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 As a quantitative and numerical representation of earth surface topography, Digital Elevation 
Models (DEMs) are widely used in several applications including geological, hydrological, and 
geographical Aspects. With the availability of several types of DEMs, various intrinsic errors 
may be incorporated due to sensor acquisition inconveniences, or processing techniques 
compared to the actual land surface measurements. Consequently, this study aims to analysis 
and test the vertical accuracy of NASADEM, Advanced Spaceborne Thermal Emission and 
Reflection Radiometer–Global Digital Elevation Model (ASTER GDEM) and Advanced Land 
Observing Satellite (ALOS) Phased Array L-type band Synthetic Aperture Radar (PALSAR) 
DEM compared to the actual ground control points (GCPs) derived from topographic maps 
through calculating Mean Absolute Percentage Error (MAPE) and Root Mean Square Error 
(RMSE). Our results revealed the sublimity of ALOS PALSAR DEM over NASADEM and ASTER 
GDEM. Thus, ALOS PALSAR DEM is recommended for further geomorphological studies. 

 

 
 

1. Introduction  
 

Over the last three decades, prolonged efforts are 
dedicated to enhancing the capability of obtaining 
accurate and enhanced global DEMS (Hirano et al., 2003; 
Welch and Marko, 1981). Several environmental studies 
mostly include a 3D representation of the investigated 
locations utilizing DEMs. Thus, it becomes a fundamental 
element in comprehensive environmental and 
geomorphological studies. Dems significantly contribute 
to solving geomorphological, agricultural, hydrological, 
geological, pedological, and ecological problems (Pulighe 
and Fava, 2017) and their modeling (Marzolff and 
Poesen, 2009; Schumann et al., 2008; Siart et al., 2009). 
DEMs could also be extracted from digital stereo imagery 
(Pieczonka et al., 2011; Pulighe and Fava, 2017). 
Whatever the source of utilized DEMs, assessing the 
accuracy is an indispensable issue as errors could 
directly cause unwise decisions that could finally 
negatively affect the environment or human life. DEMs 
are utilized in calculating Aspect and slope 
maps(Ashmawy et al., 2018; Ibrahim-Bathis and Ahmed, 
2016; Panahi et al., 2017; Shebl and Csámer, 2021; 
Webster et al., 2006) that largely control the strength and 
direction of several flash floods, which could cause 

several geohazards. Consequently, this study aims to 
assess the vertical accuracy of three widely utilized DEMs 
to recommend the best for usage in further 
investigations. 
 

2. Study area 
 

The study area (Jabal al-Shayeb area) is a 
mountainous region, about 45 km southwest of 
Hurghada city, Egypt. Jabal al-Shayeb area is located 
between latitudes 26◦ 54′, 27◦ N and 
longitudes33◦ 23′,33◦ 29′E. It covers an area of 13 km x 
11 km (143 km2). Elevations range from 710 m up to over 
2140 m a.s.l., the average slope is 20° and most of the 
reliefs are facing southeast-west southwest. This region 
is mostly covered by granitic rocks with some occurences 
of Phanerozoic sedimentary rocks. Figure 1 depicts the 
study area and Figure 2 depicts the locations of the GCPs 
collected from a 1:100,000 scale topographic map 
(Military Survey Authority, 1992). The surface of the 
study area is the result of combined influence of internal 
and external processes, and the developed drainage 
network in it was formed as a result of heavy rainfall, 
during pluvial phases particularly in Pleistocene. 
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Figure 1. Location of the study site (Source:  
https://lpdaac.usgs.gov) 
 

Figure 2. Depicts the locations of the GCPs collected from 
a 1:100,000 scale topographic map (Source: Topographic 
map scale 1:100,000) 
 

3. Materials and methods 

In the current study, three DEMs are analysed 
regarding their vertical accuracy and compared to 
topographic maps. NASADEM product (30m) is a state-
of-the-art global digital elevation model derived from a 
combination of SRTM processing improvements, 
elevation control, void-filling, and merging with data 
unavailable at the time of the original SRTM production. 
NASA DEM is distributed in 1◦  by 1◦  tile and consist of 
all land between 60◦  N and 56◦  S latitudes. For this 
study, National Aeronautics and Space Administration 
(NASA) DEM was obtained from the USGS web-based 
data (https://lpdaac.usgs.gov/). 

