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Introduction:  Designing and safely delivering a 

ground-based mission to Venus requires knowledge of 
local surface roughness, slope, and the size distribution 
of hazards in relation to the clearance and stability 
configuration of the spacecraft. Unfortunately, the res-
olution and wavelength limitations of existing orbital 
datasets for Venus preclude landing site assessments 
analogous to the proven methods developed for Mars 
landing site analysis. Yet there is widespread recogni-
tion by the planetary science community that future 
missions to the surface of Venus will likely result in 
groundbreaking scientific discoveries [1]. This study 
explores methods for identifying and characterizing 
sites on Venus where a lander could attain a high prob-
ability of safe landing through a synthesis of Venera 
surface panoramas, Magellan radar properties, and 
existing global geological maps of the Venus surface.  

Analysis of safe landing constraints from Vene-
ra panoramas: An exponential rock size-frequency 
distribution model developed by [2,3] was fit to rock 
measurements from Venera 9 and 13 made by [4] to 
represent “blocky” and “typical” surfaces on Venus, 
respectively. When such models are applied to Mars, 
rocks are generally assumed to be hemispherical [3], 
but measurements made in this study from 33 blocks in 
the Venera 9 panorama resulted in an average aspect 
ratio of 0.26. Applying a correction factor suggested 
by [2] to account for long axis bias, resulted in a more 
conservative average aspect ratio of 0.35. The average 
aspect ratio calculated from 53 blocks measured in the 
Venera 13 panoramas is 0.15 (0.19 corrected). These 
aspect ratios reflect the predominance of tabular rather 
than spherical rock fragments observable in the pano-
ramas.  

Rock distributions calculated from the Venera 9 
and Venera 13 landing site panoramas that take into 
account the new measured aspect ratio values yield 
important implications for landing safety. There is a 
0.1% chance of encountering a rock with a height of 
0.7 m within a ~1 m diameter circle based on the Ven-
era 9 rock distribution, while that height drops drasti-
cally to ~0.1 m for the calculated Venera 13 rock dis-
tribution. From the perspective of spacecraft design 
and landing safety, a Venera 13-like surface represents 
a significantly less challenging terrain than that ob-
served by Venera 9. Thus, identifying Venera 13-like 
landing sites elsewhere on the planet could provide 

additional locations where a ground-based mission has 
a high probability of achieving a safe landing.   

Magellan orbital data analysis: It is not possible 
at present to quantify rock distributions and surface 
roughness for most of the Venusian surface, but there 
may be promise in defining criteria for safe landing 
sites that integrate orbiter and ground-based observa-
tions of the surface, e.g., [5]. This study identifies 
“Venera 13-like” terrains on Venus using a suite of 
Magellan radar properties correlated with and extrapo-
lated from the Venera 13 landing area.   

Methods and Data. The ~300 km diameter circle 
representing the Venera 13 landing area was overlain 
on the global Venus geological map constructed by [6]. 
Within this landing area, the most extensive unit 
mapped is “Regional plains, upper unit” (rp2). The 
terrain mapped as rp2 is also the darkest, most feature-
less terrain within the landing area as observed in Ma-
gellan SAR data. Although the exact location of Vene-
ra 13 within the landing area is unknown, correlating 
the rp2 unit with the terrain viewed in the Venera 13 
panoramas is the conservative and most statistically 
robust assumption.  

Using Magellan Global Altimetry and Radiometry 
Records [7], rms slope, emissivity, and reflectivity 
values were extracted for each pixel that fell within the 
Venera 13 rp2 unit. Pixel DN values were extracted 
from a left-look 75 m/pixel Magellan SAR basemap 
down sampled to 4641 m/pixel in Matlab using bicubic 
interpolation to match the resolution of the other da-
tasets. Pixel DN values were then converted to 
backscatter coefficient using the equations of [8,9]. For 
comparison, radar parameters were also extracted for 
all other pixels falling within the Venera 13 landing 
area, as well as those within the Venera 9 landing area 
(Figure 1).  

The min-max ranges of the 4 radar parameters 
(emissivity, reflectivity, rms slope, backscatter coeffi-
cient) extracted from the Venera 13 rp2 unit were then 
used as a filter to identify other Venera 13-like areas 
on the planet (Figure 2). 150 km diameter ellipses were 
overlain on areas of the surface in which at least 99% 
of the pixels exhibited radar properties within the Ven-
era 13 rp3 bounds. This process was repeated for the 
entire map, using a 10-pixel increment (both in 
east/west and north/south directions) to cycle through 
all coordinates.  
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Figure 1. Plots of rms slope vs. emissivity (top) and reflectivity 

vs. backscatter coefficient (bottom) extracted from the Venera 9 and 
13 landing areas. 

 
Results. Using the criteria defined above, approxi-

mately 8% of the Venus surface is characterized as 
Venera 13-like, within which one hundred and thirty 
one 150 km ellipses can be fit (Fig. 2). These landing 
ellipses are predominantly composed of regional plains 
units (rp1 and rp2 of [6]), but additional geologic units 
included within the ellipses are the lobate plains, shield 
plains, shield clusters, and the smooth plains units.   

Discussion. This study presents one way to identify 
and characterize potential safe landing sites on Venus 
with existing orbiter- and ground-based data, but there 
are numerous caveats to consider. This approach does 
not directly take into account the potential non-
uniqueness of radar-derived properties in relation to 
surface roughness vs. dielectric constant, nor does it 
account for the possibility that the properties used to 

define Venera 13-like terrains may not be directly rel-
evant to the safety of a lander (i.e., compositional vari-
ations or km-scale undulations in slope vs. cm- or dm-
scale roughness). However, the plots presented in Fig-
ure 2 inspire some confidence that Magellan radar pa-
rameters can be used to distinguish Venera 13-like 
terrains from areas of the surface that may present a 
greater challenge for safe landing. In particular, the 
plot of rms slope versus emissivity (Figure 1) shows 
that the pixels mapped as rp2 within the Venera 13 
ellipse are completely distinct from the cloud of points 
representing the Venera 9 landing area. The plot of 
reflectivity versus backscatter coefficient also indicates 
that the Venera 13 rp2 filter is likely capable of ex-
cluding those terrains which appear radar dark due to 
dielectric properties rather than surface roughness. The 
method presented here also likely misses many areas 
that would be safe land sites, but that fall outside the 
radar parameter ranges for the Venera 13 rp2 unit due 
to variations in composition or material properties not 
relevant to lander safety. Admittedly, the method pre-
sented here is conservative, but it represents a best-
effort starting point that uses existing data to discrimi-
nate between areas of the Venus surface that may be 
more or less challenging from a landing safety per-
spective. 
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Figure 2. A cylindrical 
projection (longitude 
ranges from -180º to 
+180º; latitude ranges 
from -90º to +90º) high-
lighting in white all 
portions of the surface 
whose rms slope, emis-
sivity, reflectivity, and 
backscatter coefficient 
values fall within the 
range observed for the 
Venera 13 rp2 unit. 150 
km ellipses are shown in 
blue.  
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