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OIEHKA TOYHOCTH OTKPBITBIX I'TTOBAJIBHBIX
M®POBBIX MOJIE/TEVI PEJTIBEDA

H.A. XKycynos, T.B. Xa, T.I1. Jaxan, T.A. Awvipanues, bakmvibex y. M.

LindpoBoe npencraeneHne penbeda 3emnu HasbiBaeTcs undposor mogenbio penbeda (LMP). CywecTsytoT pas-
NMYHbIE CNYTHUKOBBIE cMCcTeMbl, obecneunBatowme LIMP, paznuyHoe npoctpaHcTBeHHOe pa3pelueHne. LIMP oveHb no-
nesHbl AN OUEHKN CTUXUIHBIX 0eACTBUA, TPEXMEPHOTO MOAENNPOBAHUS, MIAHUPOBAHUSA MHAPACTPYKTYPbl U APYTnX
MeponpuaATUA No pa3suTuio. MNpoBeaeHa NpoBepka HaaexXHoOCTN cBoboaHO AocTynHbIX LIMP npu ncnonb3oBaHum AaH-
HbIX ANS NPUHATUA pelueHnii. Tpu obbekTa n3 Henana, BbeTHama v KeiprbidctaHa otobpaHbl ANs OLEHKM KavecTsa.
[laHHble 3TanoHHOW TOYKM BO3BbILLEHWS B3ATbI U3 Tomnorpaduyeckor 6a3oBoi KapTbl COOTBETCTBYHOLLEN obnacTu. MNpo-
BeOEH CTaTUCTUYECKUIA pacyeT AN NPOBEPKN JOCTOBEPHOCTU AAHHbIX.

Knoueesnsle cnosa: uudposas mogens penbeda (LUMP); Tonorpacduyeckas kapTa; BbicOTa HaZ ypOBHEM MOPSi; CUCTe-
Mbl KOOPAWHAT.

PEJIDEOTUH AYbIK AATAMJBIK CAHAPUIITUK
MOJENOEPMHIH TAKTBII'BIH BAATIOO

H.A. XKycynos, T.B. Xa, T.I1. Jaxan, T.A. Awvipanues, Bakmvibex y. M.

XKepavH penbednHUH CaHapUNTUK KepYHYLY pernbedTuH caHapunTuk Moaenu Aen atanar. PenbedTuH caHapunTyk
MOZENMH KaMCbI3 Kbiflyydy ap KaHAan CryTHUK cucTemanapsbl, ap kaHgam MevkvHavK MaansiMatTtapsl 6ap. PenbedptvH
caHapunNTUK MOAENW XapaTbifbIl KblpCbirblH 6aanoogo, y4 envyemaery Mogenan Tyayyae, MHpacTpykTypaHbl nnaH-
[0000 xaHa ballka uw vapanapga keHupu kongoHynar. byn makanaga vedvm kabbin anyy ydyH maansimatTapapl
navigananyyna penbedTVH caHapunTMK MOAENMHUH penbedTH adblk MaanbiMaTTapblHbIH TakTbirbl Tekwepunaun. Ca-
natTbl 6aanoo y4yH Henan, BeeTHam xaHa KelprbidacTaHgaH y4 06bekT anbiHraH. OTanoHayk OUANKTUK YEKUTTUH mMa-
aneiMatTapbl TVellenyy aimakTbliH 6asanbik Tonorpadvaneik kaptTanapblHaH anbiHAbl. MaaneiMaTTapabliH TakTbirbIH
TeKLIepYY Y4YH CTaTUCTMKanblk 3cenTeenep Xyprysynay.

TyliyHOyy ce30ep: penbedTVH CaHapunTVK MoAenu; Tonorpadusnbik kapTa; AeHU3 AEHI33NNHEH BUANKTUIM; Koopau-
HaTTap cuctemanapsl.

QUALITY ASSESSMENT OF OPENLY ACCESSIBLE GLOBAL DEMS

N.A. Zhusupov, T.V. Ha, T.P. Dahal, T.A. Ashyraliev, Baktybek u. M.

Digital representation of the earth topography is called Digital Elevation Model (DEM). There are various satellite
systems providing the DEMs with different spatial resolution. DEMs are very useful for disaster assessment, 3D
modeling, infrastructure planning and other development activities. This work was carried out for testing the reliability
of the freely available DEMs while using those data for decision making. Three sites of Nepal, Vietnam and Kyrgyzstan
are selected for quality assessment. Reference elevation point data are taken from the topographical base map of that
respective area. Statistical calculation is carried out for the testing reliability of the data.

Keywords: Digital Elevation Model (DEM); topographical map; elevation; coordinate systems.

Introduction. Graphical representation of ge- evation generally raster based (or cell based) with
ographic setting is called a map. It is very impor- the single elevation representing the entire area of
tant for height representation in mapping during the cell. Digital elevation models (DEMs) are ar-
base map preparation. Digital representation of el- rays of regularly spaced elevation values referenced
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Figure 1 — Study Area (Nepal, Vietnam and Kyrgyzstan)

horizontally either to a Universal Transverse Mer-
cator (UTM) projection or to a geographic coordi-
nate system (USGS, 2019).

