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MAPPING OF IRRIGATED LANDS
IN AGRICULTURE USING GEOINFORMATION SYSTEMS

Abstract. The scientific article presents the basic information for the development of research using geographic
information systems for mapping irrigated lands in agriculture. In the modern world it is impossible to do without the
use of information systems technologies, as well as provisions of ecological reliability and environmental protection.
In the CIS countries, including Russia, for the first time, the meanings of creating geoinformation systems (GIS) for
individuals and legal entities were proposed to urgently create Internet networks and other GIS technologies. These
geoinformation processes are based on scientific advances and initiatives to substantiate software technologies based
on geoinformation systems. In our country, Kazakhstan, our vast lands stretch 1,600 km from north to south and
3,000 km from east to west, covering a large area. Therefore, the use of geographic information systems is extremely
necessary. Among them are areas suitable for grazing livestock in agriculture and farms producing products on
irrigated fields in the region. The soils of settlements along the Syrdarya River are suitable for growing rice.
Therefore, conducting research using geographic information systems to map irrigated agricultural lands in
Kazakhstan is an urgent task.
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Introduction. If we consider Kazakhstan, our country is a large country in area, it ranks 9th in the
world. The territory of Ulaanbaatak occupies a large space, stretching for 1,600 km from north to south
and 3,000 km from east to west. The area is mainly suitable for grazing cattle. There are also farms in this
area that produce on irrigated fields. The barren soils along the rivers are suitable for planting rice. Since
the soil fertility in the region is generally low, irrigation requires the use of nitrogen, phosphorus and
organic fertilizers. According to use and suitability, it is divided into the following types [1, 2]:

arable land,

irrigated fields,

fallow lands,

perennial woody plants,

meadows,
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pastures,

garden and subsidiary plots.

It is obvious that GIS should be used for mapping irrigated areas of all agricultural territories.

A geographic information system (GIS) is not only a center for processing all databases, but also a
basis for synthesizing all necessary data and information, combining them into a single system, and a key
element in making strategic decisions in all industries and sectors of the economy.

Analysis of world experience shows that GIS plays an important role in assessing natural resources,
creating infrastructure, improving the environment and effectively managing the ecosystem as a whole.
The development of GIS technologies allows us to improve information technologies and use them to
solve many economic problems necessary for human life [3-15].

GIS technology consists of three main parts - the applied technological basis of geographic
information systems, the management of existing data by creating information systems, and the general
management of GIS technologies by integrating various information into the database, as well as
supporting cross- and multidimensional analyses.

Geographic information systems in the Republic of Kazakhstan have developed very well over the
past ten years. GIS capabilities have been implemented to some extent in pilot projects of various
ministries, departments and agencies, but mainly at the local level. There were no concepts for creating
such systems. All this led to fruitless marking time. In general, the full implementation of GIS as one of
the powerful analytical tools for supporting the development of the state economy was at an early stage
[15-21]. The use of geographic information systems for mapping irrigated areas in agriculture is very
convenient and reliable for obtaining complete information.

Materials and Methods. In the modern developed world, there is no activity that does not use
information sources or does not use the concept of information. Without information technology, science
in all areas is the main tool for development. There are currently many technologies that transform and
improve GIS in all countries. Today, thanks to the use of modern measuring systems and modern
technologies, the study of agricultural lands is undergoing significant changes. In this area, the use of GIS
technologies for collecting and processing remote sensing data of large agricultural areas comes to the
forefront and becomes an urgent task. Actively using products with GIS technologies in the study of
agricultural lands, is the field of geospatial digital engineering. It is in this area that the need arises for
design, safe use and solving land use issues using digital maps created in a single coordinate system. At
present, scientists from modern developed countries have begun to pay attention to the creation of virtual
maps. There are also a number of foreign software packages in this area, with the help of which, adapting
to the daily changing economic situation, the system of creating realistic maps and field plans on the
Internet is becoming increasingly widespread.

