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DEFINING THE BOUNDARIES AND AREA
OF THE SAMARKAND RESERVOIR CATCHMENT BASED
ON DIGITAL ELEVATION MODELS

In this study, the potential applicability of the Geographical Information System (GIS)-based ap-
proach in the catchment delineation and monitoring of hydraulic structures for a case of Samarkand
reservoir in the Karaganda region of the Republic of Kazakhstan is presented. Different GIS tools were
applied along with different datasets from different sources and resolutions to investigate their effects on
catchment delineation and monitoring of hydraulic structures. The first step was to retrieve Digital Elev-
en Model (DEM) for the case study catchment. However, with the fact that the catchment is among the
largest catchments in Central Asia, eight different pieces of DEMs had to be collected and then mosaiced
to form one DEM for the entire catchment. Then the catchment was delineated to define its boundaries
and stream networks using ArcHydro tools in ArcGIS software. To produce high-quality maps, the study
tested DEMs from various open-source, commercial and open-source software. Based on the results of
the study, the most suitable DEMs with a resolution of 10 m per pixel and covering the entire potential
territory of the study catchment were downloaded from the OpenTopography website. DEM process-
ing made it possible to obtain a fairly accurate outline of the catchment boundaries in vector format, as
well as maps of surface runoff and elevations in raster format. The total area and length of the catchment
boundaries were 228777 km? and 1118 km, respectively. As the study continues, the maps obtained
will be used to develop a hydrological model and an improved approach to dam design and monitoring
in river basins subjected to urbanization. The approach proposed in the study can be improved by using
DEMs with a resolution below 10 m.

Key words: GIS, dam design, DEM, catchment delineation, surface runoff.
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XKep 6eaepiHiH, cCaHADbIK, YArici HerisiHAe CamMapKaHA CY KOWMACbIHbIH,
CY )KMHAYy aAaObIHbIH, LLEeKapacbl MEH ayAaHbIH aHbIKTay

Ocbl 3epTreyae KasakcraH Pecny6ankacbiHbiH - KaparaHabl 00AbiCbiHAAFbl  CamMapkaHp —Cy
KOWMMACbl YATFiCIHAE TMAPOTEXHMKAABIK, KYPbIABICTAPAbBIH Cy >XMHay LieKapaAapblH alKblHAQY >KOHe
MOHUTOPUHTIAEY YLiH reorpadusiAbiK, aknapatTbik >kyreciHae (TAXK) HerisaeAreH TaCiAAIH aAeyeTTi
KOAAQHbIAYbI YCbIHbIAFAH. TADK-AIH 8pTYPAI KypaAAapbl caH aAyaH KO3AEPAEH aAblHFaH MaAIMETTep
>KMbIHTbIFbIMEH Gipre >KoHe OAapAblH Cy >KMHAy LieKapaAapblH aHbIKTayFa >XOHE MMAPOTEXHWMKAABIK,
KYPbIABICTapAbl BakplAayFa 9CepiH 3epTTey YLliH SPTYPAI aXXblpPaTbIMAbIAbIFbIMEH 6ipre KOAAAHBIAADI.
bipiHwi Kaaam xep 6eaepiHiH, caHabIK, YAriciH OKBECY) taby 60AbIn caHaraabl. AAanaa, 6yAa OpTanbik,
A3USIAAFbI €H, ipi CY JKMHay KOMMAChl eKeHi aHblk, coHAbIKTaH XXBCY-HiH ceri3 ap TypAi GeAiriH xxuHan,
GipikTipy KaxeT 60Aaabl. CopaH KeitiH cy xuHay Konmacbl ArcGIS 6araapAamManbik, XkacakTamacblHAQ
ArcHydro kypaaaapblH KOAAQHA OTbIPbIN, OHbIH, LIEKapaAapbl MEH aFblHAAP >KEAICIH aHbIKTay YLUiH
KOHTYPbl aKbIHAAAAbI. 3epTTey GapbICbIHAA XKOFapbl canaAbl KapTaAapAbl xacay yuwid XBCY apTypai
TeriH KO3AEPAEH, allblk, OarAapAamMasapAaH >koHEe KOMMEPLMSAbIK, 6arAapAaMarapAaH CbIHAAADI.
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3epTTey HaTHKeAepi 6oibIHLIA MTUKCEAbre 10 M aXKbIPATbIMABIAbIFbI 6P K8HE 3ePTTEAETIH CY KMHAYAbIH
6GapAbIK, bIKTUMaA ayMafblH KamTuTbiH eH KoAaniAbl JKBCY OpenTopography camtbiHaH XXYKTEAAI.
XKBCY eHAey BeKTOPAbIK, (hopMaTTa Cy XKMHay WeKapaAapblHbIH XXETKIAIKTI ABA KOHTYPbIH, COHAAM-aK,
pacTpAbIK, hopmatTa XXep YCTi aFbiHAAPbl MEH OMIKTIK KapTaAapblH aAyFa MyMKIHAIK 6epai. Cy kuHay
LLeKapaAapbIHbIH, XKAAMbI ayAaHbl MEH Y3bIHAbIFbI TUICiHLWE 228777 km? >xeHe 1118 kM Kypaabl. 3epTTey
>KAAFACTbIPbIAFAH CaiblH aAblHFAH KapTaAap r’MAPOAOTMSIAbIK, MOAEAbAT 83ipAey XoHe ypOaHu3aumsFa
yuiblparaH e3eH bGaccenHaepiHaeri GereTTepai »kobanay MeH MOHUTOPMHITEYAI >KETIAAIPY YLUiH
naMAaAaHbIAaTbiH 6OAAAbL. 3epTTeyAe YCbiHbIAFaH TaCiAATL 10 M-A€H a3 axkblpaTbiIMAbIAbIFbI 6ap XXBCY
nanAaAaHy apKbiAbl XKaKcapTyFa GOAAADI.

