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3. DATA ANALYSIS AND DISCUSSION 
 

The analysis of the summary statistics of all nine types of 
DEMs indicated that there are no important differences between 
the statistical parameters. The variation of the mean altitude 
value is only 2.6 m but the variations of the minimum and 
maximum values are higher. We noticed that for the DEMs 
derived from remote-sensed data, because of the  specific 
method of height data aquisition with active sensors, the values 
recorded higher variations. As a rule, both mean and maximum 
values are lower than the real altitude, because the sensor 
recorded the average altitude for a small area (pixel). Contrary, 
in areas covered by forest, situated in the lower part of the 
study area, the values are higher then the real ones because the 
sensor recorded the heights of the objects and not the height of 
the topographic surface. The highest difference between the 
real altitudes and the DEM was noticed for the SRTM DEM: 68 
m for the minimum value and -41 m for the maximum altitude. 

Another method to compare the DEMs was the statistical 
tests (GraphPad software). We used samples of 500 random 
extracted elevation points for each DEM. We have generated 
the points using a stratified random function (Idrisi software) 
which assures a better selection of the samples regarding the 
spatial distribution. All the 9 array data had normal distribution 
and to compare the data we applied the paired t-test. The result 
demonstrated that the samples did not differ significantly 
(p>0.05) except the data from SRTM DEM (p<0.001). 
Although the statistical analysis showed that most of the 
models are similar regarding the altitudes, the visual analysis of 
the DEMs, including 3D visualisation, showed significant 
differences both in the relief representation and on the 
longitudinal and transversal profile lines.  

The next step was the statistical analysis of the heights 
values from the profile lines. Easy Profiler 9.2, a multi-layers 
and multi-profile tool for ArcGIS, allowed the extraction of the 
topographical profiles from DEMs, both in graphic and numeric 
form (100 data for each line). The topographic profiles were 
created along different landforms: plateaus, glacial cirques and 
valleys. We used both summary statistics and the same paired t-
test to compare the profiles. The profiles created from the 
DEMs generated from topographical maps and from SPOT-
HRS DEM are similar regarding the altitudes (p>0.05) but the 
profiles created from SRTM and ASTER DEMs differ 
significantly (p<0.001).  

Visual analysis of the profiles showed also that for DEMs 
obtained from Natural Neighbour, Topo To Raster, TIN and  
Kriging interpolation methods and for SPOT-HRS, the profile 
line is very smooth and close to the real landform, while for 
DEMs obtained from IDW and Spline interpolation methods 
and SRTM and ASTER DEMS the profiles show more 
irregular lines, with many thresholds in slope angle (fig.2). 

To assess the accuracy of the DEMs concerning the real 
altitudes we compared the values of 425 altitude points 
collected by topographic survey and the heights values 
extracted from the same location from DEMs. The statistical 
test demonstrated that the DEM generated by Topo To Raster 
function fitted the field data the best (Pearson correlation 
coefficient r =0.9738, p< 0.001). 

 

 
Fig. 2. Differences in profile lines extracted from two types of DEMs  

 
Fig. 3. Comparison between heights data from DEMs and survey data 
 
We noted also a strong correlation between the measured 
values and the heights values recorded on SPOT DEM, but only 
in the areas with no forest. 

The comparison between the contour lines extracted from 
DEMs and the contour lines from the topographical maps as 
well as the comparison between the hydrographical networks 
derived from DEMs and the one from topographical maps are 
complementary methods developed for the evaluation of the 
accuracy regarding the surface morphology representation.  The 
DEM generated by Topo To Raster function and the SPOT 
HRS DEM are the most accurate DEMs for relief analysis. 

 
4. CONCLUSIONS 

 
The geostatistical analysis of the altitude values from the 

DEMs and the statistical and visual analysis of the topographic 
profiles extracted from the DEMs, for some relief forms, 
demonstrate that between models are not significant differences 
excepting the SRTM and ASTER DEM, which are not suitable 
for detailed geomorphological analysis. The IDW and Spline 
interpolation methods generated also models with errors in 
profile lines (interpolation artefacts). 

The comparison between the real altitudes and DEMs 
argued that the best model is the DEM generated by Topo To 
Raster function. The SPOT-HRS DEM is also a good choice 
but only in the areas with no forest. The assessment of the 
contour lines and the hydrographical networks extracted from 
DEMs emphasized that the best DEMs for geomorphological 
applications are the DEM generated by Topo To Raster 
function and the SPOT-HRS DEM. 

Further studies may include the assessment of the 
morphometrical values derived from DEMs and also more 
accurate models, like LiDAR DEMs, but in present there are no 
such data for the Romanian Carpathians. 
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