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[1] L band passive microwave remotely sensed data have great potential for providing
estimates of soil moisture with high temporal sampling and on a regional scale. Several
studies have shown the possibility of assessing the hydrological conditions deep down in
soil (in the top 1 or 2 m) from these repetitive estimates of surface soil moisture. Water
availability for plants, which is related to soil moisture in the root zone, is a key variable for
estimating the evapotranspiration fluxes over land surfaces. This estimation is an important
issue for meteorological and hydrological modeling, since it is a basic term of land surface
forcing in mesoscale atmospheric circulations. However, at the present time the
assimilation approach of remotely sensed brightness temperature data for operational use in
the fields of meteorology and hydrology is poorly defined and important issues remain to
be addressed in order to develop an operational assimilation approach. Two important
issues are to identify (1) how vegetation variables describing vegetation development can
be accounted for and (2) how the attenuation effects of L band microwave radiation within
the canopy layer can be computed on large spatial scales. On the basis of an exhaustive
data set including multiangular and dual-polarization passive microwave measurements
acquired over a wheat crop during a 3-month period in 1993, two main modeling
approaches are tested in this study. The principle of both approaches was based on the use
of dual-polarization and multiangular observations to discriminate between the effects of
soil and vegetation on the crop microwave signature. For the two approaches, both the
initial soil water reservoir R, (at the beginning of the crop development) and
parameterizations of the crop development could be retrieved simultaneously from the
assimilation of the passive microwave measurements. From these results, promising
assimilation strategies can be expected from the multiangular Soil Moisture and Ocean
Salinity (SMOS) observations made over the land surface.  INDEX TERMS: 1640 Global
Change: Remote sensing; 1818 Hydrology: Evapotranspiration; 1866 Hydrology: Soil moisture; 3322
Meteorology and Atmospheric Dynamics: Land/atmosphere interactions; 3360 Meteorology and Atmospheric
Dynamics: Remote sensing; KEYWORDS: Microwave radiometry, soil moisture, vegetation biomass, global
change, assimilation, coupling radiative transfer and soil-vegetation-atmosphere-transfer (SVAT) models
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Abstract

In the present work, the time variations of a wheat field microwave emission are analysed
during irrigation phases. The aim of the study is to investigate the use of low-frequency
microwave measurements to monitor hydrological variables over a wheat crop: surface soil
moisture and water interception by the vegetation canopy. The irrigation phases were representa-
tive of rainfall or dew events. It appears that the radiometric measurements are strongly sensitive
to the hydrological characteristics of the soil and of the vegetation canopy. The 1.4GHz
measurements are mainly sensitive to surface soil moisture m,, whereas the 5 GHz measurements
are sensitive to both m, and to the vegetation water content W,. A simple model approach is
implemented to retrieve simultaneously these two surface parameters. The results of this procedure
show the high potential of the microwave remote sensing measurements to monitor the time
variations of soil moisture and of the total vegetation water content. The value of the wheat water
storage capacity is derived from the microwave measurements and is in good agreement with
experimental data.

1. Introduction

Water interception by vegetation is an important component of the water balance of
vegetation canopies. Total interception is a combination of water storage in the canopy
and evaporation during rain. Therefore, measurements of interception should include an
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A Simple Algorithm to Retrieve Soil Moisture
and Vegetation Biomass Using Passive
Microwave Measurements over Crop Fields

Jean-Pierre Wigneron,” André Chanzy,” Jean-Christophe Calvet,*

and Nadine Bruguier

A simple algorithm to retrieve soil moisture and vegeta-
tion water content from passive microwave measurements
is analyzed in this study. The approach is based on a
zeroth-order solution of the radiative transfer equations
in a vegetation layer. In this study, the single scattering
albedo accounts for scattering effects and two parameters
account for the dependence of the optical thickness on
polarization, incidence angle, and frequency. The algo-
rithm requires only ancillary information about crop type
and surface temperature. Retrievals of the surface parame-
ters from two radiometric data sets acquired over a soybean
and a wheat crop have been attempted. The model param-
eters have been fitted in order to achieve best match
between measured and retrieved surface data. The results
of the inversion are analyzed for different configurations
of the radiometric observations: one or several look angles,
L-band, C-band or (L-band and C-band). Sensitivity of
the retrievals to the best fit values of the model parameters
has also been investigated. The best configurations, requir-
ing simultaneous measurements at L- and C-band, pro-
duce retriecals of soil moisture and biomass with a 15%
estimated precision (about 0.06 m*/m?® for soil moisture
and 0.3 kg/m? for biomass) and exhibit a limited sensitiv-
ity to the best fit parameters.
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INTRODUCTION