 

 
 

 
Figure 3. The colour levels represent the DSM dataset 
and the reference DSM data (Source:  
https://lpdaac.usgs.gov; topographic map (modified 
after Military Survey Authority, 1996).) 
 

Advanced Spaceborne Thermal Emission and 
Reflection Radiometer–Global Digital Elevation Model 
(ASTER GDEM) has 1 arc-second (30 m) spatial 
resolution, and this project is done by the Ministry of 
Trade, Economy and Industry (METI) of Japan and the 
United States NASA to provide high-resolution DEM to 
the public. The Advanced Land Observing Satellite 
(ALOS) was launched on January 24, 2005. ALOS is 
provided with the Phased Array L-type band Synthetic 
Aperture Radar (PALSAR) for day-and-night and all-
weather land observation. PALSAR sensor is an active 
microwave sensor (help to avoid weather barrier 
conditions and day or night effect), L-band (1.27 GHz) 
synthetic aperture radar aid at achieving high-resolution 
DEM products (Shebl and Csámer, 2021). In the current 
study, we applied Mean Absolute Percentage Error 
(MAPE) which represents the average of absolute errors 
divided by actual observation values. To ensure a wise 
comparison, we resampled the ALOS PALSAR DEM data 
(12.5m) to 30m (the same resolution for NASA and 
ASTER DEMs). Then, the four DEMs including ALOS 
PALSAR (12.5m), resampled ALOS PALSAR (30 m), NASA 
(30 m) and ASTER (30 m) DEMs are used in the 
mathematical calculations using 69 GCPs (which 
represents the actual values in the current studies). As 
shown in figures (2; 3). Using Extract Multi Values to 
Points function in ArcMap, the points are compared then 
evaluated according to equation 1. 

 
 
 
 
 
 
 

 

Where At –Ft represents the error value, | At -Ft| is 
the absolute error value, n accounts for number of points 
which is 69 points in the current study (Fig. 2). 

Additionally, the Root Mean Square Error (RMSE) 
(Hirano et al., 2003; Rawat et al., 2019; Santillan et al., 
2016; Zhao et al., 2011) +was calculated according to the 
following equation. 
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Figure 4. Determination coefficient of the actual and 
tested values for the four utilized DEMs 
 

4. Results 
 

Our results reported the effectiveness of ALOS 
PALSAR DEM over NASA and ASTER DEMs. MAPE values 
were 2.71, 2.78, 3.68, and 4.01 for ALOS PALSAR (12.5m), 
resampled ALOS PALSAR (30 m), NASA (30 m) and 

ASTER (30 m) respectively. However, the data are 
linearly correlated as shown in figure (4), the RMSE is a 
significant value indicating the higher error value 
between the measured (topographic) and DEM values. 
RMSE values were 42.8, 41.4, 51.4, and 52.5 for ALOS 
PALSAR (12.5m), resampled ALOS PALSAR (30 m), NASA 
(30 m) and ASTER (30 m) respectively. This could be 
attributed to the time gab between topographic map 
measurements and DEMs data acquisition, however the 
study strongly recommends DEMS evaluation in terms of 
their accuracy whenever possible. ALOS PALSAR DEMs 
(radar data) superiority was attributed to the absence of 
weather conditions effect (Adiri et al., 2017; Shebl and 
Csámer, 2021). It should be emphasized that the data 
utilized for validation should be acquired at an 
acquisition time closely related to that of the models to 
be away from any inconveniences (e.g., anthropogenic or 
natural changes that could affect the accuracy 
assessment process). 

 

5. Conclusion 

In the current study, ALOS PALSAR DEM, NASA and 
ASTER DEMs were evaluated regarding their vertical 
accuracy to recommend the best for usage in future 
geomorphological applications. Our results disclosed 
That the three sensors delivered a reliable data for 
further investigations however it is recommended to 
implement PALSAR data as their Mean Absolute 
Percentage Error is smaller than the others. Its higher 
accuracy was attributed to independence of radar data 
from any weather conditions. 
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