Ty#in cesaep: FAX, 6erettepai xobanay, XBCY, cy XXunHay araHblH KOHTYPAAY, XXep YCTi aFbiHbl.
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OnpeaeAeHue rpaHmL, M NAowasn Boaocb6opa CamapkaHACKOTO BOAOXPAHUAMLLA
Ha ocHoBe uMPOBbIX MOAeAel peAbeda

B AaHHOM MccAeaOBaHMM NMpeACTaBAEHA MOTEHLMAaAbHAS NMPUMEHMMOCTb MOAXOAQ, OCHOBAHHOIO
Ha reorpadmyeckon mHopmaumoHHon cucteme (TMC), aAs onpeaeAeHus rpaHul, Bopaoc6opa u
MOHUTOPUWHIa TMAPOTEXHUYECKMX COOPY>KEHMI Ha npumepe CamapkaHACKOrO BOAOXPaHWMAMLIA B
KaparaHamHckorn obaactn Pecnybamkn KasaxctaH. PasamuHble mHCTpymeHTbl TMIC npumeHsiAnch
BMeCTe C Habopamm AQHHbIX U3 Pa3HbIX MCTOYHUKOB M C Pa3HbIM paspelleHrem, YToObl MCCAEAOBATb UX
BAMSIHME Ha OMNpeAeAeHMe rpaHunL, BoA0CO0pa M MOHUTOPUHT TMAPOTEXHUYECKMX COOPYKEHUI. [MepBbiM
warom 6bIAO MOAYUeHMe LnpoBoit MoaeAan peabedda (LIMP) aas ccaeayemoro Bosocbopa. OaHako,
YUMTbIBAs TOT PaKT, YTO BOAOCHOP SIBASIETCS OAHWMM M3 KPYMHENLLNX BOAOCOOPOB B LleHTpaAbHOM A3,
Heo6X0AMMO BbIAO COBpaTh BOCEMb pasAmMuHbIX YacTer LIMP 1 06beAMHUTbL UX B €AMHYIO AASL BCErO
BOAOCOOpa. 3aTemM BOAOCGOP ObIA OKOHTYPEH AAS OMPEAEAEHUS €r0 IPaHULL U CETH PYUbEB C MOMOLLbIO
MHCTpymeHTOB ArcHydro B nporpammHom obecrievernn ArcGIS. AAS CO3AaHMS BbICOKOKAQUYECTBEHHbIX
KapT B XOAE MCCAeAOBaHMs OblAM MpoTecTMpoBaHbl LIMP 13 pasAmMuHbIX 6eCnAaTHbIX MCTOUYHMKOB,
KOMMEPYECKMX NMPOrPaMM M NMPOrpamMm C OTKPbITbIM MCXOAHBIM KOAOM. 10 pe3yAbTaTamM MCCAEAOBAHMS,
Hanbonee noaxoasiume LIMP ¢ paspelueHnem 10 M Ha NMUKCEAb M MOKPbIBAIOLWME BCIO MOTEHUMAAbHYIO
TEPPUTOPUIO UCCAEAYEMOTO BOAOCOOPaA ObiAM 3arpysxeHbl ¢ canta OpenTopography. O6pa6oTka LIMP
NMO3BOAMAQ MOAYUMTb AOCTATOUYHO TOUHBIM KOHTYP rpaHuL, Boaocbopa B BEKTOPHOM hopmaTte, a Takxke
KapTbl MOBEPXHOCTHOrO CTOKA M BbICOT B pacTpoBoM chopmate. O6LLas NAoWaAb U MPOTIKEHHOCTb
rpaHvl Bopocbopa coctaBuAM 228777 km? 1 1118 KM, COOTBETCTBEHHO. 10 Mepe MpPOAOAXKEHUS
MUCCAEAOBAHMS MOAYYEHHbIE KapTbl OYAYT MCMOAb30BaHbI AAS Pa3pabOoTKM TMAPOAOTMYECKON MOAEAM
1 YCOBEPLIEHCTBOBAHHOIO MOAXOAA K MPOEKTUPOBAHUIO U MOHUTOPUHTY MAOTMH B peyHbIX 6acceiHax,
NMOABEP>KEHHbIX ypbaHM3aumn. [peAAOXKEHHDIN B MICCAEAOBAHUMN MOAXOA MOXKET ObITb YAYULLEH MYTEM
ncnoab3oBaHng LIMP ¢ paspeluenvem meHee 10 m.

