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COMPARATIVE EVALUATION OF SRTM, ASTER, AIRBUS,
AND ALOS DEMS FOR HYDROLOGICAL
RESEARCH ACROSS DIVERSE TERRAIN TYPES

Digital Elevation Models (DEMs) are a key tool for hydrological modeling and water resource
analysis, enabling more accurate assessment of runoff processes, precipitation distribution, and flood
risks. This study presents a comparative analysis of four global DEMs: Airbus WorldDEM4Ortho, ALOS
AWS3D, SRTM, and ASTER GDEM, aimed at evaluating their accuracy and practical applicability across
different landscape conditions, including mountainous and flat terrains. To assess model quality, state
geodetic points with high-precision elevation control and topographic maps were used, providing a reli-
able reference for comparison. Additionally, river networks extracted from the DEMs were compared
with reference data obtained from Landsat 8 and Sentinel 2 satellite imagery, allowing verification of
hydrological representation accuracy.

The results indicate that Airbus WorldDEM4Ortho demonstrates the highest vertical accuracy and
offers a more detailed and accurate representation of river networks due to its high spatial resolution and
quality source data. The ALOS AW3D model showed comparable accuracy and hydrological reproduc-
tion, making it a worthy alternative. Meanwhile, the SRTM and ASTER GDEM models exhibit notice-
able deviations, especially in flat areas, reducing their suitability for detailed hydrological modeling.
Nevertheless, SRTM remains widely used due to its free accessibility, stability, and sufficient accuracy
for large-area analyses. In contrast, ASTER GDEM is less suitable for high-resolution and detailed hydro-
logical analysis tasks.

This study emphasizes the critical importance of selecting the appropriate DEM based on terrain
type and specific hydrological analysis goals, as this significantly impacts the quality of risk assessment
related to water resource management and engineering planning.

Key words: Digital elevation models, remote sensing, river networks, Airbus WorldDEM4Ortho,
ALOS AW3D, SRTM, ASTER GDEM.
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OpPTYPAI peabecp XKaFAaiAapbIHAA TMAPOAOTUSIABIK 3€PTTey XKYPri3yre apHaAfaH
SRTM, ASTER, AIRBUS >aHe ALOS xepAiH CaHADIK, YAriAepiH 6aFaray

XKep 6eaepitin caHapik yarici OKBCY) rMApPOAOIUSIAbIK MOAEAbAEY MEH Cy pecypcTapbiH
TaAAQYABIH Heri3ri Kypaabl 60AbIN TabbiAaAbl, GYA aFblH NMPOLECTEPIH, >KayblH-LUALIbIHHbIH, TAPAAYbIH
K8HE Cy TaCKblHbl KaymiH AdAipek Gararayra MyMKiHAIK 6epeai. OcCbl >KyMbiCTa TOPT >kahaHAbIK,
XKBCY - Airbus WorldDEM4Ortho, ALOS AW3D, SRTM >xaHe ASTER GDEM — apTypai xep 6eaepi
>KaFAaAapblHAQ, COHbIH, iLLITHAE TayAbl XKOHE >Ka3bIKTbl aiMaKTapAa OAAPAbIH ABAAIT MEH NPaKTUKAABIK,
KOAAQHbBICbIH aHbIKTay MaKCaTblHAQ CaAbICTbIDMAAbl TaAAdy >KYPri3iaai. MoaeAbaAepAiH canacbiH
GaraAray YLLiH >KOFapbl ASAAIKTEri OUIKTIK GalAaHbIChl 6Ap MEMAEKETTIK reOAE3UsAbIK, HYKTEAep,
COHAAM-aK, CaAbICTbIPY YLUIH CEHIMAI 3TAAOH peTiHAe KamMTamacbl3 eTeTiH TornorpadmsAbiK, KapTasap
nanaaAaHbiaabl. CoHbIMeH KaTap, YKep 6eaepiHiH caHAbIK YATiCiIHEH aAbiHFaH ©3eH XeAiaepiH Landsat
8 >oHe Sentinel 2 cnyTHUKTIK CypeTTEPAEH aAblHFAH 3TAAOHABIK, AEPEeKTEePMEH CaAbICTbIPbIABIM,
OAPAbIH, TMAPOrPAUAABIK, GEIMHEAEYIHIH COMKECTIri TeKCEPIAAI.

