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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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IMPLEMENTATION OF THE ERS FOR YIELD ANALYZING
OF IRRIGATED LANDS OF SOUTH KAZAKHSTAN

Abstract. Today the agricultural industry of Kazakhstan faces the challenge to make the country enter the list
of leaders of agricultural export. Due to the necessity for ensuring food security and competitiveness of domestic
farmers in the foreign markets, the Ministry of Agriculture of the Republic of Kazakhstan is going to need more
objective information about volumes of crop production. Therefore, Kazakhstan must be very interested in the
development of methods to monitor the agricultural production with the use of information from satellite [1].

This article demonstrates the results of the analysis of cotton yield in the irrigated fields of Maktaaraldistrict of
Turkestan region of the Republic of Kazakhstan; the analysis has been conducted with the use of the Earth remote
sensing data.

Work performed in two stages. At the first stage, field surveys of irrigated tracts were conducted, the state of
cotton fields was assessed. At the second stage, a GIS model of irrigated arrays of the Maktaaral district was built,
NDVI (Normalized Difference Vegetation Index) was calculated during the vegetation period for the period from
2013 to 2018, NDVI change charts were constructed, data on cotton yield were collected, NDVI dependency graph
on yield.

The results of the study showed a high efficiency of applying the methods of remote sensing of the Earth
(hereinafter, RSE) in monitoring irrigated agriculture, in the analysis and in the yield forecast with an accuracy of
0.1-0.3 t/ha.

Key words: Maktaaral district, cotton, irrigated lands, NDVI, ERS, yield, GIS, database.

Introduction. The modern space technologies make an important contribution to the development of
the agro-industrial complex of the Republic of Kazakhstan. The method of using of the Earth Remote
Sensing datato monitor agricultural lands is very relevant for Kazakhstan due to its enormous spaces [2].

One of the most important issues of the Agro-industrial sector of the Republic of Kazakhstan is
improvement of yield and competitiveness of agricultural products, including cotton. The soil of the
biggest south part of the South Kazakhstan region, where cotton is grown is light sierozem soil [3]. Cotton
cultivation has an important role in the economy of the Maktaaral district and in the country's economy.
As of 2016, the share of cotton fiber in the export of agricultural crops is 3.8%, but the export of cotton
exceeds imports by 21.5% [4].

Cotton fields are located in Maktaaraldistrict of Turkestan region (figure 1). The district center
Zhetysayis connected with the villages by asphalt roads. The distance between cotton fields and the regio-
nal center Shymkent is about 330 km.

People of different nationalities live in the district. Most of them are the Kazakhs; there are also the
Russians, Uzbeks, Tajiks, Ukrainians, and Germans. The district is mainly agricultural. The most deve-
loped activities are cotton growing, fruit growingand grape growing.
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) MAKHTARAL DISTRICT

Figure 1 — Location of Maktaaral district on the map of the Republic of Kazakhstan

The climate of the district is characterized by high average annual temperature, relatively small
amount of precipitation, low relative humidity of the air.According to long-term observations, the average
annual air temperature in the district is 13-14°C. The lowest temperature is in January (-0.7°C) and the
highest is in July (+ 26.8°C).The maximum temperature during winter is +18-+24°C. The minimum
temperature is -35°C. The annual amount of precipitation is between 279.7 and 306.9 (m/s Maktaaral). The
maximum amount of precipitation falls in spring, in March and April. There is almost no precipitation in
the warm period from July to October. Air humidityis different during the year. The average absolute
humidity is 8.3 mb, the relative humidity is about 79% in February and 42% in July (Maktaaralmeteo-
rological station). Wind conditions are relatively stable during the year.There is mainly south-eastern wind.
The average annual speed of wind is 1.9 m/s in the western part and 2.5 m/s in the eastern part [5].

