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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 Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DETERMINATION OF THE RUNOFF CHARACTERISTICS
OF THE YESIL RIVER BASIN BASED ON GIS TECHNOLOGIES

Abstract. The article examines the effectiveness of GIS-technologies in Kazakhstan for determining and
clarifying hydrographic characteristics (e.g. catchment area, river length, location, lakes and reservoirs), the analysis
of hydrological processes and phenomena, as well as the creation of a cartographic and attributive database of water
bodies. Yesil River, the main waterway of the central and northern part of Kazakhstan, is one of the least hydro-
logically studied catchments in the region. To address this research and information gap data was obtained from
remote sensing and runoff depth based on the Kazhydromet network for the period 1945 to 2016. A topographic and
river network map (1:1,000,000) of the Yesil River basin, including locations of gauging stations as well as depth
and runoff coefficient maps were created using ArcGIS software. These maps provide a very useful tool for water
resource management and economic policy decision making.

Keywords: ArcGIS, hydrological modelling, Yesil river, water resource management.

Introduction. Currently, the geographical sciences are adopting and developing a range of new geo-
information technologies (GIS-technologies), which have enormous capabilities to represent, analyze and
model geographic objects and phenomena compared to traditional methods.

Now it is possible to use modern information technologies in the creation of cartographic and
thematic databases, especially through the development and implementation of geographic information
systems (GIS) with different hierarchical level and territorial coverage. [1]. The cartographic method has
been used in hydrology since the first half of the last century, and is based on creating and using maps that
reflect the spatial characteristics of hydrological data. However, this method has not been widely used in
Kazakhstan due to the complexity and time consuming nature of manual cartographic analysis. The
cartographic method has again become more widely adopted in hydrology for spatial data processing as
the result of the development of new computer technologies [2].

GIS is a powerful tool in the study of water resources, including watershed delineation and mor-
phometric analysis [3]. Digital elevation models (DEMs) are widely used to determine topographic
characteristics, which are among the key requirements for obtaining hydrological, river network and
terrain attributes. Also, the hydrological characteristics of arid basins and drainage systems can be
modelled using DEM. In hydrological studies, DEM is often used to determine river network, catchment
area and the morphometric characteristics of a drainage basin [4]. Morphometric analysis of a drainage
basin is a quantitative description of a basin and an important aspect to know the character of the basin [5].
The Shuttle Radar Topographic Mission (SRTM), because of its global coverage of the Earth's surface
with acceptable accuracy supports DEM, is widely used for watershed delineation distribution and
hydrological studies [6].

— 7y ——
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To be found in the works aimed at the possibility of GIS technology application in hydrology and the
fundamental hydrological characteristics of the Yesil River basin [7,8,9,10,11,12], etc., and most of these
works address the issues of GIS technology application in case of insufficient hydrological data, deter-
mination of hydrological characteristics of reservoirs, graphic and cartographic display of hydrological
information.

Justification of the topic choice. Aims and objectives. Defining and specifying the hydrological
characteristics of a river basin using a GIS has significant advantages, including data processing
capabilities, new versions are available for online download, and it is publicly available.

This study explores the use of GIS-technology for cartographic representation of hydrological data of
the Yesil River basin. The Yesil River, Kazakhstan, is located at 50°38'05" N, 73°11’41"” E and 55°23'15"
N, 69°21'46" E. The length of the river is 2450 km, the catchment area is 177 000 km?, including the
active basin area of 141 000 km*[13]. The Yesil River, which is the main waterway of the central and
northern part of Kazakhstan, belongs to a hydrologically understudied area.