3eptrey HoTmxkeaepi Airbus WorldDEM4Ortho mMoaeAiHiH, GMIKTIK AepeKTepiHiH ASAAIri >KOoFapbl
EKEeHIH >K8HEe KEHICTIKTIK aiblpbIMAbIAbIFbI MeH 0(acTarnkbl AEPEeKTep CarnacblHbiH, apKachbiHAQ ©3eH
TOPAQPbIH aHAFYPAbIM HaKTbl KepceTe aAatbiHbiH kepceTTi. ALOS AW3D MoaeAi Ae ASAAIM MeH
ruaporpacmsAbik, GerMHeAey canacbl KafFblHaH YKCAC HOTUMXEAep KepceTTi, OYA OHbl 6Garama peTtiHae
namaasaHyra MyMkiHaik 6epeai. AA SRTM men ASTER GDEM moaeabaepi, acipece xasbik aiMakTapAa,

96 © 2025 Al-Farabi Kazakh National University


https://doi.org/10.26577/JGEM20257728
https://orcid.org/0000-0002-3183-728X
https://orcid.org/0009-0000-1314-0799
https://orcid.org/0009-0004-0174-5677
https://orcid.org/0000-0002-9227-4695
https://orcid.org/0000-0003-1429-2393
https://orcid.org/0000-0001-6088-6876
mailto:igm.ionos@gmail.com
mailto:igm.ionos@gmail.com

G.M. Iskaliyeva et al.

KyAapra me, 6yA OAapAbl €MKEN-TEMKENAI TMAPOAOIMSIABIK, MOAEAbAEY YLLIH NarnAaAaHyFa LEKTey KOSIAbI.
CoHbiMeH KaTap, SRTM MoaAeAi — alliblK, KOAXKETIMAIAITT, TYPaKThIAbIFbl YKBHE KeH, ayKbIMAbI aQyMaKTapAbl
GaranayAarbl XKETKIAIKTI ABAAITT apKacbiHAA KeHiHeH KoAAaHbIAaAbl. AA ASTER GDEM moaeAi >korapbl
ABAAIK MeH HaKTbl TMAPOAOTUSABIK, TAAAQYAbI KQXKET eTeTiH KaFAalAapFa OHLLIA COKEC KeAMEMA|.

byA 3eptTey >xep 6eaepiHiH CaHAbIK, YATICIH AypbIC TaHAQYAbIH MaHbI3AbIAbIFbIH KepceTeai. XKep
6eAepiHiH TYpi MEH TMAPOAOTMSIABIK, TAAAQYAbIH HaKTbl MakCaTbiHa Kapai TaHAAAFaH YATi Cy pecypc-
TapbiH 6ackapy >KeHe MHXKEHEPAIK ic-luapaAapAbl XKOCMapAay KesiHAeri Kayintepai 6ararayAblH cana-
CblHa aMTAPAbIKTal acep eTeA|.

Tyiin cesaep: JKepAiH CaHAbBIK YATiA€pi, KallbIKTbIKTaH 30HATAy, e3eHAep Topabbl, Airbus

WorldDEM4Ortho, ALOS AW3D, SRTM, ASTER GDEM.
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H.K. Cbiabik, A.K. KaAbibaesa
TOO «MHcTUTyT MoHocpepbl», Aamatbl, KasaxcTaH
*e-mail: igm.ionos@gmail.com
CpaBHuTeAbHas oueHka LIMP SRTM, ASTER, AIRBUS n ALOS
AASl THAPOAOTMYECKMX UCCAEAOBAHMI B Pa3AMUHBIX AAHALLA(THBIX YCAOBMSIX

