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GEOINFORMATION MODELING OF THE ESIL RIVER
FLOOD ZONE BASED ON REMOTE SENSING DATA

The article presents the technique for geoinformation modeling of a site of a river valley with an
insufficient amount of hydrological data. The technique will make it possible to carry out a forecast of
hydrological phenomena in order to prevent the flooding of adjacent territories by flood waters. The
study is based on the use of Earth remote sensing (RS) data and the use of geoinformation technologies
(GIS). The sequence of the work is briefly described. The study was carried out on the example of a site
of the valley of the Yesil (Ishim) river, located near Petropavlovsk (North Kazakhstan region, Republic
of Kazakhstan). On the basis of remote sensing data and GIS technologies, a digital relief model of the
studied section of the river valley was developed. The initial data were SRTM (Shuttle Radar Topography
Mission) images. The modeling of the scenario of possible flooding of adjacent territories by flood waters
has been carried out. Modeling and mapping of flooding carried out for the flood peak. Modeling and
construction of a flood map were carried out for the flood peak. An approach is proposed that makes
it possible to perform a more accurate assessment of the boundaries of flooding without the procedure
for calculating the hydrological characteristics of the river during the flood period and the absence of
hydrometric observation data. Recommendations are given for the prevention of flood events, measures
to protect adjacent lands from possible flooding. The obtained cartographic materials can be useful for
planning and carrying out measures to prevent emergency situations related to floods on the river, re-
duce the risk of flooding of adjacent areas, and territorial design.

Key words: mapping, modeling, GIS, remote sensing data, digital terrain model, river valley, flood-
ing.

A.K. LLyryaosa'’, I.3. MaxuTosa?, H.b. MaxaHosa?, C.B. Nalwwkos?,
K.M. Acbinbekos', X.I'. bepaeHos'™
'A.H. l'ymnaeB aTbiHAaFbl Eypa3uns yATTbIK, yHMBepcuTeTi, KasakcTaH, AcTaHa K.
2 MaHauw Ko3sblibaes atbiHaarbl CoATycTik KasakcraH yHuBepcuTeTi, KasakcraH, [MeTponasa K.
3oa-Dapabu atbiHAaFbl Kasak, yATTbIK, yHUBepcuTeTi, KasakcraH, AAMaThbl K.
*e-mail: berdenov-z@mail.ru

KalbIKTbIKTaH 30HATAy AepeKkTepi HerisiHAe EciA e3eHiHiH,
cy 6acy alimafblH reoaknapaTTbik, MOAEAbAEY

Makanapa TMAPOAOTMSIABIK, MOAIMETTED >KETKIAIKCI3 6OAFaH Ke3ae ©3eH aHFapbl yuackeciH
reoaknapaTTblK YATiAey 9AICTEMECi KeATIpIAreH. DAicTemMe ipreaec aymMakTapAbl TacKblH CyAapMeH
cy 6acyAblH aAAbIH aAy MaKCaTbiHAQ TMAPOAOTUSIABIK, KYObIABICTApPAbIH GOAXKAMbIH XY3ere acblpyfa
MYMKiHAIK Gepeai. 3eptrey XKepai KawblKTbikTaH 30HATAYy (OKK3) AepekTepiH KoApaHyFa >KeHe
leoaknapatTblk, TexHoAOrMsgAapAbl (TAXK) naraasaHyFa HerispaeAreH. >KacaAraH >KYMbICTbIH, PETTIAIr
Kbickawa 6asHaasraH. 3eptrey [leTponaBa KaAacbl MaHbiHAAFbl (CoATycTik KasakcraH 06AbICHI,
KasakcraH Pecriy6ankachi) Ecia e3eHi aHFapbl yuackeciHib MblcaabiHAQ XKy prisiaai. )KK3 maTtepuassapsbi
MeH [AXK-TexHoAOrMsiAap Heri3iHAe ©3eH aHFapblHblH, 3ePTTEAETIH Yy4yackecCiHiH >kep 6eaAepiHiH
CaHAbIK, YATIiCi 83ipAeHAi. bactankpl aepektep petiHae SRTM (Shuttle Radar Topography Mission)
cypeTtTepi aAblHAbL. [preaec aymakTapAbl TaCKbIH CyAapMeH Cy 6acy MyMKIHAITIHIH CLEeHapUitiH YAriAey
OpbIHAAAABI. XKoFapbl AeHrei ke3iHAEri Cy TaCKblHbl KAPTACbIH YATIAeY YKaHe KypacTbipy >Kyprisiaai. Cy
TACKbIHbl KE3EHIHAET ©3eHHIH MTMAPOAOTMAABIK, CUNaTTaMaAapbiH ecenTey npoLeAypachiH XacamacTaH
SKOHE TMAPOMETPUSAbIK 6akblAaayAap AepekTepiHiH GoAMayblHa KapamactaH Cy 6acy LekapaAapbiH
AdAIpeK bGaFarayra MYMKIHAIK 6epeTiH TaciA yCbiHbIAAbL. Cy TacKblHbl KYObIAbICTAPbIHbIH, AAAbIH aAy
6OMbIHLLA YCbIHBICTAP, ipreAec ainMakTapAbl bIKTUMAA Cy TaCKbIHbIHAH KOPFay LIAapaAapbl YCbIHbIAABI.
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leomHpopMaLLMOHHOE MOAEAMPOBAHKME 30HDbI 3aTOMACHUS
pekn EcuAb Ha OCHOBe AQHHbBIX AUCTAHLMOHHOIO 30HAMPOBAHUS

