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Abstract 

 
Remote sensing of the sea-ice thickness is one of the main objectives of the Ku-band radar altimeter SIRAL - 
CRYOSAT II mission. On the one hand, sea-ice thickness is derived from the measurement of the height of the 
freeboard of the floes, and based on isostasy, assuming that the density of the water, the ice, as well as the snow, are 
known. On the other hand even if the snow load is known, the penetration of the electromagnetic waves into the snow 
strongly depends on the electrical and geophysical characteristics of the snow layer (density, temperature, permittivity, 
roughness). The remote sensing of the snow layer thickness (SLT) remains a real challenge and will be useful to correct 
the snow load for converting freeboard measurements from satellite altimetry into sea-ice thickness. If the dual 
frequency radar altimetry data show a good potential for remote sensing of snow and more generally of penetrating 
media [1], providing the SLT from Ku band data alone is highly motivated by the orbit of CRYOSAT designed to cover 
the entire Arctic.  
 
In this framework, a theoretical study, based on a 3D modelling of the scattering of electromagnetic waves by a 
stratified medium at normal incidence has been carried out in order to investigate and quantify the capacity of snow and 
ice penetration of Ku-band waves.  
 
The stratified medium is modelled as a snow layer considered as a stack of 2 sub-layers and the boundary layer at the 
bottom represented by a semi-infinite layer of ice-sea as shown on the figure 1.  
 
 

 
Figure 1 : structure of the stratified medium. The bottom is represented by a semi-infinite layer of sea-ice 

 
The roughness of each interface is taken into account and the small slope approximation (SSA) is used to determine the 
coherent and incoherent components of the scattered intensity [2-4]. It is demonstrated that the coherent intensity is the  
the specular direction but it depends on the rms-roughness heights and does not depends on the shape of the correlation 
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function. The incoherent intensity depends even on the rms-roughness heights, but also on the shape of the correlation 
function. 
 
Several simulations have been conducted by varying the permittivity, thickness and roughness of each interface [5-6].  
The 3 interfaces are random processes with Gaussian autocorrelation functions with zero mean values. 
 
The main conclusion is that the backscattered signal from the stratified medium is strongly related to the dielectric 
characteristics. It can vary significantly even if the variations of the stratified medium are small. This is an important 
result to be kept in mind when attempting the signal inversion. 
 
In addition , another similar study based on a 2D modelling of the scattering of electromagnetic waves by the same 
stratified medium at normal incidence and simulations in the same conditions have been previously conducted [7]. The 
roughness of each interface was also taken into account and the first-order small perturbation method (SPM) was used 
to determine the coherent and incoherent components of the scattered intensity. Results from those two studies are also 
compared at the end. 
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