Methods. In order to analyze the yield in Maktaaraldistrict, satellitedatahas been interpreted. The
cloudless medium resolution images from archives (Landsat and Sentinel-2) for the vegetation period
2013-2018 have been processed in order to calculate spectral indices and identify changes within the
studied district. The licensed software ArcGIS and Geomatica 2016has been used for processing the ERS
data.

In order to interpret and increase the information content of the ERS data, spectral transformations of
the original satellite images have been carried out. The atmospheric correction of satellite images was
carried out based on the analysis of the spectral profiles of cotton fields on satellite images with the use of
spectral libraries; the calibration factors from Landsat metadata for MTL spectral ranges have been taken
into account, as well as the estimated information on the azimuth/zenith of the Sun at the time of satellite
survey. The matrices of the reflected solar radiation's actual values have been applied for the mathematical
analysis, that is, the calculation of indices.

Figure 2 — Procedure for analysis

The following works have been executed in order to analyze the cotton yield in Maktaaraldistrict
(figure 2):

1. The medium resolution data from satellites Sentinel — 2 andLandSat — 7, 8 have been selected and
downloaded,;
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2. The database, including vector polygons in ArcGIS as the borders of irrigated fields has been
created (figure 3, 4);

3. The NDVI for every polygon for a several-year vegetation period has been calculated; the results
of calculation have been included in the database;

4. The graphs of the NDVI variance during the vegetation period have been made (figure 5);

5. The data on yield for several years has been compared to the graphs of the NDVI variance.

Selecting and downloading the medium resolution data from satellites Sentinel — 2andLandsat — 7, 8.
The data from satellites Landsat 7 and 8 and Sentinel-2 have been used in the experiment. For over
40 years, Landsat program has continuously collected spectral information from the Earth surface. This
unique archival data give scientists the opportunity to assess the changes in the Earth’s landscape over
long periods of time. The Landsat program was created specifically for natural resource monitoring.

The ETM + survey instruments (advanced thematic cartographer) installed on Landsat-7 satellite
provides survey of the Earth surface in six channels with Spatial Resolution (SR) 30 m, and panchromatic
survey with SR 15 m in the thermal IRchannel with SR 60. The swath width is 185 km in all channels.
The surveyinterval is 16 days; theRadiometric Resolution (RR) is 8 bits [6].

The Landsat 8has two Earth-observing sensors: the multispectral scanner OLI created by Ball
Aerospace & Technologies Corporation, and the thermal-imaging infrared sensor (TIRS) created by
NASD Goddard Space Flight Center (GSFC). Both sensors are more advanced than the previous Landsat
instruments. The Landsat 8 observatory consists of the spacecraft bus and its payload of two Earth-
observing sensors. The OLI sensor collects image data for nine short wave spectral channels in a 190-
kilometer swath; the SR for all channels is 30 m, except for the 15-meter panchromatic channel [7-9].

Sentinel-2 is a high resolution European multicurrency and multispectral mission which delivers
optical images from 13 spectral ranges: four 10-meter wide swaths, six 20-meter wide swaths, three
swaths with SR 60 m. The width of the orbital swath is 290 km. Each of the Sentinel-2 satellites weighs
approximately 1.2 ton. Both satellites were launched with the European VEGA launcher. The service life
of the satellite is 7.25 years, including 3 months of in-orbit commissioning. Batteries and propellants are
provided for 12 years of operation, including decommissioning at the end of the service life. Two identical
satellites operate simultaneously; they are installed at an angle of 180° to each other, at an average altitude
of 786 km in the sun-synchronous orbit [6].

An extensive work with ArcGIS software has been executed to create the vector polygon (figures 3, 4).
More than 60,000 vector fields have been created; each of them contains information on geolocation, the
field area and calculated indices (figures 3, 4). The database can be expanded significantly; the data on the
level of groundwater and its mineralization can be included in the future, as well as the indices describing
the water content and soil salinization [10-12].

