region of Kostanay district was determined
according to the data of the Bureau of National Statistics of the Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan (dynamic tables for the North Kazakhstan region, 2019-
2023).
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RESULTS AND DISCUSSION

The territory of Denisovsky region of Kostanay district of Northern Kazakhstan was
chosen for the research in this work. The land massif of the territory is a set of plots, which are
mostly rectangular or trapezoidal in shape.

The largest arrays of agricultural arable land are concentrated in Northern Kazakhstan.
According to natural zones Northern Kazakhstan belongs to steppe and forest-steppe zones. The
geographical location of the study area is shown in Figure 1.

Figure 1. Researched territory — Denisovsky region
Note — compiled by the authors

The researched territory is completely located in the subzone of moderately dry steppes on
southern black soils of the steppe zone. Soil cover of the main part of the researched territory is
southern normal black soils. In the valleys of the Tobyl and Kamysky Ayat rivers the soil cover
is represented by southern carbonate black soils. In the western and south-eastern parts of
Denisovsky District, complexes of southern solonetzified black soils with solonets are
distinguished. Southern phosphoritic black soils are distributed in small areas of the southern
part of the territory (S.S. Baisholanov, 2017).

The characteristics of soil cover, relief, and climatic conditions allow crop production to be
defined as the main branch of agriculture in the researched territory. For the research territory in
the work climatic indicators for Northern Kazakhstan and NDVI for the fields of Denisovsky
region were analyzed.

One of the most important climatic factors influencing the yield of grain crops is
temperature. The influence of temperature due to increased evaporation of moisture from the
surface and soil freezing is manifested at all stages of plant growth - from seed germination to
grain ripening.

Along with temperature, moisture also has a significant impact on grain yields. Soil
moisture controls the amount of water that seeps into the soil, recharges groundwater, and
influences surface water drainage of moisture into the atmosphere. It affects the physiological
processes of plants, determines the success of crop formation at each stage of crop development.
Figure 2 shows the graphs of climatic indicators and grain crop yields in the researched territory
for the period from 2019 to 2023.



EKTU JOURNAL OF 1-TOM, 1-H6Mip, HayphbI3, 2026.

O ENGINEERING - 68 - Tom 1, Ne 1, mapr 2026.

Vol. 1, Issue 1, March 2026.

As can be shown in Figure 2(a) - averaged mean annual (January - December) anomalies
of temperature deviation from the mean multiyear values for 1961 - 1990 in the considered period
of time have positive values. This positively affects the yield of grain crops. The least amount of
precipitation in Kostanay district was observed in 2021 (Figure 2(b)). The year 2021 was due to
acute drought. With lack of moisture, seeds of crops do not swell or give weak, non-viable
sprouts. Lack of moisture with a positive trend in temperature anomaly, as can be shown in
Figure 2(a), can lead to lower yields.
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- Anomalies’ average temperature in the North Kazahstan district
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Figure 2. Climatic indicators and grain yields for the period 2019-2023:
a — average temperature (°C), average grain yield (centners per hectare);
b — annual precipitation (mm)
Note — compiled by the authors

A recovery in yields was observed in 2022-2023 due to favourable weather conditions
(Figure 2). The graph of annual precipitation in Kostanay region, where the researched territory
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is located, correlates with the yield. There is a deviation in 2019. Apparently, this is due to
negative anomalies of average seasonal air temperature observed in the researched territory (RGP
«Kazgidromet», 2019).

Nowadays, modern methods of remote sensing of the Earth's surface provide continuous
and objective data for assessing vegetation conditions. Normalized relative vegetation index
NDVTI is one of the key indicators used in remote sensing of the Earth. NDVI shows the level of
photosynthesis activity and, consequently, biomass in a certain area. This indicator is widely used
in predicting crop yields. A high NDVI value of about 0.6 to 0.9 indicates healthy, dense
vegetation with high photosynthetic activity. This corresponds to high yields. Low values of the
order of 0.1 - 0.3 indicate drought, disease and low crop density. A low NDVI value is indicative
of poor yield. NDVI allows tracking the vegetation stages of plants from germination to maturity.
Figure 3 shows the relationship between normalized relative vegetation index NDVI and yield.

14 0,66
E12 0,65
210 0,64
3 8 0,635
= 6 0,62 #
; 4 I I . 0,61
S 2 0,6

0 0,59

2019 2020 2021 2022 2023
mmm Crop yield, centner/ha  ===NDVI

Figure 3. NDVI and yield in the researched territory for 2019-2023
Note — compiled by the authors

As can be seen from Figure 3, there is a certain relationship between the NDVI index of the
researched territory and land use yields. Changes in the NDVI index indicator to a certain extent
repeat the changes in crop yields for the research period.

CONCLUSION

Earth remote sensing methods can be effectively used in predicting vegetation yields.
NDVI values reflect well the biological productivity of crops during the growing season. To some
extent, NDVI can be used as a predictive tool to estimate future crop yields.

Analysis of crop yields will be more accurate if such indicators of climatic conditions as air
temperature and precipitation are used along with NDVI index.
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