B cratbe npunBeaeHa MeToamKa reoMHMOPMALIMOHHOIO MOAEAMPOBAHUS YHACTKA PEUHOM AOAMHDI
npy HEAOCTATOYHOM KOAMYECTBE TMAPOAOIMYECKMX AAHHbIX. MEeTOAMKA MO3BOAMT OCYLLECTBUTb
MPOrHO3 F’MAPOAOTMYECKNX IBAEHUI C LIEABIO MPEAYNPEXAEHMS 3aTONAEHNS MPUAETAIOLLMX TEPPUTOPUIA
NMaBOAKOBbIMW BOAamu. MccaeaoBaHve 6a3upyetcss Ha MNPUMEHEHUM AQHHbIX  AMCTaHLUMOHHOMO
30HAMpOBaHUS 3emAan (A33) M MCNOAb30BaHMM reomHpopMaLMoHHbIX TexHorormin (TMC). Kpatko
M3AOXKEHA MOCAEAOBATEAbHOCTb MPOBEAEHHON paboTbl. MccaepoBaHME  OCYLLECTBASIAOCH — Ha
npuvmMepe ydactka AOAMHbI p. Ecuab (Mwmm), pacroaoskeHHoro B6Am3u r. MNeTtponasaoscka (Cesepo-
KasaxcraHckas obaactb, Pecnybamka KasaxcraH). Ha ocHoBe matepuanoB A33 n [MC-texHoAOMMIA
pa3paboTaHa LM poBas MOAEAb PpeAbedda MCCAEAYEMOTO YUacTKa AOAMHbI peku. MICXOAHBIMM AQHHBIMM
nocAyxuam ciumkn SRTM (Shuttle Radar Topography Mission). BbinoAHeHO MOAeAMpPOBaHUe CLeHapust
BO3MO>XKHOIO 3aTOMAEHMS MPUAEraloWmMX TEPPUTOPUI MABOAKOBbIMW BOAAMU. MoaeAnpoBaHue M
NMOCTPOEHME KAPTbl 3aTOMAEHNS MPOBEAEHbI AAS MKWKA MaBOAKA. [TpeAAOXKEeH MOAXOA, MO3BOASIOLLMIA
BbIMOAHUTH GOAEE TOUHYIO OLIEHKY IpaHuL, 3aTonAeHust 6e3 npoLeAypbl PacueToB MMAPOAOTMYECKMX
XapaKTepUCTMK PEKM B NMABOAKOBbIN MEPHUOA M OTCYTCTBUM AQHHBIX TMAPOMETPUUECKMX HABAIOAEHMI.
AaHbl peKoOMeHAALMM MO MPeAYNPeXKAEHUIO MABOAKOBbLIX SBAEHWI, Mepbl 3alMTbl MPUAEraloLLMX
3eMEeAb OT BO3MOXHOTO TMOATOMAEHUS. [1oAyYeHHble KapTorpauyeckme marepuasbl MOryT ObiTb
MOAE3Hbl AASl MAQHMPOBAHMS W MPOBEAEHMS MEPOMPUSATUIA MO MPEAYNPEXAEHUIO YUpe3BbIYaMHbIX
CUTYaLMI, CBS3aHHbIX C MABOAKOBbIMU IBAEHUSIMU HA PEKE, CHU)KEHMIO PUCKA 3aTONAEHMS MPUAETAIOLLMX