Figure 3 — Vector polygons of irrigated fields
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Figure 4 — Tables of the geodatabase on polygons

At the next stage, the NDVI for each polygon during the several-year vegetation period has been
calculated; the results of the calculation have been included in the database. The NDVI is a simple
quantitative index of the amount of photosynthetically active biomass which shows the density of vege-
tation on the given surface area.lt is one of the most commonly used solution indices with quantitative
estimates of vegetation.

In formula (1), NIR Reflection in the near infrared region of the spectrum (0.7-1.0 pm); RED is
reflected in the visible region of the spectrum (0.4—0.7 um), NDVI is the index of the spectral reflectivity
of plants. According to (1), the vegetation density (NDVI) at the remote point of the satellite image is
equal to the difference of the intensities of the reflected light in the visible and infrared ranges divided by
the sum of their intensities.

NIR-RED
NDVI = NIR+RED (1)

The calculation of the NDVI is based on the two most stable (independent of other factors) parts of
the spectral curve of the reflection of plants. In the visible region of the spectrum (0.4-0.7 pum) lies the
absorption maximum of solar radiation by chlorophyll of the culture, and in the infrared region (0.7—
1.0 um) there is the region of maximum reflection of the cellular structures of the leaf, that is, high
photosynthetic activity ( associated, as a rule, with dense vegetation) leads to less reflection in the visible
spectrum and more in the infrared. The relationship of these indicators to each other allows you to clearly
separate and analyze vegetation from other natural objects, moreover, if you have performed a sub-
satellite experiment, you can perform vegetation type recognition. The use of not a simple relationship, but
a normalized difference between the minimum and maximum reflections increases the measurement
accuracy, reduces the effects of such phenomena as differences in the light of a picture, clouds, haze,
radiation absorption by the atmosphere, etc. A standardized continuous gradient or discrete scale is used to
display the NDVI index showing values in the range - 1,..., 0, 0.1, ... 1 in% [13-20].

Results. Figure 5 show the development of the NDVI for Cotton field 1 during the vegetation period
of 2018. The peak of the vegetation period of Cotton field 1 is the third decade of August and the first
decade of September; the NDVI is 0.49. The NDVI is calculated for every field; the highest values during
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the vegetation period 2013-2018 are detected. The data on cotton yield in Maktaaraldistrict during the
vegetation period 2013-2018 is collected from EGOV (statistics section). The statistic information is
compared to the NDVI, as it is shown on the graph (figure 7). The graph shows the direct correlation
between cotton yield and the NDVI.

The experiment carried out within the framework of BioWat project has shown the importance and
big potential of the ERS data for analyzing the crop yield.The graph of correlation between the calculated
NDVI and the actual data on harvest is linear; its error is 0.1-0.3 t/ha, that confirms a high probability of
yield forecast.The obtained results prove that the ERS data can be successfully used not only for
monitoring cotton fields, but also for the agriculture in general.
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Figure 5 — Graph of the NDVI development for Cotton field 1 during 2018
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Figure 6 — Graph of cotton yield and NDVI for Cotton field 1during the period 2013-2018

Moreover, the ERS data can be efficiently used for quick detection and response in case of problems
in the irrigated fields.This experiment is important and relevant as this method to monitor the agricultural
production can significantly facilitate people’s work and contribute to improvement and increase of yield.
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Figure 7 — Graph of correlation between the NDVI of Cotton field 1 and cotton yield
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'Cor6acs VYuuBepcureri, Anmartel, Kazakcras,
«K. U. Corbaes atsiamarsl Kaz¥ T3Y» KEAK —
Y. M. Axmenca(uH aThIHAAFBI THAPOTCOIOTHS )KOHE I'COIKOIIOTUS HHCTUTYTHI, AnMatel, Ka3zakcTaH,
3 JIeitGHMIL ATHIHIAFBI ArPO-TAHIIA(TTHI 3ePTTEY OPTabIFbl, | epMaHus

