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Introduction:  There are three landing sites under 
consideration for the Mars 2020 Rover: Columbia 
Hills, located in Gusev crater; Jezero crater, and 
Northeast Syrtis Major located on the flank of Isidis 
basin [1]. The three remaining landing sites are thought 
to represent three favorable environments for preserv-
ing evidence of possible ancient life on Mars. The sites 
were down selected after the Third Landing Site 
Workshop for their astrobiological relevance--in terms 
of habitability or potential biosignatures--and geologi-
cally diversity, for caching samples for possible return 
to Earth. 

When the Mars 2020 rover launches, it will carry a 
hazard map for Terrain-Relative Navigation (TRN), an 
on-board function that allows the spacecraft to deter-
mine its location during descent and landing that can 
be used to avoid hazardous areas. Inescapable hazards 
are areas where a rover would be able to land safely, 
but not drive away from, such as craters that are too 
steep to drive out of, mesas that are too steep to drive 
off of, and eolian bed forms that would trap the rover. 
The criteria for inescapable hazards are the same as for 
the Mars Science Laboratory (MSL) [2]: driving up 
slopes >30° on bedrock and >15° on loose soil, driving 
down slopes >45° and avoiding large eolian bedforms.  

Three classifications of eolian bed forms that the 
rover would have difficulty or be unable to drive out of 
are polygonal ripples, linear ripples that enclose lows, 
and linear ripples with cross ripples. Polygonal ripples 
have cellular crests that are completely closed (Fig. 1) 
and are considered inescapable because MSL had dif-
ficulty traversing ripples whose wavelength is close to 
the rover length, even where slopes are well below 15° 
[3]. Linear ripples of similar scale or larger than the 
rover with non-parallel ripple crests that form enclosed 
cells or lows or whose distance between ripples is less 
than a rover width (Fig. 2). Linear ripples of similar 
scale or larger than the rover with cross ripples with 
spacing similar to the length of the rover that extend 
between the crests of adjacent linear ripples (Fig. 3). 	  

This abstract describes the process to determine the 
cumulative fractional area (CFA), the sum of the area 
of inescapable hazards divided by the area of the el-
lipse. In addition, the maximum north-south length of 
the inescapable hazard was measured to see if it is 
within the ±300 m distance that the spacecraft can di-
vert if it on a trajectory to land in an inescapable haz-
ardous.  

Methods: Using images taken by the High-
Resolution Imaging Science Experiment (HiRISE) at 

~0.25 m/pixel [4], we mapped inescapable hazards >30 

m in length using ArcGIS. Beginning at the top of the 
approximately 10 km diameter ellipse, the sites were 
inspected systematically from top to bottom. To assist 
in visualizing scale, a 2x3 meter rover-sized box was 
drawn atop potential hazards. During the first scan 
when a hazard was detected, it was outlined using the 
ArcGIS drawing tool and color-coded into three cate-
gories based on risk: inescapable, probably inescapa-
ble, and probably escapable hazards. Inescapable haz-
ards represent a mission failure scenario where sur-
rounding slopes are too steep and/or there is no path 
that would not cross multiple crests of dense polygonal 

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  

Fig	  1.	  An	  image	  of	  polygonal	  ripples	  taken	  from	  Jezero	  
crater.	  The	  purple	  rover	  box	  is	  2x3	  m.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Fig	  2.	  An	  image	  of	  linear	  ripples	  with	  non-‐‑parallel	  ridge	  
crests	  or	  whose	  spacing	  is	  less	  than	  the	  the	  rover	  width	  
taken	  from	  Northeast	  Syrtis	  Major.	  The	  purple	  rover	  box	  
is	  2x3	  m.	  

	  
	  
	  
	  
	  
	  

Fig	  3.	  An	  image	  of	  linear	  ripples	  with	  cross	  ripples	  
taken	  from	  Jezero.	  The	  purple	  rover	  box	  is	  2x3	  m.	  
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ripples or linear ripples with cross-ripples. Probably 
inescapable hazards are a possible mission failure sce-
nario where there are <2 m gaps between large eolian 
bedforms with traversable slopes that might or might 
not be traversable . Probably escapable hazards are 

areas where there are possible paths of egress but one 
would never choose to enter the terrain, such as areas 
of eolian bedforms with >2 m gaps with traversable 
slopes or that do not require crossing multiple ripple 
crests. During the second scan the hazards were then 
refined, recategorized if needed, and verified by a se-
cond party. 

 
Table 1. Statistics for inescapable and probably inescapable 
hazards at the landing ellipses [5].  

SITE Northeast 
Syrtis 

Columbia 
Hills 

Jezero 
Crater 

CFA 0.38% 0.86% 2.77% 
Number of Inescapa-

ble Polygons 60 203 204 

Number of Probably 
Inescapable Polygons 118 139 194 

Mean N-S distance  43.4 m 44.94 m 70.2 m 
Greatest N-S distance 

per site 131.8 m 289.91 m 472.8 m 

 
Results: The Mars 2020 Rover’s requirement for 

landing risk due to the combined effect of large ines-
capable hazards, rocks, and slopes is about <1%. 
Jezero crater contains 2.77% area inescapable and 
probably inescapable hazards, the largest of the three 
candidate landing sites by a factor of 3, which requires 
TRN to avoid hazards. NE Syrtis has 0.38% CFA of 
inescapable and probably inescapable hazards, but has 
2-3% area of high slopes that are hazardous to landing 
(though not necessarily inescapable) which also neces-
sitates TRN. Columbia Hills has a low CFA of ines-
capable hazards, generally gentle slopes, and low to 
moderate rock abundance that may not require TRN. 
The current design and implementation of TRN can 
robustly avoid hazards of over 500 m in N-S extent, 
which is greater than the maximum measured N-S 
lengths of any inescapable or probably inescapable 
hazard at the three sites, and enables the rover to con-
fidently land at all 3 landing sites. The size and distri-
bution of these hazards are relevant for both scientists 
and engineers as these areas won’t be accessible for in 
situ exploration, so the mapped areas provide direction 
and focus for future remote sensing studies to fill in 
our knowledge of those areas that can be explored. 
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Figure 4. Jezero crater shown with the landing ellipse and eolian 
hazards outlined. Red = inescapable, pink = probably inescapable, 
and yellow = probably escapable 

Figure 5. Northeast Syrtis Major shown with the landing ellipse and 
eolian hazards outlined. Red = inescapable, pink = probably inescapa-
ble, and yellow = probably escapable 

 
 
 
 
 
 
 
 

	  
	  
	  
	  

	  
	  

Figure 6. Columbia Hills shown with the landing ellipse and eolian 
hazards outlined. Red = inescapable, pink = probably inescapable, and 
yellow = probably escapable 
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