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Summary: Threshold wind speeds are a function of surface roughness, particle 
characteristics, and planetary environment. Using Magellan radar data, estimates were made for 
threshold wind speeds at two locations on Venus, volcanic plains at 10°N, 177"E and the Carson 
Crater area. Results show that the threshold wind speed (ut) is about 1 d s e c  at a height of about 
1 m above the surface. This value is in the range measured by landed spacecraft and suggests 
that aeolian processes could be active currently. 

Previous estimates of u, and the threshold shear velocity u*, for blowing particles on 
Earth and Venus were based on wind tunnel experiments and theoretical considerations, and 
assumed an unrestricted, infinite sand supply and a smooth surface [I ,  2, 31. However, surface 
roughness influences the length of the aerodynamic roughness (zO) and, thus, the turbulent 
properties of the boundary-layer wind profile. Surface roughness also influences the threshold 
wind speed. The aerodynamic roughness length is a function of surface roughness and 
traditionally is derived from wind and temperature profiles of the near-surface planetary 
boundary-layer. Such profile data are not available for Venus, nor are they likely to be avialable 
in the near future. 

The radar backscatter coefficient (oO) is primarily a function of surface roughness at a 
scale comparable to the radar wavelength; local slope and the dielectric constant are also 
important. Both the wind and the radar backscatter respond to surface roughness at the sub- 
meter scale; consequently, there is a correlation between zo and oO [4, 51. Using field data from 
terrestrial studies in which the relationship between z0 and o0 was determined [6], a new 
correlation was derived to determine z0 as a function of the S-band backscatter coefficient: 

Eqn. 1 

In this study we estimated threshold wind speeds as a function of surface roughness derived from 
radar backscatter for various surface units at two locations on Venus. The wind speeds were 
calculated using Eqn. 2 [7] which considers surface roughness, particle size and density, and 
planetary environment: 

Eqn. 2 

in which g is acceleration due to gravity, d is the particle diameter, p is the fluid density, and p 
is the density of the particle. These calculations assume that zo is an intrinsic property of surface 
roughness and is not sensitive to atmospheric pressure. To test this assumption, a rough bed was 
placed in a planetary environment wind tunnel and wind profiles were measured at surface 
pressures ranging from 5 mb to 1033 mb. The wind profiles were reduced to z0 values and 
confirmed the assumption that z0 does not change as a function of atmospheric pressure. 

Study locations on Venus included a bright wind streak in the lee of a dome on volcanic 
plains at 10°N 177"E, and sites in the vicinity of Carson Crater. The results were then assessed 
in terms of the affect of local microtopography on the requirements for aeolian processes. Table 
1 shows the oO, zo, and derived u, , and u,.values for these sites. From comparison with sites on 
Earth [5,  61, the zo values of the Genus sltes are consistent with the smoother terrestrial sites, 
such as gravel-mantled playas and relatively smooth alluvial fans. The table shows that dark 
surfaces, including the parabaloid, have ut values of up to 1 d s e c ,  whereas the bright streak ut 
values are higher by about 30%. The table also shows that the threshold wind speeds are on the 
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order of 1 mlsec at a nominal height of 1 m above the surface. This wind speed is in the range 
measured by the Venera 9 and 10 spacecraft at a similar height, suggesting that aeolian processes 
can be active today. Only two potential large dune fields were identified in Magellan images so 
far; therefore, there is still a question as to why aeolian features and dune fields are so abundant 
on Earth and Mars and markedly less so on Venus. As this study shows current wind speeds can 
move particles on Venus; hence, there could be a smaller supply of sand-sized particles on 
Venus or, dunes are present but cannot be detected via Magellan data. 

Table 1: Data for Venus study sites; Radar backscatter coefficients (oO), derived aerodynamic 
roughness (zO), number of pixels sampled at each site (n), derived threshold shear velocities 
(u*,), and threshold wind speeds (u,) at a height of 1 m. 

Site characteristic Mean & Mean zo u t(z=lrn) *t 
Carson 

Paraboloid -18.84 0.0013 12 0.036 1.015 
Paraboloid -18.73 0.0014 5 0.037 1.030 
Paraboloid -19.05 0.0012 4 0.035 1 .OOO 
Paraboloid edge -13.33 0.0037 3 0.050 1.264 
Bright streak -12.63 0.0047 6 0.054 1.335 
Dome -7.60 0.0133 3 0.075 1.668 
Paraboloid -22.89 0.0005 3 0.028 0.865 
Dark surface north of crater -2 1.13 0.0007 3 0.03 1 0.91 1 
Paraboloid -21.39 0.0007 3 0.03 1 0.9 1 1 
Bright streak -12.39 0.0045 3 0.053 1.322 
Fractured terrain -15.73 0.0022 3 0.042 1.127 
Radar dark plain -2 1.43 0.0006 5 0.030 0.889 
Tessera -12.53 0.0045 2 0.053 1.322 

10 O N  177 "on volcanic plain 
Bright streak - 12.24 0.0047 3 0.054 1.335 
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