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Abstract—Using different openly accessible digital elevation
models to classify terrain forms are applied broadly in
geomorphometry research. But to use those DEMs properly
we must know their capabilities in altering environments.
Throughout our research we give a brief overview about the
applicability of the openly accessible, 30 meter pixel sizing
DEMs in a semi-arid study area. While examining a wide
range of digital elevation models (DEMs) we are able to add
our novel experiences to widen the current knowledge of
DEM relevancies. In our case study we investigate different
elevation models with GIS tools and commonly adopted
statistics in order to evaluate the possibility to detect peak
forms as possible paleosurface remnants. Our research
outcome can benefit other related geomorphometric analysis
and gives a new approach for paleosurface detection.

I. INTRODUCTION
The possibility of analysing a wide range of open access
global or quasi-global digital elevation models gives an
outstanding possibility for several research areas such as
geomorphology, hydrology and further associated
geosciences. Using semi-automated surface recognition
on these DEMs we have an opportunity to observe and
classify numerous geomorphological forms and features
[1, 2]. Our aim was to detect paleosurface remnants and
through qualitative and quantitative evaluation find the
most appropriate DEM regarding the above mentioned
purpose.
1.1. Theoretical background
Due to the recurrent quaternary climate changes the
landscape continuously formed related to changing
presence of erosion and accumulation. As a result of these
recurrent processes various surface remnant had been
reserved in altering forms. Usually, older surface
remnants can be found as noticeable peaks and summits
[3]. The ability of detecting peaks and summits can lead
to a more detailed paleogeographical researches.
1.2. Study area
Our study area is located in the the Desatoya Mountains
along the border of Churchill and Lander counties in
Nevada as a part of the Great Basin. The Great Basin is a
semi-arid to arid region, where our study area has
an average annual precipitation approx. 250-360 mm/yr,
which the majority is falling as snow in the winter months
[4].

The landscape of the research area is a mountainous
region with steep slopes and valleys and alluvial plains.
1.3. Examined DEMs
In our study we tested four different digital elevation
models. The first is a 30 meter resolution DEM, which was
derived from open access Lidar points with 6.21 pts/m2
point density for 61 km2 area [5]. This model was also
used as a validation for the other observed DEMs. We
used three different global models to examine the study
area: TanDEM-X with 30 meter resolution, SRTM1 v3.0
and ASTER GDEM v3.0. The TanDEM-X dataset was
created using X-band SAR instruments and released by
the German Aerospace Center (DLR) in 2016 [6]. The
other studied interferometric DEM was the SRTM1 model
imagined with C-band SAR, released by the collaboration
of NASA, NGA, ASI and DLR in 2015 [7, 8]. Finally, we
examined the latest version of ASTER GDEM
photogrammetric model created by the METI and NASA
and released at 2016 [9, 10].
II. METHODS
Firstly, the above mentioned Lidar point cloud was
downloaded, then Lidar data points we interpolated for a
1 and a 30 meter resolution reference DEM, using regular
spline tension interpolation method with the GRASS
GIS’s default parameters. Descriptive and error statistics
for each model were also calculated. The r.geomorphon
GRASS module has been run [11], where the core size
reflects to the sizes of the searched remnants. Using the
module’s outcomes, we created histograms to explore
possible absence of the paleosurface groups. As a
qualitative evaluation we edited maps and surface profiles
to aid proper visualization.
2.1. Applied softwares
Throughout the research, GIS data processing was
performed in GRASS GIS 7.6.1. [12], while for
visualization we both used QGIS 3.4.6. and GRASS GIS
7.6.1. softwares. In order to reference the TanDEM-X
heights to the EGM96 geoid we run F477 program
provided by NGA [13]. The implementation and
presentation of the statistical calculation were carried out
in RStudio version 1.2.5033.
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2.2. Descriptive statistics and error measures
To evaluate the vertical accuracy of the DEMs, we created
Dem of Differences (DoD) for each of the models and also
calculated the following error metrics: RMSE, MAE (1),
SD (2) and R2 [14, 2, 1]. Throughout the calculations the
reference DEM was the 30 meter Lidar model.
𝑛
1
𝑀𝐴𝐸 = ∑|𝑦𝑗 − 𝑦̂𝑗 |
(1)
𝑛

The TanDEM-X model (Fig. 3. C) gave the most
impressive match with the Lidar model, practically twice
as many as the SRTM1.