KaoueBble caoBa: [MC, npoektnpoBaHue
NMOBEPXHOCTHbIN CTOK.

naotuH, LIMP, okoHTypuBaHue Boaoc6Hopa,

Introduction

In general, hydraulic structures (HS) deal with
different issues related to water. The infrastructures
include dams, piping systems, pumping stations, ga-
bion, irrigation schemes, as well as sewerage sys-
tems among many other aspects. Improving water
management practices is among the roles of hydrau-
lic structures, including quality of water, as well as
environmental restoration and protection (Frenken,
2013).

The art of constructing HSs has been known
since ancient times. The first historical references to

the construction of dams and reservoirs are found
in the works of Herodotus. It is mentioned that the
Persians built dams to divert water from their cit-
ies during the reign of Abbas I the Great. The stone
dam near the city of Kashan was 36 m long, 16 m
high, and 10 m thick, where a channel for passing
water could be seen at the bottom. In ancient Egypt,
reservoirs were located along the Nile River to de-
velop new land. One of the oldest known dams was
located 100 km from the city of Amman and dates
back to 3000 BC. Stone was used in the construction
of the dam, the wall was 4.5 m high and 1 m thick,
and its length is unknown. Later, at a distance of
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25 km from the city of Kair, a 102 m long dam was
built. The feasibility of dam construction was large-
ly determined by the Romans to build reservoirs for
drought periods (Zhang, 2011).

According to the report of the International
Commission on Large Dams, there were more than
45,000 large dams around the world at the end of
the twentieth century. According to this report, more
than half of them were built in developing countries.
According to the technical characteristics, it is pos-
sible to distinguish the most famous modern dams.
The highest artificial dam is the Jinping-1 hydro-

power plant on the Yalongjiang River in China, built
of arch-concrete type and with a height of 305 m.
One of the largest is a natural dam formed on Sarez
Lake after the earthquake with a height of 567 m.
In terms of nominal water volume, it is possible to
distinguish the dam built in 1959 between Zambia
and Zimbabwe on the Zambezi River. Its volume is
180.6 km®. As a rule, the reservoirs held back by HS
are formed due to the accumulation of precipitation,
underground or surface rivers flowing into it from
the surrounding area, i.e., the catchment area (Fig.
1) (ANCOLD, 2012).

Figure 1 — Boundaries of the main catchments of the world and Kazakhstan

However, these structures need to be regu-
larly monitored using efficient and cost-effective
tools and approaches. Monitoring of the condition
of hydraulic structures is carried out to ensure the
management of the rational and safe maintenance
of the structure. GIS-based approaches are among
the most effective in the monitoring of hydraulic
structures. GIS in civil engineering is widely used in
transportation planning and management, and water
resources planning and management, which mainly
include watershed management (ANCOLD, 2012).
Catchment delineation is among the important steps
in watershed management that have a significant po-
tential application in the monitoring of a hydraulic
structure.