In recent decades, there has been a shortage of water resources at the global and regional levels, so it
is necessary to manage using modern technologies. One of the effective tools for assessing and monitoring
water resources is which allows you to study spectral and temporal variations for a more accurate
assessment of the necessary information.

Microwave remote sensing data allowed us to estimate soil moisture. Groundwater is one of the most
valuable natural resources, supporting human health, ecological diversity, and economic development.
Overexploitation of this vital resource threatens our ecosystems and the lives of future generations. The
application of GIS technology in groundwater hydrology is important for better understanding of
geographic space and spatial information such as water sources, catchments, landforms, land use, soil
cover, precipitation, temperature, humidity, soil condition and composition, geology, atmospheric
conditions, human activities, environmental data, etc. It also describes the challenges and importance of
groundwater and freshwater management. The integration of GIS methods allowed for the assessment of
aquatic vegetation growth, salt marsh quality and floodplain degradation over time, as well as for the
detailed study of source materials and the creation of a database [17, 18].

Data preparation and preprocessing: The first step in time series analysis is to import the data of
interest and plot it on a map of the region of interest. We started by loading the Landsat 8 dataset and
plotting the points in the region of interest. Additionally, a time field was created. The MaskL8sr function
is a cloud camouflage function that uses Landsat 8 quality bands to mask any pixels that are hidden,
obscured, or overloaded by clouds. This is a Landsat 8 satellite function. In fact, other platforms required
different settings to use this function.
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Click the Export button next to the chart to see an interactive view of it. You can also rotate some of
the data points to see the relationships between them. A line connecting two points at a 45-degree angle
indicates that they are consecutive data points (note that there are relatively few consecutive points). We
also see relatively large spikes in the data, with an increase between late March and April and a drop at the
end of August. The data varies slightly from year to year, but it can be assumed that this is due to seasonal
rains in the spring and the wilting of leaves in the fall.

The linear regression function (Gearbox) can be used to perform many interesting time series
analyses. To estimate linear trends over time, I consider the following linear model, where €; is the random
error:

y=L0+B1X 1+. .. +B.Xs + €.

We use this model to explain the upward or downward trend in the data by subtracting the observed
values from the corresponding model values to determine the data. This trend model was fitted to the
Landsat NDVI series using the ordinary least squares (OLS) method using the LinearRegression reducer.

The geographic information system is scientifically substantiated, analyzed, formed, used and applied
to improve the basis of geographic information systems, and also provides programs with the necessary
information for scientific, technological and industrial justification. In modern infrastructure, geographic
information systems play a special role in the effective management of natural resources, the state of the
environment and agriculture. The main function of GIS is called the analysis and collection of necessary
data, creation of necessary databases, entering them into the systems in your computer, storing them for
further use, processing all the data and transforming them for a specific presentation. GIS also allows you
to re-display geoinformation based on the necessary data and creates cartographic schemes for a special
industry, as well as formats and displays them in the form of tables and graphic text for convenient use at
the right time. When using geographic information systems, a set of society sciences is used: digital
cartography, automated control systems, planning of program works. Analyzing, we have identified and
highlighted the following advantages and features of GAS [15, 16, 21-24]:

identify the necessary spatial information, compare the most appropriate measurements and data to
obtain it;

be able to use the ArcGIS program and its capabilities.

ArcGIS is a GIS software suite, a developed and effective product of a modern, full-fledged GIS
system. The fundamental uses of ArcGIS play a key role in strengthening GIS software, and its functions
(the process of manipulating spatial data) are used in various industries and at various levels of
agricultural work [15, 16, 21, 24-29].

It deals with issues of managing geographic information, its analysis and visualization in the form of
geographic data sets, the structure of information about them, processes of modeling the geographic
environment, as well as economics. Therefore, when creating a GIS program, it is envisaged to use
modern equipment for collecting geographic data [15, 16, 21, 29-34]:

1. Geoinformation databases, farm databases, formation of their sets and presentation of the obtained
information in a GIS program in the form of a common text model, including vector objects, rasters,
topology, grids, etc.