𝑗=1
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𝑆𝐷 = √
𝑛
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2.3. Semi-automated recognition process
The detection of the paleosurface remnants r.geomorphon
GRASS GIS module was evaluated [11, 15], which
contains ten different surface feature categories. Knowing
that our paleosurface interpretation is related to
peak/summit forms, we used the summits category. Firstly
we used r.mapcalc to select the summit category from the
r.geomorphon output. Later the r.thin modul was used to
“skeletonize” the output raster map. Following that we
used r.to.vect to vectorize the selected areas which were
transformed to points with the v.to.point function. Finally,
we added a new column to the attribute table and refreshed
it with the elevation data using v.what.rast module. The
output text file contains the x and y coordinates and the
elevation, therefore it was appropriate to create
histograms with various core sizes in order to explore the
presence of the different paleosurfaces. Those histograms
were clasterized and summarized in the Fig. 1 and Fig. 2.

Figure 1. Histogram of each DEM with possible paleosurface
remnants (dashed red lines)

III. RESULTS AND CONCLUSIONS
Examining the research outcome, seven distinct groups of
possible paleosurfaces were detected. Five of them stand
out sharply, while the rest of them can be interpreted as
sub-surfaces also. The surfaces related to lower elevation
are clearly separated, however the middle of the histogram
is quite variant (Fig. 1.). The summits occurring at higher
elevations are clearly separable at the same time due to its
larger extents and also more eroded (Fig. 2.).
While examining the statistical parameters on Table 1.,
the TanDEM-X model was proved to be the most accurate
considering RMSE, MAE and also R2 value. The SRTM1
model stands close to the TDX, which could be a result of
the same imaging system. The ASTER GDEM came out
as the least precise of all.
On Fig. 3. A, the ASTER GDEM showed less precise on
lower elevation with numerous misdetection, moreover
the number of intersection proved lower compared to any
other DEM. The SRTM1 (Fig. 3. B) model had almost
twice as much many intersecting point as the ASTER
DEM.
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Figure 2. The dot plot of each DEM with the possible
paleosurfaces (solid red lines)

Data
SRTM1

Imaging
system
SAR-C

Wavelength
5,66 cm

ASTER
TDX30
Lidar

OPTICAL
SAR-X
OPTICAL

0,52–10,95 µm
3,1 cm
1064 nm

Pixel
spacing
30
30
30
30

MAE

R2

4,966

3,599

0,9996

9,581
3,381
-

6,979
2,415
-

0,9985
0,9998
1

RMSE

Table 1. Basic parameters and measure statistical errors of each
DEM.
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[3]

The remnant detection was successful on all of the
models, while the TanDEM-X gave the most accurate
outcome compared to the Lidar DEM, which was
expected knowing its resolution. SRTM1 model proved
also accurate enough and quite similar to the TanDEM-X,
mostly also by the reason of the similar data acquisition
techniques used for DEM creation. On Fig. 3. A, the
ASTER GDEM showed less precise on lower elevation
with numerous misdetection, moreover the number of
intersection proved lower compared to any other DEM.
The SRTM1 (Fig. 3. B) model had almost twice as much
many intersecting point as the ASTER DEM. The
TanDEM-X model (Fig. 3. C) gave the most impressive
match with the Lidar model, practically twice as many as
the SRTM1.
High number of the remnants can be interpreted as both
fluvial and lacustrine erosion, furthermore the frequent
tectonics [4] could leave a mark too, but this can only be
the conclusion of a later research.
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Figure 3. Intersection of DEM points and Lidar points, where A=ASTER
GDEM, B=SRTM1, C=TDX
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