Y4aCTKOB, TEPPUTOPUAABHOIO MPOEKTUPOBAHMS.
KAoueBble cAoBa:

KapTorpagupoBaHMe, MOAEAMPOBAHUE,

MMC, aaHHble AMCTAHUMOHHOIO

30HAMPOBaHUS, UMPOBas MOAEAb peabeda, AOAMHA PeKkU, 3aTOMAEHMe.

Introduction

The Yesil (Ishim) River is the main water artery
of the North Kazakhstan Region and a basic source
of water resources for household needs, industrial
production, agriculture, tourism and recreation. Its
source is located in the Niyaz mountains, in the up-
per part the river flows through a narrow valley in the
northwestern and western direction, below the city
of Nur-Sultan, the valley expands to the southwest,
further to the north (in front of town Derzhavinsk)
and northeast (Petropavlovsk). The Yesil River is
fed by snow. Its freezing begins in the beginner of
November, opening of the river is in April and May.
The maximum level of water rise during the spring
flood occurs in May and June. During this period the
river overflows up to 15 km in its low part. Average
consumption near Petropavlovsk in 1975-2019 is
60.0 m?%/s, the largest one is 2420 m?3/s in 2017. The
main tributaries are Koluton, Zhabay, Akkanburluk

(right). About 80% of its annual runoff is formed
in the spring due to snowmelt. The Vyacheslavs-
koye and Sergeevskoye reservoirs are located on
the river. (Geografija Severo-Kazahstanskoj oblasti,
2016:35-38; URL1:2022)

Intensive melting of the snow cover in spring
often causes floods on the river, flooding the territo-
ries adjacent to the valley. Flooding processes in the
form of floods cause significant social and economic
damage. During such emergencies, damage and de-
struction of residential and industrial buildings and
constructions, infrastructure facilities, flooding of
agricultural land, leading to the death of crops take
place. So, there is a threat to domestic animals, and
most importantly, the health and life of the popula-
tion living near the river.

According to the Department of Emergency
Situations for North Kazakhstan Region (URL
3:2022), the area subject to flood events in the re-
gion is 43,991.95 ha (2020). To prevent emergen-
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cies there is a system of gauging stations designed
to monitor the hydrological, hydrochemical char-
acteristics and parameters of the river. Due to the
specifics of the device and the nature of the relief in
the flat areas, the density of observations of the pa-
rameters of rivers is much less than in mountainous
areas. In total, within the North Kazakhstan region
on the river Yesil operates 19 gauging stations, 5 of
which were opened in 2020 to improve the quality
of forecasting.

However, for a more detailed study, assessment
and accurate forecasting of flood events, their num-
ber is insufficient. The available materials do not al-
low to accurately and quickly determining the areas
of possible flooding. This makes it difficult to timely
carry out the relevant work to prevent floods, and
reduces their effectiveness.

The relevance of the study is connected with a
significant economic development and population of
the river Yesil valley and adjacent territories. There
are many settlements here, including regional center
— town Petropavlovsk, agricultural land, important
engineering and construction facilities, elements of
road transport infrastructure.

Nowadays, the development of GIS technolo-
gies, the use of digital elevation models (DEMs)

has made it possible to significantly simplify and
automate the process of determining zones of
flooding by flood waters, modeling and forecast-
ing flood phenomena on rivers. DEMs are very
important for solving a wide range of geographic
and cartographic problems. One of the most ur-
gent among them is the problem of determining
the zones of possible flooding of territories during
flood events on rivers. The advantages of creating
DEM based on remote sensing data are the effi-
ciency of obtaining up-to-date data, automation of
their processing, and a fairly high accuracy of the
resulting models.