Literature review and methodology of scientific research. Using GIS-technologies in hydrological
studies begins with the choice of the cartographic base of the investigated area. Base map of the area can
be obtained from the following pages: https://earthexplorer.usgs.gov/, https://earthdata.nasa.gov/,
http://www.sasgis.org/sasplaneta/. In the process of work, https://earthexplorer.usgs.gov was selected from
the above pages. To download a base map, click on the link provided and mark the desired area on a
geographical map of the Earth's surface. To select and download digital elevation properties, the
GMTED?2010 digital map was chosen from the Digital Elevation parameter of the Data Sets function and
all images displayed in the Results function were downloaded.

The ArcGIS software was chosen as the software tool, which has all the main advantages of any
instrumental GIS. These include input and editing of graphic information, automatic generalization, spatial
and practical analysis using overlay operations, use of a different scale of information material, creation
and manipulation of thematic databases with the possibility of spatial reference to geographical objects,
creation of thematic maps and in the end obtaining a finished cartographic product. GIS technologies
allows the determination of the hydrographic characteristics of water bodies, such as catchment area, river
length, number of tributaries, the order of their location, the area of lake and reservoirs, as well as
mapping of water bodies and their basins at a given scale quickly and with maximum accuracy.

In ArcGIS, the images are combined when the selected area includes several images and other
territories and then study area is clipped. The images are added to ArcMap and transferred from the Data
Management Tools in the ArcToolbox to the Raster Dataset of Raster tools. The Raster Dataset is an
organized array of pixels that can be one or several bands. This tool group offers tools to copy, add and
create raster data. The Mosaic to New Raster tool can combine several raster datasets into a new raster
dataset. The Raster Processing toolset in the Raster tool group facilitates data manipulation, one of which is
clipping. This Clip tool cuts out a portion of a raster dataset, mosaic dataset, or image service layer (figure 1).

\ DATA MANAGEMENT TOOLS |

Raster Dataset

Mosae Ta New Rasler

a) b)

Y

Figure 1 — (a) Data Management Tools model; (b) A cropped image of the Yesil River water basin
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Research results and discussion. The ArcGIS program has produced a map at scale 1: 1000000,
including the location of gauging stations that provide information on the physical, geographical and
statistical hydrological characteristics of the Yesil River Basin (figure 2), as well as digital maps of the
middle depth and flow module (figure 4).

During the production of the map, the watershed of the Yesil River catchment, as well as lakes and
reservoirs were presented in polygon format. The objects created in this way allow the display of the shape
and size of the basin, and the rapid calculation of areas. The layer of rivers is represented as a linear object
and is optimal for determining the length of the river and the number of tributaries. It was carried out
using two methods: traditional and computer technology. The gauging stations were specified as a point
object and enables the relative distance between stations, the distance from the river mouth or the source
to be calculated.
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Figure 2 — Physiographic and hydrological map of the Yesil River basin

The hydrological series of runoff from the Yesil River basin has been compiled from publications of
the Kazhydromet network 1945 to 2016 (Surface water resources of virgin and fallow lands areas. Akmola
region of the Kazakh SSR. - Hydrometeoizdat, 1959; The main hydrological characteristics. Basin of the
Yesil River. - 1963-1980; State Water Cadastre of the Republic of Kazakhstan. Long—Term Data on the
Regime and Resources of the Land Surface Waters. Part 1. Rivers and Canals. Issue 1. Basins of the rivers
Irtysh, Ishim, Tobyl (upstream) - Almaty, 2004; State Water Cadastre of the Republic of Kazakhstan.
Annual Data on the Regime and Resources of the Land Surface Waters. Rivers and canals. - 2000-2016).

— 76 ==



ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2021

Smooﬁi Line

Figure 3 — Diagram of the geo-processing model created in the additional program ModelBuilder

Measurement of hydrological parameter values using traditional methods for objects and phenomena
observed at each point of the study object is time consuming and extremely difficult. However, using new
information methods, it is possible to predict values that can be assigned to all territories.