Catchment delineation helps to identify the sur-
face water features within a catchment and under-
stand the downstream impacts when planning and
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implementing water quality and quantity-related
protection and mitigation measures (Bowles et al.,
2001).

In this study, a GIS-based approach is used for
the catchment delineation as part of examining its
potential for monitoring of hydraulic structures, for
a case of Samarkand reservoir in the Karaganda re-
gion of the Republic of Kazakhstan. The catchment
delineation process is achieved using ArcGIS soft-
ware in conjunction with DEM.

Materials and methods

Case study description

The selection of the case study is based on the
fact that the catchment is one of the largest and old
reservoirs of the Nura-Sarysu water basin, located on
the Nura River in Temirtau City, Karaganda Region
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of Kazakhstan (Fig. 2). The Samarkand reservoir is
used by large enterprises such as Karmetkombinat,
TEMK, power plants KarGRES-1, TETs-2, TETs-
PVS, etc.

Data collection

In this study, DEM was the main input data and
can be defined as a specialized database represent-
ing the relief of a surface between points that have
known elevation. A rectangular DEM can also be
created by interpolating known elevation data on
the ground acquired from sources such as ground
surveys and photogrammetric data capture. Their
quality dictates the vertical and horizontal resolu-

tions. For defining catchment boundaries in GIS,
the important thing is vertical resolution, that is,
the difference of heights between modeled (or
detected heights) and actual heights of the relief
surface. Classically, a distinction is made between
DEM resolutions of 10 m, 30 m, and 90 m, which
are freely available. More accurate DEMs with a
resolution of less than 1 m for research purposes
can be obtained free of charge upon an official re-
quest from the authorized bodies if sufficient jus-
tification is provided, as their cost is quite high.
DEMs can be in formats such as .tif, shp, etc. Sev-
eral open access sources for retrieving DEMs were
examined in this study (Table 1).

Figure 2 — Location of the Samarkand Reservoir

Table 1 — DEM data sources covered in this study

Ne Name Web site link
1 OpenTopography https://portal.opentopography.org
2 USGS https://earthexplorer.usgs.gov
3 ALOS https://eorc.jaxa.jp
4 Copernicus https://scihub.copernicus.eu
5 NASA https://search.earthdata.nasa.gov
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Note that in the process of searching for DEM
data, a number of difficulties were identified that can
be encountered, for example:

(i) Searching for DEM with a resolution of 10
m and below;

(i) Absence of a single or a number of DEMs
covering the entire study area (Fig. 3);

(iii)) Combining different DEMs with subse-
quent editing (Fig. 3).

DEM preprocessing

The catchment delineation process was carried
out step by step with the help of the Spatial Analyst
tools in ArcGIS software. Before filling sinks in the

DEMs, the Mosaic To New Raster tool was used to
combine multiple DEMs into one covering the en-
tire case study. (Fig. 4).

At the next stage, the Fill Sinks tool was used. This
stage of DEM processing made it possible to eliminate
small defects on the surface of the raster, associated
with the so-called “sinks”. The fill sinks tool in Spatial
Analyst tools was used to fill sinks in the Digital Eleva-
tion Model. This was done to ensure that, if there are
cells with higher elevation surrounding a cell with a
lower elevation, hinders the water to flow and makes
it trapped in the lower elevation cell, hence the water
cannot flow out of the cell (Qin et al., 2017).

Figure 3 — Examples of mismatches between the boundaries and sizes of the DEM and the study area:
a) study area; b) an intersection of the study area with the sub-area; c) area outside the study area

Figure 4 — Combining DEM tiles into a single raster

The Flow Direction tool was used to deter-
mine sink flow directions. Flow direction tool
was used to indicate the direction of the steepest
descent to a neighbor cell and defined for each
grid cell. Generally, this function computes the
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flow direction for a given grid in which the val-
ues computed in the cells of the flow direction
grid indicate the direction of the steepest descent
from that cell (Fig. 5a). It is based on pixel depth
in bits. In this case, ArcGIS automatically se-
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lects one of three flow-directional determination
algorithms:

(i) D8 flow modeling algorithm, which con-
structs a flow direction from each pixel to its neigh-
bor with the steepest slope neighbor.

(i) Multiple Flow Direction (MFD) algorithm,
which splits the flow from a cell to all downhill
neighbors; here the flow splitting exponent is cre-
ated using an adaptive approach based on local ter-
rain conditions and is used to determine the fraction
of flow that flows down to all downhill neighbors.