KK3-HbIH OHTYCTIK KASAKCTAH CYAPMAJIBI MACCUBTEPIHIH
OHIMJLJIITTH CAPAIITAY YIIIH KOJJAHBIJTYbI

AnHOTanusi. ByriHri Tanna ayell InapyamibUibIK canachkiHa Ka3zaKCTaHHBIH aybll IIapyanibuTbIK ©HIMAEPiH
9KCIOPTTAYIAFhl XKETEKIIII MEMJICKSTTEP/IIH KaTapblHa KipyiH KAMTaMachl3 €Ty JKOHIHJe MaKcaT KOWbLIFaH. OTaHIbIK
HapyaiapablH ChIPTKbI HAPBIKTAFbl 0oCeKere KaOUISTTIIIrNIH caKTay JKOHE a3bIK-TYJIIK KayilCi3airiH KaMTaMachl3 €Ty
Gapoiceiaga, KP Aybul mapyaiusiiblk MUHACTPIITIHIH aybll MapyallbuIblK eHIMAEPIH OHAIpY Typaibl 0OBEKTHBTI
aKnapaTka MYKTaX/IbIFbl TybIHai bl COHIBIKTaH aybll MIapyallbUIbIK OHAIPICIH KePCEePIKTIK aKmaparTap apKblIbl
Kajarajay aiicTepiH AaMbITyAbIH Ka3zakcTaH yiIiH MaHbI3bI 30D.

Maxkanana Kazakcran Pecrryonukacst, Typkictan o0beicel, MakTaapan ayAaHbIHBIH CyapMallbl MACCHBTEPIH/IET]
MaKTa epiCTepiHiH OHIMIIIITIH, Kep i KAIIBIKTHIKTaH 30HABUIAY JAePEKTePiHIH KOMETIMEH jKacallFaH caparnTaMaHbIH
HOTIDKENepl KepceTinreH. 3epTTey JKYMBICTaphl €Ki 3TamTa KYpri3inai. bipiHmi stanTa cyapmaisl MacCHBTEPIiH
JTAITabIK 3epTTeMenepl Kyprizingl. MakTa amaHIapbIHBIH JKaFIaiibl MEH OpHAJacy €peKIIeNiKTepl TeKCepiai )KoHe
Garamanapl. ExiHIm sTanm 3epTxaHaga Kypri3iigi, oHbIH imiHae MakTaapan ayJaHBIHBIH CyapMalbl MaCCHBTEPIHIH
I'MC wmopmemi KypacTelppuiabl. Makraapan aynaHbBIHBIH TeppuTopusaceiHbH 2013-2018 >xpuimap apanbFbiHIA
Beretauus nepuoapiHbiH NDVI — normalized difference vegetation index ecenreninin NDVI e3repic rpaduri Typrbi-
3pULIBL. MakTaapan ayaHbIHBIH MaKTa OHIMALUIIr Typajibl aknapar skxuHaiasl. NDVI sxone eHIMALTIKTIH OGaiinaHbic
rpaduri TYpFBI3bLIIBL.

3epTTey JKYMBICTapbIHBIH HOTHXKENIEpl CyapMalbl eriH IIapyaribUIbIFbIHBIH MoHHTOpHHTiHAE JKK3-HBIH ko-
FapFBI THIMJITITIH, koHe J1e oHiMauTikTi 0,1-0,3 T/ra monnikmeH OomkaMaayFra O0IaTHIHABIFBIH KOPCETTI.

Tyiiin ce3aep: MakTaapan ayaaHsl, MakTa, cyapmansl MaccuBtep, NDVI, XKK3, enimuainik, I'AX, manimerrep
6azacel, LandSat, Sentinel-2.