In the process of modeling flood zones based on
RS data, no procedure for special calculations of the
hydrological characteristics of the river during the
flood period is required. The special significance of
the use of RS for modeling and forecasting zones
of inundation by flood waters is noted for territories
with a rare network of gauging stations, in the ab-
sence of operational data from hydrometric obser-
vations.

The purpose of the research was to determine
the areas of flooding by waters of the river. Yesil
through modeling based on RS data in a GIS envi-
ronment.
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Figure 1 — Floodplain of the Yesil river (Petropavlovsk)
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The purpose of the study was to test the
methodology for modeling areas flooded by flood
waters based on remote sensing data in a GIS
environment. The study was carried out on the
example of the site of the valley of the Yesil river
near the city of Petropavlovsk, subject to periodic
seasonal flooding by flood waters. The study area is
located within the coordinates 54°52°-54°55" N.L.
and 69°6°-69°8" E (fig.1).

Materials and methods

The methodological base of research is founded
on the publications of a theoretical and practical
nature on geoinformation mapping. Particular
attention is paid to the study of the experience and
results of research on mapping and geoinformation
modeling of the relief and its parameters for solving
practical problems. Among them there are works of
the authors of the CIS on the basics of cartography
(Berlyant, 2002; Salishchev, 1976), geoinformation
systems and methods of spatial analysis (Pyankov,
2017),modeling of flood zones (Mushtaykin, 2021:1-
11), methods for calculating the highest water levels
of rivers (Orlyankin, 2017:98-101), geoinformation
modeling of floods (Novakovsky, 2013:35-39). The
experience of foreign authors in GIS and automated
mapping (Dueker K., 1987:384-390), the basics
of hydrological modeling (Spence C., Dalton A.,
Kite G., 1995: 62-66), the experience of preventing
flooding of the Seine (Paris) (URL4:2018), etc.

During the research literary authors used
stock and archival data, materials of hydrological
observations of the Branch of RS Kazhydromet in
the North Kazakhstan region, topographic maps
(URL 4: 2022), schemes of territorial (agricultural)
land management, materials obtained in the process
of field and cameral work performed in the period
2019-2020, surveys zones of periodic flooding on
the ground, a sociological survey of residents of
settlements located in the valley of the river Yesil,
in its lower flow.

When modeling flood events (or floods) and the
high water caused by them, not only hydrological
characteristics, information about the levels of
water rise, but also accurate data on the terrain are
required. Publicly available data from Earth remote
sensing (ERS) — SRTM (Shuttle Radar Topography
Mission, 2000), which are available in the public
domain, were used as initial data for a detailed study
and mapping of the relief of the study territory. The
SRTM data are radar topographic surveys with a
resolution of about 90 meters (3 arcseconds) (URL

5: 2022). To carry out cartographic work, section
N50 was selected, covering the floodplain of the
river Yesil.

It should also be noted that A.K. Korveul’s,
I. Ewiak’s (Karwel A.K., Ewiak 1., 2008: 169-
172) studies revealed that SRTM is suitable for
creating contour lines on topographic maps at a
scale of 1:50,000 and smaller, as it has an error
of 2.9 m for flat terrain and 5.4 m for hilly. This
limits the scope of the study and determines the
need for mapping and modeling in the specified
interval in order to avoid errors and distortions.
The solution to this problem can be the testing and
improvement of remote methods and materials
(radar, satellite observations). The use of images for
different dates makes it possible to more accurately
assess and determine the area of potential flooding.
More detailed data can be obtained on the basis of
aerial photography from unmanned aerial vehicles
(UAVs).

The methods used in the study: comparative
geographic, cartographic, modeling, observation,
field methods, GIS technologies.

Terrain mapping and modeling was performed
using ArcGIS 10.1 software (ESRI Inc.). This
software product is characterized by a wide range of
tools and modules, the functionality of which allows
you to perform various operations, not only for
mapping, developing various maps, spatial analysis,
but also modeling processes and phenomena, and
performing forecasting (URL 6: 2022).