Numerous studies have shown that passive microwave
radiometers can be used to estimate surface soil mois-
ture and vegetation biomass (Jackson and Schmugge,
1989; Choudhury et al., 1990; Paloscia and Pampaloni,
1992; Wegmiiller, 1993; Wigneron et al., 1993a). Over
bare fields, the measured microwave emissivity is almost
linearly related to the moisture content of a soil layer
whose thickness is dependent on the frequency of the
observation [between 1 cm and 5 cm at 5 GHz and 1.4
GHz (Wang, 1987)]. The slope and intercept of this
relationship is dependent on the configuration of the
observation system (in terms of frequency, incidence
angle, and polarization) and on the characteristics of
soil (in terms of soil texture and surface roughness)
and vegetation. The vegetation cover attenuates soil
emission and adds its own contribution to the emitted
radiation. In order to reduce the effect of vegetation
when estimating soil moisture, low-frequency observa-
tions can be used (between 1 GHz and 5 GHz). Never-
theless, for crop fields with dense vegetation coverage
the contribution of vegetation can be very important
even for L- and C-band observations. The depolarization
of the soil-vegetation emissivity increases as the vegeta-
tion density increases (depolarized vegetation emission
increases whereas polarized soil emission is attenuated
by the vegetation layer). The index PDI (polarization
difference index) quantifies this effect and can be used to
monitor vegetation biomass. Therefore, the low-frequency
microwave emissivity of vegetation-covered surfaces con-
tains information about both the vegetation canopy and
the underlying soil layer.

Several approaches can be used to retrieve this
information. Over a given area, a linear relationship
between emissivity and soil moisture can be calibrated
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Microwave Emission of Vegetation:
Sensitivity to Leaf Characteristics

Jean-Pierre Wigneron, Jean-Christophe Calvet, Yann Kerr, Member, IEEE, André Chanzy, and Armand Lopes

Abstract—This paper presents an analysis of leaf-characteristics
effects on the microwave emission of land surfaces. In order to
simulate these effects, a radiative transfer model is presented.
The medium consists of a vegetated layer containing randomly
oriented leaves, modeled as elliptic-shaped scatterers, over the
ground surface. Radiative transfer equations are solved with a
discrete ordinate-eigenanalysis method. The calculation of the
phase matrix of the elliptic scatterers is based on the generalized
Rayleigh-Gans approximation which increases the frequency
range of the modeling.

The sensitivity of brightness temperature and polarization ratio
to leaf characteristics, volume fraction, gravimetric moisture,
size, shape, and inclination distribution is investigated at I-
» C-, and X-bands. The behavior of the simulated emission
of a soybean canopy versus frequency and incidence angle is
studied for different soil moisture levels. These computations are
consistent with measurements performed with a multifrequency
radiometer. Up to 10 GHz the microwave emission appears to
contain significant information on underlying soil moisture.

I. INTRODUCTION

ANY parameters influence the microwave emission
Mof land surfaces, the most important being soil and
vegetation water content, vegetation structure and biomass,
surface temperature, and soil roughness. Theoretical models
can be most useful to understand the effect of these differ-
ent parameters on the microwave remotely sensed data. The
microwave thermal emission of vegetation-covered soil can
be divided into three main components: the upward canopy
emission, downward and soil reflected canopy emission, up-
ward soil emission [1]-[3]. The vegetation canopy attenuates
and scatters these radiations. Therefore, theoretical models
which have been developed to simulate the thermal emission of
vegetation canopies have taken into account volume absorption
and scattering by the discrete scatterers of the vegetation:
leaves, branches and stalks.

Volume scattering can be modeled through two types of
approaches: the wave approach and the radiative transfer
approach. Even though the radiative transfer approach does
not take into account diffraction effects in the computation
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of multiple scattering contributions and considers only far-
field interactions, it is more appropriate for modeling strongly
scattering media like vegetation canopies [4].