The D-Infinity flow algorithm (DINF), which
defines the flow direction as the steepest downward
slope. The flow direction is a floating-point raster
represented as a single angle in degrees counter-
clockwise from 0 to 360 (eastward only) (Tarboton,
2003).

a)

To further simulate the flow of water volume
along the slope (Fig. 5b), the Flow Accumulation
tool was used, which applies an analogy to the same
Flow Direction tool, but in this case, the pixel values
are filled by identifying the flow volume and every-
thing else, that is, the flow volume will have no pixel
value (0), and the surrounding terrain takes a pixel
value equal to 1.

Flows over the entire drainage basin area are de-
fined through the Basin tool. All drainage basins in
the DEM are delineated by defining ridgelines be-
tween basins. The inlet flow direction raster is ana-
lyzed to find all sets of connected cells that belong
to the same drainage basin. The creation of drainage
basins begins with the identification of points of com-
mon outflow. The result is a grid of drainage basins
in different shades of gray (Fig. 6a) (MaDGIC, 2014).

b)

Figure 5 — Flow direction maps: a) flow directions according to the pixel value;
b) accumulation of pixels into one common stream

Drainage basins are formed, and then it is neces-
sary to select the necessary contour is selected, which
will be the boundaries of the study catchment for Sa-
markand Reservoir. For this purpose, the raster data-
set is converted into polygons through the Raster to

a)

Polygon tool. The logic of contour building is also
based on the size of the same contained cell values,
which form the drainage basin area and highlight it
with a color different from other boundaries lying
outside the investigated catchment area (Fig. 6b).

b)

Figure 6 — Drainage basin maps: a) raster format; b) vector format
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Data collection

Mosaicing

Flow direction

Flow accumulation

Basin definition

Raster calculation

Raster to polygon &
polyline

-«

Stream networks

Clipping

4 Delineated catchment gl

Catchment boundary

Figure 7 — Summary of the workflow

The final processing step is to cut out a fragment
of one feature class using one or more objects of an-
other class. In other words, the DEM was cut along
the catchment boundary from the obtained polygon
using the Clip tool.

Fig. 7 provides a summary of the main proce-
dures during the catchment delineation process to
the definition of stream networks and catchment
boundary.

Results and Discussion

The catchment was successfully delineated
for different drainage threshold areas using gully
grating points as outlets. In this study, it was ob-
served that varied drainage threshold area param-
eters and resolutions of DEM play a significant
role in determining catchment area and stream
networks.

The selection of the threshold was observed to
have a twofold impact on the watershed delineation
process. The first issue is based on the speed of de-
lineation. When a large threshold was selected, then
a few initial subwatersheds were generated with a
bit faster process and was efficient since the extract-
ed grids were still large.
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It was also observed that threshold selection
plays an important role in the generation of adjoint
catchments. When the threshold was more than
20,000, the delineation process produced empty
adjoint catchments. Therefore, the threshold was
reduced to 1000 the process was able to success-
fully generate the adjoint catchments. The threshold
definition (stream definition) was performed after
the flow direction and flow accumulation grids were
determined.

The smaller threshold was observed to be result-
ing in a larger number of subwatersheds and stream
networks. Moreover, the smaller threshold defini-
tion was observed to speed-up the delineation for a
point (as the extracted flow direction grid is smaller)
but increased the time to perform all the required
preprocessing steps.

On the other hand, collecting suitable DEMs from
open sources was observed to be a time-consuming
process. Unfortunately, all organizations on the ter-
ritory of the Republic of Kazakhstan provide these
DEM images on a commercial basis, even taking into
account the scientific goals pursued by students at
universities. Probably this is a temporary trend since
GIS development in Kazakhstan is rather new and not
all regulations on data provision are still in place. So,
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on the example of a large organization JSC NC “Ka-
zakhstan Garysh Sapary”, we can conclude that re-
search on “Optimization of the technical parameters
and methodological approach to the use of remote
sensing data by domestic satellites KazEOSat-1, 2”
began only in 2018 (bakreidexos, 2017; Duisenbai,
2018). Abroad, only high-precision images with a
resolution of up to 10 meters are commercially avail-
able, while the rest is available to the public on a
free-of-charge basis. They are stored on special serv-
ers of organizations studying space, which have their
satellites or they supervise missions to collect data
and send them to study the planet. Five large foreign
servers with DEMs of different resolutions were re-
viewed. In one of them, in OpenTopography, DEMs
with full coverage of the territory of Kazakhstan with
a resolution of 10 m were found.