A detailed study was carried out on the example
of two key areas located in the lower flow of the
river Yesil. These areas belong to the zone of
periodic flooding. The key section 1 is the suburban
settlement of Zarechny, the key section 2 is Podgora,
one of the districts of the town of Petropavlovsk. The
area of key plots was 105 ha and 52 ha, respectively.
The study area is characterized by a slight difference
in the heights of the surface of the territory and the
water’s edge. The floodplain section in this part of the
valley has homogeneous morphometric conditions.
According to topographic maps (URL 4:2022), the
surface height in key areas is 100 m. The height of
the water’s edge (average level) near Petropavlovsk
is 333 m.). For comparison, the lowest water level of
the river Yesil is 304 m, recorded in November. The
rate of water level rise per day at the Petropavlovsk
Reservoir in recent years has been 5 cm, the rise of
water since the beginning of the flood is 25 cm (as
0f 06/05/2020).

The study included a number of stages, solving
the following tasks: collection and generalization of
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analytical data on the hydrological regime, spring
floods, flood events on the river Yesil, creation of
a digital elevation model based on SRTM data,
creation of a predictive model of flooding near the
city of Petropavlovsk.

At the initial stage, in order to compile the
initial characteristics of the territory, a conjugated
analysis of the natural components of the valley of
the river Yesil was carried out and special attention
is paid to hydrological characteristics. Flood
phenomena on the river Yesil with a significant rise
in the water level are recorded annually. However,
the coordinated actions of all structural divisions
contribute to the timely prevention of especially
dangerous (emergency) situations.
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The main stage of the work consisted in
bringing the materials of RS data into the required
cartographic projection, and their interpretation.
The interpretation of the images was carried out
manually using the structural geomorphological
method (SGM). Based on the SRTM materials,
an orthophotomap, terrain elevation matrices
were obtained. On their basis, a digital elevation
model (DEM), a relief map and a 3D model of
the study area were developed. The reliability of
the obtained DEM was improved by adjusting
and enhancing it with the “Fill” tool. The initial
data on the relief of the floodplain are plotted by
isohypses in vector form, the horizontal spacing
is 5 m (Fig. 2).
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Figure 2 — Digital model of the relief of the river Yesil floodplain near Petropavlovsk

One of the areas of application of modern
means of GIS technologies, materials of RS, which
are of great practical importance, is their use in
the construction and processing of DEM and
geoinformation modeling of flood zones during
flood events. The main way to determine flood
zones during floods and high water in GIS is the
construction of inclined surfaces. These surfaces
allow to determine the most closely the water mirror
or the degree of a possible rise in the water level.
Next, the lines of intersection of these surfaces
with a digital terrain model are determined, which
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make it possible to identify and outline the flood
zones (Agnes Cabal, Marc Erlich, 1992: 395-406;
Xiaoliu Y., Michel C., 2000; Kulp S. A., Strauss
B. H., 2018: 231-239; Shakeel Mahmood, Atta-
ur Rahman, Rajib Shaw, 2019: 573; Shokoufeh
Khojeh, Behzad Ataie-Ashtiani, Seiyed Mossa
Hosseini, 2022: 2673-2693). To solve this
problem, we used the approach proposed in the
following works Identification of the contours of
the flood zones was carried out using the tools of
the ArcScene software shell by overlaying a water
layer on the relief map.
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Using the GIS functionality in ArcScene, based
on the slope map, a three-dimensional model of
flooding of key areas was obtained, which was
visualized and presented in the form of animation
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(Fig. 3). Modeling and construction of a flood
map were carried out for the flood peak, when the
greatest negative impact of flood waters on adjacent
territories is manifested.
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Figure 3 — Scenario of possible flooding in ArcScene

During the approbation of the modeling
methodology, scenarios making it possible to
determine the flood zones at the maximum level
of water rise in the river Yesil were considered.
According to the Department of Emergency
Situations of the North Kazakhstan region, the
maximum rise in the water level in the river Yesil
at a gauging station near the city of Petropavlovsk
in 2019 was 94.0 m (URL 2: 2022). The boundary
of the zone obtained during the construction of the
model allows to determine partially or completely
flooded areas, settlements, roads, bridges and other
infrastructure. By modeling the scenario of the
consequences of flooding, it is possible to assess
the possible extent of flooding, determine and take
timely measures to prevent an emergency before
they occur.

