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COMPARATIVE RADAR SCATTERING OF ICY TERRAINS ON ENCELADUS, TITAN AND
TERRESTRIAL ICE ANALOGS FROM CASSINI KU-BAND SAR OBSERVATIONS

Abstract

The Cassini RADAR instrument operating at Ku-band (13.78 GHz; A ~ 2.17 c¢m) provided the only
Synthetic Aperture Radar (SAR) observations of icy surfaces within the Saturnian system. We present
a comparative analysis of the angular backscattering behavior of selected icy terrains on Enceladus and
Titan using multi-flyby SAR data, in comparison with terrestrial snow and ice analog measurements
acquired at similar frequencies.

For Enceladus, the analysis focuses on the E01 and E16 flybys, the only observations providing SAR
coverage of the surface. Regions of interest were selected to maximize the span of local incidence angles
while preserving geomorphological homogeneity. Local incidence angles were derived from the available
Enceladus Cassini Global DEM at 200 m/pixel resolution to correct for topographic effects. The normal-
ized radar cross section (0¥) was analyzed as a function of incidence angle. Three radar units, bright,
intermediate, and dark terrains, exhibit distinct o levels and angular decay rates, indicating variations
in centimeter-scale roughness, dielectric contrast, and possible subsurface contributions.

For Titan, several SAR flybys were considered. Five macro-regions associated with VIMS-derived icy
spectral signatures were selected to reduce compositional ambiguity. Homogeneous radar units were iden-
tified through targeted masking, and their angular scattering behavior was compared with that observed
on Enceladus.

The observed backscatter trends were interpreted using semi-empirical scattering models, including a
Hapke-based radiative transfer formulation and the Moore model, to assess the relative roles of surface
roughness and dielectric properties in controlling the Ku-band response.

Preliminary results reveal both similarities and significant differences in the angular scattering behavior
of icy terrains on Enceladus and Titan compared with terrestrial ice analogs. These findings indicate
that Ku-band radar backscatter is governed not only by centimeter-scale surface roughness but also by
subsurface volume scattering processes. The comparison with terrestrial ice provides a physical framework
to better constrain and distinguish the relative contributions of surface and volume scattering mechanisms
in icy planetary environments

These results contribute to improving the physical interpretation of radar observations of icy planetary
surfaces and support future investigations of outer Solar System bodies.