The selection of software for DEM processing
is based on the high demand ranking, equal to 97%
among the programs of this kind. ArcMap software
allows to fully working with raster data and process
DEMs. It should be noted that the second alternative
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was to use second or third generation. The only dis-
tinguishing feature of which is considered is that the
second version is free and open for private use and
implementation of its tools.

The determination of the boundaries of the
catchment boundaries consisted of several stages
using different tools of the ArcMap software, with
three basic algorithms of flow calculation techniques
based on the data processed. As a result of the mul-
tistep processing of the DEM data, the boundary of
the catchment (located in the Nura-Sarysu basin)
was built, its area and boundary length were calcu-
lated, which were 22877 km? and 1118 km, respec-
tively. This .shp file can be used to geographically
overlay the contour on other types of spatial data,
which allows highlighting or excluding informa-
tion in or outside the catchment. The boundaries of
the catchment were then validated using the Google
Earth Pro engine, the results it was observed that the
delineated catchment was sufficiently covering the
study catchment from the .kml file generated using
ArcGIS (Fig. 8).

Qertoustiovie Kerres

Kerterely leprepersl .
.Naragayky =R

Figure 8 — Catchment boundaries raptured on Google Earth (a) boundary only (b) boundary
with fill (c) with nearby places

Thus, the results define the purpose and rel-
evance of the study in connection with the in-
creasing construction plans in Kazakhstan in the

next 10 years, as well as for the monitoring of
existing hydrotechnical structures built more
than 50 years ago.
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Based on the catchment boundary obtained and
the simulation using algorithms and pixel values, a
simulation of water volume flows along the slopes
was built (Fig. 9).

Further, a DEM of the catchment area with ras-
ter data was prepared, which can be used for a com-
prehensive study of the Nura-Sarysu water basin us-
ing other ArcGIS software tools.

Figure 9 — Flow directions within the catchment area

The case study catchment delineation was ac-
complished, where the boundary of the entire catch-
ment as well as its streams, were properly computed
with a well-drained catchment with up to four stream
orders. In general, the simulated fourth, third-order,
and most of the second-order streams, matched per-
fectly with existing streams on the ground. How-
ever, most of the first-order streams could not be
captured in the delineation, especially for the 30 m
resolution DEM.

The approach investigated in this study is in-
creasingly finding practical application in the mod-
ern principles of HS design. Domestic attempts to
introduce GIS in the design and construction of HS
were widely discussed at conferences, and a num-
ber of articles were devoted to this (Kabzhanova et
al., 2020; Kabzhanova et al., 2019; Kabdulova et al.,
2019). For example, the KazEOSat-1 first images of
the Kazakhstan remote sensing satellite were used
for flood forecasting in the Central Kazakhstan re-
gion. The object of the study was the problem of
floods in the basin of the river Zhabai, which is a
frequent phenomenon, and the obtained DEM in
combination with data from the hydrometeorologi-
cal service “Kazgidromet” allowed us to simulate
and predict its frequency (Baktybekov, 2020). An-
other direction in the use of GIS is clearly shown in
the example of the processing of forest resources of
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the Republic of Kazakhstan. The model created by
(Kabdulova et al., 2020) makes it possible to iden-
tify forest areas that have changed, in particular,
due to logging and fires. In general, the use of GIS
approaches can solve many global strategic tasks if
there is the availability of high-resolution satellite
images, as well as powerful technical equipment for
fast data processing.

Conclusion

The potential applicability of the GIS-based ap-
proach in the catchment delineation and monitor-
ing of hydraulic structures for a case of Samarkand
reservoir in the Karaganda region of the Republic
of Kazakhstan was investigated. DEM was used
as the main input data to the catchment delineation
process in ArcGIS to demarcate the boundary of the
catchment and define stream networks. From the
delineation process, a well-drained catchment with
up to four stream orders. In general, the simulated
fourth, third-order, and most of the second-order
streams, matched perfectly with existing streams on
the ground. However, most of the first-order streams
could not be captured in the delineation, especially
for the 30m resolution DEM. Therefore, high-res-
olution DEMs are preferable for a more accurate
definition of stream networks. The approach was
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