
1 23

Journal of the Indian Society of
Remote Sensing
 
ISSN 0255-660X
Volume 40
Number 4
 
J Indian Soc Remote Sens (2012)
40:565-576
DOI 10.1007/s12524-012-0202-y

Performance Estimation of Aster Global
DEM Depending upon the Terrain
Inclination

Umut Gunes Sefercik



1 23

Your article is protected by copyright and all

rights are held exclusively by Indian Society of

Remote Sensing. This e-offprint is for personal

use only and shall not be self-archived in

electronic repositories. If you wish to self-

archive your work, please use the accepted

author’s version for posting to your own

website or your institution’s repository. You

may further deposit the accepted author’s

version on a funder’s repository at a funder’s

request, provided it is not made publicly

available until 12 months after publication.



RESEARCH ARTICLE

Performance Estimation of Aster Global DEM Depending
upon the Terrain Inclination

Umut Gunes Sefercik

Received: 24 November 2011 /Accepted: 6 January 2012 /Published online: 26 January 2012
# Indian Society of Remote Sensing 2012

Abstract A digital elevation model (DEM) is a source
of immense three dimensional data revealing topograph-
ic characteristics of any region. The performance of a
DEM can be described by accuracy and the morpholog-
ic conformity. Both depend upon the quality of data set,
the used production technique and the roughness of the
terrain. The global DEM of ASTER (Advanced Space-
borne Thermal Emission and Reflection Radiometer)
was released to public utilization as free of charge on
June 2009. It covers virtually overall the globe using 1
arc-second posting interval. Especially easy availability
renders ASTER Global DEM (GDEM) one of the most
popular and considerable global topographic data for
scientific applications. From this point of view, the
performance of ASTER GDEM has to be estimated
for different kinds of topographies. Accordingly, six test
fields from Spain (Barcelona) and Turkey (Istanbul and
Zonguldak) have been preferred depending upon the
terrain inclination. Thus, the advantages and disadvan-
tages of the DEM product have been proved by means
of a group of advanced performance analysis. The anal-
yses indicate that the performance of ASTER GDEM is
quite satisfying at urban areas because of flat topogra-
phy. On the other hand, terrain slope has negative effect
on the results. Especially steep, mountainous, forestry

topographic formations and the regions which have
sudden changes at the altitude have lower accuracy.
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Introduction

DEM is one of the most demanded and required map-
ping products and increasingly used for visual and
mathematical analysis of topography, landscapes and
landforms, as well as modeling of surface processes
(Kamp et al. 2003). In order to satisfy the requirement,
various DEM generation techniques have been devel-
oped up to date. These techniques can be grouped
under two headings as ground survey and remote
sensing according to data collection methods. Remote
sensing contains four sub-techniques as traditional
photogrammetry based on aerial photos, stereo-
optical space-borne imagery (stereoscopy), air-borne
laser scanning (LIDAR) and interferometric synthetic
aperture radar (InSAR) (Sefercik and Sörgel 2010).
Within these methods, stereoscopy is situated one step
ahead considering scientific usage ratio through
cheaper cost, larger area coverage with high ground
resolution, faster delivery and easier data processing
than its counterparts (CIRSTEN 2011). To realize the
stereoscopy with images from satellite sensors, two
methods are possible: along-track stereoscopy from
the same orbit, using fore and aft images, and across-
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track stereoscopy from two adjacent orbits (Krishna et
al. 2008). Namely, for the DEM generation by stere-
oscopy two or more images of the same area, taken
from different directions, are required and the image
orientation has to be known in the specified object
coordinate system (Jacobsen 2003). Based on this, the
image matching is performed. The accuracy of the
generated DEMs, based on optical space images, is
mainly depending upon the ground resolution, height-
to-base relation and the image contrast.

Latterly, the most common DEM product which
was derived by stereo-optical space-borne imagery is
ASTER GDEM. It becomes one of the most important
global topographic data with high accuracy and easy
availability. And studies on the accuracy assessment of
ASTER GDEM are of great significance to the appli-
cation (Yang et al. 2001). In the paper, the utility of
this product is examined accordingly a group of ad-
vanced performance analysis.

