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1. ABSTRACT

Experiments undertaken in the 1970s demonstrated the sensitivity of radar backscatter to soil moisture
conditions [1]. More recent advances in active microwave remote sensing have confirmed the potential
for using current satellite data for the generation of soil moisture maps at different scales [2,3].
However, in addition to its strong sensitivity to the soil water content, radar backscatter is also affected
by the presence of vegetation and by soil roughness, factors which present a major difficulty in the
development of soil water retrieval algorithms [4,5,6]. Previous studies have shown that the inversion of
radar backscatter models for the retrieval of surface parameters such as soil water leads to promising
results, but with higher than acceptable errors [7,8]. Within this context, the purpose of this study is to
evaluate the capability of the Oh surface radar semi-empirical backscattering model [9] to estimate soil
moisture over agricultural fields from fully polarimetric RADARSAT-2 C-band SAR responses. For
validation purposes, ground measurements over sampling sites in Eastern Ontario-Canada were carried
out in the fall of 2009 simultaneous with satellite data acquisitions. Discrepancies between measured
radar backscatter coefficients and those predicted by the Oh model were previously reported, requiring
correction factors to reduce biases associated with this approach.

Initially, soil moisture multi-polarization retrieval was accomplished by using a look-up table (LUT)
approach applied to the model. Two approaches were considered: the multi-polarization method where
only measured backscatter coefficients were used within the inversion routine, and the one-unknown
method where roughness rms heights and image-derived backscatter coefficients were used as inputs. Of
the two inversion configurations, results showed that the cross-polarization (HH-HV) inversion scheme

provided the best estimates.



In the second phase of this research, the potential of using Freeman Durden polarimetric SAR
decomposition [10] in combination with the Oh backscattering model for the estimation of soil moisture
is investigated. The main advantage of the proposed inversion model is the straightforward separation of
different scattering mechanisms. Therefore, the conceptual approach for retrieving soil moisture using
the surface scattering component of the total power was implemented in a LUT inversion routine. The
direct search algorithm attempts to minimize a scalar value representing the difference between
measured single scattering power obtained by applying Freeman Durden decomposition on SAR data
and simulated total power using Oh model formulation. When compared with the multi-polarization
approach, this polarimetry-based method improves soil moisture estimation in terms of error magnitude.
These results suggest that backscatter models could be used in an inversion scheme making use of the
phase and the multiple polarization information available from the quad-pol mode of RADARSAT-2 to

retrieve surface moisture.

2. REFERENCES

[1] F.T. Ulaby, J. Cihlar, and R.K. Moore, “Active microwave measurement of soil water content”,
Remote Sensing of Environment, Vol. 3, No. 3, pp. 185-203, 1974.

[2] A. Merzouki, A. Bannari, P.M. Teillet, and D.J. King, “Caractérisation géostatistique de la
variabilité spatiale de I’humidité du sol a I’aide des cartes dérivées des données radar a synthese
d’ouverture de Radarsat-1”, Canadian Journal of Remote Sensing, Vol. 34, No. 4, pp. 376-389,
2008.

[3] M. Zribi, S. Le Hégarat-Mascle, C. Ottl¢, B. Kammoun, and C. Guerin, “Surface soil moisture
estimation from the synergistic use of the (multi-incidence and multi-resolution) active microwave
ERS wind scatterometer and SAR data”, Remote Sensing of Environment, Vol. 86, No. 1, pp. 30-41,
2003.

[4] I. Hajnsek, T. Jagdhuber, H. Schon, and K.P. Papathanassiou, “Potential of estimating soil moisture
under vegetation cover by means of PolSAR”, IEEE Transactions on Geoscience and Remote
Sensing, Vol. 47, No. 2, pp. 442-454, 2009.

[5] F. Mattia, G. Satalino, V.R.N. Pauwels, and A. Loew, “Soil moisture retrieval through a merging of
multi-temporal L-band SAR data and hydrologic modeling”, Hydrology and Earth System Sciences,
Vol.13, No. 3, pp. 343-356, 2009.

[6] N. Baghdadi, I. Gherboudj, M. Zribi, M. Sahebi, C. King, and F. Bonn, “Semi-empirical calibration
of the IEM backscatter model using radar images and moisture and roughness field measurements.
International Journal of Remote Sensing, Vol. 25, No. 18, pp. 3593-3623, 2004.

[7] J. Shi, J. Wang, A. Hsu, P. O’Neill, and E.T. Engman, “Estimation of bare surface soil moisture and
surface roughness parameter using L-Band SAR image data”, I[EEE Transactions on Geoscience and
Remote Sensing, Vol. 35, No. 5, pp. 1254-1266, 1997.

[8] A. Chanzy, C. King, L. Prévot, A. Remond, J.P. Wigneron, P. Calcagno, M. Zribi, , and J.F.
Desprats, Comparison of ERS and multi-angle RADARSAT measurements on bare soils: First
results of the RESEDA experiment. In Proceedings of the Second International Workshop On



Retrieval Of Bio- and Geo-Physical Parameters from SAR Data For Land Applications, 21-23
October 1998, Noordwijk, The Netherlands. 7p, 1998.

[9] Y. Oh, K. Sarabandi, F.T. and Ulaby, An empirical model and an inversion technique for radar
scattering from bare soil surfaces. IEEE Transactions on Geoscience and Remote Sensing, Vol. 30,
No. 2, pp. 370-381, 1992.

[10] T. Freeman, and S.L. Durden. “A three-component scattering model for polarimetric SAR data”,
IEEE Transactions on Geoscience and Remote Sensing, Vol.36, No. 3, pp. 963-973, 1998.



