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The ability of the wind to initiate particle movement and the flux of windblown particles as a 
function of average wind velocity are both strongly dependent on the roughness of the surface 
[1,2], as measured by the aeolian roughness (%). This is a function of the size and spacing of 
roughness elements on the surface [3,4]. For a given radar system, the radar backscatter of a 
surface is dependent on: (i) the roughness of the surface at the scale of the radar wavelength; (ii) 
the local incidence angle between the surface normal and the incoming microwave radiation; and 
(iii) the complex dielectric constant of the surface. For surfaces without major relief features, and 
with similar electro-magnetic properties, the first effect dominates, and the radar backscatter can be 
regarded as a measure of the surface roughness at or near the wavelength scale [5,6]. Radar 
backscatter data may therefore be useful in obtaining an aeolian roughness parameter which can be 
used to assess aeolian sediment transport. The objective here is to establish an empirical 
relationship between aeolian roughness and radar roughness, which will permit the analysis of 
potential of aeolian sediment transport on Venus, using radar data from the Magellan mission, and 
on Mars with data from future missions carrying radar instruments. 

Calibrated LHH, CHH and Kuvv data acquired by the NASAIJohnson Space Center 
scatterometer experiment in 1979 were used to derive backscattering coefficients (ao) for three lava 
flow units (aa, pahoehoe, and pahoehoe mantled with aeolian sand and silt), an alluvial fan, and a 
playa surface at Pisgah Lava Field, California. L- and C-band data bracket the radar wavelength to 
be used on the Magellan mission. The units were identified on a plot of oo against time along track 
using the geological map of Wise [7] and the aerial photographs acquired simultaneously with the 
radar data. Backscattering coefficients were then averaged across an area of each geomorphic unit 
to obtain a representative backscatter coefficient at each incidence angle. Backscattering 
coefficients increase with an increase in surface roughness from the playa surface to the aa lava 
flow. Differences between the lava flow surfaces are not statistically significant, but the mantled 
pahoehoe tends to have a lower radar return. Backscatter coefficients for all the lava flow units are 
higher in the L- and Ku-bands compared to C-band. On the basis of Bragg scattering theory, this 
suggests an overall surface composed dominantly of blocks larger than 15 cm, with a small-scale 
roughness of less than 2 cm. This is confirmed by our field observations. Alluvial fans are 
intermediate in roughness and radar backscatter coefficients, whereas the playa exhibits the lowest 
backscatter coefficients. 

Characteristic values of wind friction speed (u*), aeolian roughness (z,), and zero-plane 
displacement @) for each surface were derived from field measurements of wind profiles. Profiles 
were measured on the three lava flow surfaces at Pisgah using 8 or 15 m towers, insmmented 
with 8 or 10 cup-anemometers respectively. Data for an alluvial fan surface were taken from 
experiments conducted at Amboy lava flow [8] and playa data from an experiment conducted by 
Sullivan [9]. Wind data were reduced following the methods employed by Greeley and Iversen 
[7], using an iterative procedure to calculate u+, z, and D from the wind profile data. There is an 
increase in zo values from the playa at Lucerne Dry Lake, through the alluvial fan surface at 
Amboy, to the lava flows at Pisgah. The friction speed ratio, u*/U(g.g m) shows a parallel increase 
from the playa to the roughest lava flow surface. There is a strong correlation between the friction 
speed ratio and % which indicates that, for a constant wind velocity, friction speed increases with 
z, and therefore with surface roughness. 

Figure 1 shows the relationship between aeolian roughness (20) and average radar backscatter 
coefficients ( ao )  (incidence angle 35') for the playa, alluvial fan, and the three 
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lava flow surfaces. Because of the variation in surface roughness over alluvial fans, the wind data 
from Amboy was compared to two distal alluvial fan surfaces at Pisgah. Plots for incidence angles 
of 30°, 40°, and 45' were also produced and although the values are shifted slightly, the general 
trend remained the same for each wavelength. Backscatter values from the lava flow at small 
incidence angles (<30°) may be a function of the number, orientation, and distribution of pressure 
ridge slopes, rather than variations in small-scale surface roughness. 

Preliminary results indicate that both aeolian roughness and backscatter coefficients increase 
with increasing surface roughness from smooth playa to rough lava flow. They show promise and 
suggest that it will be possible to derive an empirical aeolian roughness parameter fiom radar data. 
However, the uncertainties associated with cornparision of wind and radar data from different 
localities mean that the exact relationship cannot be defined at this time. Aeolian and radar data 
from more sites are needed to better define this relationship. Further theoretical studies of the 
factors which determine aeolian roughness and radar roughness are also needed to establish and 
model the physical basis of these observations. 
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Fig. 1. Relationships between aeolian roughness (zo) and radar backscatter coefficient (ao) for 35" incidence angle. 
Correlation coefficients between zo and a0 are 0.95 (Lm, 0.97 ( C W  and 0.95 (KUVV) 
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