The vegetated canopy can also be modeled through two
types of approaches: either as a continuous random medium
[5]. [6] (the so-called continuous approach) or as an ho-
mogeneous medium containing discrete scatterers (discrete
approach). In the discrete approach every contribution to the
microwave emission (from soil, leaves, branches) is precisely
described. So this approach is useful to better understand
and analyze the sensitivity of the canopy microwave thermal
emission to soil and vegetation characteristics,

The numerous discrete models which have been developed
describe more and more precisely the vegetation structure.
In developing the discrete approach for passive microwave
remote sensing, England [7] solved the radiative transfer
equations for a half-space medium containing Rayleigh point
scatterers. Tsang and Kong [8] solved the same equations
for spherical scatterers using Mie scattering phase functions.
Scattering from randomly oriented discs or circular cylinders
with application to active remote sensing of vegetation was
described by Karam and Fung [9]. Choe and Tsang [10] solved
radiative transfer equations for a one-layer medium containing
both circular-shaped discs (leaves) and cylinders (branches)
and derived the thermal emission of crop canopies. Lang et
al. [11] modeled passive emission of a soybean canopy using
the Peake approach which relates the bistatic scattering coef-
ficients of vegetation to its emissivity. Vegetation is modeled
as a half-space medium containing lossy dielectric discs.

In this study the vegetation canopy is modeled as a one-
layer medium containing randomly oriented leaves. The ra-
diative transfer equations are solved using a discrete ordinate-
eigenanalysis method [6], [12]. The leaf-scattering modeling
used in this study is based on the model developed by Karam
and Fung [13] for active microwaves. The modeling of leaf
scattering is significantly improved with regards to other
approaches since:

* The scattering amplitude of the leaves is computed with
the generalized Rayleigh-Gans (GRG) approximation
which is valid in the frequency region where leaf
dimensions are of the order of the emitted wavelength.

* Scattering is accounted for in the extinction formulation
since the optical theorem accounts only for absorption
under low frequency approximations.

* Leaves are modeled as elliptic rather than circular-shaped
scatterers.

The model presented in this paper is developed in order

0196-2892/93$03.00 © 1993 IEEE
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Soil Moisture Retrieval from Space: The Soil
Moisture and Ocean Salinity (SMOS) Mission

Yann H. Kerr, Philippe Waldteufel, Jean-Pierre Wigneron, Jean-Michel Martinuzzi, Jordi Font, and Michael Berger

Abstract—Microwave radiometry at low frequencies (L-band: and climate models, and should be accounted for in hydrology
14 GH;, 21. cm) is an established techniqug for est!mating sur- and vegetation monitoring [1], [2].
fage soil moisture and sea surface salinity with a suitable sensi- For the oceans, sea surface salinity (SSS) plays an important
tivity. However, from space, large antennas (several meters) are . . .
required to achieve an adequate spatial resolution at L-band. So rqle In t.he Northgm Atlantlc subpolar area, where _flowllntru-
as to reduce the prob|em of put’[ing into orbit a |arge filled an- sions W|th IOW Sal|n|ty |nﬂuence the deep thermoha“ne CII‘CU|a-
tenna, the possibility of using antenna synthesis methods has beention and the meridional heat transport. Variations in salinity also
investigated. Such a system, relying on a deployable structure, hasinfluence the near-surface dynamics of tropical oceans, where
now proved to be feasible and has led to the Soil Moisture and ainfa|| modifies the buoyancy of the surface layer and the trop-
Ocean Salinity (SMOS) mission, which is described in this paper. . . .
The main objective of the SMOS mission is to deliver key variables ical chan-atmosph_ere_ hgat fluxes. SSS fields and their sgasonal
ofthe land surfaces (so” moisture ﬁe|d5)’ and of ocean surfaces (Seaand interannual variabilities are thus tracers and constraints on
surface salinity fields). The SMOS mission is based on a dual polar- the water cycle and on the coupled ocean—atmosphere models
ized L-band radiometer using aperture synthesis (two-dimensional 3].
[2-D] interferometer) so as to achieve a ground resolution of 50 Even though both SM and SSS are used in predictive atmo-
km at the swath edges coupled with multiangular acquisitions. The - - - .
radiometer will enable frequent and global coverage of the globe sp_henc, oceanographic, and hy_drologlc models, no capability
and deliver surface soil moisture fields over land and sea surface €Xists to date to measure them directly and globally. The SMOS
salinity over the oceans. The SMOS mission was proposed to themission is aimed at filling this gap through the implementation
European Space Agency (ESA) in the framework of the Earth Ex- of a satellite that has the potential to provide globally and
plgg(r)é)prhortumtly '}"t'ﬁfs"ons' 't‘f"ats SE|ECte?tL°rat9“tat'Ve ";"””]‘fthh routinely this information [4]. Over land it is also expected
" - 1€ oAl Ol LIS PAPEY 15 10 Present fe maih aspec's ol 1€ o the SMOS mission will provide significant information on

baseline missioA and describe how soil moisture will be retrieved i ) ’ :
from SMOS data. vegetation water content, and root zone soil moisture, which