The degree of compliance of the flood zone
modeling results obtained using GIS and RS was
checked by comparing the flood boundary recorded
on the date of the flood in 2019. In addition, a

comparison was made with the flood boundary
obtained by interpolating heights based on the
values of water lines increased by the height of its
rise during the flood. By comparing the territories
that were flooded by flood waters in 2019, an error
in modeling the flood zone in the eastern part of the
settlement Zarechny was revealed. On the height
map built on the basis of SRTM, this section is
above 100 m, however, according to the Department
of Emergency Situations of the North Kazakhstan
region, it is subject to almost annual flooding by
flood waters.

The development of the final map of the study
area included the creation of layers of physical and
geographical objects (the Yesil River, its tributaries,
oxbow lakes, natural vegetation), layers of economic
development of buildings (residential and industrial
buildings, roads, fields, hayfields and pastures). The
latest in mapping was the creation of a database,
which included a list of characteristics of objects
and phenomena.
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Results and discussion

As a result of the research, the digital relief
model and the three-dimensional model of the
flooding of the valley of the Yesil river on the
example of key areas were compiled. According
to the compiled relief models, it can be seen that,
under the condition of a maximum rise in the water
level in the Yesil river, a significant area of the
territory is subject to flooding. A significant part of
the settlements Zarechny and the Podgora became
completely flooded. More than 140 residential and
industrial facilities, infrastructures, roads turned
out to be under water. Omsk highway, road number
P-49, 4 km long). Agricultural land, garden (country
cottage) plots can be seriously affected. The area of
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potential flooding was more than 620 ha (Fig. 4).
Extensive areas of flooding are noted in the south
and west of the considered territory. The floodplain
zone, the left bank of the river is subject to the
greatest flooding by the Yesil river.

Figure 4 shows a map of the model of the
flood zone of the site of the valley of the Yesil
river, adjacent to the city of Petropavlovsk, during
the period of maximum increase in water level.
According to the official website of the Department
of Emergency Situations of the North Kazakhstan
region, in 2019 the peak of the water level in the
river was on May 8 and amounted to 94.0 m relative
to the zero of the gauging station. The left bank of the
river Yesil to the south of the settlement Zarechny
and Podgora area was flooded.
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Figure 4 — Map of the relief and flood zone of the valley of the river Yesil

Thus, on the obtained model of flooding, it can
be seen that the probable damage from the flooding
of adjacent territories by the spring flood waters
of the Yesil River is very significant, which will
determine the need for operational monitoring and
forecasting of hazardous hydrological phenomena.

The GIS package also gives the possibility to
simulate the consequences of the emergency situation
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caused by a possible dam or dike break, to calculate
the area of catastrophic flooding of the surrounding
area. In addition, the statistical characteristics
(minimum, average, maximum depth, water
volume) of the flood zone can be calculated. Using
the GIS-based forecasting function, it is possible to
make short-term and long-term forecasting of flood
events in the floodplain and channel system in space
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and time. However, calculations of this level of
complexity require a series of additional field studies
with special equipment, as well as observation over
a specific period of time. The obtained data will then
allow to correctly compose a GIS flood model. In
this article, a GIS modeling method was proposed
with insufficient hydrological data.

In areas of possible flooding, the obtained
cartographic materials can be useful in assessing
the potential risk of emergency, developing the
most rational hydraulic engineering methods for
protecting this territory and adjacent areas, and will
allow timely measures to be taken to help reduce
material and social damage from flooding.

