
 

 

 
Abstract—Terrain-Based Analysis results in derived products 

from an input DEM and these products are needed to perform various 
analyses. To efficiently use these products in decision-making, their 
accuracies must be estimated systematically. This paper proposes a 
procedure to assess the accuracy of these derived products, by 
calculating the accuracy of the slope dataset and its significance, 
taking as an input the accuracy of the DEM. 

Based on the output of previously published research on modeling 
the relative accuracy of a DEM, specifically ASTER and SRTM 
DEMs with Lebanon coverage as the area of study, analysis have 
showed that ASTER has a low significance in the majority of the area 
where only 2% of the modeled terrain has 50% or more significance. 
On the other hand, SRTM showed a better significance, where 37% 
of the modeled terrain has 50% or more significance. 

Statistical analysis deduced that the accuracy of the slope dataset, 
calculated on a cell-by-cell basis, is highly correlated to the accuracy 
of the input DEM. However, this correlation becomes lower between 
the slope accuracy and the slope significance, whereas it becomes 
much higher between the modeled slope and the slope significance. 

 
Keywords—Terrain-Based Analysis, Slope, Accuracy 

Assessment. 

I. INTRODUCTION 

Digital Elevation Model (DEM), as an end product, is 
only useful for visualizing the terrain in perspective view. 

However the usages of a DEM grow way beyond 3D 
visualization to perform various analyses, such as terrain 
morphology, volumetric analysis, visibility and line of sight, 
and hydrologic analysis.  

Previous researches, such as [1], have tackled the accuracy 
of terrain-based analysis with focus on various algorithms, but 
with the assumption of a fixed accuracy for the input DEM, 
and tested using well-defined mathematical models, which 
does not reflect the true nature of DEMs representing real 
terrain.  

The objective of this paper is to propose a model to 
propagate the accuracy of a DEM that has been modeled into a 
vario-model, to assess the accuracy of the products that are the 
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results of performing terrain-based analysis on this DEM, in 
order to quantitatively and systematically assess the accuracies 
of these products. 

 By a mathematical definition, a slope of a line in a two-
dimensional Euclidean system describes the steepness of this 
line, denoted as the ratio of the vertical change over the 
horizontal change [2]. The slope of a line is also denoted as 
the angle of that slope, which is calculate using trigonometric 
functions. Applied to DEM, the slope function in GIS 
calculates for each cell in the input DEM the slope as the 
maximum rate of height change between that cell and its 8 
surrounding cells, based on 3x3 cell neighborhood [3].   

 The slope dataset, which is the combination of slope 
calculation of all the cells that forms the input DEM, is an 
important indicator to analyze a terrain. The slope dataset is 
directly used in performing terrain morphology, such as 
landslide and flood hazard detection, construction sites 
suitability analysis, and landscaping analysis, as describes in 
researched such as [4] and [5]. 

The area of study for this research is Lebanon.  Lebanon is 
situated on the eastern edge of the Mediterranean Sea. as a 
geographic extent, is very interesting to study because, even 
though it’s a very small country, ranked 170th in the list of 
countries by area out of 252 countries, it has a rich variation of 
landscape; It consist of a narrow coast, followed by a rough 
chain of mountains (Western Chain), followed by a plain 
valley (the ‘Bekaa’ valley), then a less rougher chain of 
mountains (Eastern Chain) toward the eastern side [6]. 

II. MATERIALS AND METHODS 

This section describes the proposed procedure for 
calculating the accuracy and significance of the slope, and the 
input data used for testing it: 

A. Input Data 

For the proposed method to be performed, two inputs are 
required: a DEM, and a vario-model containing its varying 
accuracy. The input DEM must be as a continuous raster 
format. The used DEMs in this study are the ASTER GDEM 
and SRTM: 

Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) Global Digital Elevation Model 
(GDEM) is a freely-available digital surface model (DSM) 
with a spatial resolution of 30 meters and an assumed 
accuracy varying between 10 and 25 meters. The GDEM 
product, which is based on stereoscopic imagery, has 
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Fig. 2 Maps of Lebanon showing the input DEM relative accuracy 
models for ASTER and SRTM DEMs 

 
After applying the proposed procedure in section II.B, the 

slope accuracy for both DEMs gave the following results: 
ASTER has the slope accuracy ranging between 0.9 and 32.5 
degrees, with an average accuracy of 21.9 degrees. SRTM has 
the slope accuracy ranging between 0.7 and 9.1 degrees, with 
an average accuracy of 5.5 degrees. The results show a 
noticeable difference between the two DEMs, where SRTM 
has much higher slope accuracy than ASTER. This high 
difference is mainly due to the propagation of the input DEM 
accuracy, and adding to it the cell size which has an inverse 
weight on the result. 