A digital map of the distribution of the runoff and the flow module of the Yesil River basin was
produced using GIS technology. The map was created with the assistance of ModelBuilder application,
which allows creating a geo-processing model in the ArcGIS system. A group of Interpolation tools was
selected from Spatial Analyst Tools. It creates a continuous (or predicted) raster surface from values
measured at reference points. A raster surface from points is interpolated using an inverse distance
weighted (IDW) technique. This IDW tool is used for visualization and numerical expression of terrain
forms. To create a class of contour objects on the raster surface from the Surface tool group, select the
Contour tool. To improve visual and cartographic quality of lines and smooth corners Smooth Line tools
from Generalization tool group of Cartography tools was used (figure 3).

One of the capabilities of GIS-technologies in hydrological research is to create a predicted map of
possible hydrological characteristics at all points (territories) of the investigated area using observation
data at hydrological stations. In ArcGIS program, by clicking the Identify button at any point (area) of the
forecast map, within a very short time in the Identify window it can see the value of the expected middle
depth at this point. The water regime map clearly shows the quantitative runoff characteristics and their
distribution of the space.

The values of middle depth and flow module at 22 hydrological stations in the Yesil River basin were
taken as a hydrological characteristic in the research (figure 4). It should be noted that using statistical
methods in hydrology, the values of insufficient series of observation data H, mm were reconstructed
using annual average runoff data [14]. This is because the density of the relationship between the mean
annual runoff data and the middle depth was high, and proof of this is also stated in [15]. As a result, using
the formula [16] of the middle depth data, a multi-year flow module of the Yesil River basin gauging
stations (1945-2016) was calculated.

The change in the values of the river basin's middle depth in recent years was compared with
previous research works (table). Published data for the 1960s and given for the reporting period 1945-
2016 as a result of the comparison revealed that the deviation of the middle depth values (h, mm) in the
river basin ranged from +6.02 to -12.1%. In general, it is noted that the values of the middle depth have
increased in recent years. At the same time, one can notice that the variability of the coefficient of
variation has decreased from -6.59 to -32.9%.
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The Yesil River runoff depth parameters' (of calculation period 1945-2016) comparison with the data [17,18,19]

Calculation Deviations of parameters
Data . . .
) ) ) [17.18,19] period , of the reporting period
No. River-gauging station O 1945-2016 (1945-2016) from data [17,18,19], %
h, mm Cy h, mm Cy h, mm Cy
1 Yesil r. — Udarnoe v. 493 0,99 54,4 0,81 +9,37 =222
2 Yesil r. — Nur-Sultan c. 23,0 0,97 20,5 0,91 -12,1 -6,59
3 Yesil r. — Kamennyi-Karier v. 13,5 1,13 16,5 0,85 +18,1 -329
4 Yesil r. — Petropavl c. 15,6 1,09 16,6 0,83 +6,02 -31,3
5 Kalkutan r.— Kalkutan v. 10,6 1,08 20,5 1,08 +97,7 -
6 Zhabay r. — Atbasar c. 19,7 0,92 32,3 0,76 +39.,0 -21,0
7 Aklfanburlyk r.—Vozvyshenka 17.0 3 31,0 0.68 1+45.1 3
(Grigorevka) v.
8 Imanburlyk r. — Sokolovka v. 15,6 1,02 19,8 0,90 +21,2 -11,7

In figure 4, the middle depth and flow module of the Yesil River basin are not evenly distributed. It
shows that the middle depth values (h) are within the range 15.6-73.1 mm, the flow module (q) is within
the range of 0.46-2.13 1/s-km”. And this is explained by two main characteristics - physical and geogra-
phical features of the area of the study with an uneven distribution of the middle depth and flow module.

Conclusion. Utilization of geo-information technologies in hydrology is ideal for identifying,
gathering and analyzing many hydrographic characteristics, modeling hydrological processes and pheno-
mena, as well as for solving many applied tasks. By using these capabilities, water bodies can be rapidly
studied and quantified, as demonstrated in this study through the modelling catchment surface runoff.