Along with this, the developed cartographic
materials can serve as a basis for compiling maps
of the manifestation of water erosion processes,
waterlogging on agricultural land located in the
valley, modeling and forecasting possible damage.
This will make it possible to solve the strategic tasks
of the economic development of the valley of the
river Yesil and adjacent territories, to choose the
best methods of agricultural production in terms of
erosion resistance, to optimize the land management
scheme. Such maps and models have a great practical
importance for the implementation of design and
construction work. The created models, in turn, can
serve as the necessary basis for constructing more
complex maps, in particular, for the development
of synthetic integrated maps for the protection
of the study area from hazardous processes,
schemes for optimizing nature management and
reducing environmental tension. On their basis,
priorities and optimal options for economic activity
and environmental protection measures can be
determined.

The use of RS materials, in particular SRTM,
in determining flood zones on rivers, certainly has
advantages over existing traditional forecasting
methods (water balance, physical and statistical
methods, statistical, mathematical models that
describe the formation of runoff processes using
differential, integral, and other equations and etc.).
However, some disadvantages should be noted
when modeling a surface based on height matrix
SRTM (URL 7: 2022, Kim D. E., Liong S. Y.,
Gourbesville P., Andres L., Liu J., 2020: 1-14). First
of all, it is connected with the nature and features
of the relief of the study territory. The region
has a flat relief, with insignificant amplitudes of
heights, and a weak dissection of the surface. In
the conditions of a flat relief, the construction of
its detailed model is difficult, because the height

amplitude is insignificant. The presence of woody
vegetation and forest areas reduces the accuracy
of surface modeling. To eliminate possible errors
in the construction of height matrix and models,
a necessary condition is to conduct a detailed
analysis of large-scale (topographic) maps, data
on the morphometric structure of the floodplain,
field studies with clarification of the morphometric
features of the relief on the ground. In this work,
modeling of flood zones using GIS was performed
without determining and modeling the movement of
a flood wave. Carrying out the flood wave modelling
contributes to obtaining more accurate results. Also,
it is necessary to take into account the difference in
the water level along the study area compared to the
amount of water rise during the flooding of adjacent
territories. Such work should be based on a detailed
study and mapping of the river valley in cooperation
with the hydrological service.

As recommendations for the prevention of flood
events and the adverse consequences associated with
them, the following measures can be considered for
implementation.

Improving the accuracy of observations of
the flow and level of water on the river and the
operational provision of hydrometeorological
information. Particular attention should be paid to
determining the height and amount of water reserves
in the snow cover, because flood events are directly
reflected in the intensity of spring snowmelt. No
less important is the study of the water absorption
capacity of the basin, monitoring the state of the soil,
the composition of the underlying rocks. Improving
the technical equipment of gauging stations, the
observation network (for example, the installation
of remote instruments for assessing water reserves
in the snow cover).

Conclusion

Based on the study, it can be concluded that GIS
technologies are important and effective tool for
solving the problems of determining the quantitative
indicators of the territory relief, which must be taken
into account when developing potential flood zones.

Earth remote sensing materials serve as a
valuable source of data for creating accurate
digital elevation models (DEMs). However, in the
conditions of a flat plain relief, their use for the
construction of DEMs and models should be based
on taking into account possible systematic and
random errors. The elimination of the errors can be
carried out by introducing appropriate corrections
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based on the alignment of DEMs with contour lines
and elevations of geodetic network control points
according to topographic maps obtained in the
course of field research, ground topographic and
geodetic measurements.

In general, SRTM data are suitable for
topography analysis and use in modeling flood
zones, taking into account possible systematic and
random errors. Modeling on the basis of SRTM
data of flood zones can be considered as one of the
approaches to model representation and forecasting
of flood zones to prevent negative and emergency
situations caused by floods, a sharp rise in water
levels. Positive effect from the application of this
approach can be achieved through the use of remote
sensing data in conjunction with other methods and
approaches.

In the course of the study, on the example
of a section of the valley of the Yesil river, a
technique for creating models of flood zones
using GIS technologies based on remote sensing
data was tested under the conditions of a lack
or absence of hydrological and hydrometric
observations.

The obtained materials can be useful to the
governing bodies, the Ministry of Emergency
Situations of the North Kazakhstan region for
solving practical problems, and also involved in the
development of an integrated GIS of the basin of the
Yesil river.

For the study area, in the future, it is important
to conduct studies aimed at a more detailed study of
the washout and erosion hazard indicators of soils
and underlying soils.
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