DEM can be used for various application areas.
Some of the major application areas of DEM are;
Pre-feasibility study of possible hydropower
site selection
Urban planning and 3D city modeling
Flood modeling (Flood simulation)

Landslide Hazard zonation and simulation
modeling

Topographic base map preparation

Land use zoning and planning

Simulation of possible solar energy collection
from building tops

Creation of relief maps

There are various techniques for DEM gener-
ation. The major sources for DEM preparation are
photogrammetry using stereo photographs. DEM
can be accurately generated by field survey method
using Total Station and GPS. Nowadays Laser Scan-
ning and interferometry are widely used for creating
fast and reliable DEM. The DEM creation for large
area is difficult task and it is tedious process by
using field-based technique. There are number of
freely available DEMs generated by using optical
as well as SAR data. The quality of the freely avail-
able data should be assessed before used. This work
mainly focused on the quality assessment of the

YV VVV VVV V¥V

freely available DEMs based on the topographical
based maps.

Study area. The study area of this project
work is chosen in three different countries of the
world. Those three countries are Nepal, Vietnam
and Kyrgyzstan. Study coverage of three parts of
those countries has different topography. The study
area selected in Nepal, Kyrgyzstan and Vietnam is
hilly mostly hilly topography including vegetation
and urban area. The location map of the study area
is shown as below;

The area selected for sample data in Nepal is
Kavrepalanchok, similarly Thai Nguyen of Vietnam
and Sokuluk area of Kyrgyzstan. DEMs of those
areas are included in Annex-I.

Method. To carry out the quality assessment of
the openly accessible global DEMs can be shown
in various steps as flow diagram. The flow diagram
has two parts one is searching and downloading
openly accessible DEMs. Other part is collection of
reference data for validation points using existing
base maps of the country.

DEMs used:
A. Satellite Derived Datasets
1. ALOS PALSAR RTC HR-
spatial resolution
2. ASTER GDEM V2-30 m Spatial
resolution

12.5m
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Figure 2 — Methodology

3. SRTM 30m DEM - 30m Spatial res-
olution

4. ALOS PRISM (AW3D30) — 30m Spa-
tial Resolution

5. CartoDEM V3 R1 — 30m Spatial Res-
olution.

6. TamDEMX- 90m Spatial Resolution

B. Topographical Maps

1. Topographical map of scale 1:25000
(Nepal & Kyrgyzstan)

2. Topographical map of scale 1:50000
(Vietnam)

It is noted that not all DEMs are available for
three countries, so we used only selected and avail-
able DEMs that are freely available to the country
of interest. For example, CartoDEM V3 R1 DEM
is not available for the Vietnam and Kyrgyzstan re-
gion, so it is excluded. In case of problem in ALOS
PALSAR RTC HR DEM, it is excluded in case
of Kyrgyzstan.

Validation Data. This study is used reference
data points collected from the topographical map
sheet published by their Surveying and Mapping
agencies of the respective Countries. The height
of the reference samples is taken from maps as

Kavrepalanchok,
Sokuluk. Kvrevzstan

ravre
ALOS_PALSAR_DEM
Value

— 78
.,

Thai Nguyen,

Figure 3 — Study area sample DEMs

control point and spot heights. Those map heights
are orthometric height. Specially, there are 30
reference data points collected for the study area
of Vietnam digitization of points using 1:50000
scale topographical map; 44 points are chosen for
Nepal digitized using 1:25000 scale topographical
map, while 40 points is collected for Kyrgyzstan
using 1:25000 scale topographical map. The to-
pography of selected countries is hilly area having
variation in topography including vegetation and
urban area.

The sample data (DEM) and reference points
collected from three countries are shown as below;

Data Analysis. Data analysis is carried out in
GIS environment using reference points as vector
data and DEMs as Raster data. The extraction of
height from DEMs to reference data is carried out
using Extract Multi Values to Points tool available
in ArcGIS 10x. DEMs freely available are not in
same vertical datum so was used ‘Online geoid cal-
culations using the GeoidEval utility’ for calculation
of Geoid undulation for conversion of orthometric
height to Ellipsoid height (WGS84). The statistical
calculation for the mean deviation and RMSE cal-
culation is done using MS-Excel.
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The statistical calculations:
a. RMSE Value Calculation:
Table 1 — RMSE Value of Open Source DEMs

Table 2 — Mean Deviation of Open Source DEMs

MEAN DEVIATION (in Meter)

The table shows that in case of Nepal among
six DEMs the least RMSE value is 5.9 for ALOS
PRISM (AW3D30) 30m spatial resolution, sim-
ilarly among four Data sets for Vietnam and Kyr-
gyzstan shows that the least RMSE value for AS-
TER GDEM V2 30m and ALOS PRISM 30m.
In case of Kyrgyzstan the RMSE value difference is
less compared to Nepal and Vietnam. Based on the
RMSE value as well as correction made for ASTER
GDEM V2 and SRTM DEM shows ALOS PRISM
(AW3D30) is more reliable DEM. The RMSE Plot
of the tabular data in bar chart is shown below;

