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1-Introduction

Investigating data uncertainty enhances our ability to study and understand the real world. One of the most
widely used productions in remote sensing is the digital elevation model (DEM). DEMs may be extracted from
different methods with various levels of accuracy and cost. Traditionally, DEMs have been extracted from
stereo aerial photographs using photogrammetric techniques, but these models are now mainly extracted from
satellite images (Aghataher et al., 2016). Since DEMs are obtained using different sensors and different
geometries, hence choosing the most appropriate DEM that can accurately represent ground conditions is one of
the main requirements in many studies (Vadon, 2003). The DEM is a three-dimensional view of the bare ground
without any objects such as plants and buildings, while the digital surface model (DSM) shows the surface with
all the objects on it, therefore all satellite data is actually DSM model (Gold et al., 2005, Maune, 2007). Satellite
imagery is preferred to traditional methods for DSM extraction, because of that models can be produced from
vast, inaccessible areas in a short time with very low cost (Aghataher et al., 2016). The main problem of using
satellite imagery is that their products are in the VNIR spectrum, and the imaging process requires cloudless
weather and right lighting conditions to produce high-quality DSM. But in recent decades, RADAR data has
also been used, so this problem has been somewhat solved. Extraction of altitude data from RADAR data has
recently become common because of the ability of these satellite products to eliminate optical satellite image
problems and provide better accuracy for DSM production (Massonnet and Feigl, 1998). The purpose of this
study was to evaluate the vertical elevation accuracy of ASTER and SRTM elevation models in comparison
with elevation data of topographic maps prepared by the State Mapping Organization in 12 cities of Khuzestan
Province. The mean error index (ME) and root mean square error (RMSE) statistical factors are used to evaluate
the accuracy of data.

2-Methodology

Khuzestan Province, with an area of 64057 km? located in the southwestern part of Iran, was chosen as a study
area. Figure 1 shows the distribution of the reference data of the elevation in the study area. The reference data
used in the present study are 1: 2000 scale topographic maps prepared by ground-based observations.

The ASTER DEM was a side product of the ASTER sensor carried by the TERRA satellite, takes stunning
images of the Earth with 14 different bands ranging from ultraviolet to infrared. Due to having such a wide
range, the ground resolution depends but ranges from 15 to 90m. Taking stereo-images can help to create a
digital elevation model. The improved global DEM V2 adds 260,000 additional stereo-pairs that cause to
improve coverage and to reduce the occurrence of artifacts. The refined production algorithm provides a better
spatial resolution increasing horizontal and vertical accuracy and better coverage and detection of a water body.
The ASTER GDEM V2 maintains the GeoTIFF format and the same gridding and tile structure as V1, with 30-
meter postings and 1 x 1 degree tiles.
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Fig.1. Location of the study area and the elevation reference data.

SRTM or the Shuttle Radar Topography Mission was started in 1999 onboard the Endeavour and collected data
for 11 days. Since the orbit of the shuttle, Radar was not circumpolar, and it is sinusoidal, it was only possible to
cover a small part of the earth's surface. Therefore, the shuttle used the reflection of emitted radar signals in the
so-called C-band (wavelength 5.6 cm) for the SIR-C sensor developed by the Jet Propulsion Laboratory and the
X-band (wavelength 3.1 cm) for the X-SAR sensor developed by the German Aerospace Agency. In the present
study, the SRTM-ver3 digital elevation model with a spatial resolution of 27.83 m, which is also known as the
30 m digital elevation model, was obtained from the data archive USGS (www.earthexplorer.usgs.gov).

Mean error (ME) and mean square error (RMSE) indices were used to evaluate the uncertainty of the digital
elevation model data with reference data. This data was evaluated based on the following equations (Congalton
and Green, 2008):

T ) €0
CMSE = le{z(ﬂi ) (Eq.2)

Where, z(x;) is the reference elevation and z(x;) is the elevation of ASTER or SRTM DEM in a specific location.