. . . . will be very useful for regional estimates of crop production.
Index Terms—2-D interferometry, passive microwaves, soil _. S

moisture retrievals. Finally, significant research progresses are expected over the
cryosphere, by improving the assessment of snow packs, and

multilayered ice structures. These quantities are of significant

I. INTRODUCTION: MISSION RATIONALE importance to the global change issue.

ATER and energy fluxes at the surface/atmosphere inter-A diréct way to monitor SSM and SSSis through the use of

face are strongly dependent upon soil moisture. Evapledand (21 cm, 1.4 GHz) microwave radiometer systems. Other
ration, infiltration and runoff are driven by surface soil moisturg'€ans (higher frequency radiometry, optical sensing, active mi-
(SSM), while soil moisture in the vadose zone governs the rggowaves remote sensing) suffer strong deficiencies due to vul-

of water uptake by vegetation. Soil moisture is thus a key vafgrability to cloud cover and/or various perturbing factors (such
able in the hydrologic cycle. The spatio-temporal evolution &S SOil surface roughness or vegetation cover). They have infe-

soil moisture fields is an important factor for numerical weathélor sensitivity to SSM and SSS.
Even though the L-band radiometry concept was demon-

strated early by a space experiment (SKYLAB) back in the

Manuscript received October 1, 2000; revised February 5, 2001. 1970s, no dedicated space mission followed because achieving
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Erance. erformed using either ground (PAMIR, PORTOS, etc.) or
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(INRA), Avignon Cedex 9, France. _ , significant achievements (see, for instance, [5]).
J.-M. Martinuzzi is with the Centre National d’Etudes Spatiales (CNES), . . . .
31401 Toulouse cedex 04, France. Recent development of the interferometry design inspired
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_ _ o o field with a resolution corresponding to the spacing between
IThis paper describes the baseline mission. The project is currently under-

I . . .
going phase A studies, which may result in changes of some of the instrumﬁ?@ OPtmOSt receivers. The idea Was put forward by L.eV|ne
parameters. et al. in the 1980s (the ESTAR project) and validated with an
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A Simple Parameterization of the L-Band Microwave
Emission from Rough Agricultural Solls

Jean-Pierre Wigneron, Laurent Laguerre, and Yann H. Kerr

Abstract—A simple model for simulating the L-band microwave modeling approach over a large range of surface roughness [13]
emission from bare soils is developed. The model is calibrated on and the validity of scattering models for high incidence angles
alarge set of measurements obtained during a three-month period 5y he often critical for an accurate simulation of bare soil pas-
over seven plots covering a wide range of surface roughness (rep- _. . . . .
resenting the total range which can be expected on agricultural siVe microwave e_rm;smn. AISO’ an accurate estlmat!on of the
fields), soil moisture, and temperature conditions. The approachis Surface characteristics requires a large number of height obser-
based on the parameterization of an effective roughness parameter vations, both in terms of sampling intervals and profile length
as a function of surface characteristics: surface roughness (stan- [16], [17]. These requirements cannot be met easily over a large
dard deviation of height and correlation length) and the surface number of field plots.

