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1. INTRODUCTION

The Soil Moisture and Ocean Salinity (SMOS) satellite mission of the European Space Agency (ESA), scheduled for
launch in summer 2009, responds to the growing need for an accurate estimate of the root-zone soil water content. SMOS will
operate at L-band frequencies, where the microwave signal is more sensitive to the soil water content. The European Centre for
Medium-Range Weather Forecasts (ECMWF) is preparing to integrate this new data in its data assimilation chain ([1]). In this
context, ECMWF has developed the Comunity Microwave Emission Model (CMEM) forward operator ([2]) to simulate the top
of the atmosphere brightness temperatures (TB) in frequencies ranging from 1 GHz to 20 GHz as a function of the land surface
conditions and vegetation.
CMEM has a modular design and permits the combination of different parameterizations for each component of the soil

microwave emission. [2] and [3] found that the Kirdyashev parameterization for the vegetation optical thickness was the best
for the TB simulation. But little investigation was undertaken in the choice of the soil roughness model. A study over the
SMOSREX field site [4] demonstrates that the calibration of this component is likely to be the most important in the microwave
simulation. This paper investigates which soil roughness parameterization available in CMEM reproduces more accurately the
observed TB. This study concentrates in the year 2004 using the operational configuration. Some results are showed in this
paper.

2. THE COMUNITY MICROWAVE EMISSION MODEL

CMEM’s physics is based on the parameterizations used in the L-Band Microwave Emission of the Biosphere ([5]) and
Land Surface Microwave Emission Model ([6]). Different parameterizations for soil dielectric constant, effective temperature,
roughness, vegetation and atmospheric contribution opacity models are considered. CMEM is a new highly modular software
package providing I/O interfaces for the Numerical Weather Prediction Community.

3. THE SOIL ROUGHNESS PARAMETERIZATION

A semi-empirical approach was proposed by [7] to represent soil roughness effects on the microwave emission as a function
of the smooth emissivity and three parameters Q, h, and N :

rr,p = (Q · rs,p + (1−Q) · rs,q)exp(−h · cosNΘ)

where q and p refers to the polarization states, Q is the polarization mixing factor, N describes the angular dependence, h
is the roughness parameter and Θ is the incidence angle. The mixing factor Q is generally set to 0 at L-band. Most of the
parameterizations differ in the way the roughness parameter is modelled. In [8] and [9] h is computed as a function of the rms
surface height δ, the wave number and a set of empirical coefficients. [10] includes also the correlation length, and [5] searches
a relationship with the soil texture, soil moisture and the vegetation type.

4. RESULTS

We run a set of simulations using the five different soil roughness models available, for incidence angles of 20◦, 30◦, 40◦,
50◦ and 60◦ and for H and V polarization. Figure 1 shows the RMSE between observed and simulated TB as a function of the



incidence angle over the SMOSREX pixel and for five different models for the soil roughness. It is found that the Choudhury
parameterization (relying on just one variable for the soil roughness parameter) is the best among all the others tested for both
polarization modes and for most of the tested angles. However, large incidence angles for the H polarization produced very low
correlations. It is also found that the simulated TB is very sensitive to the value of the soil roughness parameter.
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Fig. 1. RMSE between observed and modelled brightness temperatures for five different soil roughness models during 2004.
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