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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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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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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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 13-140C. The lowest temperature is in January (-0.70C) and the 
highest is in July (+ 26.80C).The maximum temperature during winter is +18-+240С. The minimum 
temperature is -350С. 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.It 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 μm); RED is 
reflected in the visible region of the spectrum (0.4–0.7 μm), 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 ൌ
୍ୖିୖୈ

୍ୖାୖୈ
                                                                  (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 µm) lies the 
absorption maximum of solar radiation by chlorophyll of the culture, and in the infrared region (0.7–            
1.0 µm) 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 



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

117 

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. 

Figure 5 – Graph of the NDVI development for Cotton field 1 during 2018 

 

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. 

Figure 7 – Graph of correlation between the NDVI of Cotton field 1 and cotton yield 
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ЖҚЗ-НЫҢ ОҢТҮСТІК ҚАЗАҚСТАН СУАРМАЛЫ МАССИВТЕРІНІҢ  
ӨНІМДІЛІГІН САРАПТАУ ҮШІН ҚОЛДАНЫЛУЫ 

Аннотация. Бүгінгі таңда ауыл шаруашылық саласына Қазақстанның ауыл шаруашылық өнімдерін 
экспорттаудағы жетекші мемлекеттердің қатарына кіруін қамтамасыз ету жөнінде мақсат қойылған. Отандық 
шаруалардың сыртқы нарықтағы бəсекеге қабілеттілігін сақтау жəне азық-түлік қауіпсіздігін қамтамасыз ету 
барысында, ҚР Ауыл шаруашылық Министрлігінің ауыл шаруашылық өнімдерін өндіру туралы объективті 
ақпаратқа мұқтаждығы туындайды. Сондықтан ауыл шаруашылық өндірісін жерсеріктік ақпараттар арқылы 
қадағалау əдістерін дамытудың Қазақстан үшін маңызы зор.  

Мақалада Қазақстан Республикасы, Түркістан облысы, Мақтаарал ауданының суармалы массивтеріндегі 
мақта өрістерінің өнімділігін, жерді қашықтықтан зондылау деректерінің көмегімен жасалған сараптаманың 
нəтижелері көрсетілген. Зерттеу жұмыстары екі этапта жүргізілді. Бірінші этапта суармалы массивтердің 
далалық зерттемелері жүргізілді. Мақта алаңдарының жағдайы мен орналасу ерекшеліктері тексерілді жəне 
бағаланды. Екінші этап зертханада жүргізілді, оның ішінде Мақтаарал ауданының суармалы массивтерінің 
ГИС моделі құрастырылды. Мақтаарал ауданының территориясының 2013–2018 жылдар аралығында 
вегетация периодының NDVI – normalized difference vegetation index есептелініп NDVI өзгеріс графигі тұрғы-
зылды. Мақтаарал ауданының мақта өнімділігі туралы ақпарат жиналды. NDVI жəне өнімділіктің байланыс 
графигі тұрғызылды. 

Зерттеу жұмыстарының нəтижелері суармалы егін шаруашылығының мониторингінде ЖҚЗ-ның жо-
ғарғы тиімділігін, жəне де өнімділікті 0,1–0,3 т/га дəлдікпен болжамдауға болатындығын көрсетті.  

Түйін сөздер: мақтаарал ауданы, мақта, суармалы массивтер, NDVI, ЖҚЗ, өнімділік, ГАЖ, мəліметтер 
базасы, LandSat, Sentinel-2. 
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ПРИМЕНЕНИЕ ДЗЗ ДЛЯ АНАЛИЗА УРОЖАЙНОСТИ  
ОРОШАЕМЫХ МАССИВОВ ЮЖНОГО КАЗАХСТАНА 

Аннотация. В настоящее время перед сельскохозяйственной отраслью поставлена задача – обеспечить 
вхождение Казахстана в число стран – Лидеров по экспорту сельхоз культур. В связи с необходимостью 
обеспечения продовольственной безопасности страны и сохранности конкурентоспособности отечественных 
земледельцев, на внешних рынках увеличатся потребности Министерства сельского хозяйства РК в объек-
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тивной информации об объемах производства сельхоз культур. Поэтому развитие методов контроля над 
сельскохозяйственным производством с помощью спутниковой информации представляет большой интерес 
для Казахстана. 

В настоящей статье показаны результаты работ по анализу урожайности хлопковых полей орошаемых 
массивов Мактааральского района Туркестанской области Республики Казахстан, выполненных с приме-
нением данных дистанционного зондирования Земли.  

Работа проводилась в два этапа. На первом этапе, проведены полевые обследования орошаемых масси-
вов, оценено состояние хлопковых полей. На втором этапе, построена ГИС-модель орошаемых массивов 
Мактааральского района, вычислены NDVI (NormalizedDifferenceVegetationIndex) в течение вегетационного 
периода за период времени с 2013 по 2018 годов, построены графики изменения NDVI, собраны данные по 
урожайности хлопка, построен график зависимости NDVI от урожайности. 

Результаты исследовании показали высокую эффективность применения методов дистанционного зон-
дирования Земли (далее, ДЗЗ) в мониторинге орошаемого земледелья, в анализе и в прогнозе урожайности с 
точностью в 0,1–0,3 т/га.  

Ключевые слова: Мактааральский район, хлопок, орошаемые массивы, NDVI, ДЗЗ, урожайность, ГИС, 
база данных. 
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