
   
 

 1 
 

Soil Moisture Observations from Space –  
An Analysis of Existing Data Sets 

Christoph Rüdiger1,2, Jean-Christophe Calvet1, Thomas Holmes3, Richard de Jeu3,  
Wolfgang Wagner4, André Chanzy5, and Jean-Pierre Wigneron6 

1. CNRM/GAME, Météo-France/CNRS, France. 
2. Centre National d’Etudes Spatiales (CNES), France. 

3. Faculty of Earth and Life Sciences, Vrije Universiteit Amsterdam, Netherlands. 
4. Institute of Photogrammetry and Remote Sensing, Vienna University of Technology, Austria. 

5. CSE, INRA/Avignon, France. 
6. EPHYSE, INRA/Bordeaux, France. 

Abstract  This paper introduces two analyses undertaken in preparation for the work leading up to 
the assimilation of SMOS observations into the SVAT model ISBA at Météo France. First, 
inconsistencies between bare soil observations from MODIS and the vegetation data base used in 
the forward model to retrieve soil moisture from SMOS are presented. Second, a comparison study 
of different instruments providing surface soil moisture information (AMSR-E and ERS-Scat) is 
undertaken with the reanalysis soil moisture predictions over France from the model suite SIM 
(SAFRAN-ISBA-MODCOU) of Météo France. The results obtained from the first analysis show, 
that the bare soil fractions of certain vegetation types are subjected to biases and low correlations, 
which in practice would result in differences between the observed and modelled soil moisture 
content, thus limiting the SMOS retrieval algorithm. The second analysis shows that a good 
correlation exists between AMSR-E (VUA), ERS-Scat, and SIM for low altitudes and low-to-
moderate vegetation cover, with a reduction in the correlation in higher altitudes. 

Introduction 
The launch of ESA’s Soil Moisture and Ocean Salinity mission (SMOS; Kerr et al., 2001) at the 
end of 2008 will provide regular observations of brightness temperatures observed at L-band 
(1.4GHz) covering the entire globe. Both the brightness temperature and the derived soil moisture 
observations will be tested for their applicability for the assimilation into operational numerical 
weather prediction models at organisations such as Météo-France and ECMWF. However, before 
the data can be assimilated into the land surface models, several aspects of the remotely sensed 
information have to be discussed, notably, the impact of vegetation cover on the microwave signal 
and the optimisation process of the forward model to obtain the soil moisture information.  

The analyses presented in this paper intend to provide a first step in the understanding of possible 
error sources in the soil moisture retrieval process and to highlight regions for which remotely 
sensed soil moisture observations (obtained from existing instruments such as AMSR-E and ERS-
Scat) are not well correlated with the operational predictions at Météo France. The first analysis 
compares observed (MODIS) and predefined bare soil fractions from vegetation maps 
(ECOCLIMAP; Masson et al., 2003) in SW France, in order to determine regions where the bare 
soil fractions are misrepresented, as such regions would adversely affect the soil moisture retrieval 
from SMOS. The second analysis provides information on the level of accuracy of the retrieved soil 
moisture observations from existing platforms operating in the microwave range. For this purpose, 
the AMSR-E soil moisture products from both the Free University of Amsterdam (VUA) and 
NASA, the ERS-Scat soil moisture product from the Vienna University of Technology, and the 
reanalysis soil moisture predictions from the model suite SIM (SAFRAN-ISBA-MODCOU) of 
Météo France over France are compared.  
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As the retrieval of soil moisture from SMOS is undertaken through a parameter optimisation where 
the objective function is the difference between observed and modelled brightness temperatures, the 
differences in the representation of the vegetation found between the initial simulations and MODIS 
observations may eventually affect the soil moisture retrieval. The radiative transfer model to 
estimate the microwave emissions from the Earth surface is the L-band Microwave Emission Model 
for the Biosphere (L-MEB, Wigneron et al., 2007), which is based on the t -w approach and which 
takes into account the subpixel variability of the bare soil and vegetation cover within a pixel. A 
study over south-western France was undertaken to determine the differences between the observed 
and modelled bare soil fractions, as these would have the most significant impact on the 
calculations of the brightness temperatures from the model. It was found that specific vegetation 
types have a significant bias in the representation of the bare soil fraction. 

While SMOS will operate at a frequency of 1.4GHz (L-band), no such instrument is currently 
orbiting Earth, consequently, AMSR and ERS-Scat data were used for the analyses of the soil 
moisture products, as their C-band data are the microwave observations closest to L-band. This 
comparison study will provide two sets of information: i) an understanding of the spatial 
distribution of the temporal correlation of each pixel and ii) an initial information on the expected 
error for each pixel for later assimilation studies. 