The hydrological assessment of the Yesil River basin with the assistance of GIS-technologies can be
used in water management and planning, as well as by water industry practioners for flood risk assessment
and the design of hydraulic structures.
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! On-Mapabu aTegarsr Kazak WITTHK yHHBEpcUTeTi, AnmMatsl, Kazakcran;
2 «[eorpadus sxaHe ¢y Kayincizairi unctuTyTe» AK, Anmatsr, Kaszakcran;

573 JIMHKOMBH Cy PECYpCTAphI KIHE TUIAHETAPIIBIK JAEHCAYIIBIK OPTAIBIFBI JKIHE

JIMHKONIbH YHUBEPCUTETIHIH reorpadust Mekte0i, JIMHKONbH, ¥IIbIOpUTaAHHUS;

AybUT IIapyanIblUIbIFb] )KOHE KOPIIaraH OpTa HHCTUTYTHI, Maccell yHUBepCHTET,
Tennent [paiis, [Tanmepcron-Hopt 4474, J)Kana 3enanaus;
[1ki aymakTap/pl 3epTTey OpTalIbIFbl, OHEp, 9JI€YMETTIK FRUIBIMAAP KAHE cayaa KOJUISIKI,
Jla Tpo6 yuusepcureti. DMBE 116, Mens0Oypn (Bynnypa), ABcTpasus

I'A’K TEXHOJIOTUAJIAPBI HET'T3IHJAE ECLJI ©3EHI AJIABBIHBIH AFBIH/IBICBIHBIH
CUITATTAMAJIAPBIH AHBIKTAY

AnHoTanusi. Makanana rugporpadusiblK cunarTaMmanapibl (Cy KuHay analbl, ©3eHICPAIH Y3bIHABIFBI, OJap-
JIBIH OpHAaJIacy peTi, KeJjiepi MeH Ccy KoiManapbl xkoHe T.0.) aHBIKTAy jKOHE HAKThLJIAy, THAPOJIOTHSIIBIK IPOLECTED
MeH KyObUIBICTapbl Taljay, COHAaN-aK opTYpJl THIPOJIOTHSIIBIK aKMNapaTThl KAMTUTBHIH Cy HBICAHJAapbl MEH OJyap-
JIbIH aJIaTapbIHBIH KapTorpausUIbIK kKoHEe aTpHOYTHBTIK JiepekTep 0azachiH Kypy yumin ['AXK-texHosorusuiapbia
KOJIIaHYIbIH TUIMIIUIIT KapacTeipbuirad. Kazakcran PeciyOnnkachIHBIH OPTaIBIK KOHE CONTYCTIK OOIITiHIH Heri3ri
cy aprepusichl OobIn TaObuIaThIH Ecin €3€HI 'MAPOJIOTHSUIBIK TYPFBIIAH a3 3epTTeNreH aiMakka skartaipl. Ochl
FBUIBIMHU-aKIIapPATTHIK OJIKBUIBIKTBI KO0 YIIIH Ka3ruapomeT kemici Heridigme 1945-2016 xwiimap apaibiFblHAa
KAIIBIKTHIKTAH 30HITAY YKOHE aFbIHHBIH TEPEHJIT1 AepeKTepi ajbIHIbI.

Hormxecinne 6arnapmamansix kypai "ArcGIS" Herizinge macmradsr 1:1 000 000 6omateia Ecin e3eHi amadbi-
HBIH (DPU3HUKATBIK-TeorpadusIIbIK KoHEe OSKeTTepliH OpHajlacy KapTachkl, COHBIMEH KaTap aJIalThIH arbIHIBl Ka0aThl
MEH aFbIHBI MOMIYIIIHIH KapTaiapsl kacalabl. By kapramap cy pecypcrapbslH Oackapy jkoHE IKOHOMHKAIIBIK cascaT
caslachIH/Ia HISIIiM KaObuiaay yIiH eTe naiiaibl Kypan OoJibIn Tabbutabl.

