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Abstract

Soil moisture is a key parameter in numerous environmental studies, including hydrology, meteorology, 

and    agriculture.  It plays an important role in the interactions between the land surface and the 

atmosphere, as well as the partitioning of precipitation into runoff and ground water storage.  Therefore, the 

spatial and temporal dynamics of soil moisture are important parameters for various processes in the soil-

vegetation-atmosphere-interface. The Soil Moisture Active and Passive Mission (SMAP) with both 

Active/Passive L-band instruments has been approved by NASA for monitoring global soil moisture and 

freeze/thaw.  The radar operates with VV, HH, and HV transmit-receive polarizations, and uses separate 

transmit frequencies for the H (1.26 GHz) and V (1.29 GHz) polarizations.  The radiometer operates with 

V, H and U (third Stokes parameter) polarizations at 1.41 GHz.  

In attempt to use the active or passive microwave remote sensors for estimation of soil moisture, we 

are mainly facing two common problems: effects of surface roughness and vegetation cover. Natural 

variability and the complexity of the vegetation canopy and surface roughness significantly affect the 



sensitivity of backscattering and brightness temperature to soil moisture. Backscattering and brightness 

temperature signals from the vegetated areas is a function of water content and its spatial distribution as

determined by vegetation structure and underlying surface conditions including surface roughness 

parameters and dielectric properties. Due to the limited observations from either passive or active 

measurements alone, an ill condition, the number of measurements and equations are less than the number 

of unknown, is expected.  It results in the uncertainties in estimation of soil moisture.

It has been realized that both radar and radiometer measurements at L-band are affected by soil 

moisture, vegetation, surface roughness and temperature. However, how to take each instrument’s

advantages and avoid its disadvantages to develop a combined active/passive technique to estimate surface 

soil moisture need to be explored. In this study, we evaluate whether we can improve the soil moisture 

estimation accuracy by adding active measurements in compared with the passive observation alone. 

We first simulated a database for both active and passive signals under SMAP’s sensor configurations 

using the radiative transfer model with a wide range of conditions for surface soil moisture, roughness and 

vegetation properties that we considered as the random orientated disks, needles, and cylinders.  Using this 

database, we evaluated the relationships between each backscattering and emission components. Through 

analyses of these relationships, we developed a technique to estimate surface soil moisture. 

PALS is a non-scanning real aperture combined microwave radiometer and radar, operating at 1.41 and 

2.69 GHz (radiometer) and 1.26 and 3.15 GHz (radar) with multiple polarizations.  The instrument was 

designed for high accuracy measurements of ocean salinity and soil moisture.  The radiometer operates at V 

(vertical) and H (horizontal) polarizations, while the radar operates at VV, HH, and VH polarizations.  For 

SGP’99 and SMEX’02 the incidence angles were fixed at 38° and 45°, respectively.  The instrument thus 

samples a single footprint track along the flight path.  At a nominal flight altitude of 1 km and incidence 

anglesthe instantaneous 3-dB footprints at the surface are approximately 330 x 470 m.  We will 

demonstrate this technique with the model simulated data and its validation with the airborne PALS image 

data from the soil moisture SGP’99 and SMEX’02 experimental data with ground soil moisture 

measurements. The test from the SMEX02 PALS measurements performed reasonable well with the RMSE 

of 4.7 % for volumetric soil moisture estimation.
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