Various methods have been employed for the evalu-
ation and visualization of GDEM. On the accuracy
analysis, DEMs have been verified with more accurate
height models derived from large scale aerial photos. It
is necessary to determine and respect shifts of the DEMs
caused by datum problems and orientation of them. The
Root Mean Square Errors (RMSE) of height differences
between ASTERGDEM and reference models has been
proved. The differential DEMs and contour lines have
been generated for the detection of defective parts and
morphologic conformity of DEMs as well.

ASTER GDEM

Utilizing space-borne stereo-optical imagery data the
DEMs can be generated with easier processing in com-
parisonwith interferometric processing steps of synthetic
aperture radar (SAR) technology but there are still some
problems. The main problems are weather conditions
and light. The optical imagery is directly depending upon
weather conditions like aerial photogrammetry. Images
should not contain clouds (at least 80%) and in addition
the sun elevation during imaging should be sufficient.
Therefore acquisition of high resolution suitable stereo-
pair may take long time for an interest area. Consequent-
ly, getting high resolution stereo-pairs taken from the
same orbit, optical images taken in a time interval are
preferred to achieve stereo-pairs thus some parts of the
images might include clouds and also changes are

occurred caused by vegetation and different sun eleva-
tion. Besides these problems, high resolution optical
space sensors are mainly not operating in a stereo mode
(Jacobsen 2003) with the exception of stereo sensors as
ASTER, SPOT-5 HRS and Cartosat-1.

The optical satellite ASTER has been launched to
its orbit in December, 1999 by NASA (NASA 2011)
and Japan’s Ministry of Economy Trade and Industry
(METI) (METI 2011), with the collaboration of scien-
tific and industry organizations in both countries. ASTER
was capable to medium-resolution (15 m) along-track
stereoscopy and had three subsystems in 14 spectral
bands as the visible and near infrared (VNIR), the short-
wave infrared (SWIR), and the thermal infrared (TIR)
(Hirano et al. 2003). It used two telescopes in its near
infrared spectral band to acquire data from nadir and
backward views and collected over 1.2 million scenes
in a global coverage between March 2000 and August
2008 (temporal coverage between January 2000 and
June 2008) (JPL 2011). ASTER has a quite significant
status in comparison with older Landsat Thematic
Mapper, and Japan’s JERS-1 OPS scanner through a
group of unique advantages except VNIR telescope’s
properties such as multispectral thermal infrared data of
high spatial resolution (8 to 12 μ window region,
globally), highest spatial resolution surface spectral
reflectance, temperature, and emissivity data within the
Terra instrument suite and the capability to schedule
on-demand data acquisition requests (LPDAAC 2011).

Using the advantage of stereo viewing capability, a
Global DEM was generated using ASTER data and it
was allowed to the scientific usage in 29 June 2009.
This DEM has 1 arcsecond (~30 m) posting interval,
approximately 20 m vertical and 30 m horizontal
accuracy with 95% confidence. Following Table 1
shows the further characteristics of this product.

Currently, the ASTER GDEM is the largest DEM
that covers almost entire planet surpassing Shuttle Radar

Table 1 ASTER GDEM characteristics

Data set ID ASTER global digital elevation
model V001

Tile size 3601×3601 (1° by 1°)

Geographic coordinates Geographic latitude and longtitude

DEM output format GeoTIFF, 16 bit

Geoid reference WGS84/EGM96

Coverage 83° North to 83° South
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Topograhy Mission’s (SRTM) (Koch and Heipke 2001,
Sefercik 2006) coverage of 56°S to 60°N.

Test Fields and Data Sets

Barcelona

Barcelona is the capital of Catalonia, Spain, and densely
populated with about 1.6 million inhabitants of the city

and 4 million in the region. The evaluation ASTER
GDEM was conducted for two areas separately: “Large
Area” covers 32.9 km Range (Rg) × 56.6 km Azimuth
(Az) including varied terrain conditions. “Urban Area” is
a subset of large area covering the urban area of Barce-
lona. Figure 1 shows the Google image of test field and
the frequency distribution of terrain inclination.