Bare Soil Cover 
The data sets compared in this study cover the period 2001-2004 and were obtained from the 
MODIS fcover data set (fraction of vegetation cover within a pixel) and the modelled vegetation 
cover, which is based on the information of the constant vegetation type cover from ECOCLIMAP 
and the modelled variable vegetation cover (VEG) from ISBA-A-gs within the vegetation type. The 
study has been undertaken at a resolution of 8km (MODIS data was aggregated to this resolution), 
which corresponds to the resolution of ISBA-A-gs. The pixels chosen for the statistical analysis are 
those in which the dominant vegetation type represents at least 33% of the surface. Of these pixels, 

 
 

 
Figure 1. Correlation of LAI and bare soil fraction over C3 crops for the period 2001-

2004, obtained from a) MODIS and b) ISBA-A-gs. 

a b 



   
 

 3 
 

only the types with the highest occurrence (and representing together at least 80% of the total area) 
were selected, which resulted in a total of 21 different vegetation types.  

The results of this study show differences between modelled and observed bare soil cover fractions 
throughout all vegetation types. Particularly areas in which crops are the dominant vegetation type, 
appeared to have no correlation between the two data sets. Fig. 1 shows scatterplots of the observed 
and modelled bare soil fractions and LAI of C3 crops. It shows that the representation of low LAI in 
the model does not correspond well with the observed conditions. This is a result of the model 
behaviour, as both the start of vegetation growth and in particular the senescence of the vegetation 
strongly depends on certain environmental conditions within the model. This leads to an extreme 
decline of the LAI and an increase in bare soil for crops during the summer period, which is not 
seen in the same magnitude from space. Moreover, it was found that the bias for each dominant 
vegetation type was near to constant, while at the same time the temporal correlation within each 
pixel showed a larger spatial distribution.  

Soil Moisture 
The data sets compared in this study cover the period of 2003-2005. As the data sets have different 
resolutions, it was required to reproject them onto a regular 0.25°x0.25° grid. This reprojection 
resulted in the data gaps seen on Fig. 2. As SIM is provided at a resolution of 8km, its soil moisture 
product was aggregated into a 0.25° product, using the nearest neighbour method and taking the 
average of all points within a grid cell as the representative soil moisture. The official AMSR-E soil 
moisture product is obtained using the instrument’s X-band channel (10.7GHz), while the soil 
moisture data from the Free University of Amsterdam was derived from the C-band observations, 
and ERS-Scat operates at 5.3GHz. The data sets (apart from the already normalised ERS-Scat data) 

 

 
 

Figure 2. a) Correlation and b) bias maps showing the correlations and biases between the four different data sets over 
France for the period 2003-2005. 
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were normalised using the 10% and 90% confidence limits of each pixel as upper and lower 
boundaries (Pellarin et al., 2006) and discarding all resulting outlayers. 

It is apparent that the official AMSR-E product (Njoku et al., 2003) appears to be not well 
correlated with any of the other products and also shows negative correlations for large areas. On 
the other hand good correlations exist between AMSR-E (VUA), ERS-Scat, and SIM for most of 
the region, with the exceptions of the high, rugged terrain of the Pyrenees and the Alps and the 
densely forested area of Les Landes along the Atlantic coast. While the correlations between latter 
three data sets are about 0.7 (ERS-Scat & SIM) and 0.5 (AMSR-E (VUA) & SIM), the biases are 
negligible, and the RMSE is in the order of 0.2 (all for the normalised data). Assuming a porosity of 
50% for all soils, the absolute error is 0.1v/v. Assuming that satellite and model errors are of the 
same magnitude (~0.04v/v), this would leave some error source unaccounted for. However, it has to 
be acknowledged that ERS-Scat and AMSR-E operate at and above C-band, which is expected to be 
more affected by vegetation than the L-band observations of SMOS. 

The lower level of correlation for mountainous and forested areas was to be expected. First, the 
extreme relief changes within the mountain ranges results in a large uncertainty within the observed 
data, due to the low spatial resolution of the satellite field of view. Second, the dense vegetation 
over the forests causes a high optical depth, which results in the masking of the soil moisture signal 
by the vegetation. These results show that remotely sensed soil moisture products may be used for 
their assimilation for areas of low vegetation throughout SW France, as their errors are within an 
acceptable range. However, it is also shown that the observation error for the assimilation has to be 
(at least) spatially variable to account for elevation and vegetation effects. 
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