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ABSTRACT

The Community Microwave Emission Model (CMEM) is the low
frequency forward observation operator developed at ECMWF. It is
used in this paper to simulate brightness temperatures at local and re-
gional scales over SMOSREX (France) and AMMA (West Africa),
respectively. Background errors in simulated brightness tempera-
tures are quantified at different frequencies and incidence angles for
these two sites.

Index Terms— CMEM, SMOSREX, AMSR-E, ALMIP, SMOS

1. INTRODUCTION

The Soil Moisture and Ocean Salinity (SMOS) satellite, to be
launched in early 2009, will be the first mission to provide global
fields of L-Band Brightness Temperature [1]. SMOS brightness tem-
peratures will be used at the European Centre for Medium-Range
Weather Forecasts (ECMWF) to analyze soil moisture through the
Surface Data Assimilation System (SDAS). This is expected to im-
prove the accuracy of initial conditions of the Numerical Weather
Prediction (NWP) model. The Community Microwave Emission
Model (CMEM) has been developed at ECMWF for forward mod-
eling of passive microwave emission of the surface at low frequency
(1 GHz to 20 GHz) [2, 3]. CMEM is a highly modular microwave
emission model that allows considering different parameterizations
for each component of the soil-vegetation-atmosphere dielectric
layers.
In this paper CMEM is shortly described. Background errors in
simulated brightness temperature are quantified at different spatial
scale, based on the Surface Monitoring Of the Soil Reservoir EX-
periment (SMOSREX) and the African Monsoon Multidisciplinary
Analysis (AMMA) experiment.

2. THE COMMUNITY MICROWAVE EMISSION MODEL

The Community Microwave Emission Model has been developed
by the European Centre for Medium-Range Weather Forecasts
(ECMWF) as the forward operator for low frequency passive mi-
crowave brightness temperatures (from 1GHz to 20 GHz) of the
surface ([2, 3]). It is a new highly modular software package pro-
viding Input/Output (I/O) interfaces for the Numerical Weather
Prediction Community. CMEM’s physics is based on the parameter-
izations used in the L-Band Microwave Emission of the Biosphere
(L-MEB, [4]) and the Land Surface Microwave Emission Model
(LSMEM, [5]). CMEM modularity allows considering different pa-
rameterizations of the soil dielectric constant as well as different soil

approaches (either coherent or incoherent) and different effective
temperature, roughness, vegetation and atmospheric contribution
models (Table 1). According to the number of options provided in
Table 1 CMEM allows considering 1440 different configurations to
simulate Top Of Atmosphere brightness temperatures.
CMEM is fully described under http://www.ecmwf.int/research/
ESA−projects/SMOS/cmem/cmem−index.html.
A convergence study has been performed at L-band and at the tile
scale between the CMEM and the LMEB models. To this end
CMEM has been used in the LMEB configuration as indicated by
the bold options in Table 1. CMEM and LMEB simulated brightness
temperatures are compared for nine types of vegetation (bare soil,
water, c3 grass, c4 grass, c3 crops, c4 crops, deciduous forest, conif-
erous forest, tropical forest). Root mean square difference between
the models is very small (in the range of 0.01K to 0.001K) at any
incidence angle for any vegetation type. The residual difference,
still larger that computer accuracy, is due to input parameters and
physical constants that are not truncated at the same number of dec-
imal in the two models. This convergence investigation ensures that,
when appropriate set of options is chosen, CMEM is in agreement
with LMEB and the SMOS retrieval algorithm.
In this paper, the modularity of CMEM is used to address the
sensitivity of the simulated brightness temperature to different con-
figurations concerning the vegetation optical depth modeling and
the soil dielectric constant.

3. BACKGROUND ERRORS OVER SMOSREX

The Surface Monitoring Of the Soil Reservoir EXperiment (SMOSREX)
provides a continuous 2003-2008 complete ground and remotely
sensed data set at local scale [22]. Soil moisture and temperature
profiles, meteorological variables and multi-spectral measurements,
including high accuracy L-Band, have been continuously recorded
at time steps ranging from 2 min to 30 min. Vegetation char-
acteristics have also been monitored on a monthly basis. In the
present study, the 2004 data set is used to investigate CMEM po-
tential for future SMOS data assimilation. Background errors of the
ECMWF simulated L-band brightness temperature are investigated
over SMOSREX. The operational NWP atmospheric conditions
from ECMWF are used to run the HTESSEL Land Surface Model
(LSM), coupled to CMEM at the T799 spatial resolution (0.225◦).
Model-based L-band brightness temperatures are evaluated against
the SMOSREX data set, for temporally and spatially collocated
data. This comparison is based on the use of four statistical indices:
bias, RMSE (root mean square error), determination coefficient
(R2), and efficiency (Nash coefficient). Figure 1 illustrates dif-
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Table 1. Physical parameterizations used in CMEM for the soil, vegetation and atmospheric dielectric layers. CMEM is equivalent to LMEB
([4]) when options in bold are chosen.