The large area (blue) contains mountainous terrain,
and forested zones; the altitude spans from sea level up
to more than 1,000 m. The Urban Area (red) is mostly

Fig. 2 ASTER GDEM (30 m) (a) and reference DEM of
Barcelona large test field (15 m) (b)

Fig. 3 ASTER GDEM (30 m) (a) and reference DEM of
Barcelona urban test field (15 m) (b)

Fig. 1 Barcelona test field (a) and frequency distribution of
terrain inclination (b)
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flat, but it also contains some undulated built-up areas
and the hill of Montjuïc, the main site of the Olympic
Games in 1992. The maximum altitude inside Urban
Area is about 250 m (Watanebe et al. 2011).

Figures 2 and 3 show the three dimensional (exag-
geration factor 0 5) ASTER GDEM separately for large
and urban area of test field and the reference DEM
(REFDEM) derived from large scale photogrammetry.
The REFDEM was provided by the Cartographic Insti-
tute of Catalonia (Institut Cartogràfic de Catalunya,

ICC), the official organization of surveying in Catalonia.
It has 15 m grid spacing and the accuracy is in between
10 cm and 1 m. For 3D visualization 160° view direc-
tion (0° North, 90° East) and 35° inclination angles have
been employed.

Fig. 5 ASTER GDEM (30 m) (a) and reference DEM of
Istanbul test field (30 m) (b)

Fig. 6 ASTER GDEM (30 m) (a) and reference DEM of
Istanbul urban test field (5 m) (b)

Fig. 4 Istanbul test field (a) and frequency distribution of slope
(b)
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Istanbul

The test area Istanbul is located in north-west side of
Turkey. The Greater Municipality area has a coast line
to the Black Sea and the Marmara Sea connected by
the Bosporus. Istanbul is one of the biggest cities in
the world with about population of 14 million. It is a
suitable test area for the accuracy analysis because its
topography contains various characteristics and this
enables to understand the quality of evaluated DEMs
in different types of terrain formations. In this test

field, the evaluation of ASTER GDEM was conducted
still for two areas separately: Large Area (blue in
Fig. 4) covers 40 km Rg × 46 km Az including
approximately 70% rural and 30% urban areas and
the elevation is going up to 445 m. Urban Area (Histor-
ical Peninsula and near surroundings, red in Fig. 4) is a
subset of Large area covering approximately 100%
built-up area and the altitude of bare ground is maxi-
mum 90 m. Figure 4 shows Istanbul from Google Earth
and the frequency distribution of terrain slope.

Figures 5 and 6 show the three dimensional (exag-
geration factor 0 5) ASTER GDEM separately for two
test fields in Istanbul and the REFDEMs produced
from the photogrammetric flight project of Istanbul
Greater Municipality between the years 2006 to
2009. They have 30 m (large area) and 5 m original
grid spacing with 10 cm up to 1 m accuracy. For 3D
visualization 160° view direction and 35° inclination
angles have been used.

Zonguldak

The test area Zonguldak is located in west Black Sea
region at the north-west part of Turkey. The city has

Fig. 8 ASTER GDEM (30 m) (a) and reference DEM of
Zonguldak test field (10 m) (b)

Fig. 9 ASTER GDEM (30 m) (a) and reference DEM of
Zonguldak urban test field (10 m) (b)

Fig. 7 Zonguldak test field (a) and frequency distribution of
tangent slope (b)
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very steep and mountainous topography in patches
with terrain inclination more than 45°, partially also
vertical cliffs (Fig. 10). Therefore the rough and for-
estry terrain causes problems for image matching. In
this test field, the evaluation of ASTER GDEM was
conducted still for two areas separately: Large Area
(blue in Fig. 7) covers 9 km Rg × 10 km Az including
approximately 75% forest areas and 25% urban and
elevation is going up to 540 m. Urban Area (red) is a
subset of large area covering approximately 90% built-
up area and the altitude of bare ground is maximum
190 m. Figure 7 illustrates the test area and frequency
distribution of tangent slope.

Figures 8 and 9 show the three dimensional ASTER
GDEM separately for two test fields in Zonguldak and
the REFDEM produced from the photogrammetric flight
project of Zonguldak Municipality in 2005 with 10 m
original grid spacing and 10 cm up to 1 m accuracy. For

3D visualization still 160° view direction and 35° incli-
nation angles have been applied. As distinct from other
test fields the optimal exaggeration factor was used as ‘2’
because of so steep and rolling topography.

