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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
onyield.

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.
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Introduction. The modem space technologics 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 vield 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 ficlds 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-castern 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
Acrospace & 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. Batterics 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].
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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 um); 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.

NDVI = NIR—-RED (1)
NIR+RED

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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'Cor6ac Yausepcureri, Anvarsr, Kasakctas,
«K. U. Cordacs areragarel Kas¥YT3Y» KEAK —
Y. M. AxmencauH aTBIHAAFBI THAPOTCOTIOTHS JKOHE TCOIKOIOTHS HHCTUTY T, AnMartsl, KazakcTas,
*JIeHOHMI ATHIHAAFBI ATPO-TAHMMADTTH 3ePTTEY OPTATBIFSL, [ epMaHus

KK3-HbIH OHTYCTIK KASAKCTAH CYAPMAJIBI MACCHUBTEPIHIH
OHIM/LIITTH CAPAIITAY YHIIH KOJJAHBLIYbBI

Annoramus, Byridri Tapma aysmn mapyamsDiblK caiachiHa Ka3akCTaHHBIH aybUT IMAPYAIOBLIBIK ©HIMACPIH
JKCTIOPTTAY JAFBI KETEKIM MEMIICKETTEP/IiH KaTapbIHA KipyiH KAMTaMAacChI3 €Ty JKOHIHAC MaKcaT KoHburaH. OTaHAbIK
APy aTAPABIH CHIPTKBI HAPBIKTAFHI 0OCCKETE KAOIICTTLIITIH CAKTAY KOHE a3bIK-TYIIK KAYINCI3OiriH KAMTaMAaCk3 €Ty
6apeiceinga, KP Aysur mapyambsuiblk MUHHCTPIIITIHIH aybll APy AIIBIIBIK 6HIMIACPIH 6HAIPY TypPabl OOBEKTHBTI
aKIMapaTka MYKTXIbEFBI TybIHAAN 161 COHIABIKTAH aybUI IMAPYAIIBLIBIK OHAIPICIH KEPCEPIKTIK AKMAPATTap apKbLIbI
KaJgarajay d9aicTepin JaMbITy IbiH Ka3akcTaH YImiH MaHBIZH 30P.

Maxkanaga Kazakcran Pecniyonmukacer, Typkictan o0bickl, MakTaapas ayAaHBIHBIH CyapMaibl MACCHBTEPIHCTI
MAaKTa 6pPICTEPiHIH OHIMALIITIH, >KepAl KAIIBIKTHIKTAH 30HABIIAY AEPECKTEPiHIH KOMETIMCH JKaCaFaH CapalNTaMaHbIH
HOTIDKCIICPI KOPCETIATCH. 3CPTTEY >KYMBICTAPHI €Ki 3Tamra >Kyprisinmi. Bipiamm 3ranta cyapMamsl MACCHBTCPIIH
JANIANBIK 3ePTTEMENepl KYPri3iai. Makra anaHZapbIHBIH YKaFIaibl MCH OPHAJIACY EPEKIICIIKTEPl TEKCEPLnal sKOHE
6aranmanapl. ExiHmi 3ram 3eprxaHaza >Kypriziini, OHbIH imiaAe Makraapan ayaaHBIHBIH CyapMaibl MACCHBTCPIHIH
I'MC momeni KypacTeIppLigsl. Makraapan ayJaHbBIHBIH TEpPUTOPHACHIHBIH 2013-2018 >Kpimmap apaibIFbIHAA
pereranus nepuoasiHeiE ND VI — normalized difference vegetation index ecenrrenininm ND VI e3repic rpadwuri Typrsi-
3pLIABL. MakTaapaa ay JaHBIHBIH MAKTa OHIMALIITI Typaisl akmapar kuHaiaasl. NDVI xxoHe oHIMAITIKTIH OaiIaHbIC
rpauri TYPFBI3BLIIBL

3epTTey >KYMBICTAPBIHBIH HOTHXKEJICPI CyapMabl €TiH INApyanIbUIBIFBIHBIH MOHHTOpHHTIHAE JKK3-HBIH %0-
FAPFBI THIMALTITIH, Jk0HE a¢ eHiMaimikTi 0,1-0,3 1/ra mommikneH 6omkaMaayra OOATHHIBIFEIH KOPCCTTI.