3- Results and discussion

The primary purpose of this study was to assess the elevation accuracy for ASTER and SRTM digital elevation
models in Khuzestan Province. For this purpose, the 12 cities in the province were selected as the study area to
evaluate their elevation accuracy in the above-mentioned numerical models. Table 1 shows the results of the
error estimation, including mean error and root, mean square error for the ASTER and SRTM digital elevation
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models compared to the topographic map data. According to the results, the root mean square error of ASTER
compared to topographic maps was 1.56 m for Abadan (minimum) and 7.19 m for Shushtar (maximum value).
Also, the root mean square error of the SRTM data has the lowest and highest amount for Susangerd (1.75 m)
and Shushtar (6.45 m), respectively. The results showed that the average error values for 12 cities of Khuzestan
Province by comparison of the topographic maps with ASTER and SRTM data were 6.08 m and 2.34 m,
respectively. Also, the RMSE index for ASTER and SRTM data was 6.94 m and 3.46 m, respectively (Table 1).

Table 2. Assessment of the ASTER and SRTM DEM compared to the topographic map using mean error and
root mean square error.

Mean Error for Root Mean Square Mean Error for Root Mean Square

City ASTERDEMand ~ EMOTTOLASTER — spTMDEMang  EfOrfor SRTM
topographic map topographic map

topographic map topographic map
~ Bandar Emam

Khomeini 6.8 2.96 0.7 2.59
Bostan 0.18 3.47 1.37 2.22
Abadan 6.36 1.56 0.92 2.2
Shadegan 2.83 2.26 1.33 2.52
Arvandkenar 7 2.34 -0.15 1.86
Behbahan -9 5.21 1 3.47
Andimeshk -3.2 6.02 -0.18 3.87
Dezful -2.8 4.81 0.4 2.4
Ramhormoz -4 5.99 0.6 5.99
Susangerd -0.6 4.88 2.23 1.75
Shushtar -3.9 7.19 2.4 6.45
Shush -0.1 5.9 2.7 3.1

In order to prepare the error map of ASTER and SRTM DEM in study area, RBF interpolation method was
used, and the results are shown in Figure 2. In fact, the values of this map represent the mean error for each
model, which estimate the difference between the ASTER and SRTM elevation data with the reference
topographic maps. According to the results, the minimum and maximum absolute error values for ASTER
elevation data compared to the topographic maps in Khuzestan Province were 0.1 and 9.38 m, respectively.
Based on the results, the highest elevation error was observed in the southeastern parts of Khuzestan Province
and the lowest was for the northwestern parts of Khuzestan Province. Also, the results of mean absolute error of
interpolation for SRTM elevation data showed the minimum and maximum values of 0.13 and 2.87 m,
respectively. The maximum difference between SRTM data and topographic maps was in northwestern
province and the least in southern part. According to the findings of this study, it can be noted that although the
overall error of SRTM data may be less than ASTER data, but SRTM data in some areas such as northwestern
part of province, Shush and Azadegan have more error than to ASTER.

4-Conclusions

In this study, the accuracy of digital elevation models of SRTM and ASTER were assessed by comparison with
elevation data of 1: 2000 scale topographic maps prepared by the State Mapping Organization in 12 cities of
Khuzestan Province. Although both elevation data models have a 30 m horizontal resolution, since these models
are developed using different techniques, therefore, they have different elevation accuracy. In the present study,
the accuracy assessment of ASTER and SRTM data compared to elevation data of the topographic maps of the
12 study cities was performed using mean error indices and the error values of 6.08 and 2.34 m were obtained
for ASTER and SRTM data, respectively.

The evaluation results obtained by the mean square root error index for ASTER and SRTM data were 6.94 and
3.46 m, respectively. Based on the findings of the present study, it can be concluded that in most regions of the
province, the digital elevation model obtained by SRTM is more accurate than the ASTER digital model, which
can be related to the elevation modeling method. The digital elevation models derived from SRTM are produced
using radar techniques, and ASTER elevation models are obtained using photogrammetric methods.
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Fig.2. Mean Absolute Error for (a) SRTM and (b) ASTER elevation data.
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Tablel. Statistics information of the data used in the current research.