Performance Evaluation Methodology and Results

After generating a DEM, the next step should be the
performance evaluation to determine the accuracy and
characteristics to specify its possible usability at the
applications. For instance, land survey requires high
quality DEMs whereas forestry does not need. An inten-
sive estimation of the ASTER GDEM is available at the
WEB-page of ASTER GDEM, but it covers not entire
important topics of the height model analysis. For in-
stance no analysis of the important accuracy dependency
from the terrain inclination is included and only limited

Table 2 Shifting results for large test areas

DEM ASTGDEM BAR
BS (RMSZ)

ASTGDEM BAR
AS (RMSZ)

ASTGDEM IST
BS (RMSZ)

ASTGDEM IST
AS (RMSZ)

ASTGDEM ZON
BS (RMSZ)

ASTGDEM ZON
AS (RMSZ)

REFDEM BAR 10.96 9.29
X035.09

Y0−15.18
REFDEM IST 16.68 7.70

X0−33.60
Y0−176.40

REFDEM ZON 13.15 9.83

X043.01

Y0−9.07

(BS Before shifting, AS After shifting, α slope, m common unit)

Table 3 Shifting results for urban areas

DEM ASTGDEM
BAR BS

ASTGDEM
BAR AS

ASTGDEM
IST BS

ASTGDEM
IST AS

ASTGDEM
ZON BS

ASTGDEM
ZON AS

REFDEM BAR 6.07 5.76
X028.87

Y0−19.80
REFDEM IST 12.19 5.48

X0−38.03
Y0−183.13

REFDEM ZON 10.21 8.42

X037.51

Y0−9.66

(BS Before shifting, AS After shifting, α slope, m common unit)
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morphologic aspects are respected (Jacobsen 2010). The
quality of a DEM can be assessed by various procedures.
The standard procedure is the comparison with a more
accurate reference DEM (Lin et al. 1994). At this point,
the concept of vertical accuracy (standard deviation of
height) comes into prominence. The spatial resolution of
space-borne images is measured by ground sampling
distance (GSD) which means effective pixel size on the
Earth’s surface. And depending upon GSD of an image,
the vertical accuracy can be estimated by Formula 1
(Büyüksalih and Jacobsen 2005).

SZ ¼ h=bð Þ � Spx ð1Þ
At the formula, (h/b) 0 height to base relation, Spx 0

standard deviation of x-parallax [GSD]. For instance,
ASTER has 15 m GSD and 1.67 m (10/6) h/b ratio
(ERSDAC 2011), that means vertical accuracy is
expected about ±25 m.

To perform the accuracy analysis the coordinate
systems of evaluated DEM and reference DEM have
to be the same. In the study, the common coordinate
system was defined as UTM (Universal Transverse
Mercator) for whole of data sets and references thus
the coordinate systems were transformed into UTM
suitable zone before the evaluation processes. For
coordinate transformation and whole estimation pro-
cesses, a DEM evaluation system BLUH (Bundle
Block Adjustment Leibniz University Hannover), de-
veloped by Dr. Karsten Jacobsen; for the visualization
processes, LISA software developed by Dr. Wilfred
Linder was employed.

On the shifting process, the horizontal shifts be-
tween height models caused by not precise known
datum of national coordinate systems against the
WGS84/ITRF used by several missions like ASTER

GDEM, SRTM etc. were eliminated by adjustment.
Depending upon the terrain inclination of test fields
and DEM rotation, a different number of iterations (8–
20) were applied for obtaining optimal RMSZ. The
scale of ‘Z’ was determined without scaling at the last
iteration. The eliminated shifts between models in X and
Y directions can be seen at Tables 2 and 3 respectively
for large and urban areas.

The RMS height differences of the evaluated DEMs
against the reference height models are depending upon
the terrain inclination. By this reason the accuracy has to
be described by a constant value plus a constant value
multiplied with the tangent of the terrain inclination.
This relation is determined by adjustment on pixel base
and the height values corresponding to the file for anal-
ysis are determined by bilinear interpolation. The anal-
ysis was performed for large and urban parts of each test
field to compare and see the performance of ASTER
GDEM in urban areas. On the accuracy analysis, the
accepted height discrepancies between evaluated DEMs
and reference DEMs were limited by 50 m. That means,
if the height difference at a common pixel/point (at the
same coordinate) exceeds 50 m, it is automatically elim-
inated and called as ‘not accepted point’ (NAP). Two
iterations have been employed for scaling height values
in the height corresponding to the determined Z-scale

