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Abstract 

Application of principal component analysis to near-

nadir Magellan backscatter measurements 

demonstrates that the shape of the backscattering 

function is useful for classification of the venusian 

surface properties.  

1. Introduction 

The radar system onboard the Magellan orbital 

mission to Venus (1992 – 1994) consisted of two 

components: (1) side looking synthetic-aperture radar 

(SAR), which produced radar images on the surface, 

and (2) radar altimeter (RA), which measured the 

radar echo profile in nadir probing geometry. Global 

maps of roughness and reflectivity (the GSDR and 

GReDR data sets from the NASA Planetary Data 

System (PDS)) [1] derived from RA data have been 

widely used since Magellan observations in 

geological studies of the surface of Venus. But the 

Magellan altimeter results potentially contain more 

information about the Venus surface properties. In 

particular, the shape of the backscattering function 

has never been used in geological studies of the 

surface of Venus. Here we present our results of 

application of principal component analysis to near-

nadir Magellan backscatter measurements and 

demonstrate that the shape of the backscattering 

function is useful for classification of the venusian 

surface properties. 

2. Source data and processing 

procedure 

The presented work is based on the analysis of the 

backscattering function solution [2] archived in the 

PDS as a part of the SCVDR data set from the PDS. 

The data are arranged as individual points along 

Magellan orbits; each data point obtained from 

analysis of 5 consecutive radar bursts. The 

backscattering function has been estimated [2] for a 

set of incidence angles from 0.25º up to 7.5 - 11º 

(depending on spacecraft altitude and hence on 

latitude) with 0.5º interval. 

We performed the principal component (PC) analysis 

of the backscattering solutions from SCVDR within 

several selected regions on Venus. As a rule, we see 

that there are 3 – 4 PCs that contain some signal 

above the noise level; low or high values of a PC 

often form contiguous areas and apparently 

correspond to some specific materials and textures on 

the surface.  

For the present study, four areas on Venus were 

chosen. Two areas cover the vicinity of radar dark 

parabola (DP) craters Bassi (35 km in diameter, Fig. 

1A) and DP crater Boleyn (69.8 km in diameter, Fig. 

1B) and spans 11ºS – 27ºS, 55ºE – 80ºE and 15ºN – 

35ºN, 200ºE – 230ºE, respectively. Two other areas 

include surroundings of craters Deken (27.6 km in 

diameter, Fig. 1C) and Rhys (44.0 km in diameter, 

Fig. 1D) that can be considered to be old due to no 

obvious radar dark deposits nearby (NP). These areas 

extended in the frames of 42ºN – 52ºN, 282ºE – 

294ºE and 4ºN – 14ºN, 294ºE – 304ºE, respectively. 

Primary results of the PC analysis shows that the first 

3 PCs contain about 82-85% of the total 

backscattering function variability. The eigenvalues 

above the 5
th

 for each area under study follow 

exponential decline and are entirely noise. The 3rd 

and might be 4th components are above this trend 

and potentially contain information about surface 

properties.  

The 1st PC is a weighted average of the backscatter 

over the whole range of incidence angles; it 

characterizes the overall intensity of returned echo. 
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The spatial distribution of PC1 intensity correlates 

well with the spatial distribution of estimated Fresnel 

reflectivity (GReDR data set) in each area. 

The 2nd PC is a weighted balance between low-

incidence-angle and high-incidence-angle parts of the 

backscattering function; high PC2 values mean 

relatively heavier tail of the backscattering function 

and therefore generally higher surface roughness. 

The correlation between the PC2 and the retrievals of 

Hagfors roughness parameter  ξ (GSDR data set) is 

positive, but not very strong.  

The 3rd PC describes the shape of the backscattering 

function in more details, in particular, it characterizes 

relative weighted balance between the middle part 

and distal tail of the backscattering function; high 

values of PC3 indicate the disproportionally 

abundant steeper unresolved slopes and/or high 

diffuse scattering component in the radar echo. The 

spatial distribution of PC3 (Fig. 1) is noisy, which is 

not surprising given the relatively low value of the 

corresponding eigenvalue. Despite the noise we see 

distinctive contiguous area of consistently high and 

consistently low PC3 values The majority of such 

areas correspond to terrains that are dark in the SAR 

radar images that presumably correspond to surficial 

deposits associated with relatively young impact 

craters. Such deposits are thought to form due to 

deposition of airborne sand- and dust-size particles 

ejected by the impact [3] and possibly by subsequent 

aeolian reworking. These variations in the PC3 

signature may be related to thickness of such deposits 

or the unresolved textures created by aeolian 

deposition and/or erosion. 

3. Conclusions 

In addition to the two parameters of amplitude scale 

(which is related to the Fresnel reflectivity) and 

general width (which is a measure of general 

roughness), the Magellan altimeter data set contains 

some more potentially useful information about 

unresolved surface topography. 

Acknowledgements 

This work was partly supported by NASA grant 

NNX11AQ46G.  

 

References 

[1] Ford, P., and Pettengill, G.: Venus topography and 

kilometer- scale slopes, J. Geophys. Res., Vol. 97, pp. 

13103-13114, 1992. 

[2] Tyler, G., Simpson, R., Maurer, M., and Holmann, E.: 

Scattering properties of the Venusian surface: Preliminary 

results from Magellan, J. Geophys. Res., Vol. 97, pp. 

13115-13139, 1992.  

[3] Vervack, R. and Melosh, H.: Wind interaction with 

falling ejecta: Origin of the parabolic features on Venus, 

Geophys. Res. Lett., Vol. 19, pp. 525-528, 1992. 

 

Figure 1: SAR images and distribution of third 

principal component PC3 for portions of Venus 

surface with: A) DP crater Bassi, 35 km in diameter, 

(left) and crater Elena (right), B) DP crater Boleyn, 

69.8 km, C) NP crater Deken, 27.6 km, D) NP crater 

Rhys, 44.0 km. 