2. Geovisualization is the creation of smart maps and other types of sets that model the relationships
between spatial objects and objects on the Earth's surface. In addition, it is possible to create various maps,
analyze the information on them, and create a "database window".

3. Geoprocessing is a set of tools for obtaining new geographic information from data using GIS, as
well as a program that collects spatial data processing functions (geoprocessing) and stores the obtained
results in a newly created information set by applying analytical functions to them [15- 16, 21, 25-26].

Results. The direction of development of GIS technologies in land management science, including
the use of GIS systems for mapping irrigated lands in agriculture and thematic mapping using various data
to identify its geographical features, is very relevant and enhances the use of modern GIS for the
formation of thematic maps.

GIS applications in agriculture include monitoring of canopy biomass and vigor, drought stress,
assessment of crop phenological development, cropland assessment and cropland mapping, mapping of
disturbances and land use changes, and precision agriculture and irrigation management. The GIS-based
mapping application helps to locate crops grown across the country and adjust various variables, monitor
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the health of individual crops, estimate the yield in a particular field and maximize crop production. Using
data collected through a variety of land-use tools, including mobile devices that can identify areas of food
shortages and root causes of food insecurity, GIS plays a critical role in efforts to combat global hunger
and is an integral part of automated field operations. Using data from sensors mounted on agricultural
machinery can help make informed decisions when planning crops to increase productivity. Yields,
topography, organic matter, moisture, and nutrient levels in the soil can help prepare for farming. Using
GPS monitoring devices, it is possible to accurately measure crop yields, plant water content, and
chlorophyll levels directly in the field. Geospatial technologies are essential for monitoring crop growth,
identifying and managing various stresses, assessing crop yields, conserving natural resources, and
increasing agricultural productivity. GIS plays a key role in identifying areas where crops and cropping
patterns are changing and is a useful tool for crop research and mapping. Reliable and timely information
on crop types, areas, and expected yields is essential for agriculture. Spectral information includes 9
aspects for crop modeling, which reflect the state and growth phases of plants. Crop maps are created by
combining satellite images, geodetic survey data and providing useful data on the location of land plots for
agribusiness, such as fertilizer companies. GIS can play an important role in scientific inventory of
databases of various agricultural crops. Several studies have been reported using aerial photographs and
digital image processing techniques. This helps to reduce the amount of field data collection and ensures
high accuracy of estimation [2-16].

The history of GIS development shows that in previous periods, from the 1950-s to the 1970-s,
significant advances were made in computing technology, i.e., in the development of GIS. At that time,
electronic calculators, graph plotters, graphic displays, and various peripheral devices began to be used.
During these years, during the development of GIS in the USA and Sweden, scientific research was
carried out in the field of geography and spatial data, and numerical methods in the field of
geoinformation analysis were proposed and developed at the forefront. Preparation of geoinformation for
planned land management works of various scales was carried out using special scanning devices. In this
direction, Canadian geoinformatics scientists began to offer new technologies based on GIS:

Automation of work with information in GIS programs, scanning of received graphic materials;

Thematic processing of information, division of data files by location of objects into thematic
information files by common objects;

Performance of various cartometric operations, including calculation of areas of land plots.

The second stage of development - in the 1970-1980-s, GIS programs began to focus on the work of
public administration systems and began to improve. The US Census Bureau was the first in the world to
start working with GIS technology systems, that is, GIS began to develop in public administration. Then
the topology and its significance were covered, the relationship of linear objects in mapping, the adjacency
and intersection of objects, as well as their overlap and border with territorial objects were shown. In
addition, these maps show node numbers and land parcel identifiers. A numbering and coding scheme for
streets and squares was also presented. At these stages, most importantly, the effectiveness and relevance
of the digitalization program was proven.