RMSE Plot

RMSE in meter

ALOS Cartosat _30 SRTM_30 ASTER_30 ALOSPRISM_30  TANDEM-X_90
PALSAR_12.5

W NEPAL B VIETNAM = KYRGYZSTAN

Figure 4 — RMSE Chart
b. Mean Deviation calculation:

The mean deviation values for study area of
three countries are mentioned in following table;

. DEM NEPAL | VIETNAM [ KYRGYZSTAN
RMSE Value (in Meter)

ALOS PALSAR | ¢, 930 ]
DEM NEPAL | VIETNAM | KYRGYZSTAN RTC HR ’ :
ALOS PALSAR CartoDEM
RTC HR 6.4 12.16 - V3 RI 5.79 No data No data
}E?HODEM V3 11.4 No data No data SRTM DEM 5.26 10.17 6.58

ASTER GDEM
SRTM DEM 6.6 12.22 6.58 V2 10.22 6.18 6.19
ASTER GDEM ALOS PRISM

12.5 8.71 7.60

V2 (AW3D30) 5.28 9.46 4.21
ALOS PRISM TANDEM-X 90m| 8.03 - 4.62
(AW3D30) 59 11.33 6.41
TANDEM-X 90m | 11.3 - 6.81 Form the mean deviation table the least value

of deviation for Nepal, Vietnam and Kyrgyzstan is
5.26, 6.18 and 4.21 for SRTM DEM 30m, ASTER
GDEM V2 30m and ALOS PRISM (AW3D30) 30m
respectively. The bar chart of the mean deviation is
as below;

Mean Deviation
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Figure 5 — Mean Deviation Chart

c. Standard Deviation calculation:

The standard deviation calculation for those
study areas based on the reference data are men-
tioned in following table.

Standard deviation table shows that the least
amount of standard deviation for Nepal, Vietnam
and Kyrgyzstan is 5.81for ALOS PALSAR RTC
HR (12.5m), 9.08 for ASTER GDEM V2 (30m)
and 5.15 for ASTER GDEM V2 (30m) respectively.
The data shows that the deviation value in Kyr-
gyzstan is less deviated compared to Nepal and
Vietnam. The bar diagram of the table is plotted
below;
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Table 3 — Standard Deviation
of Open Source DEMs

STANDARD DEVIATION (in Meter)
DEM NEPAL |[VIETNAM KYRGYZSTAN
ALOS PALSAR
RTC LR 5.81 13.08 -
g?ﬂODEM e 7.59 No data No data
SRTM DEM 6.13 14.72 5.52
ASIER GIDIE 7.85 9.08 5.15
V2
ALOS PRISM
(AW3D30) 6.58 15.52 5.97
TANDEM-X 90m |8.22 0 5.74

Standard Deviation

15.52

ALOS Cartosat _30  SRTM_30
PALSAR_12.5

ASTER_30  ALOSPRISM_30 TANDEM-X_90

W NEPAL B VIETNAM KYRGYZSTAN

Figure 6 — Standard Deviation Chart

Conclusion. There are various satellite systems
which provide openly accessible global DEMs gen-
erated by various technologies. The most common
open source DEMs used in this project work are
ASTER GDEM V2 (30m), SRTM DEM(30m), Tan-
DEM-X 90m, ALOS PALSAR RTC HR (12.5m),
ALOS PRISM (AW3D30) (30m) and CartoDEM
V3 R1 (30m). CartoDEM V3 R1 (30m) DEM is
available for only India and neighboring countries.
Remaining DEMs are available globally. The val-
idation samples are taken from the topographical
base map of scale 1:25000 and 1:50000 (Vietnam).
The height provided in different DEMs are in dif-
ferent vertical datum those heights are converted to

ellipsoidal height using Online geoid calculations
using the GeoidEval utility with geoid undulation
for each reference sample points based on latitude
and longitude.

The extraction of DEM height to the point is
carried out using ArcGIS10x and further statis-
tical calculation are carried out using MS-Excel.
The RMSE calculation shows that the ALOS
PRISM (AW3D30) DEM 30m spatial resolu-
tion having RMSE value 5.6m is the best DEM
among the six DEMs for study area of Nepal. RM-
SE value of the ALOS PALSAR RTC HR having
6.4 seems to be less accurate than the ALOS PRISM
(AW3D30) DEM having 12.5m spatial resolution.
In case of reference data in Vietnam ASTER GDEM
V2 DEMs having RMSE value 8.71 seems bet-
ter compared to other three DEMs. ALOS PRISM
(AW3D30) DEM having RMSE value 6.41 found to
be better for Kyrgyzstan. This study is expected to
provide the public users as a reference so that they
can choose the “best” openly accessible DEMs for
their own project.

Due to the limitation of time of the project
secondary data are used for validation of DEMs.
The topography of the selected area is hilly area
having topographical variation including vegetation
coverage. It is recommended to use primary field
data for validation of the DEMs is better compared
to the use of validation points from topographical
map of scale 1:25000 & 1:50000.
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