Table 4 Absolute accuracies for large areas

DEM ASTGDEM
BAR

ASTGDEM
IST

ASTGDEM
ZON

REFDEM
BAR

7.61+9.4 ×
tan(α) NAP 0
0.12

REFDEM
IST

6.07+9.6 ×
tan(α) NAP 0
0.00

REFDEM
ZON

8.86+1.5 ×
tan(α) NAP 0
0.00

(α slope, NAP not accepted points (%), m common unit)

Table 5 Absolute accuracies for urban areas

DEM ASTGDEM
BAR

ASTGDEM
IST

ASTGDEM
ZON

REFDEM
BAR

4.94+19.7 ×
tan(α) NAP 0
0.00

REFDEM
IST

4.39+9.8 ×
tan(α) NAP 0
0.00

REFDEM
ZON

8.14+0.3 ×
tan(α) NAP 0
0.00

(α slope, NAP not accepted points (%), m common unit)

Fig. 10 Terrain characteristics of Zonguldak urban test field
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and Z-shift in the first iteration and the elimination of
systematic bias. Tables 4 and 5 illustrate the accuracies
after second iterations sequentially.

As can be seen on the Table 5, the accuracy of
ASTER GDEM reaches up nearly ±4 m at the urban
sides of Barcelona and Istanbul test fields. However, the
accuracy is about ±8 m for Zonguldak urban area. The
main reason of this result is topographic characteristics.
As it is well known, if the terrain inclination is strong,
the collection of qualified data becomes more difficult.
It can be seen in the Fig. 10 that very steep terrain which
has vertical cliffs in patches starts at the neighbourhood
of coastal line and the elevation rises with high acceler-
ation. Additionally sudden rolling changes are valid in
general of the test field. Following Fig. 11 shows the
frequency distribution of terrain inclination at the urban
sides of three test fields.

The difference of Zonguldak urban area’s terrain
can be definitely seen in Fig. 11. In Barcelona and
Istanbul urban areas, approximately 70% of terrain is
nearly flat and the average tan (slope) is too close to
‘0.02’ (~1% declination). However, Zonguldak topog-
raphy is very rough and average tan (slope) is circa
‘0.35’ (~20% declination).

Owing to the quality of DEM derived from space-
borne satellite data varies in dependence of the steep-
ness of the terrain and the land cover classes, it is
crucial to look at the accuracies of a DEM regionally
and not to have a single accuracy value for the whole
scene (Hoja et al. 2006). Therefore, the discrepancies
between the ASTER GDEM and REFDEMs have
been analyzed in detail including the analysis for a
dependency against the terrain inclination and varied
topographic formations. The differential DEMs
(DIFFDEMs) visualize height differences between
evaluated and reference models at same region by

Fig. 11 Frequency distribution of slope at the urban test fields in Barcelona (a), Istanbul (b), and Zonguldak (c)

Fig. 12 DIFFDEM of ASTER GDEM and the reference DEM
in Barcelona (large area)

Fig. 13 DIFFDEM of ASTER GDEM and the reference DEM
in Barcelona (urban area)
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subtraction in pixel base. It allows the interpretation of
the error sources like forestry and steep topography
and base for further applications to eliminate or pro-
cess these defective parts. Besides it represents the
three dimensional large-scale deformations because
of natural disasters such as Tsunami, Earthquake and
Flood. In the study, the DIFFDEMs have been gener-
ated in ±50 m height difference interval herewith color
scales. Following Figs. 12, 13, 14, 15, 16 and 17 show
the DIFFDEMs of test fields and correspondingly
defective regions.

As can be seen on the Fig. 12, at the large Barcelona
area ASTER GDEM has problems correspondingly
with terrain slope. The defective parts are obvious at
steep areas especially at the peak of the mountains
(upper yellow circle). Considering Table 4, 0.12% not
accepted points exist in this field.

In contrast to large area, ASTER GDEM exposes
quite good performance at the urban side in Barcelona
test field. It can be mentioned considering height dis-
tinction scale that the values are about 0–5 m.

However, the distortions at the hilly parts (like the hill
of Montjuïc) are clear.