The 1980s and 1990s were the third period of rapid development. During this period, commercializa-
tion and market development became widespread. Various commercial programs were created and
became available. 310 passurue pacmmpwio chepy npumenenuss [MIC Onaromapss MHTErpanuu C
reonpocTpaHCTBeHHbIME 0a3amu naHHbIX. The use of GIS expanded due to the development and
integration of geospatial databases. They proposed design and engineering work using GIS in the direction
of "nature management", identified and substantiated hardware and software, input of cartographic data, as
well as requirements. In connection with this, the well-known ArcInfo program was created in these years.
During these same years, the well-known ArcInfo program was created. The main advantage of the
ArcInfo program is its availability and reliability for any technical operating system. Arclnfo was
available for a variety of technical platforms and operating systems. ArcInfo also achieved great success in
forestry applications [5, 6, 19-22].

The fourth stage of GIS development from 1990 to the present can be called modern. Competition in
the sphere of using geoinformation technologies and their services has increased significantly. GIS users
have a very wide choice on the market. The availability of GIS programs has increased, there is an
opportunity for their modern openness, ease of use, and modification if possible [11, 22-31].
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Discussion. The goal of modeling is to simulate a data set to solve a specific problem using the
simplest possible model while taking into account the largest possible amount of data. The previous
example was used to illustrate the concept of breaking a time series into components. Moreover, although
the example includes values measured at the same scale throughout the time series, we often encounter
situations where the measured value changes. Visual results can be distorted when vegetation cover
changes abruptly due to atmospheric conditions (fog, soil moisture, cloudiness). It is important to
understand the characteristics of both the data and the object of measurement. Building a time series
model to understand cyclical changes in crops can provide useful information for understanding crop
productivity, but if problems in the data are not taken into account, you may build a time series model
with erroneous results. Many time series modeling tools, such as ARIMA modeling, are not directly
applicable in certain settings due to unavailability of data, non-standard data collection periods, and
variable intensities due to atmospheric conditions. We focused on understanding linear trends and
harmonic modeling. Multi-temporal data in Earth Engine is represented as "image sets". The complexity
factors discussed earlier are different from modeling time series analysis in Earth Engine. From a
programming perspective, functions are created to aggregate data and reduce the time required to discover
temporal relationships between elements in a set.

In Kazakhstan, the development of domestic GIS technologies reached its peak in the 1990s. In the
course of their development, geographic information systems are finding ever wider application in such
areas as technical and organizational processes, professional agriculture, geography, etc., as well as for
information support for solving production problems. The main advantage of creating GIS software was
the development of graphic information. Depending on the types of information and the tasks of its
processing, special programs were developed, and a block process for editing information was developed.
Thus, in the course of development of domestic GIS technologies, it was invented that in any editing
program it is possible to automatically make changes to those parts of the drawing that contain the edited
block. This has a positive effect on a significant reduction in labor costs for updating graphic documents.

Conclusion. Cartography is a science that studies the totality of natural and social phenomena, their
interrelation and location, as well as their change over time, etc., using cartographic images. Star maps,
globes and relief maps, their conventional designations in economics are called cartographic models. Its
main areas [15, 16, 21-34]:

1. The subject of cartography, its methodology, cartographic projections, generalizations, as well as
methods of their representation, conventional signs;

2. The science and history of cartography;

3. Cartographic data, their classification and theory of scientific information;

4. Technology of designing and producing maps;

5. Methodology of using maps.

Land condition mapping, in particular mapping of irrigated lands in agriculture, is carried out on a
GIS technology platform. When mapping land plots, GIS technology models are used, as well as
automated forms of GIS technology in cartographic work.

There is still little information about the transformation of the information obtained through GIS
technologies, in particular, about the use of geographic information systems in mapping irrigated lands in
agriculture. The algorithms and procedures for developing standards currently used can take into account
the specifics of GIS technologies for a particular farm or their importance for mapping irrigated lands in
agriculture:

to solve structural problems of developing a computer algorithm;

be able to perform standard processing procedures automatically;

display data at different levels of detail;

minimize human intervention in the process of solving specific problems.

The main tasks when using GIS technologies are: collecting data necessary for the work process,
processing and updating them, storing, performing transformations, performing calculations and
publishing. All of them are the main documents for consumers of GIS information.