Lindposbie moaean peabeda (LIMP) npeacTaBAsitioT co60 KAIOUEBOM MHCTPYMEHT AASl TMAPOAO-
rMYeckoro MOAEAMPOBAHUS U aHAAM3a BOAHbIX PECYPCOB, MO3BOASS HOAEE TOUHO OLLEHMBATb MPOLLECChI
CTOKQ, pacrpeAeAeHre 0CaAKOB M PUCKM HABOAHEHWI. B AaHHOM paboTe NpoBeA&H CpaBHUTEAbHbIN
aHaAu3 YeTbIpéx raobanbHbix LIMP: Airbus WorldDEM4Ortho, ALOS AW3D, SRTM n ASTER GDEM
— AASl ONPEAEAEHMS X TOYHOCTU M MPaKTUYECKON MPUMEHMMOCTU B PA3AMUHbBIX AQHALIAMTHBLIX YCAO-
BMSIX, BKAIOYAS TOPHbIE M PABHMHHbIE TEPPUTOPUM. AAS OLIEHKM KauyeCTBa MOAEAEN MCMOAb30BaAUCh
roCyAapCTBEHHblE reoAe3Myeckme MyHKTbl C BbICOKOTOUYHOM BbICOTHOM MPUBS3KOM, a Tak>Ke Tonorpa-
hmyeckme KapTbl, YTO 06ECneUnMA0 HAAEXKHbIN 3TAAOH AASl CPAaBHEHUS. AOMOAHUTEAbHO BbIMOAHEHO
COMOCTaBAEHME PeYHbIX ceTel, M3BAeUEHHbIX 13 LIMP, ¢ 3TaAOHHBIMM AQHHBIMM, MOAYYEHHbIMM Ha OC-
HOBE KOCMMYeCcKMX CHUMKOB Landsat 8 1 Sentinel 2, 4To NO3BOAMAO NPOBEPUTHL AAEKBATHOCTb MMAPO-
rpagpmueckoro oTo6paskeHus.

PesyAbTaTbl aHaAm3a nokasbiBaioT, 4yto Airbus WorldDEM4Ortho aAeMoHCTpupyeT HamBbICLIYIO
TOYHOCTb BbICOTHbIX AQHHbIX 1 06ecneunBaeT HoAee AETaAbHOE U AAEKBATHOE MPeACTaBAEHVE PEYHOM
ceTn, 6Aaroaapst BbICOKOMY NMPOCTPaHCTBEHHOMY pa3peLleHUIo 1 KaueCTBY MCXOAHbBIX AAHHbIX. MoaeAb
ALOS AW3D noka3aAa comnocTtaBMMble pe3yAbTaTbl MO TOYHOCTU M TMAPOrpachnyeckomy BOCMPOU3-
BEAEHMIO, UTO AeAaeT eé AOCTOMHbIM aAbTEPHATMBHbBIM BapraHTOM. B To e Bpems moaean SRTM n
ASTER GDEM uMmeloT 3amMeTHble OTKAOHEHMS, 0COOEHHO Ha PaBHUHHbBIX Y4aCTKax, YTO CHMXKAET WX
MPUrOAHOCTb AASl AETAABHOIO TMAPOAOTMYECKOrO MOAEAMPOBAHMS. HecMoTps Ha 3T0, SRTM ocTaétcs
LMPOKO BOCTpeboBaHHOM 6Aaroaapsi CBOGOAHOMY AOCTYMY, CTaBUABHOCTM U AOCTAaTOUYHOM TOUYHOCTM
npu aHaause KpynHbix Tepputopuii. ASTER GDEM, HanpoTB, MeHee NOAXOAMT AAS 33Aa4 BbICOKOIO
paspeLueHnst 1 AeTAaAbHOrO FTMAPOAOrMYECKOrO aHaAM3a.

AaHHOE MCCAeAOBaHUE MOAYEPKMBAET KPUTUUECKYIO BaXKHOCTb MPaBUALHOTO Bblibopa LM poBoi
MoAeAn peabeda B 3aBUCMMOCTH OT TUMa peAbeda M KOHKPETHbIX LleAei TMAPOAOrMUYECKOro aHaAM3a,
MOCKOABKY 3TO CYLLECTBEHHO BAMSET HA KQ4eCTBO OLIEHKM PUCKOB, CBSA3aHHbIX C YNPaBA€HMEM BOAHbI-
MM pecypcamu, 1 NAQHMPOBAHME MHXKEHEPHbIX MEPOMNPUITUIA.

KaoueBble croBa: Lindposbie Moaean peabeda, A33, pednble cetn, Airbus WorldDEM4Ortho,
ALOS AW3D, SRTM, ASTER GDEM.

