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Tracking spatiotemporal variations in soil freeze/thaw dynamics is important for monitoring 
various cold region states (Jagdhuber et al., 2014). Hydrologically, soil state freezing reduces 
surface water infiltration and soil hydraulic conductivity, increasing the risk of flooding and 
erosion during spring melt season. For estimating snow accumulation using microwave 
remote sensing observations, soil freeze/thaw state is also an important control on the 
background microwave reflectance of the backscattered signal. Synthetic Aperture Radar 
(SAR) is a promising tool for monitoring soil freeze/thaw states due to its sensitivity to 
changes in the dielectric constant, which are primarily influenced by soil moisture. Lower-
frequency SAR, such as L-band, exhibits enhanced sensitivity to soil moisture and is 
effective in detecting freeze/thaw states beneath snow cover compared to higher-frequency 
SAR systems (Zhou et al., 2022). 

To better understand the L-band SAR response in wintertime, an experiment in southern 
Ontario was executed in 2022-2023 to conduct in-situ measurements of geophysical 
parameters, such as soil moisture and soil freeze/thaw status. The measurements were 
taken simultaneously with quad polarization L-band airborne SAR and C/X-band satellite 
SAR data collections. The field study site at Powassan Ontario, Canada, was selected to 
monitor soil conditions from late October (snow-free season) through late March (prior to 
snowmelt). Wet snow acts as a barrier to microwave radiation, preventing SAR signals from 
reaching the soil beneath the snow layer. Therefore, soil and snow parameters, including 
moisture and temperature, were measured at several sites over the study area to coincide 
with airborne and satellite SAR observations. In addition, an automatic weather station was 
used to record meteorological data such as air temperature, ground surface temperature, 
and snow depth. 

The goal of this study is to enhance our understanding of seasonal soil state changes 
beneath the snow layer in an agricultural region using lower-frequency SAR. To achieve this, 
we apply Freeman-Durden (FD) polarimetric target decomposition to CryoSAR L-band fully 
polarimetric images to observe how the FD components respond to freeze/thaw cycles over 
the snow-covered agricultural landscape (Freeman & Durden, 1998; Kelly et al., 2024). 
According to weather station records, soil near-surface temperatures dropped to 0°C around 
mid-December and remained at that level until the end of the field season. Although air 
temperatures occasionally rose above freezing, the snow layer helped maintain soil 
temperatures around 0°C. The FD volume and surface scattering components were 
calculated from the polarimetric data between January 2023 and mid-March 2023 to 
characterize the L-band SAR response prior to the onset of the snowmelt season. 



At L-band data, we expected dominant surface scattering from the snow-ground interface 
with a small contribution from volume scattering due to the snow layer or canopy coverage. 
However, while the surface roughness of the soil remained consistently smooth at the field 
site, we observed variable volume scattering contribution compared to surface scattering 
from the FD decomposition. This indicates that the surface soil water volume likely had an 
impact on the volume scattering response. The rise in air temperature during mid-February 
likely increased the moisture content in the soil and snow when melt-refreeze layers formed. 
These complicated thermal patterns largely explain the volume and surface scattering 
variations observed between to mid-January and mid-March and are important for snow 
mass retrievals using Interferometric SAR observations. 

 