For large Istanbul area, ASTER GDEM has prob-
lems particularly at forestry parts (see Fig. 4 for com-
parison). But the performance of the GDEM is
satisfying for the general of test field.

At the urban test field of Istanbul, ASTER GDEM
has better quality as expected. And the height discrep-
ancies are situated around 0–5 m. Only the woody
areas like around Historical Topkapi Palace (lower
white circle) have some minor distortions.

For Zonguldak test field, because of rolling to-
pography with sudden jumps, the performance of
ASTER GDEM is lower and the height differences
are about ±10 m.

At Zonguldak urban area, the results are also not
satisfying. Almost entire city area has defective
regions (white circles and black parts). Only the
flat terrain around city port is coherent with the
reference model. The sudden rises because of ver-
tical cliffs are obvious on the coastal line (see also
Fig. 10). And this deduction proves that ASTER
GDEM has problems at the regions which rise
suddenly from sea level.

Fig. 14 DIFFDEM of ASTER GDEM and the reference DEM
in Istanbul (large area)

Fig. 15 DIFFDEM of ASTER GDEM and the reference DEM
in Istanbul (urban area)

Fig. 16 DIFFDEM of ASTER GDEM and the reference DEM
in Zonguldak (large area)

Fig. 17 DIFFDEM of ASTER GDEM and the reference DEM
in Zonguldak (urban area)
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The morphologic conformity analysis is another im-
portant step of DEM evaluation. This is a way to under-
stand the relative accuracy of a height model. Base of
this application is the shape of contour lines. The most
prominent factor is the grid spacing which determines
the structure of contour lines. If the grid spacing of a
height model is larger, fewer points can be used for the
generation of contour lines, causing smoother lines
(Sefercik et al. 2011). Figure 18 illustrates the contour
lines generated from evaluated DEMs (lower side) and
REFDEMs (upper side) respectively for urban test
fields. Considering 1/25,000 map scale, an equidistance
of 10 m is chosen for visual representation. Every fifth
contour (50 m) line is marked as red for better under-
standing of terrain inclination steps.

As can be seen on the figure, relative accuracy of
ASTER GDEM accordingly conformity of contour
lines at 10 m interval is quite good. And the continuity
of contour lines is available for entire test fields.
However, contour lines are too smooth because of
large grid spacing (30 m). No matter, the contour lines
are coherent with the references.

Discussion

In terms of practicality, a DEM can be classified by
US National accuracy standards (USGS 2011). For
this classification, estimations may be performed con-
sidering two important criteria which take part at the
following tables. First one (Table 6) includes the ac-
quisition techniques and expected DEM accuracies
and the second one (Table 7) contains required vertical
accuracy depending upon map productivity scale.

As can be seen on the table, the accuracy of a
DEM derived by space-borne stereo optical imagery
is expected in between 0.5 m and 20 m. And the
ASTER GDEM readily lays down this condition
(see Tables 4 and 5).

The ASTER GDEM has in between 6 and 9 m
vertical accuracy for the large test fields (see Table 4).
That means this data can be used for 1/50,000–1/
100,000 scale map production for areas which have
all kinds of terrain conditions.

On the other hand, the accuracy of GDEM is
around 4–5 m for urban areas in Barcelona and Istan-
bul (see Table 5) and the maps mostly from 1/25,000
up to 1/50,000 can be produced. Nevertheless, in
urban area of Zonguldak, ASTER GDEM has quite
much distortions and producible map scale is at least
1/50,000.

Fig. 18 Morphologic conformity of ASTER GDEM, Barcelona
(a), Istanbul (b), and Zonguldak (c)

Table 6 US national accuracy standards so far as acquisition technique

Acquisition technique Coverage Accuracy of DEM (m)

Ground survey Local, large scale mapping 0.1–0.5

Aerial photogrammetry Regional 0.1–1

Laser scanning Regional 0.1–2

Space-borne SAR interferometry Regional to global 0.5–20

Airborne SAR interferometry Regional 0.1–5

Space-borne optical imagery Regional to global 0.5–20

Digitizing from map Depends on mapping coverage Depends on maps

Table 7 US national accuracy standards so far as map scale

Map
scale

Horizontal
accuracy
RMS (m)

Vertical
accuracy
RMS (m)

Cartographic
image map
resolution (m)

Thematic
image map
resolution (m)

1:250000 75 15–30 14 ≤75
1:100000 30 6–15 6 ≤30
1:50000 15 6 3 ≤15
1:25000 7.5 3 1.5 ≤7.5
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Conclusion

At the scope of this investigation, current ASTER
GDEM data which covers almost entire globe be-
tween 83°North and 83°South with 30 m grid
interval has been analyzed at Barcelona, Istanbul
and Zonguldak test fields which have varied ter-
rain characteristics. And especially the performance
of data set has been estimated at urban (city)
areas.

