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DERIVING VENUS SURFACE PROPERTIES FROM BACKSCATTER AND 
EMISSION DATA; Bruce A. Campbell, Center for Earth and Planetary Studies, Smithsonian 
Institution, Washington, DC. 

Variations in roughness and dielectric constant on Venus form the primary basis for characterizing 
surface geologic units. Radar backscatter and radiothermal emission measurements used together 
are capable of discriminating changes in these parameters, but the results are highly dependent 
upon the physical models used. One method for refining these models is to study areas for which 
we have data at multiple viewing angles or polarizations. The work presented here illustrates a 
number of data combinations for small areas which may help to constrain models used on a planet- 
wide basis. 

Available Data. Near-global coverage for Venus was obtained for HH-polarization backscatter 
cross section and H-polarized ernissivity [I]. These data are thus the primary tool for deconvolving 
roughness and dielectric constant changes, and an empirical model for suppressing surface textural 
effects on the emission values was proposed in 121. This model relies strongly on an estimate of 
the emissivity behavior of a rough surface with a given dielectric constant, so independent 
confirmation of the results is important. Magellan also collected a significant amount of H- 
polarized emissivity data in the right-looking viewing mode. Vertical-polarization data in the left- 
looking geometry were obtained for two narrow swaths in Beta and Ovda Regiones, and a wide 
area between about 120° and 1800 E was covered using the VV-stereo mode. For a given site, we 
may thus be able to study ratios between backscatter or emission at (1) the same polarization with 
different angles, (2) orthogonal polarizations at the same angle, or (3) orthogonal polarizations at 
differing angles. The latter situation is most complicated, but occurs when using the H-left-looking 
and V-stereo data. We also have dual-circular polarization Arecibo images for one hemisphere of 
Venus, which provide additional incidence angle coverage complementary to Magellan. 

Thetis Regio. As noted above, the best overlap coverage for multiple Magellan emissivity datasets 
lies between 120° and 1800 E. The only major highland region within this area is Thetis Regio, 
which has a variety of tessera terrains at elevations both above and below the -6053 krn radius 
where high-dielectric materials form on the surface. One method for studying the terrain uses the 
ratio of emissivity values. As shown by Figure 1, the H-left / H-right ernissivity ratio for smooth 
and "rough" surfaces varies with dielectric constant and latitude due to the changing viewing 
geometry. Only near periapsis is there a large expected range of ratio values, and this is borne out 
by images made from the two emission datasets. Fortunately, Thetis Regio lies close to the area of 
maximum expected dynamic range. 

A second technique for measuring surface roughness uses backscatter values at two incidence 
angles to define a "scatter-law slope". This is the variation in echo power with angle, and should 
be independent of the dielectric constant if quasi-specular and diffuse echoes scale in the same 
manner with changes in reflectivity. Terrestrial rocky surfaces show a good correlation between 
scatter-law slope and rms height, with rougher areas having more shallow scattering functions than 
smooth regions. 

Analysis of the various datasets shows that roughness behaviors appear to cut across the 
boundaries between low- and high-dielectric tessera units in Thetis Regio. One heavily folded area 
exhibits emission ratios (Left-H / Right-H) which exceed unity, implying both a high dielectric 
constant and considerable meter-scale roughness (Figure 1). Other areas with similarly low 
emissivities (i.e., high dielectric constants) do not display the strong roughness signature of this 
tessera fragment. Use of the scatter-law slope parameter to quantify roughness supports the 
emissivity results (and has a much higher spatial resolution). This work indicates that we can 
discriminate roughness and dielectric changes within the highlands, and that the surface texture 
appears to not be directly correlated with the changes in chemistry (consistent with analysis of data 
for Ovda Regio reported in [3]). 
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Maxwell Montes. The Maxwell Montes contain the highest elevation areas on Venus, and display 
complicated backscatter and emission behaviors as the terrain passes through the high-dielectric 
phase change near 6053 krn and returns to more normal ernissivities above -6058 krn [I,  41. We 
have H-polarized emissivity and HH backscatter data at two angles for this site, along with Arecibo 
LL and LR (circular) backscatter returns. 

The scatter-law slope parameter proved most useful for this area, since the range of viewing 
angles yielded little dynamic range in the emissivity ratio. These data again show that changes in 
surface roughness cut across the variations in dielectric constant. The roughest areas occur along 
the northern and southern margins of the mountain belt, with more moderate roughness in the 
central areas. North of Cleopatra crater there is a region of higher roughness, suggesting 
modification by impact ejecta. The dual-angle HH data do not cover the area south of Cleopatra, so 
any inference of a concentric deposit is tentative. 

Future Work. This type of analysis allows us to verify the results of roughness/dielectric models 
proposed for global applications against the behaviors of several different data combinations for 
localized test areas. Primary goals are verification and possible revision of the postulated rough- 
surface emission behavior (specifically, that the emissivity of a rough area is the average of the H- 
and V-polarized plane-surface values), and validation of the backscatter law slope parameter. If the 
types of models discussed here and in [2, 31 are valid, then significant progress can be made in 
identifying roughness variations among geologic units as a clue to their formation, relative ages, 
and modification history. 
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Figure 1. Plots of ratio between H-polarized emissivity in left-looking and right-looking viewing 
geometries as a function of dielectric constant and latitude. Curves shown for dielectric values of 2, 
5, 8, 20, and 100. (a) Values calculated assuming the surface is a smooth plane. Note that ratio 
values are always less than unity. (b) Values assuming the surface is rough, with emissivity equal 
to the average of the plane-surface H and V components. Note that ratios slightly higher than unity 
are possible with this model. 
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