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Introduction: Digital Elevation Models (DEM) are 

powerful data set to provide a quantitative assessment 

of the topography of planetary surfaces at multiple 

spatial scales. On Mars for instance, several cameras 

(e.g. HiRISE [1], CTX [2], HRSC [3]) acquire image 

couples from different angles allowing the production 

of DEM by stereophotogrammetry from 1 m to 100m 

of spatial resolution. However, DEM have horizontal 

and vertical precisions [4]and the propagation of such 

errors may be a problem when we derive parameters 

such as slopes. GIS softwares are commonly used in 

planetary sciences, and they propose slope calculations 

using a planar method. Studies estimating the error 

propagation are so far restricted to Earth and other 

slope calculation methods (i.e. [5]). Here, we develop a 

numerical method to estimate the slope errors using 

synthetic DEM. We investigate the implications of 

vertical errors on DEM, assuming that they follow a 

normal distribution, to determine the output slope 

errors using planar method at HiRISE resolution [6]. 

Our study provides a first approach of the estimation of 

slope errors and highlights that low vertical errors 

involve non-negligible slope errors on HiRISE DEM 

slopes.  

Methods: We create a first synthetic DEM of a 

surface with a constant slope S (Figure 1)with HiRISE 

team DEM parameters [6]. Our synthetic DEM is set to 

1 m/px as HiRISE team DEM resolution [6]. DEM 

dimensions are set to 100×100 pixels to allow robust 

statistics as well as reduced computation time. 

 
Figure 1: Workflow of our DEM  and slope errors 

numerical study. 

 

To test the effects of DEM vertical errors propaga-

tion on resulting slopes, we added vertical noise to our 

synthetic DEM. At a first approach, we assume that 

vertical noise follows normal distributions defined 

according to different standard deviations as summa-

rized in table 1. Standard deviations have been chosen 

regarding the constraints on vertical precision given by 

[4], which states that “For most HiRISE DTMs, the EP 

is < 0.5 m” (EP is the Expected Precision). 

 

Law Mean vertical 

error (m) 

Standard devi-

ation (m) 

Normal 0 0.10 

Normal 0 0.20 

Normal 0 0.25 

Normal 0 0.50 

Table 1: Law and statistical parameters used to create 

vertical noise on synthetic DEM. 

Then, slopes are computed following the ArcGIS 

10 planar method (see ESRI information page on slope 

tool and [7]).The method computes the slopes using the 

DEM elevations on a 3×3 square grid with weighting 

coefficients on each pixel. We then quantify the slope 

noise dS as the difference between the non-noised and 

noised slope maps. 

Results: The set of normal distributions presented 

in table 1 has been tested on synthetic DEM with dif-

ferent initial slopes, from flat (0°) to vertical (90°), 

with an incremental step equal to 5°. Each calculation 

produces a slope map; a typical example is presented 

on figure 2, showing that a noisy DEM produces slope 

maps with high frequencies fluctuations. The results of 

all the numerical simulations are summarized in figure 

3. 

Figure 3 shows the resulting slope mean error dS 

(obtained taking the mean value of the slope map such 

as the one presented in figure 2) as a function of the 

initial constant slope S. Colored solid lines describe the 

normal distribution mean error dS with varying stan-

dard deviations. As expected, highest slope errors dS 

correspond to highest standard deviations, i.e. highest 

variability for DEM errors (violet solid line). Moreo-

ver, a mean error maxima appears for each tested nor-

mal distribution, between S = 10° (for the normal law 

N ~ (0 m, σ = 0.10 m)) to 25° (for N ~ (0 m, σ = 0.50 

m)). While error maximum is low for N ~ (0 m,σ = 

0.10 m) with dSMAX ~2.5°, dS increases to dSMAX~ 9° 

for N ~ (0 m,σ = 0.50 m). 
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Figure 2: Up: DEM with noise distributed according a 

normal law with the standard deviation σ = 0.25 m, for 

S = 30°. Down: Computed slopes from the noisy 

DEM. Slope variations are significant for this particu-

lar resolution. 

 
Figure 3: Mean deviation dSas a function of input 

slope S as a function of the theoretical slope from 

"perfect"DEM. dS is the resulting slope error from the 

noisy DEM. 

 

Figure 4 highlights the influence of the DEM spa-

tial resolution on output slope noise, showing that high 

resolution DEM, such as HiRISE DEM, are more af-

fected by vertical errors than low resolution ones for a 

same vertical error distribution (here N ~ (0 m , 0.25 

m)). 

 

 
Figure 4 : Mean deviation dS to the theoretical slope S 

as a function of the pixel resolution (m/px). 

 

Conclusion: Normally distributed DEM errors 

have been propagated on slopes using commonly used 

planar method from ArcGIS software.  We highlight 

that: 

- at HiRISE spatial resolution, low vertical er-

rors yield to high slope variations, assuming 

normally distributed vertical errors, 

- highest slope errors are reached for highest er-

ror variability, 

- slope error maxima are present between 10° to 

25°, depending on the statistical parameters of 

the normal law followed by the vertical errors. 

Our results suggest to be careful with small scale 

pattern observed on slope maps derived from DEM 

at high spatial resolution such as HiRISE DEM [6]. 
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