In conclusion, several comments can be made that the presented work on the use of geographic
information systems for mapping irrigated lands in agriculture is an additional contribution to the use of
GIS in order to improve the level of knowledge and science in this area.
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The development of modern society is impossible without GIS technologies. The use of GIS for
mapping irrigated lands in agriculture is impossible without information on production, sales prices, etc.
Therefore, the creation of GIS is the concentration of information in specialized GIS centers for wide and
effective use by the population. Such GIS centers can be created in industry or private organizations. In
addition, a GIS center can be created at the federal real estate cadastre agency, which is intended to
provide individuals and legal entities with information about land plots and buildings located on them.

Therefore, it can be said that the main stage of the process of using geographic information systems
for land use planning, including mapping of irrigated lands in agriculture, is the use of land use GIS.
However, the role of land management does not end there. It should be considered as a system of
measures, a process of implementing planned measures. Construction of roads for transition from one type
of territorial organization to another, creation of perennial plantings, forest belts, placement of crop
rotations, fields, working areas, regulation of boundaries, etc. is necessary, this is possible only on the
basis of relevant projects. In addition, it is necessary to know the natural and economic conditions of land
ownership and land use, conduct topographic and geodetic, soil and geobotanical and other studies,
understand the state procedure for the reorganization of the territory, develop and approve a working
project, and, if necessary, conduct an examination and supervision. From this point of view, land
management can be considered as a system of measures to organize the rational use and protection of land,
create sustainable landscapes and map irrigated lands in agriculture.

Of all the above, land management planning, including the use of geographic information systems for
mapping irrigated lands in agriculture, is a unique, extensive and important area of scientific and practical
land management activity.
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AYBLI TAPYAIIBLIBIFBIHIATBI CYAPMAJIBI 2KEPJIEP L
I'EOAKITAPATTBIK ) KYUEJIEPAI ITAUJAJIAHA OTBIPBITI KAPTATA TYCIPY

AnHoTtanusi. FeuiblMM Makanaza aybsul IIapyallbUIBIFBIHAAFBI CyapMaibl SKepiepli Kaprara Tycipy YIUiH
TeoaKIapaTTHIK KYHenep i maiianana OTHIPHII, 3epTTEYIePai JaMBITYABIH HETi3ri MariymarTapsl Oepinred. Kasipri
KOFaMHBIH JaMybl aKIapaTThIK TEXHOJIOTHsUIApAbl KOJIJaHO0alh MYMKIH eMec, OUTKeHI Ke3-KeJITeH KbI3MET calachlHIa
IIeIiM KaObUIAy YUIIH aJjaMfa KOpIIaraH OpPTaHBIH XKal-KyHi, Tayapiap MEH KbI3METTEp HApBIFbIHIAFbl TEHJICH-
LUsLIap, SKOJIIOTHSJIBIK XKarIail )koHe T. 0. Typaibl e3ekTi OutiM Kaker. Ocbiran OaiinaneicTsl Peceiine Internet sxone
Intranet >xeniiepin Kypy apKbUIbI JKEKe jKOHE 3aH[Ibl TYJIFajiap apachlHa aKmapaT aiMacy IpOLecTepiH KeTUIaipyre
OarbITTaNFaH OipKaTap MaHbI3/Ibl KY)KaTTap KaObuidaHaabl. By nporecrep/i icke achlpy reoakiapaTThIK Kyienepre
HETI3IeJIreH TEeXHOJIOTHsIapra Herizzenyi kepek. Emimiz KaszakcraHn jxep KeyieMi TYPFBICBIHAH CalIBICTBIPFaH
KepiMi3 KeH, KeJieMi JlyHWe *y3i OOWBIHIIA TOFBI3BIHIILI OPbIH anajbl. ¥JaH-0aiiTak TEPPUTOPHSCHI TEPICTIKTEH
OHTYCTiKKe Kapail 1600 kM, an mbiFsicTaH OaTbicka Kapait 3000 kM aymakka CO3BUIBIN YJIKEH KEHICTIKTI KaMTHII
JKaTelp. AMaK Heri3iHeH MaJl JKarora KOJIAiJIbl caHallaThIH ayMak. byl enkene cyapMaibl ericTIKTEH OHIM ajlaThlH
mapyamanap 1a 6ap. ©3eH OolnapblHIa OpHAJIACKAaH TAKbIp TYCTEC TONBIPAKTAap KYpIlI eryre bIHFaiibl. Tomnbipak
KYHApJIBIFBI JKaJIIBI OOJIBIC ayMaFblH/AA a3 OOJIFaH/BIKTaH, CyapaThlH Ke3/e a30TThIH (OchOpPIIBIK IIEH OPraHUKAIbBIK
THIHAUTKBIIITAPABI KOJIJaHY KaKETTLIT1 TyBIHIAH b