Model Parameterizations
Soil dielectric constant Dobson / Mironov / Wang & Schmugge [6, 7, 8]
Effective Temperature Choudhurry / Holmes / Wigneron [9, 10, 11]
Smooth emissivity Fresnel law / Wilheit [12]
Rough emissivity ATBD / Choudhurry / Wegmüller / Wigneron01 / Wigneron07 [13, 14, 15, 11, 4]
Vegetation Opacity Jackson, Kirdyashev, Wegmüller, Wigneron [16, 17, 18, 4]
Atmosphere Opacity Liebe, Pellarin, Ulaby [19, 20, 21]

Fig. 1. Background error of the ECMWF synthetic brightness tem-
perature (K) over the SMOSREX pixel, as a function of the in-
cidence angle, at vertical polarization for two different microwave
modeling approaches of the vegetation optical depth by [4] and [17]
(Table 1).

ferences between modeled and observed brightness temperature at
vertical polarization for two different modeling configurations of
the vegetation optical depth (Wigneron and Kirdyashev parame-
terizations) as a function of incidence angle. For both the Wang
and Schmugge dielectric model is used since it provides better
agreement with the SMOSREX observations compared to the other
dielectric models of Table 1. The background error in simulated
brightness temperature is sensitive to the observing incidence angle.
When considering Wigneron’s parameterization of vegetation opti-
cal depth the minimum bias is obtained for an incidence angle of
40◦. The determination coefficient (R2, square correlation) between
modeled and observed brightness temperature for the whole annual
cycle, indicates that the temporal dynamics are very well captured
by the simulated brightness temperatures at any incidence angle,
although best correlation (R2 = 0.82) is obtained at 50◦. RMSE in
simulated brightness temperature increases with the incidence angle
and the Nash coefficient indicates best performances of the synthetic
ECMWF’s brightness temperatures for observing angle of 30◦ when
the Wigneron’s parameterization is used in the forward model to
account for the vegetation optical depth.
When the Kirdyashev model is used in the forward operator, best
performances are obtained for incidence angles between 40◦ and
60◦ than for lower angles. The overall best modeling/observing

configuration is obtained when the Kirdyashev opacity model is
used for observing angle of 50◦. This result provides a preliminary
indication of an optimal observing/modeling configuration. It is
also suggested that the incidence angle should be used in the bias
correction scheme. The good agreement obtained in terms of de-
termination coefficient (higher than 0.7 in any conditions) between
modeled and observed brightness temperature at vertical polariza-
tion is particularly noteworthy. It provides an indirect validation of
the ECMWF’s operational model over this site. It indicates that sim-
ulated atmospheric, soil moisture and soil temperature conditions
are consistent with those observed over SMOSREX.

4. EVALUATION OF CMEM BRIGHTNESS
TEMPERATURE OVER WEST AFRICA: ALMIP-MEM

A larger scale evaluation of CMEM is presented over West Africa
in the joint context of the AMMA Land Surface Models Inter-
comparison Experiment (ALMIP, http://www.cnrm.meteo.fr/amma-
moana/amma−surf/almip/index.html) [23] and the future SMOS
validation over West Africa ([24, 25]). Simulated brightness tem-
peratures (TB) by different ALMIP land surface models-CMEM
are evaluated against AMSR-E C-band data for 2006. Figure 2
represents the time-latitude diagram of the horizontally polarized
brightness temperatures at C-band for AMSR-E and simulated. For
each LSM a simple bias correction has been taken into account to
correct the simulated brightness temperatures based on the annual
mean bias value. The time-latitude diagram shows the simulated
brightness temperature when CMEM is used with the Kirdyashev
vegetation opacity model and the Wang and Schmugge dielectric
model. AMSR-E C-band data show a wet patch over Sahel dur-
ing the rainy season, centered at Day of year 210 and latitude 15.5◦

