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The world is facing accelerating climate
change, incurring higher fire, flood and
drought risk. Understanding soil moisture
dynamics is key to the hydrological modelling
needed to tackle this. This need also links to
UN Sustainable Development Goals 6 and 15.

Motivation / Impact
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GNSS Reflectometry is a passive sensing bistatic radar
technique, using signals of opportunity from GNSS
transmitters as a remote sensing data source.
This process is demonstrated in the figure to the right,
created by ESA for the upcoming HydroGNSS mission.

GNSS reflections are sensitive to surface soil moisture due 
to the dependence of L-band reflections on the dielectric
properties and roughness of the reflecting surface.

Chew et al. [1] developed a surface soil moisture product
derived from CYGNSS data, relating the effective surface
reflectivity to the soil moisture by modelling the signal
transmission and calibrating with SMAP measurements.
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We compare the retrieval methods using a multi-year time series over the target site.

This shows a more mixed response.
While same-day Pearson correlation
coefficients are good when compared
to the SMAP validation data, with SAR-
SMAP at 0.42 and CYGNSS-SMAP at 0.53, 
this dependence is not easy to visualise.

The relationships between these variables
are shown below, with a line of best fit as
determined by linear regression.

More work is required to fully understand
the similarities and differences between the
two measurement approaches.

Synthetic Aperture Radar (SAR) is a more mature remote sensing technique, 
with some existing work on soil moisture retrievals. For this work, data from 
Sentinel-1 was used with a change detection method proposed by Bauer-
Marschallinger at al. [2]. This method assumes that when averaging over a 
sufficiently large spatial scale, field-level effects such as surface roughness 
and vegetation cover remain static over time. This leaves any variation in the 
SAR backscatter to be explained by changes in the soil’s dielectric properties:
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By normalising all backscatter measurements to an incidence angle of 40 
degrees and scaling all measurements between the historic minimum and 

maximum (𝜎𝑚𝑖𝑛
0  , 𝜎𝑚𝑎𝑥

0  respectively), we are left with a measure of soil 
moisture.

Pilot Study
An initial study area was selected in northern Algeria, shown below:

To establish the viability of using GNSS-R and SAR retrievals together, a 
comparison was performed between the CYGNSS soil moisture product and 
SAR soil moisture retrievals using the change detection method. 
Performance was evaluated with respect to reference data from NASA’s Soil 
Moisture Active Passive (SMAP) mission. This was implemented first in 
Google Earth Engine for SAR processing, feeding into a Python data pipeline.

Initial tests on an
area of bare soil 
showed a strong
visual relationship,
As shown in the 
adjacent Figure.

Preliminary Results
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