Tyiiin ce3nep: ArcGIS, rugponorusuibik yiriiey, Ecin e3eHi, cy pecypcrapbid 6ackapy.
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! Kasaxckuii HAIMOHANIBHBIN yHUBEPCHUTET UM. anb-Dapabu, Anmarsl, Kazaxcran;
2 AO «MHcTuTyT reorpaduu ¥ BOJAHOM Ge3omacHocT», AnmaTel, Kazaxcraw;
3 JIunkonbHckuii LIEHTp BOJHBIX PECYPCOB H IUIAHETAPHOTO 310POBbS M IKOJIa reorpaduu
Yuusepcutera JlnakonsHa, JInakobH, BemukoOpuranus;
WHCTUTYT CeNbCKOro X034iCTBa U OKpY Karollel cpenbl, YHUBepcuTeT Maccel,
Tennent [lpaiis, [lanmepcron-Hopt 4474, HoBas 3enannus;
LleHTp M3y4eHHs BHYTPEHHUX TEPPUTOPHH, KOJIJIEK HCKYyCCTB, COLMATIBHBIX HAYK M TOPTOBIIH,
Yuusepcurert Jla-Tpo6. DMBE 116, Mens6ypH (Bynnypa), ABcTpanus

OIPEAEJIEHHUE XAPAKTEPUCTHUK CTOKA BACC]??IHA PEKH ECIJIb
HA OCHOBE I'NC-TEXHOJIOT'MH

AnnHoranus. B cratee paccmarpuBaetcs s¢dextuBHOCTh npuMeHeHns: [ UIC-texnomoruit B Kazaxcrane mms
OTpENICICHUS U YTOYHCHHS THIPOrpapUUCCKUX XaPaKTECPUCTHK (HAIpUMEp, IUIOIIAAH BOAOCOOpa, IIMHEI pEK,
MECTOIIOJIOKEHHS 03P ¥ BOJOXPAHWIHIN), aHAIN3a HAPOJIOIMYECKUX INPOLECCOB M SIBJICHUH, a TaKKe CO3JaHUs
KapTorpapuueckoil 1 aTpuOyTHBHOM 0a3bl JaHHBIX BOJHBIX 00BeKTOB. Peka Ecuib, riiaBHas BOAHAs apTepHs ICHT-
paypHOW U ceBepHOW dactu KaszaxcTaHa, sIBISETCS OJHMM W3 HaUMEHEEe THIPOJIOTHYECKHA M3YYEeHHBIX BOIOCOOPOB
peruona. Iyl yCTpaHEHUs 3TOTO HAyYHO-MH()OPMAIIOHHOTO TMpobena ObUTH MOJMYYeHbI JaHHBIE NHCTAHIIMOHHOTO
30HIMPOBaHM U TITyOMHBI cTOKa Ha ocHOBe ceTd Kasruapomera 3a mepuox ¢ 1945 mo 2016 roa. C moMombko mpo-
rpammHOro obecrieueHust ArcGIS Opiia co3maHa Tonorpaduueckas U pedHasi ceTeBast KapTa Oacceiina peku Ecuib
(1:1 000 000), BKIHOYArOIIAsl PACIIOJOKCHHUE THUAPOMETPUYCCKUX CTAHIUMHM, a TaKkKe KapThl TIyOuH u K03(du-
IUEHTOB CTOKAa. Civit KapTbl ABJIAIOTCA OYC€Hb IMOJIC3HBIM MHCTPYMCHTOM [UJIA YIPABJICHUA BOAHBIMU PECypCaMU U
MPUHSTUS PELICHUH B 00J1aCTH SKOHOMHUYECKOH MMOJITUTUKH.

KaroueBsie ciioBa: ArcGIS, rugpomorndeckoe MonenupoBanue, peka Ecwib, ymnpaBieHHe BOTHBIMH pecyp-
CaM.
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