At this point of view, a group of evaluation
processes have been applied such as coordinate
transformation, shifting, accuracy assessment, dif-
ferential DEM generation for visualization and
morphologic quality assessment using more accu-
rate reference DEMs derived from large scale
photogrammetry.

Three dimensional displays have been created to
see the topographic characteristics of test fields and
reference DEMs.

After the evaluation analysis, it was clearly estab-
lished that ASTER GDEM has distortions especially
at steep, mountainous and forestry topographies. And
the accuracy of GDEM is in between 6 and 9 m for
large test fields which include these topographic
formations.

In urban sides of test fields, the performance of
ASTER GDEM is quite satisfying and the accura-
cies reach around ±4 m. But in Zonguldak urban
area, the data set has defective parts because of
unusual terrain characteristics which have vertical
cliffs in patches. It indicates that ASTER GDEM
has problems at the rolling regions which rise
suddenly from sea level.

The error sources because of rolling, steep, moun-
tainous and forestry terrain have been visualized by
differential DEMs with grey scales.

As a result, in general ASTER GDEM can be
used for several applications in various disciplines
when 1/25,000 up to 1/100,000 scale map accuracy
is enough. For urban areas, the sensor seems quite
successful and map production up to 1/25,000 scale
appears possible considering USGS standards.

Acknowledgements Thanks are going to NASA, METI and
Land Processes Distributed Active Archive Center (LPDAAC)
for their help to provide ASTER GDEM data and Institut
Cartogràfic de Catalunya (ICC), Istanbul Greater Municipality and
Zonguldak Municipality for reference DEMs of Barcelona,
Istanbul and Zonguldak.

References

Büyüksalih, G., & Jacobsen, K. (2005). DEM generation and
validation based on optical satellite systems. EARSeL 1st
workshop on 3D-remote sensing, Porto, Portugal, 10–11st
June.

Hirano, A., Welch, R., & Lang, H. (2003). Mapping from
ASTER stereo image data: DEM validation and accu-
racy assessment. ISPRS Journal of Photogrammetry &
Remote Sensing, 57, 356–370. doi:10.1016/S0924-2716
(02)00164-8.

Hoja, D., Reinartz, P., Schroeder, M. (2006). Comparison of
DEM generation and combination methods using high
resolution optical stereo imagery and interferometric SAR
data. Proceedings of the ISPRS Commission I Symposium
“From Sensors to Imagery”, 36 (1), 4–6th July, Paris,
Marne la Vallee (France) ISSN 1682–1777.

Jacobsen, K. (2003). DEM generation from satellite data. EAR-
SeL workshop, 5–7th June, Ghent, Belgium, pp. 273–
276.

Jacobsen, K. (2010). Comparison of ASTER GDEMs with
SRTM height models. Earsel symposium, remote sensing
for science, education, and natural and cultural heritage,
Paris, France, 31 May–03rd June.

Kamp, U., Bolch, T., Olsenholler, J. (2003). Dem generation
from ASTER satellite data for geomorphometric analysis of
cerro sillajhuay. Chile/Bolivia ASPRS 2003 Annual Con-
ference Proceedings, Anchorage, Alaska, 5–9th May.

Koch, A., & Heipke, C. (2001). Quality assessment of digital
surface models derived from the Shuttle Radar Topography
Mission (SRTM). IEEE 2001 International Geoscience and
Remote Sensing Symposium, University of New South
Wales, Sydney (Australia), 9–13th July.

Krishna, B. G., Amitabh, T. P., Srinivasan, P., Srivastava,
K. (2008). Dem generation from high resolution multi-
view data product. XXI. ISPRS Congress, Commission
I, Volume: XXXVII, p. 1099 ff., Beijing, China, 3–11st
July.