North. This wet patch is captured by all the LSMs, but the amplitude
is either overestimated or underestimated depending on the LSM.
However this figure underlines the general good agreement between
the forward approach and the satellite data.
A condensed quantitative view of the ALMIP-MEM results is pro-
vided by Figure 3 which shows Taylor diagrams between simulated
and observed C-band brightness temperatures. Taylor diagrams
display the standard deviation (SDV) as a radial distance and the
correlation with observations as an angle in the polar plot. They
also indicate the centered RMS difference between the simulated
and observed patterns, as the distance to the point marked “Data”
on the x-axis. SDV are normalized by the SDV of the AMSR-E
observations. The Taylor diagrams summarize here the relative skill
with which the different models simulate the spatial and temporal
pattern of C-band brightness temperatures. Best simulations are the
nearest to the point “Data”, indicating they have high correlation
and low RMS difference with observations. Models lying on the
dashed arc have the correct standard deviation, which indicates that
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Fig. 2. Time-latitude diagram of the horizontally polarized bright-
ness temperature (K) observed by AMSR-E and simulated by
ALMIP-MEM. Time axis is in Day of Year. For each ALMIP-MEM
simulation a bias correction was applied, specifically computed for
each LSM when comparing simulated and observed brightness tem-
perature.

the amplitude of simulated variations are in agreement with that of
observations. Figure 3 (a) is the Taylor diagram obtained for differ-
ent LSMs using the best microwave modeling configuration (Wang
and Schmugge for dielectric model and Kirdyashev for vegetation
opacity). Each LSM uses the same atmospheric forcing and the
same microwave emission model. The scatter between the LSMs is
due to differences in land surface processes modeling (different sim-
ulations of soil moisture and soil temperature profiles). Figure 3 (b)
shows HTESSEL results for the 12 possible different cross config-
urations of microwave emission modeling considered for dielectric
and vegetation opacity models in CMEM (Table 1). Best models
in Figure 3 (b) are shown by indexes 2, 6, 10, all corresponding to
the Kirdyashev opacity model with the Dobson, Mironov and Wang
and Schmugge dielectric model, respectively. Relative SDV is in
the range of 0.67 to 1.36 and correlation values between modeled
and observed brightness temperatures vary between 0.54 and 0.73
depending of the considered LSM. The scatter in model perfor-
mances lies in the rang of 1.01 to 1.66 and from -0.16 to 0.54 for the
correlation. In these simulations, soil moisture and soil temperature
profiles are identical, but the parameterization of the soil dielectric
constant and vegetation opacity are different. Comparison of Figure
3 (a) and (b) clearly shows that the scatter due to the microwave
emission model is much larger than that due to the LSMs. This fig-
ure also points out that the Kirdyashev model leads to much better
performances than the other vegetation opacity models, in terms of
both RMSE and correlation coefficient. The Wang and Schmugge
model provides best results, whatever the opacity model used for the
vegetation.

Fig. 3. Taylor diagrams illustrating the statistics of the compar-
ison between ALMIP-MEM synthetic brightness temperature and
AMSR-E data at C-band for (a) different LSMs coupled to CMEM
using the Wang and Schmugge dielectric model coupled to the
Kirdyashev vegetation opacity model, (b) the HTESSEL LSM cou-
pled to CMEM using 12 different configurations of the microwave
emission modeling for vegetation and soil dielectric constant (Table
1). Circles indicate positive correlation values and triangles indicate
negative correlations. Note that the radial axis scale is different for
(a) and (b).
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5. CONCLUSION

CMEM is used in this paper to simulate brightness temperatures at
local scale and regional scale over the SMOSREX and AMMA sites.
Background errors in simulated brightness temperature are quanti-
fied at L-band in multi-angular configuration over SMOSREX using
LEWIS field measurements, and at C-band over West Africa using
AMSR-E C-band satellite data. For both, the sensitivity of simulated
brightness temperature to the choice of vegetation opacity model
and dielectric model is investigated. On the two sites the Wang
and Schmugge dielectric model provides best agreement with ob-
served brightness temperatures. For SMOSREX the Wigneron and
the Kirdyashev opacity models perform well to reproduce tempo-
ral dynamics of brightness temperature at L-band at low and high
incidence angle respectively. Over West Africa, validation against
C-band AMSR-E data indicates that the Kirdyashev opacity model
is best suited to reproduce spatial and temporal pattern of brightness
temperature at this frequency. These results obtained at different
frequencies, different spatial resolution and for several incidence an-
gles, point out the importance of the forward modeling approach for
the accuracy of the simulated brightness temperature over land. They
allow identifying the best suitable microwave emission modeling ap-
proach for the future SMOS monitoring and for the assimilation of
brightness temperature over land surfaces.
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