Tyiiin ce3aep: Makraapan ayIaHsl, MakTa, cyapmans Maccusrep, NDVI, XKK3, enimainik, ['AX, momimerTep
6asacel, LandSat, Sentinel-2.
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IYHI/IBepCI/ITeT Carnacsa, Anmarsl, Kazaxcran,
*HAO «Ka3sHUTY mm. K. K. Carnaesay —
TOO «MHCTUTYT THAPOTCOIOTHH | Teo3Koa0THH UM, Y. M. Axmencaduray, Anmmvarsl, Ka3axcras,
*LlenTp arpo-TaHImAGTHHIX HCCIeToBAHMH uM.JleiiGHmma, [epManus

MPUMEHEHHE 133 111 AHAJIM3A YPOXKAMHOCTH
OPOIIAEMBIX MACCHBOB IO’KHOI'O KAZAXCTAHA

Annoranusa. B HacTosmee BpeMs MEpea CETBCKOXO3MIMCTBEHHON OTPACIIBIO MMOCTABIICHA 33144 — 00CCIICUHTh
pxoxaecHHe KaszaxcraHa B 4mCaI0 CcTpaH — JIMACPOB MO 3KCMOPTY CEIbX03 KYJBTYP. B CBA3H ¢ HCOOXOIUMOCTBHEO
obecrieuyeHHs MPOIOBOIBCTBEHHOM OC30MACHOCTH CTPAHBI M COXPAHHOCTH KOHKY PEHTOCTIOCOOHOCTH OTEHECTBEHHbIX
3¢MJICACTBICE, HA BHCIMHUX PBIHKAX VBEIMUATCA MOTPSOHOCTH MHUHHCTEPCTBA CEIBCKOTO X03saiicTBa PK B 00BCK-

— 118 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

THBHOW HWH(OpMAIHH 00 00BEMAX MPOM3BOACTBA CCNBX03 KyJBTYP. [103TOMY pa3BHUTHEC MCTOAOB KOHTPOJIS HAX
CEJICKOXO3HCTBECHHBIM ITPOM3BOICTBOM C IMOMOIIBIO CITyTHUKOBOW MH()OPMAIIMH MPEACTABILICT OONBIION HHTEPEC
qng Kazaxcrana.

B Hacrosmel crarbe MOKa3aHbI PE3yABTaThl padoT IO AHAIM3Y YPOJKAMHOCTH XJIONMKOBBIX IOJCH OPOINACMBIX
MaccHBOB MakTaapanbCkoro paona TypkecraHCkod oOmactu PecmyOmmkm KaszaxcraH, BBIIONHCHHBIX C TIPHMC-
HCHHUCM JAHHBIX TUCTAHIHOHHOTO 30HAUPOBAHUA SeMiH.

Pabora mposoamnacek B aBa 3rama. Ha mepBoM 3Tame, IpoBEIEHBI MOJIEBBIC 00CICIOBAHIS OPOIIAEMBIX MACCH-
BOB, OLICHCHO COCTOSIHME XJIONMKOBBIX mojed. Ha Bropom srtame, mocrpoeHa I'MC-momens opomaeMbIx MacCHBOB
Makraapansckoro paiiona, BeraucicHsl NDVI (NormalizedDifference VegetationIndex) B TeueHNHE BETCTAMOHHOTO
nieproza 3a nepuo Bpemenu ¢ 2013 mo 2018 roxos, nocrpoens! rpaduku u3mMeHeHHsT ND VI, coOpaHb! naHHBIE IO
YPOKAHHOCTH XJIOTKA, MOCTPOCH rpaduk 3apucumocta ND VI ot ypoxaitHOCTH.

Pe3ym>TaT1>1 HUCCIACOAOBAHUN MOKA3aJIH BBICOKYH 3(1)(1)6KTI/IBHOCTI> NPUMCHCHHUA MCTOAOB OUCTAHIUOHHOTO 30H-
guposaHus 3emin (manee, /J[33) B MOHHTOPHHIE OPOIIAEMOTO 3eMIICACIbSL, B AHAIM3E M B IIPOTHO3E YPOKAHHOCTH C
TOYHOCTHIO B 0,1-0,3 T/Ta.

Kmouepbie ciioBa: MakraapaabCKkuil paHoH, XITOTIOK, opomacMbiec MaccuBbl, NDVI, 133, ypoxkatinocts, [TUC,
0a3a TaHHBIX.
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