Introduction

Digital Elevation Models (DEMs) are an im-
portant tool in hydrological modelling, having a
significant impact on the processes of analysing
and quantifying water-related risks. In this study,
a comparative analysis of publicly available global
DEMs is conducted to determine their applicability
and performance in different modelling scenarios.
Remote sensing techniques and Geographic Infor-
mation Systems (GIS), in combination with digital
elevation models, have proven to be highly effec-

tive in analysing drainage networks and catchment
characteristics. Such methods can identify drainage
patterns, flow orders and morphometric parameters
with high accuracy (Joy M. A. R. et al., 2023; Elhag
M. etal., 2018).

In particular, Landsat and ASTER GDEM satel-
lite data have been successfully used to extract hy-
drological parameters, providing results comparable
to traditional topographic maps in terms of accuracy
and detail (Elhag M. et al., 2017; Rai P. K. et al.,
2018; Shugulova D. K. et al., 2023). Morphometric
analyses provide valuable information on catchment
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characteristics including drainage density, bifurca-
tion coefficient and elongation coefficient, which
play a key role in understanding catchment dynam-
ics and planning effective water management strate-
gies (Rai P. K. et al., 2018; Shaikh M. et al., 2021;
Zhengissova N.Y. et al., 2024).

A number of studies have comparatively anal-
ysed different open source Digital Elevation Models
(DEMs) for automatic extraction of drainage net-
works, identifying the advantages and limitations of
each of the considered digital datasets. Such com-
parative studies are crucial to select the most ap-
propriate datasets, considering specific regions and
applications, such as floodplains with minimal el-
evation changes (Jamal S. et al., 2023).

ASTER GDEM, SRTM DEM and Cartosat-1
DEM have been evaluated in a part of the Kosi
River basin in India using different thresholds of
flow accumulation (Jamal S. et al., 2023). Among
the most commonly used DEMs are ALOS, SRTM
and ASTER, with ALOS showing higher verti-
cal accuracy in mountainous areas (Chymyrov A.,
2021). Hassan (Hassan 1.O., 2018) noted that ALOS
and SRTM are characterised by lower mean errors
and standard deviations compared to ASTER. These
numerical models have wide applications including
hydrological modelling, elevation analysis and river
network extraction (Jamal S. et al., 2023).

The accuracy of DEMs is determined by data
collection technology, data processing methods and
land cover types. The importance of accuracy as-
sessment using ground control points and statistical
methods is emphasised in studies to ensure the reli-
ability of hydrological results (Chymyrov A., 2021;
Hassan 1.O., 2018).

In Uttar Pradesh, India, a separate study com-
pared ASTER GDEM, SRTM DEM and ALOS
DSM, where ALOS DSM provided more detailed
representation of drainage networks at low flow ac-
cumulation thresholds (LN T et al., 2022). Similar
studies in Brazil evaluated the performance of two
computational tools, Hydrology and TauDEM, and
three databases (SRTM, AGEDM and AW3D), re-
vealing the advantage of TauDEM in drainage net-
work extraction (Sousa Morais R.C. et al., 2016). In
Portugal, drainage networks extracted from ASTER,
SRTM and OpenStreetMap (OSM) were compared,
evaluating their positional accuracy and complete-
ness compared to reference data (Monteiro E. et al.,
2018). All these works emphasise the importance of
comparing different DEMs and extraction methods
to accurately determine the structure of the drainage
network.
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Digital elevation models are a key tool for hy-
drological studies, enabling catchment modelling,
analysing channel networks, and determining gra-
dients and directions of surface runoff. Current-
ly, there is a wide range of satellite-based DEMs,
among which SRTM, ASTER, Airbus and ALOS
are the most common, differing in resolution, eleva-
tion data acquisition methods and level of accuracy.

The purpose of this study is a comprehensive
comparison of these digital elevation models in
terms of their applicability to hydrological prob-
lems in areas with different types of relief — from
flat and semi-desert to mountainous and foothill
areas. This approach allows assessing the accuracy
of each model’s representation of the hydrographic
network, watersheds and microrelief, as well as the
impact of these features on the calculation of runoff
and the formation of surface water flows.

Comparison of data from different DEMs fa-
cilitates a reasonable choice of the optimal model,
taking into account the objectives of the study and
the natural conditions of the region. The results ob-
tained will help to determine the most accurate and
stable digital elevation model for different land-
scape zones, which will improve the efficiency of
hydrological calculations, ensure sustainable water
resources management and reduce the probability of
errors in water management planning.

