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The ESA ExoMars rover, due to launch in 2020,  

has two key scientific objectives: (1) To search for 

signs of past and present life on Mars and (2) To char-

acterise the aqueous and geochemical environment as a 

function of depth in the shallow subsurface [1]. To 

achieve these objectives, it is important to not only 

understand the possibility of preserving material from 

ancient habitable environments, but to also ensure that 

the rover can safely traverse to those target materials 

within the landing ellipse. The key result of this study 

is that only a fraction of the landing ellipse areas may 

be suitable for rover traverses and that this is smaller 

than the simple fraction of the area outside the ac-

ceptable slope/elevation criteria. 

At the time of writing 3 landing sites remain in the 

selection process: Oxia Planum, Mawrth Vallis, and 

Aram Dorsum [1, 2]. Since their initial proposal, sub-

stantial additional data have been collected at all of 

these sites including 14 DTMs made from MRO 

HiRISE and/or CTX stereo pairs. Using these new da-

ta, we present: (1) an updated assessment of how well 

each of the three sites meet the slope requirements 

across a range of length scales as defined by the initial 

call for landing site proposals [3]; (2) the percentage 

area of ‘slope traps’ for each landing site; and develop 

(3) a combined ‘cost-distance’ analyses for each of the 

three ExoMars landing sites, combining a maximum 

slope threshold and an ‘impedance factor’ representing 

the abundance of aeolian hazards in the surveyed areas 

[2]. 

Slope analyses: We have produced slope maps for 

the range of baselines given in the 2013 call for landing 

site proposals [1]. Slope calculations are performed in 

ArcMap 10.3 using the ‘slope tool’ which performs an 

average maximum technique [3] on a 3x3 moving win-

dow consequently considering data over a baseline of 

~3 x the raster call size. MOLA point data were grid-

ded at an appropriate baseline for evaluation of 10 km 

and 2 km baselines. For the 330 m, 7 m, and 2 m base-

lines, CTX and HiRISE DTMs produced in SocetSet 

5.6.0 [4] were resampled to an appropriate cell size to 

evaluate the require baselines. We have used the com-

bined area of landing ellipses (yellow outlines figures. 

2,3 and 4), manually optimized to fit the -2000 m 

MOLA elevation criteria ceiling (black areas in figures 

2,3 and 4) for the 2020 launch window. The results of 

these calculations are detailed in Tables 1, 2 and 3. 

 

Slope traps: In addition to the overall percentage 

area of the landing ellipse exceeding the maximum 

slope threshold (i.e. the percentage of a DEM with 

what we call ‘bad pixels’ that have slopes greater than 

threshold that are unsuitable for landing on or travers-

ing), the distribution of slopes can create larger areas 

(such as inside an impact crater) surrounded by bad 

pixels from which a rover cannot escape, and thus can-

not complete its mission goal. We refer to these as 

‘slope traps’ (Figure 1). 

 

 
Figure 1: An area of Oxia Planum (-24.9 E. 18.4 N.) 

showing slopes above 15 degrees in red and ‘slopes 

trap’ areas encircled by out of bound slopes in black. 

 

Slope Results:  Tables 1, 2 and 3 show the percentage 

fit of pixels in the DTM that meet the slope criteria (% 

‘good pixels’) and area percentages adjusted for the 

area of ‘slope trap’. A range of values is reported when 

HiRISE DTM coverage (red boxes figs. 2, 3 and 4) is 

less than the whole area of the landing ellipse (yellow 

outlines, figures. 2, 3 and 4). Useable HiRISE DTM 

coverage is currently 14.3% for Aram Dorsum, 9.0% 

for Mawth Vallis and 9.9% for Oxia Planum. Slopes 

failing the criteria are colored by baseline within the 

landing ellipse The results are colored by the percent-

age chance of mission failure (<5%: green; 5 % – 10 

%: orange; and >10%: red). 
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Figure 2: Aram Dorsum slopes and HiRISE DTMs. 

Black areas are outside the elevation criterion Slopes 

colored by baseline within the landing ellipse (10 km: 

purple; 2 km: pink; 330 m: blue) and within the sam-

pled HiRISE footprints (7 m: red; and 2 m: green). 

The yellow line shows the landing ellipse, although 

slope on these baseline are hard to see on the scale of 

the >100 km landing ellipse. 

 

Table 1: Aram Dorsum (7.869 N, 348.8 E) 

Slope / Base-

line 

% good pixels 

(max/min) 

% not a slope trap  

(total, max/min) 

2˚ / 10 km 99.5  

3˚ / 2 km 99.0  

8.6˚ / 330 m 98.7  

12.5˚ / 7 m 94.4 (96.8, 92.4) 93.9 (96.4, 91.0) 

15˚ / 2 m 94.8 (97.6, 92.4) 94.0 (97.1, 90.9) 

 

 
Figure 3: Mawrth Vallis slopes and HiRISE DTMs. 

 

Table 2: Mawrth Vallis (22.16 N, 342.05 E) 

Slope / Base-

line 

% good pixels 

(max/min) 

% not a slope trap  

(total max/min) 

2˚ / 10 km 98.6  

3˚ / 2 km 98.3  

8.6˚ / 330 m 97.7  

12.5˚ / 7 m 88.2 (91.6, 85.6) 90.9 (93.8, 86.5) 

15˚ / 2 m 92.4 (94.1, 87.8) 87.1 (91.0, 83.8) 

 

 
Figure 4: Oxia Planum slopes and HiRISE DTMs. 

 

Table 3: Oxia Planum (18.14 N, 335.76 E) 

Slope / Base-

line 

Mean Compliance 

(max/min) 

Mean slope trap  

(total max/min) 

2˚ / 10 km 99.5  

3˚ / 2 km 99.1  

8.6˚ / 330 m 98.8  

12.5˚ / 7 m 93.7 (98.8, 80.6) 92.4 (98.7, 76.1) 

15˚ / 2 m 94.9 (99.2, 83.7) 93.9 (99.1, 79.8) 

 

Preliminary Interpretations: At HiRISE DEM 

scales, neither the Aram nor Oxia ellipses contain 

many areas with a high concentration of ‘bad pixels’ 

(i.e. pixels with slopes >12˚/5˚ for the 7 m/2 m base-

line). There are some ‘bad areas’ with high concentra-

tions of bad pixels in Oxia Planum, but these are spa-

tially limited, and away from the center of the landing 

ellipse.  

The formation of ‘slope traps’ (‘good pixels’ en-

closed by ‘bad pixels’) increases approximately expo-

nentially with the density of bad pixels in a DTM. This 

is because the increasing number of bad pixels tends to 

be a function of geological control (e.g., impact cra-

ters), resulting in the complete encirclement of good 

pixels and the creation of slope traps. Consequently, 

sampled areas with a higher proportion of bad pixels, 

such as the green areas in Mawrth Vallis and in the 

west of Oxia Planum (figures 2, 4), which both have a 

high number of slope traps. This increases the risk of 

landing in these areas in a way that is not obvious if 

considering only the percentage of bad pixels in the 

DEM. 

Analysis of more HiRISE DTMs will help deter-

mine the average slopes and slope traps across the 

landing areas. 
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