. Mean Max. Min. Control
City Data type SD Elevation Elevation Elevation point
Bandar Topography map 1.62 3.98 19 0.01
Emam ASTER 2.86 10.81 49 0 19635
Khomeini SRTM 2.99 4.71 95 0
Topography map 19 7.83 24.11 1.32
Bostan ASTER 3.32 8.02 19 0 2964
SRTM 1.76 9.21 20 2
Topography map 0.73 1.34 15.94 0.11
Abadan ASTER 2.14 7.77 36 3 15114
SRTM 1.6 2.26 19 0
Topography map 1.73 5.17 19.94 0.14
Shadegan ASTER 1.74 8.03 23 4 5596
SRTM 2.15 6.49 20 0
Topography map 13 151 19.58 0
Arvand kenar ASTER 1.99 8.54 28 4 66489
SRTM 1.33 1.66 20 0
Topography map 12.36 326.93 368.4 299.75
Behbahan ASTER 13.22 318.03 368.4 299.75 4368
SRTM 12.25 328.51 371 301
Topography map 12.5 155.53 190 128.8
Andimeshk ASTER 13.14 152.3 191 97 7647
SRTM 12.39 155.32 192 129
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Dezfol ASTER 14.08 126.06 161 77 10388
SRTM 13.88 129.21 180 99
Topography map 25.02 163.96 250 110.68
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SRTM 26.14 164.54 262 106
Topography map 1.13 11.27 16.57 11
Susangerd ASTER 4.85 10.68 28 0 3087
SRTM 1.81 13.51 25 7
Topography map 18.51 60.9 100 16.48
Shoshtar ASTER 19.7 57 145 7 8417
SRTM 19.15 63.33 148 27
Topography map 7.57 79.59 96 57.44
Shosh ASTER 9.65 79.41 114 50 12687
SRTM 7.36 82.28 98 60
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Table 2. Assessment of Mean Error and Root Mean Square Error of the ASTER and SRTM DEM in the compare

with topography map.
RMSE for SRTM MEfor SRTM DEM RMSE for ME for ASTER
City DEM and topographic and topographic ASTER DEM and DEM and
map map topographic map  topographic map
Bandar Emam 2.59 0.7 2.96
. 6.8
Khomeini
Bostan 2.22 1.37 3.47 0.18
Abadan 2.2 0.92 1.56 6.36
Shadegan 2.52 1.33 2.26 2.83
Arvand kenar 1.86 -0.15 2.34 7
Behbahan 3.47 1 5.21 -9
Andimeshk 3.87 -0.18 6.02 -3.2
Dezfol 2.4 0.4 4.81 -2.8
Ramhormoz 5.99 0.6 5.99 -4
Susangerd 1.75 2.23 4.88 -0.6
Shoshtar 6.45 2.4 7.19 -3.9
Shosh 3.1 2.7 5.9 -0.1
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Table 3. Statistics information of difference ASTER and SRTM DEM with topography maps (In meters).

DEM type ASTER SRTM
City Mean Max Min Mean Max Min
Abadan 6.61 7.45 5.07 056 1.04 0.15
Andimeshk 3.03 3.91 101 081 198 0.13
Behbahan 8.77 9.39 726 098 1.03 0.89
Bandar Emam Khomeini 6.72 8.28 413 0.78 111 0.68
Dezfol 3.75 4.97 098 1.16 249 0.14
Susangerd 0.46 1.55 014 178 227 1.29
Ramhormoz 4.67 6.39 36 076 11 0.59
Shadegan 4.14 6.75 255 114 145 0.71
Shosh 0.79 2.42 0.1 213 2.87 0.93
Shoshtar 3.28 4.14 2 207 242 155
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