Materials and methods

Geoinformation systems in combination with
DEMs are valuable tools in hydrological research.
Digital elevation models are used for processing and
preparation of separate geospatial content for devel-
oped geoportals, and are the source data for auto-
matic extraction of watercourses.

Currently, elevation data are available from sev-
eral major sources and with different spatial resolu-
tions. The main requirements for analysing DEMs
were: coverage (area coverage); spatial resolution
(cell size); accessibility (free cost); and consistency
with selected criteria (location of reference points,
streamflow characteristics). The study basin covers a
vast territory, includes mountainous and flat terrain,
and has a diverse vegetation cover, which presents
a great difficulty in selecting and processing a suit-
able DEM. When analysing and comparing source
data for automatic extraction of watercourses, avail-
able datasets were used: Airbus WorldDEM4Ortho,
ALOS AW3D DSM (Standard), SRTM, ASTER
GDEM. Their main characteristics are summarised
in Table 1.
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Table 1 — Main characteristics of the analysed global DEMs

Parameters Airbus ALOS AW3D SRIM ASTER GDEM
WorldDEM40rtho C-band X-band
ALOS-2 radar images . . . Stereo pairs of optical
Basic and archived optical Interferometric ra(_lar image pairs images of the ASTER
WORLDDEM obtained in 2000 by imaging from the
data data from the ALOS sensor of the Terra
. Shuttle reusable spacecraft .
satellite satellite
Year of creation 2011-2015 2006-2011 2003 2011 2011
. Japan Aerospace
Developer Airbus Defence and Explotation Agency NASA, NGA DLR (Germany) METI (Japan), NASA
Space (JAXA) (USA) (USA)
In the public domain
On Limited Access (usage restrictions
. (for licensed users . . apply) http://gdem.
Distribution of ESRI’s ArcGIS In the public domain ersdac.jspacesystems.
software product) or.jp/; restrictions on
use apply.
Coverage lobal 60°N. — 56°S. (80 percent of the 83°N — 83°S (99% of
g g Earth’s surface) the Earth’s surface)
1”7 x 17 (30x30 m for
. . the USA territory); o
Grid cell size 0.8 x 08 17 x 177 (30x30 m) 37 x 37 (90x90 Irx1 17" x 177 (30x30m)
(24x24m) (30x30m)
meters for the rest of
the world)
Absolute height LE90 —4 m LE90 —or 5 m LE90—<=16m |LE90—<=16m| LE90—12-30m
accuracy
Relative height |y pgq 5 1 LE90 - <=10m | LE90 - <=6 m
accuracy
ALOS Research and US Nat;onal
" . Aeronautics and
Application Project of Space Administration
ArcGIS Server JAXAEORGC, https:/ U.S. Geological Survey (USGS), p
Source . A ] (NASA),
ArcGIS Online wWwWw.eorc.jaxa.jp/ https://earthexplorer.usgs.gov/ hitps://scarch
ALOS/en/aw3d30/data/ ps: '
. earthdata.nasa.gov/
index.htm
search

Airbus WorldDEM4Ortho is a digital elevation
model derived from the unedited WorldDEM and
its auxiliary layers by automatic processing. World-
DEM data is based on radar satellite data from the
TanDEM-X mission, funded by a Public-Private
Partnership between the German Aerospace Center
and Airbus Defence and Space, the Airbus Group
division responsible for defence and aerospace
products and services. The main objective of the
mission was to create a worldwide (97% of the to-
tal land area) consistent and highly accurate digital
surface model based on SAR interferometry. Data
collection for the DEM began in January 2011 and
was completed by mid-2015. A total of mutually
overlapping 550,000 scenes were collected. Airbus
WorldDEM4Ortho is given in geographic coordi-
nates; the horizontal datum is the World Geodetic
System (WGS84-G1150) and the vertical datum is

the Earth Gravity Model 2008 (EGM2008). World-
DEMA4O0rtho is a height information layer optimised
for orthorectification of high resolution and very
high resolution optical and radar images (Okolie C.
etal., 2024).

ALOS AW3D (ALOS World 3D Topographic-
data) is compiled from ALOS-2 radar imagery ac-
quired between 2006 and 2011 and archived optical
data from the ALOS satellite. The Japan Aerospace
Exploration Agency (JAXA) released a global DEM
with ~30 m horizontal resolution updated void-filled
version in March 2017 (Takaku J. et al., 2021).

