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Introduction: SHARAD is a synthetic aperture, 

orbital sounding radar, carried by NASA's Mars Re-

connaissance Orbiter [1]. Although the study of signal 

subsurface is in fact the most common application, the 

echo from the surface itself is useful to study the first 

layer of the Mars surface. Favorable conditions of  

radar viewing geometry, interface scattering, surface 

and volume scattering, and material properties, may 

allow to develop a proper mathematical model and 

estimate the surface permittivity map. The  study of  

the reflectivity of the surface echo is a means to obtain 

information on the composition and geometry of the 

ground. SHARAD is making significant new scientific 

data available toward addressing critical scientific 

problems on Mars, including the existence and distri-

bution of buried paleochannels, subsurface layering, an 

improved understanding of the electromagnetic proper-

ties of the “stealth” region, further insights into the 

nature of patterned ground, and other morphologies 

suggestive of the presence of water at present or in the 

past [2]. A mathematical method of calibration has 

been developed, adopting a models of surface scatter-

ing, in order to estimate the variation of geophysical 

parameter as geometry variations, slopes and material 

composition, across the Martian surface, and able to 

extract regions where presence of ice in the surface can 

be probable. 

Scattering model:  Scattering from natural surfac-

es plays a fundamental role in wave propagation and 

remote sensing. Mathematical models of the natural 

surfaces on Mars are not available because of surface 

complexity. Instead, a fractal geometry approach has 

been used, and proved useful because the surface under 

investigation does not have any artificial signal that 

would result in artefacts [3], [4]. Another reason for 

suing the fractal approach is that forces that model nat-

ural surfaces (gravity and microgravity, tensions, fric-

tions, vibrations, erosion, thermal and freezing gradi-

ents, chemical reaction, etc.; as well as periodic and 

aperiodic happenings: seasons and vegetation changes, 

sun, wind, rain, snow, slides, subsidence, etc.) generate 

surfaces whose topological dimension is larger than 2 

[5]. The backscattering is evaluated using the statistical 

parameters estimated along the orbit with the fractal 

theory for a monostatic radar configuration [6]. Taking 

care that the backscattering in the specular direction 

only occurs in the case of normal incidence, ϑ = 0; in 

this case, the backscattering results are polarization 

independent: 
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where H and T are respectively the Hurst and 

Topothesy coefficients,  is the gamma function, k is 

the wave vector and R0 is the Fresnel reflection coeffi-

cient of the mean plane. The topography has been 

characterized by fractal processes [7] using the MOLA 

data [8] and estimating the Topothesy and Hurst coef-

ficients over the whole Mars. 

Calibration modelling: The signals extracted from 

the SHARAD data need still several corrections in 

power in order to be compared to each other. Electro-

magnetic waves propagate with a geometric attenuation 

factor of 1/h². This means that, for the same reflective 

surface, the power intercepted by the Radar will de-

crease with increasing altitude. In addition to the gain 

variations due to the roll of the satellite, which are cor-

rected in pretreatment, each of the configuration in-

volves disturbance variables on SHARAD signal. Four 

typical configurations have been identified and studied: 

SS04, SS05, SS11, and SS19. The corrections to be 

applied to the signal are provided with data and are 

related with magnitude of it [9]. The geometry is af-

fecting the power that the antenna detects the effective 

aperture on the ground which takes into account that 

the power backscattered from the ground is incident on 

the antenna. The along-track resolution is enhanced in 

SHARAD through what is called azimuth, Doppler, or 

synthetic aperture processing. This is another factor to 

take into account in the calculation of the normalized 

backscattered power. The calibration of the signal re-

quires the determination of a constant that takes the 

backscattering gain due to the radar system and the 

surface into account in order to compensate the power 

losses due to the orbitographic phenomena [10]. The 

constant has been calculating starting from the power 

backscattered on a particular area on Mars where the 

permittivity constant is known, taking care to neglect 

all the terms depending on the geometry, ground and 

orbit. The calibration constant is needed also to com-
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pensate for the power losses due to altitude changes; 

moreover the calibration constant must be valid over 

the whole dataset. Following is the formulation the 

calibration constant: 
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where Gice is the antenna gain on the ice, Pr is the 

received power, H is the altitude of the spacecraft, Aeff 

is the antenna effective area at 3dB of the ground, Az is 

the azimuth factor, 0 is the radar cross section esti-

mated for linear polarizations with fractal geometry. 

The estimation of the permittivity constant comes 

from the following formulation: 
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where Γ  is the Fresnel reflection coefficient at 

normal incidence at the plane interface between two 

media with refractive indexes and G is the two ways 

gain of the antenna on the surface.   

Discussion on extraction of ice-rich regions: The 

determination of regions in which the probability of 

bearing ice in the first layer (0-15 m deep; ~6 m in case 

of pure ice) of the Martian surface is high, is obtained 

using the real part of the permittivity constant of the ice 

(3.14), estimated by other means. Figure 1 shows the 

map of the standard deviation of the global Mars per-

mittivity, which gives the measure of the uncertainty of 

any permittivity calculated with the method illustrated 

above. The global standard deviation of the whole map 

has been calculated and used to assess which regions 

have a  permittivity constant close to εice. Figure 2 

shows the map of the standard deviation for the regions 

that are possibly covered with ice. This signal is origi-

nally highly dependent on physical parameters (permit-

tivity and roughness) characterizing the near surface, 

and comparing it with the map on Figure 2 we can 

therefore potentially learn about the distribution of the 

ice-rich regions. 

 
Figure 1 Global map of the std(ε) for the whole Mars 

model. 

 

 
Figure 2 Global map of Std(εice) of potential ice-rich 

regions. 
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