Tyiiin ce3aep: aybu1 MapyambUIBIFBL, CyapMallbl )Kepiep, KapTara TYCipy, Te0aKnapaTThIK XyHe, 3epTTeyiep.
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KAPTUPOBAHME OPOIIIAEMBIX 3EMEJIb B CEJIbCKOM XO351CTBE
C UCIIOJIB30BAHUEM I'EOMH®OPMALIMOHHBIX CUCTEM

AnHoranus. [lana ocHOBHasg MH(MOpPMaUus U Pa3BUTHA HCCIEAOBAHMH C HCIOJIb30BaHHEM TIeoHH(pOpMa-
LUOHHBIX CHCTEM JUIsl KapTorpadupoBaHUsl OpOIIAEMBIX 3€MeJb B CEJILCKOM XO03sHCTBe. Pa3BuTHE COBpPEMEHHOTO
o01ecTBa HEBO3MOXKHO 0€3 MCIOJIb30BaHKs MH()OPMAMOHHBIX TEXHOJIOTHH, MOCKOJIBKY IJISl IPUHSTUS PELICHUH B
0001 cepe nesITenbHOCTH YeIOBeKY HeoOxoauma nHGOpMAIUsS O COCTOSIHUU OKPYIKAIOIIeH Cpebl, TSHICHIUIX
PBIHKA TOBapOB U yCIYT, COCTOSIHUM OKPYIKAIOIIEH Cpelbl U Ip., Hy>KHBI peasibHble 3HaHUs. B cBs3M ¢ 3TUM NPHUHAT
Psi BaXKHBIX JIOKYMEHTOB, HallpaBJIEHHBIX HA COBEPIIEHCTBOBAHHE MPOIIECCOB 0OMeHa HH(opManueid Mexay husu-
YECKUMH M IOPUIMYECKHMH JIMIAMU MOCPEACTBOM co3nanusi cereil Murepner u Mutpaner B Kazaxcrane. Peanu-
3allMsl 3THX MPOLECCOB JIOJDKHA OCHOBBHIBAaThCS Ha Gase reomHdopmannoHHBIX cucteM. [lo momanu Kazaxcran
CTOHT Ha JICBSITOM MECTE B MUpE, €r0 TePPUTOPHS IPOTSIHYJIACh ¢ ceBepa Ha ror Ha 1600 KM M ¢ BOCTOKA Ha 3arajg —
Ha 3000 kM. OpormaeMble 3eMJIH UCTIONB3YIOTCS IS POU3BOICTBA pa3HOOOPa3HON CEMbXO3MPOIYKIINH, B TOM YUCIIE
’KHBOTHOBOJUECKOW. becrioaHble MOYBbI, PacIoioKeHHbIE BIONb PEK, MPUTOJHBI I MOcaaku puca. [lockonbky
IUIOZIOPOZME TOYB B LEJIIOM II0 PETHOHY HU3KOE, NPH OpPOLICHHH BO3HHMKAET HEOOXOAMMOCTH HCIOJIB30BaHUA
a30THBIX, POCHOPHBIX U OPraHUYECKUX YI0OPEHUI.

KaioueBble ciioBa: cenbckoe XO3SHCTBO, OpolLIaeMble 3eMJIM, KaprorpagupoBaHue, reoMH(opManuoHHas
cHCTeMa, HCCIIeIOBaHMUS.
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