K. A. OnaacpinoB” 2, A. K. AKI:I.]IﬁeKOBaz, E. B. COTHHKOBZ,
T. A. Pangonz, K. M. KaHa(l)I/lHZ, . Bbawa®

lyHI/lBepCI/ITeT Carnaesa, Anmartel, Kazaxcras,
’HAO «KasHUTY um. K. 1. Carmaesay —
TOO «HCTUTYT THAPOTEOJIOTHH U Teo3KoIorud uMm. Y. M. Axmencadunay, Anmarel, Kazaxcras,
*Llentp arpo-naHamadTHBIX HccaenoBaHun um.JleiiGHuma, ['epmanus

INPUMEHEHMUE /133 JIJ151 AHAJIU3A YPOXKANHOCTHU
OPOIIAEMBIX MACCHUBOB HOKHOI'O KA3AXCTAHA

AnHoTanus. B HacTosmee Bpems nepes CebCKOXO03SIICTBEHHOM OTpacibio MOCTaBJICHA 3a/1a4a — 00eCIeunTh
BxoxaeHne Kaszaxcrana B umcno crpaH — JImmepoB mo SKCIOPTY celabxo3 KynbTyp. B cBS3M ¢ HEOOXOTUMOCTHIO
obecrieueHns MPOJOBOIECTBEHHON 0€30IIaCHOCTH CTPaHBI M COXPAaHHOCTH KOHKYPEHTOCTIOCOOHOCTH OTEUECTBEHHBIX
3eMJIe/IeNblieB, Ha BHEUTHUX PhIHKAX yBeIH4yaTcd MoTpeOHOCTH MuHHCTEpCTBa cenbckoro xo3siictea PK B oObek-
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TUBHOM HMHpOpManuu 06 oObeMax MPOM3BOJICTBA CENbX03 KyJNbTyp. IloaToMy pasBHTHE METOHOB KOHTPOJS Hal
CENTbCKOXO03SHCTBEHHBIM ITPOM3BOICTBOM C ITOMOLIBIO CITyTHUKOBOH MH(OPMAIMN MPECTaBIseT OOIBIION HHTEpEC
g Kazaxcrana.

B Hactosmieii cratbe moKa3aHbl pe3yabTaThl padboT M0 aHANHM3Y YPOXKaHHOCTH XJIOMKOBBIX TOJIEH OPOIIaeMBIX
MaccuBoB MakTaapaibckoro paiiona TypkectaHckoii obmactu PecryOmmkn KasaxcraH, BBITOTHEHHBIX C IIPHMeE-
HEHUEM JAaHHBIX AUCTAHIIMOHHOTO 30HIMPOBAHUS 3EMIIH.

Pabora npoBoauiiack B Ba 3tana. Ha nepBom atarme, MpoBeCHBI MOJIEBbIE 00CIEA0BAHUS OPOIIAEMbIX MacCH-
BOB, OIICHEHO COCTOSIHME XJIOMKOBbIX moned. Ha Bropom srtame, moctpoeHa I'MMC-monens opomraeMbIX MacCHBOB
Makraapaiibckoro paiiona, seraucicHsl NDVI (NormalizedDifferenceVegetationIndex) B TeueHue BereTalfdOHHOIO
nepuozna 3a nepuos Bpemenu ¢ 2013 mo 2018 romos, noctpoens! rpaduku usmeHennst NDVI, coOpanbl gaHHbBIE IO
YpOXalHOCTH XJIONKa, ITocTpoeH rpaduk 3asucumocti NDVI ot ypokaiiHocTH.

PesynbraTel HccnenoBaHUN TOKa3all BBICOKYIO 3()(h)eKTHBHOCTh NMPUMEHEHHS METOIOB JWUCTAHIIMOHHOTO 30H-
nmupoBaHus 3emii (nanee, J[33) B MOHUTOPHHTE OPOIIAEMOTO 3eMIICIENbs, B aHAIHM3E U B TIPOTHO3E YPOXKAHHOCTH C
TouHocthio B 0,1-0,3 1/Ta.

KuroueBble cjioBa: MakTaapanbCKuil paifoH, XJIOIOK, opomaembie MaccuBbl, NDVI, /133, ypoxaiinocts, [ IC,
6a3a TaHHBIX.
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