In 2000, a radar interferometric survey was
conducted from the reusable Shuttle spacecraft and
an SRTM DEM was created for nearly 80% of the
Earth’s surface. Since 2014, global 1 angular second
(~30 m) data are available through the USGS Earth-
Explorer interface. SRTM is one of the most used
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DEMs and the data are in the public domain (Misael
Uribe E. et al., 2024).

ASTER GDEM (Global Digital Elevation Mod-
el) is an advanced spaceborne radiation and reflec-
tion radiometer, it was developed jointly by METI
(Ministry of Economy, Trade, and Industry of Ja-
pan) and NASA based on data from the ASTER sen-
sor of the Terra satellite. In 2011, an improved ver-
sion of the DEM, ASTER GDEM Version 2, was
created by including 26,000 additional stereo pairs
in the first version, increasing the horizontal and
vertical accuracy of the product, adding new scenes
and correcting errors. The resolution of the product
is similar to that of STRM30, also using the verti-
cal reference system EGM96 (El Mhamd: A et al.,
2023).

When selecting the most appropriate DEM, the
following criteria were compared: the location of the
state geodetic network points on the DEM and topo

map, morphometric characteristics of reference river
flows extracted from the DEM and remote sensing
data at the test sites. Topographic maps published
in 2008-2009 by the Agency of the Republic of Ka-
zakhstan for Land Management were used for com-
parison of elevation values. The topographic maps
published in 2008-2009 by the Agency of the Re-
public of Kazakhstan on Land Resources Manage-
ment were used for comparison of elevation values.
According to these maps, points with established
heights in mountainous and flat areas were selected.

Results and discussion

Topographic maps were brought into a single car-
tographic projection with DEMs. Points of the state
geodetic network in the mountainous and plain areas
were selected from the maps and their values were
compared with the data of each DEM (Table 2).

Table 2 — Comparison of elevation values from topographic maps and DEMs

Height, m
Source data _
Mountain area Plain area
Topographic map 3305.6 | 2547.5 | 1748.6 | 925.7 215.1 197.4 173.9 161.1 150.3
Airbus WorldDEM4Ortho 3301.5 | 2547.6 | 1744.5 | 930.6 212.3 195.51 172.5 162.1 151.5
SRTM 3227 2535 1740 925 210 192 170 158 150
ALOS AW3D 3301 2550 1744 929 213 196 171 161 152
ASTER GDEM 3292 2525 1740 925 221 187 176 158 145

Based on the results of height data comparison,
it can be seen that Airbus WorldDEM4Ortho and
ALOS AW3D DEM data have less deviation from
the topographic map height values. The accuracy of
the Airbus WorldDEM4Ortho DEM data value is
one tenth of a meter, which makes it more detailed
compared to ALOS AW3D (Figure 1). In spite of
the same cell size ASTER shows worse results on
the flat area, having large deviations from the refer-
ence values.

Comparison of morphometric characteristics of
watercourses was carried out between the extracted
watercourses from the considered DEMs and digi-
tised conditionally reference watercourses from
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Landsat 8 (15 m resolution) and Sentinel 2 (10 m
resolution) satellite images for 2019 at the test sites.

The analysis of works and publications on suc-
cessful foreign experiments allows to reveal that the
methodology of river networks creation by automat-
ic extraction from DEM consists of certain stages.
Running the algorithm according to the method is
a sequence of launching the Hydrology tool group
from the Spatial Analyst module or Arc HYDRO
module. The same input parameters were used to
extract the watercourses of the test sites from the
considered datasets. The accuracy of the extracted
watercourses was assessed by matching their char-
acteristics with those of the reference watercourses.
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# WorldDEM4Ortho

Figm
ASTER GDEM

Figure 1 — Comparison of elevation values of digital elevation models

Visually in the mountainous area all elevation
matrices show good results, however the rivers ob-
tained from Airbus WorldDEM4Orth more smooth-
ly replicate the river meandering, showing a clear
river bend. The ALOS AW3D DEM gives similar
results to those from Airbus WorldDEM4Orth. The
watercourses obtained from SRTM and ASTER
GDEM have sharp angles and some spatial incon-
sistencies (Figure 2a). In the plain part of the test
sites, the watercourses extracted from DEM do not
always correspond to the image of space images.
Plain watercourses extracted from Airbus World-
DEM40rtho DEM are more detailed and have good
branching. SRTM and ASTER give the largest error
in watercourse construction (Figure 2b).

