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Abstract

This paper focuses on the quality of the vertical accuracy of two Digital Elevation Models, corres-
ponding to Kasserine region, central west Tunisia. The vertical accuracy assessment is based on
23 GPS ground control points belonging to the study area. We applied a statistic analysis approach
and established 3 elevation profiles corresponding to GPS, ASTER and SRTM. The erected statistic-
al analysis reveals that the Root Mean Squared Error (RMSE) was 8.88 and 10.13 respectively for
SRTM and ASTER DTMs. 2D elevation profiles constructed for GPS measurements, ASTER and
SRTM, highlight that both DTMs underestimate the true elevation and that SRTM DTM is quite
closer to the GPS elevation profile. Relying on this investigation, we think that both DTMs are sig-
nificant for the vertical accuracy assessment and we urge that SRTM DTM might scheme the Kas-
serine area features better than ASTER DTM.
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1. Introduction

The Digital Terrain Model is a representation of continuous elevation values over a topographic surface by a
regular array of z-values [1] [2], referenced to a common datum. DTMs are typically used to represent terrain
features.
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The generation of DTMs can be achieved through two main methods [3]: either a direct collection of field data
“direct survey” (e.g. topographical survey by GPS or total station) or remote sensing (e.g. LIDAR and RADAR).

Scientists frequently use the remote sensing rather than direct survey data [4]-[9]. One powerful technique for
generating digital elevation models is the interferometric synthetic aperture radar [10] where two passes of a ra-
dar satellite (such as RADARSAT-1or TerraSAR-X or Cosmo SkyMed), or a single pass if the satellite is
equipped with two antennas (like the SRTM instrumentation). The Advanced Spaceborne Thermal Emission and
Reflexion Radiometer-Global Digital Elevation Model (ASTER GDEM) is another possible technique that
might be feasible in such a study. The generation of the last two techniques is carried out following a four-step
process [11]: source of elevation data; resampling to required grid spacing; interpolation to extract height of re-
quired point and DEM representation, editing and accuracy assessment. Each of these steps might be a source of
errors [12]. According to [13] errors can be classified into gross errors, systematic errors, and random errors.

2. Geographical Location

Geographically the Kasserine region which lies between E, 8.646 to 9.158 and between N, 35.075 to 35.32
(Figure 1), is part of the Tunisian Atlas chain and belongs to central west Tunisia highlands. It is characterized
by a relatively high average altitude and embraces the highest point of Chadmbi mountain in Tunisia (1544 m).
The lowest point of this area is 570 m.

3. Dataset
For this study we used two types of DTM, SRTM and ASTER GDEM.

3.1. SRTM

The Shuttle Radar Topography Mission (SRTM) is a joint project between NASA and NGA (National Geospatial-
Intelligence Agency) to map the world in three dimensions. The SRTM uses a dual Spaceborne Imaging Radar
(SIR-C) and a dual X-band Synthetic Aperture Radar (X-SAR) configured as a baseline interferometer, acquir-
ing two images at the same time. When combined, these images can produce a single 3-D image. Flown aboard
the NASA Space Shuttle Endeavour 11-22 February 2000, the SRTM successfully collected data over 80% of
the Earth’s land surface, for all the area stretching between latitudes 60 degrees N and 56 degrees S [14].

The SRTM data is being used to generate a digital topographic map of the Earth’s land surface [15] with data
points spaced every 3 arc second for a Global coverage of latitude and longitude (approximately 90 meters). The
SRTM “finished” data meet the absolute horizontal and vertical accuracies of 20 meters (circular error at 90%

Figure 1. Location of study area.
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confidence) and 16 meters (linear error at 90% confidence), respectively, as specified by the mission. The ver-
tical accuracy is actually significantly better than16 meters. It is closer to £10 meters.

3.2. Aster GDEM

The Ministry of Economy, Trade, and Industry (METI) of Japan and the United States’ National Aeronautics
and Space Administration (NASA) jointly announced the release of the Advanced Spaceborne Thermal Emis-
sion and Reflection Radiometer (ASTER) Global Digital Elevation Model Version 2 (GDEM V2) on October 17,
2011.

The first version of the ASTER GDEM, released in June 2009, was generated using stereo-pair image col-
lected by the ASTER instrumenting onboard Terra. ASTER GDEM coverage spans from 83 degrees north lati-
tude to 83 degrees south, involving 99 percent of Earth’s landmass [16].

The improved GDEM V2 adds 260,000 additional stereo-pairs, improving coverage and reducing the occur-
rence of artifacts. The refined production algorithm provides improved spatial resolution, increased horizontal
and vertical accuracy, and superior water body coverage and detection. 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
[17].

Version 2 shows significant improvements over the previous release. However, users are advised that the data
contains anomalies and artifacts that will impede effectiveness for use in certain applications. The data are pro-
vided “as is”, and neither NASA nor METI/Japan Space Systems (J-spacesystems) will be responsible for any
damages resulting from use of the data [18].

As a contribution from METI and NASA to the Global Earth Observation System of Systems (GEOSS),
ASTER GDEM V2 data are available free of charge to users worldwide from the Land Processes Distributed
Active Archive Center (LP DAAC) and J-spacesystems.

3.3. Reference DEM

To assess the precision of DTM, SRTM and ASTER GDEM, highly precise field data (at least three times more
precise than those test subjects) are required [4]. Actually, we use measurements collected by GPS from the Tu-
nisian Office of Topography and Cadastre. These are very reliable and highly precise measurements. They have
also been used in real time kinematic (RTK GPS) with a centimetric precision.

