N

N

Accounting for roughness effects in L-MEB: suggested
modifications to the H-QQ semi-empirical model
Heather Lawrence, Jean-Pierre Wigneron, Maciej Miernecki, Ernesto

Lopez-Baeza, Francois Demontoux, Arnaud Mialon, Yann H. Kerr

» To cite this version:

Heather Lawrence, Jean-Pierre Wigneron, Maciej Miernecki, Ernesto Lopez-Baeza, Francois Demon-
toux, et al.. Accounting for roughness effects in L-MEB: suggested modifications to the H-Q semi-
empirical model. IGARSS 2012 Symposium, Jul 2012, Munich, Germany. n.p., 2012. hal-02807125

HAL Id: hal-02807125
https://hal.inrae.fr /hal-02807125
Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.inrae.fr/hal-02807125
https://hal.archives-ouvertes.fr

1

Accounting for roughness effects in L-MEB: Suggested

Modifications to the H-Q semi-empirical model

Heather Lawrence? Jean-Pierre Wigneron®, Maciej Miernecki!, Ernesto Lopez-Baeza®,
Frangois Demontoux?, Arnaud Mialon?, and Yann Kerr?
1. Department of Physics of the Earth and Thermodynamics University of Valencia, Spain
2. Centre d’Etudes Spatiales de la BIOsphere (CESBIO) Toulouse, France
E-mail: heather.lawrence @cesbio.cnes.fr
3. Institut National de la Recherche Agronomique (INRA) Bordeaux, France

4. IMS Laboratory University of Bordeaux 1, France

The Soil Moisture and Ocean Salinity (SMOS) mission [1] was successfully launched in November
2009 and is the first mission dedicated to providing global surface soil moisture fields at a high
temporal resolution of three days. The satellite carries a 1.4 GHz (L-band) interferometric radiometer
which measures the brightness temperature at angles from 0° to 50 —55° and at polarizations X and Y,
which are in the antenna frame. From these measurements we can derive brightness temperatures at
H and V polarization, for all measured angles. A forward inversion algorithm, using the so-called L-
band Microwave Emission of the Biosphere (L-MEB) model [2], is used to retrieve land soil moisture
from brightness temperature measurements with a target accuracy of 0.04 m3/m3.

The L-band emissivity of bare soil is dependent on soil moisture, but is also significantly affected
by surface roughness. Surface roughness effects are accounted for in L-MEB by a semi-empirical
model known as the H — () model. This model was chosen for use in the SMOS forward algorithm
due to its simplicity and ease of computation: other modeling approaches such as the Integral Equation
Model (IEM), the Method of Moments (MoM), the Finite Element Method or the Finite Time Domain
Method, are more exact but too computationally costly to be included in the SMOS retrieval algorithm.
In the H — (@ model the emissivity is calculated from the Fresnel equations, modified by an exponential
factor. The model includes the parameters Hgr, Qr and Ng,, for polarization p, which account for
surface roughness effects, and must be calibrated using measurements.

In this paper we present a study which aimed to evaluate potential relationships between the
parameters Hp, (Qg, and Ng, and physical roughness parameters (standard deviation of surface
heights ¢ and autocorrelation length L), using a numerical modeling approach. The motivation for
this study was that there have been very few such modeling studies and none performed on the most

recent version of the H — () model, where N is replaced by Nry and Npy. Also, a relationship
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between Hp and o was recently found by an experimental study [3] and it is of interest to test this
relationship. The modeling approach used in this paper was presented in [4]. It comprises the use
of Ansoft’s High Frequency Structure Simulator (HFSS) software which solves Maxwell’s equations
using the numerical Finite Element Method (FEM). In this paper it is referred to as the FEM modeling
approach. In [4] it was compared to the Method of Moments (MoM), which is considered the most
accurate modeling approach for rough surface scattering and emissivity, and found to agree to within
approximately 3K with the MoM.

In the first part of this study a synthetic dataset of the rough soil emissivity was generated by the
FEM modeling approach for different values of o and L., different angles, both H and V polarisation
and different soil moisture values. Values were then retrieved for the H — () model parameters from
these emissivities, allowing a comparison of retrieved values with o, L., and soil moisture, and an
investigation into whether relationships may be obtained between them. The retrieved values of Hp
were found to be linearly correlated to 02 /L. (R? = 0.989), as shown in Fig. 1. A slight dependence
on soil moisture content was observed but it could be considered to be negligible. Retrieved values
of Qr and Ng, were found to be related to Hg, with R? > 0.6, as shown in Fig. 2.

The relationships found led us to propose a new retrieval scheme. In this retrieval, Hr may be
either calculated from the physical parameter Zs, where Zs = ¢2/L., calibrated experimentally
or retrieved simultaneously to soil moisture, and (Jg and Ng, are replaced by functions of Hpg.
Therefore four calibrated variables (Hg, Qr, Npy and Npgy) have been replaced with one physical
one (Zs = 0%/ L,). In the second part of this study, the new proposed roughness retrieval model was
evaluated against three different data sets in soil moisture retrieval studies: the PORTOS 93 dataset
[3], the SMOSREX 2006 dataset [5] and a new dataset from an experimental study carried out on
the Valencia Anchor Station (VAS) site, near Valencia, Spain in 2012 (see [6] for details of the
site). Both the PORTOS 93 and SMOSREX datasets include multi-angular, multi-polar brightness
temperatures measurements which were taken over a rough bare soil for a variety of roughness and
soil moisture conditions. The VAS 2012 dataset included brightness temperatures measured over a
mediteranean vineyard during several months in 2012. Roughness measurements were taken at regular
intervals on the site and additional measurements were taken after plowing. The new retrieval model,
used on these datasets, provided very interesting results even though only one variable was used to

calibrate the roughness effects (Zs = o? /L.), instead of the four classical parameters of L-MEB

(H:,Qr, Nrv, NrH).
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Fig. 1. retrieved values of Hp as a function of o2/ L.. Crosses represent values for a soil moisture of 10% and triangles

represent values retrieved for a soil moisture of 30%.
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Fig. 2. Retrieved values of Hg, Qr, Nru, and Nry as a function of retrieved Hp