Thus, according to the results of the visual anal-
ysis, Airbus WorldDEM4Ortho, having the highest
spatial resolution, creates the most accurate network
of watercourses.

The morphometric characteristics of water-
courses were compared according to the following
parameters (Table 3): length of rivers; displacement
of extracted rivers from the reference river channel,
total length of watercourses in the basin; and density
of the river network in the basin.

To compare the morphometric characteristics
of the basins, the Shukyrkalzhyr River basin (right
tributary of the Kalzhyr River) with a catchment
area of 297.7 km2 was selected as a reference test
site (Table 4).
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Table 3 — Comparison of parameters of reference and DEM-extracted watercourses at test sites

Parameters Baseline data Tundﬂ:el:(i:;/lzrs)(lower llef))éi f:l:;rrlgfzf;}tfrrﬂr)ﬂf:g (;{zﬁltirr?l;zltﬁ;( (r)?/ flfe
Kalzhyr river)
Reference rivers 5.12 6.66 53
Worldll(;llg?/'IIZOrthO 301 6.04 3.96
Length, km ALOS AW3D 4.61 5.67 5.17
SRTM 5.11 3.96 3.71
ASTER - 3.65 3.69
Worldgl};ﬁflonho 0.11 0,62 1.34
Length discrepancy, km ALOS AW3D 0.51 0.99 0.13
SRTM 0.01 2.7 1.59
ASTER - 3.01 1.61
Airbus Minimum — 10 Minimum — 1.5 Minimum — 0.7
WorldDEM4Ortho Maximum — 90.3 Maximum — 30.8 Maximum — 38.8
SRTM Min_imum - 65 Minjmum -72 Mipimum -7
Maximum — 276 Maximum — 62.6 Maximum — 40.9
ASTER : Naximum— 647 | Maximum 867

Table 4 — Comparison of calculated data of the Shukyrkalzhyr River basin

Ne Baseline data Number of segments Total length, km River network density,km/km2
1 Sentinel 2 185 174.8 0.59
2 Airbus WorldDEM4Ortho 221 168.0 0.56
3 ALOS AW3D 105 176.5 0.59
4 SRTM 193 1453 0.49
5 ASTER GDEM 107 119.3 0.40

The calculated data for ALOS and Airbus
WorldDEM4Ortho are close to the values of the cal-
culated data for the reference sites, while the results
for SRTM and ASTER GDEM are different.

The analysis of digital elevation models
showed that the most suitable for watercourse
extraction from all considered DEMs is Airbus
WorldDEM4Ortho, which has higher resolution
and the extracted watercourses are the most con-
sistent with the watercourses digitised from space

images. The SRTM DEM also shows good results,
which are suitable for both flat and mountainous
areas.

Conclusion
The study concludes that among the digital el-
evation models (DEMs) reviewed, Airbus World-

DEMA4O0rtho is the most effective for hydrological
modelling and water resources analysis purposes.
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It provides high accuracy of elevation data and
detailed topographic representation, which is
particularly important for accurate representa-
tion of the hydrographic network and estimation
of runoff parameters in complex mountainous
and mixed landscapes. The ALOS AW3D model
demonstrates comparable accuracy and can also
be applied to detailed modelling tasks, providing
a reliable alternative when access to WorldDEM
is limited.

While SRTM remains a valuable resource, es-
pecially for regional and large areas, its limitations
in accuracy and resolution become apparent in com-
plex topography and flat areas, reducing its effec-
tiveness for high-precision hydrological analyses.
Nevertheless, its free and open access and lack of
restrictions on data downloading make SRTM more
accessible and convenient for a wide range of hy-
drological studies and monitoring where high detail
may not be critical.

ASTER GDEM is less suitable for detailed hy-
drological modelling tasks, especially in areas with

confusing topography, urban infrastructure or com-
plex landscapes, which limits its application in ac-
curate flood forecasting and water resources man-
agement.

Overall, the findings of the study emphasize the
need for careful selection of an appropriate DEM,
considering the topography and the objectives of
hydrological analysis, as this directly affects the
quality of flood risk assessment and the effective-
ness of decision-making in water resources man-
agement.
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