Tunisian OTC affords 23 GPS measurement points, as shown in the (Figure 2), well stretched over the studied
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Figure 2. Distribution of GPS measurement stations.
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area. For a good accuracy, the Position Dilution of Precision (PDOP) has been respected and did not exceed 2.

4. Methodology

A geostatic approach has been applied in this study. To this end, we compare Z-elevation data values that come
from GPS and DTM (ASTER GDEM and SRTM). This comparison is based on the mean difference between
ZGPS and ZSRTM, ZASTER GDEM and the Root Mean Square Error (RMSE) as well as the Standard Devia-
tion.

To perform this comparison, GPS measurements projected in Universal Transverse Mercator (UTM) system
corresponding to ellipsoidal elevation and referred to as World Geoditic System (WGS 84) were converted into
horthometric elevation [19]. In this case, the geoid elevation is subtracted from any given GPS row data. Having
done so, we ascertain that GPS and DTM data have the same reference vertical datum which is Earth Geopoten-
tial Model (EGM 1996) [19]. The transformation process from ellipsoidal to geodetic is accomplished by
EGMO96 calculator (verl.0) offered by the National Imagery and Mapping Agency (NIMA) and National Aero-
nautics and Space Administration (NASA).

In order to evaluate every DTM precision versus GPS data, a Z value is extracted from pixel raster data and
compared to ZGPS. This step is performed through Spatial Analyst Tools of Arc GIS software.

Finally, the error distribution between the two DTMs is analyzed using the geostatic package. Error distribu-
tion is plotted against a Quantile-Quantile plot in order to underline the relationship between this distribution
and the theory model (linear distribution).

Flow chart (Figure 3) below summarizes the paradigm of the methodology applied in this study.
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Figure 3. Methodology flow chart.



A. Chaieb et al.

Table 1. Statistic summary of GPS measured values, SRTM, and ASTER Z-values.

ASTER GDEM SRTM GPS
Min 551 552 557,424
Max 875 876 877,006
Mean 67,108 67,134 6732
Count 23 23 23

5. Results and Discussion

The comparative study between GPS data and SRTM, ASTER GDEM emphasizes an underestimation of the
DTMs elevation value as shown in the table below (Table 1). The SRTM documents the lowest mean deviation.

From a statistical point of view, mean difference between GPS and ASTER is —2.11 whereas it is only —1.85
between GPS and SRTM (Figure 4).

Computing of the standard deviation a:\/ﬁZﬁl(Xi—i)z is applied to assess the distribution of

measurements around a given mean value. In other words, it is an estimation of the mean deviation against the
central tendency.

ASTER-GPS standard deviation is 6.78 (Figure 4). Hence, mean deviation is between 4.67 and —8.89 (—2.11
+ 6.78) while the standard deviation of SRTM-GPS is 9.41 (Figure 4). Hence, the mean deviation ranges be-
tween 7.56 and 11.26 (—1.85 £ 9.41).

The DTM precision assessment is performed through the compilation of the Root Mean Square Error given as

[0 (z0-ziY
RMSE= Z':l(—) ASTER computed RMSE value is 10.13 (Figure 4) whereas SRTM computed
n

RMSE value is 8.88 (Figure 4). Relying on this result we urge that the SRTM DTM precision is better and more
reliable than that of ASTER DTM.

The plots in Figure 5(a) and Figure 5(b) show a linear and positive slope of both DTMs (Aster and SRTM)
and GPS elevation. The existence of this positive relationship (slope) between the two variables (DEMs and
GPS elevation) proves that both variables are moving in the same direction.

The correlation coefficient (Figure 5) values help to interpret the existing relationships between the variables
(DEMs and GPS elevation) in terms of variations. That is, in the graph of ASTER elevation against GPS eleva-
tion, the correlation coefficient is 0.98. This value indicates that 98.00% of the changes in Aster elevation are
explained by the change of GPS elevation. In the case of SRTM elevation against GPS elevation data, 99.0% of
the changes in the SRTM elevation and GPS elevation could be explained for the study area. Thanks to such a
result, we assume that SRTM is slightly better correlated to the reference than ASTER.

The aim of Q-Q plot (Quantile-Quantile) (Figure 6) is to stress the conformity between empirical and theo-
retical error distribution. Actually, this distribution tends to be conforming with the theoretical one but with
some points that show a sigmoidal form (Figure 6).

The elevation profile shown in Figure 7 highlights the similarity of form between all DTMs with a quite
slight difference. It shows also again that the SRTM and ASTER profiles underestimate the true measured GPS
elevation. Moreover, the SRTM appearance profile is quite the closest to that of the GPS, a result previously
outlined by the statistical study.

6. Conclusions

Established in the Kasserine area, central west Tunisia, the SRTM and ASTER DEM have been assessed for
their vertical accuracy.

Both DEMs show note worthy quality and may be considered appropriate for geomatic applications in the
study area.

The comparative analysis with GPS ground control points is 8.88 and 10.13 respectively for SRTM and ASTER
in terms of their RMSE which pleads for the SRTM for Kasserine region terrain feature geomatic modeling.
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Figure 4. ASTER and SRTM statistic summary. (a) ZSRTM-ZGPS distribution; (A) elevation errors histograms
and relevant descriptive statistics relative to the SRTM; (b) ZASTER-ZGPS distribution; (B) elevation errors his-
tograms and relevant descriptive statistics relative to ASTER. The solid red line represents the fitted density curve.
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Figure 6. Q-Q plot of Kasserine region showing error distribution for (a) SRTM and (b) ASTER. Solid red line represents
theoretical normal distribution.
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Figure 7. GPS, ASTER and SRTM elevation profiles.

The SRTM good accuracy compared to ASTER in the study area may probably be explained by the absence

of a vegetation cover.
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