Lin, Q., Vesecky, J. F., & Zebker, H. A. (1994). Comparison of
elevation derived from InSAR data with DEM over large
relief terrain. International Journal of Remote Sensing, 15,
1775–1790.

Sefercik, U. G. (2006). Accuracy assessment of DEMs derived
from SRTM. Master Science Thesis, Zonguldak Karaelmas
University, Department of Geodesy and Photogrammetry
Engineering, June.

Sefercik, U. G., & Sörgel, U. (2010). Evaluation of DEMs
derived by TerraSAR-X InSAR data. Earsel symposium
remote sensing for science, education, and natural and
cultural heritage, Paris, France, 31 May–03rd June.

Sefercik, U. G., Bayik, C., Karakis, S., Jacobsen, K. (2011).
Morphologic quality of DSMs based on optical and radar
space imagery. ISPRS Hannover Workshop, Hannover,
Germany, 14–17th June.

CIRSTEN (Combined Remote Sensing Natural Disaster Mon-
itoring) web site, last visit August, 2011, “http://www.
photogrammetry.ethz.ch/research/cirsten/cirsten_dem.
html”

NASA (National Aeronautics and Space Administration) web
site, last visit September, 2011 “http://www.nasa.gov/”

J Indian Soc Remote Sens (December 2012) 40(4):565–576 575

Author's personal copy

http://dx.doi.org/10.1016/S0924-2716(02)00164-8
http://dx.doi.org/10.1016/S0924-2716(02)00164-8
http://www.photogrammetry.ethz.ch/research/cirsten/cirsten_dem.html
http://www.photogrammetry.ethz.ch/research/cirsten/cirsten_dem.html
http://www.photogrammetry.ethz.ch/research/cirsten/cirsten_dem.html
http://www.nasa.gov/


METI (Ministry of Economy, Trade and Industry) web site,
last visit September, 2011, “http://www.meti.go.jp/
english/”

JPL (Jet Propulsion Laboratory), California Institute of Technolo-
gy, NASA web site, ASTER Mission, last visit September,
2011, “http://asterweb.jpl.nasa.gov/mission.asp”

LPDAAC (Land Processes Distributed Active Archive Center),
USGS web site, last visit April, 2011 “https://lpdaac.usgs.
gov/”

ERSDAC (Earth Remote Sensing Data Analysis Center), ASTER
GDEM web site, last visit September, 2011 “http://www.
ersdac.or.jp/GDEM/E/4.html”

USGS (United States Geological Survey), DEM accuracy stand-
ards web site, last visit August, 2011 “http://rockyweb.cr.
usgs.gov/nmpstds/demstds.html”

Watanebe, K., Sefercik, U. G., Schunert, A., Sörgel, U. (2011).
Evaluation of INSAR DEM from high-resolution space-
borne SAR data. ISPRS Hannover Workshop, Hannover,
Germany, 14–17th June.

Yang, X., Zhang, W., Zhu, S. (2001). Accuracy assessment of
ASTER GDEM ın North Shaanxi of China. Advances in
cartography and GIScience, volume 2, lecture notes in
geoinformation and cartography, 6(Part 6), 371–382,
doi:10.1007/978-3-642-19214-2_25.

576 J Indian Soc Remote Sens (December 2012) 40(4):565–576

Author's personal copy

http://www.meti.go.jp/english/
http://www.meti.go.jp/english/
http://asterweb.jpl.nasa.gov/mission.asp
https://lpdaac.usgs.gov/
https://lpdaac.usgs.gov/
http://www.ersdac.or.jp/GDEM/E/4.html
http://www.ersdac.or.jp/GDEM/E/4.html
http://rockyweb.cr.usgs.gov/nmpstds/demstds.html
http://rockyweb.cr.usgs.gov/nmpstds/demstds.html
http://dx.doi.org/10.1007/978-3-642-19214-2_25

	Performance Estimation of Aster Global DEM Depending upon the Terrain Inclination
	Abstract
	Introduction
	ASTER GDEM
	Test Fields and Data Sets
	Barcelona
	Istanbul
	Zonguldak

	Performance Evaluation Methodology and Results
	Discussion
	Conclusion
	References