 

 

Fig. 3 Maps of Lebanon showing the generatedslope accuracy models 
for ASTER and SRTM DEMs 

 
Finally, after applying the proposed procedure in section 

II.C, the significance of the slope for both DEMs gave the 
following results: Both DEMs have a range between 0 and 98 
%; however the average slope significance for ASTER is 
5.2%, compared to 35.3% for SRTM. 

 
Fig. 4 Maps of Lebanon showing the generatedslopesignificance 

models for ASTER and SRTM DEMs 
 
Visual inspection of the above map clearly shows that using 

SRTM will lead to significant results for any derived terrain-
based analysis in the majority of the country, in the exception 
of few coastal regions on the western border and in the middle 
of the Bekaa valley in the center. On the other hand, using 
ASTER will only lead to significant results in steep-slopes 
valley edges.  

B. Correlation Analysis 

In this research, several datasets were involved in the 
process, as input, intermediate, or output data. These datasets 
are: DEM, DEM accuracy model, Slope, Slope Accuracy 
Model, and Slope Significance Model.  Using an advanced 
statistical package (SPSS), the Pearson correlation is created 
for each dataset pair in both products, along with the 
significance (p-value) of each. 

 
TABLE I 

PEARSON CORRELATION MATRIX FOR ASTER 

ASTER DEM 
DEM 

Accuracy 
Slope 

Slope 
Accuracy 

Slope 
Signifi
cance 

DEM 1 - - - - 
DEM 

Accuracy 
0.254 1 - - - 

Slope .149 0.404 1 - - 
Slope 

Accuracy 
0.176 0.686 -0.323 1 - 

Slope 
Significance 

0.049 0.152 0.767 -0.486 1 

 
TABLE II 

PEARSON CORRELATION MATRIX FOR SRTM 

ASTER DEM DEM Accuracy Slope 
Slope 

Accuracy 

Slope 
Signifi
cance 

DEM 1 - - - - 
DEM 

Accuracy 
0.226 1 - - - 

Slope 0.177 0.445 1 - - 
Slope 

Accuracy 
0.215 0.955 0.196 1 - 

Slope 
Significance 

0.106 0.100 0.848 -0.107 1 
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As a first observation, the correlations behaved similarly for 

both products ASTER and SRTM, even though the individual 
values of these datasets were not consistent at all between 
these two products. Accordingly, any deduction from these 
matrices concerning the correlation between any two datasets 
will be considered product-independent. Some interesting 
deductions: 

The DEM has a low correlation with all the other datasets. 
This is due to the fact that the calculation of the slope is based 
on the relative difference of heights between a cell and its 
neighbors, irrespective of the cell absolute height, which is 
generally in reference with the mean sea level. 

In the opposite of the first point, the DEM accuracy is 
highly correlated to the Slope accuracy. In fact there should be 
high correlation between the two datasets, as the second one is 
dependent to the first, as in the procedure described in section 
II.B. 

The most interesting observation is that there is a low 
correlation between the slope accuracy and the slope 
significance, while the proposed equation in section II.C 
misleads that there should be a high correlation as the slope 
significance is dependent on the slope accuracy. However the 
slope significance has a relatively positive high correlation 
with the actual slope. 

IV. CONCLUSION 

In this research, a procedure is proposed to propagate the 
height accuracy of an input DEM in order to estimate the 
accuracy of its terrain-based analysis derived datasets. To test 
the proposed procedure, two global DEMs were used, the 
ASTER and SRTM, covering Lebanon as the area of study, 
and vario-models containing the varying relative accuracies of 
each, to calculate the accuracy and significance of their 
derived slope datasets. Slope significance being modeled as 
percentage to which the slope, and any other derived dataset, 
is estimated to provide a compliant result with respect to the 
actual reality. 

Test performed on these two DEMs showed that even 
though ASTER has a higher spatial resolution than SRTM, the 
derived datasets from the latter will have higher significance. 
Several elements played part in this comparison, mainly the 
DEMs vario-models, where ASTER was modeled having 
lower relative accuracy than SRTM.  

Multivariate spatial analysis highlighted further deduction 
mainly that the correlation between the different datasets was 
proven to be product-independent, and therefore could be 
considered applicable to other DEM products. Also, this 
analysis showed that the slope accuracy is highly related to the 
DEM accuracy, but the ultimate product that is of interest in 
this paper, which is the slope significance is more related to 
the actual slope rather that its accuracy.  

This will lead to the ultimate conclusion that analysis 
performed on relatively low accuracy DEMs applied in steep 
sloped areas will still lead to significant results, while the 
flatter areas would require a more accurate DEM to reach the 
same level of significance. 

Applied to Lebanon, the ASTER DEM gives significant 
results only in the steep slopes valley, whereas the SRTM 
DEM can be applicable both the Western and Eastern chains. 
The coast and the Bekaa valley, due to their flat nature, would 
require a more accurate DEM in order to retrieve significant 
results. 
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