soil moisture. The parameterizations that are developed are inde- Finall imol f h teristi btained f
pendent of incidence angle and polarization and are valid over a inally, SImple Sufiace characierisucs, as obtained irom

large range in surface roughness conditions, representative of most measurements of height profile, are inadequate to describe
of typical agricultural bare fields, from very smooth (rolled field complex interactions between the soil medium and the mi-
after sowing) to very rough surfaces (deeply plowed soil). This ap- crowave radiation. There are generally strong heterogeneities
proach will enable the use of microwave radiometric observations i, the spatial variations of the soil characteristics (structure,
for soil moisture retrieval over agricultural areas. - . o .
moisture content, density,..) within the soil volume over
agricultural fields. For instance, for plowed soils, when dry
and sunny conditions follow rainfall or irrigation events, large
REVIOUS research has shown that L-band passive ngimerging clods are drying out more rapidly than hollows within
crowave remote sensing sensors can be used to monitor g fields. These effects may lead to a large spatial variability in
moisture over land surfaces [1]-[4]. However, the effects of vethe soil moisture content at a spatial scale of about 1 m. There
etation cover [5]-[9] and soil surface roughness [10]-[14] alswre also nonuniformities in the soil moisture in the soil clods, at
play a significant role in the microwave emission from the suglower spatial scale of a few centimeters. These heterogeneities
face. Therefore, a good parameterization of these two effeptoduce significant dielectric discontinuities at the soil surface
is a prerequisite for retrieving surface soil moisture informand within the soil volume. At L-band, the thickness of the
tion. The development of an efficient parameterization of tr&oil layer whose dielectric properties contribute to the soil
soil roughness effects could be very useful for large scale simicrowave emission may exceed 10 cm [18], [19]. Therefore,
ulation studies. For instance, simulation studies could be ifpeth surface and volume effects are significant and should be
plemented for evaluating the time changes in emissivity due@onsidered by physically-based models at L-band. Studying
seasonal agricultural practices and how these changes maythgse effects would require complex and time consuming
fect soil moisture retrievals over large scale agricultural siteselectromagnetic approaches and an accurate three-dimensional
Several physically-based models have been developed to @D) description of the soil volume that cannot be easily
count for the effect of surface roughness on the observed brigbiptained.
ness temperatur€z [15]. These models are generally driven Simplified semi-empirical approaches have also been devel-
by surface characteristics derived from measurements of surfaped. Most of these approaches are based on two roughness pa-
height profiles: the standard deviation in surface hefghb, the rameters: the roughness heighg and a polarization mixing
autocorrelation function, and the associated correlation lengtarametei)s that can be retrieved from brightness tempera-
(L¢). These models can be very useful to develop the undéwe measurements [10], [11]. These modeling approaches are
standing of the microwave scattering effects by the soil surfaggnerally found to be very useful in most soil moisture retrieval
However, there are some limitations in the use of these agiudies. However, the dependence of the model roughness pa-
proaches. Ranges of validity frequently limit the use of a singfameters ks and@s) on the surface roughness characteristics
(o5, Lc, - . .) isnotwell known. Several studies provided values
for hs and@s obtained from microwave observations over bare
Manuscript received October 4, 2000; revised April 20, 2001. fields [11], [12]. However, the experimental data sets that were
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Nantes, France. ) ) hs as a function obg, Lo andwg. However, this parameteri-
Y. H. Kerr is with the Centre National d’Etudes Spatiales (CNES)/CESBIQ, ", . . .

Toulouse Cedex 4, France. Zation was not validated over the whole range of soil roughness
Publisher Item Identifier S 0196-2892(01)06674-8. conditions encountered in agricultural fields, being only based
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Communications

Two-Dimensional Synthetic Aperture Images Over a Land then reconstructing a brightness temperatifig) (field with a resolu-

Surface Scene tion corresponding to the spacing between the outmost receivers. An
aircraft prototype (ESTAR, Electronically Scanned Thinned Array Ra-
Franck Bayle, Jean-Pierre Wigneron, Yann H. Kerr, diometer) based on this concept was built by NASA. It was designed

Philippe Waldteufel, Eric Anterrieu, Jean-Claude Orlhac,  as an L-band hybrid real and one-dimensional (1-D) synthetic aperture
André Chanzy, Olivier Marloie, Marc Bernardini, Sten Sobjaerg, radiometer [7]. This instrument showed the validity of the hybrid in-
Jean-Christophe Calvet, Jean-Marc Goutoule, and Niels Skou strument concept in several soil moisture mapping experimental cam-
paigns [3], [4].
As an alternative, a concept based on 2-D aperture synthesis has
is currently undergoing phase-B studies at the European Space Agency. The been proposed [8]. This concept, the Microwave Imaging Radiometer

SMOS payload is an L-band interferometric radiometer based on a two-di- USing Aperture Syn.the.SiS (MIRAS) pecame the core of the ESA Egrth
mensional aperture synthesis concept. This paper presents the firstimages Explorer SMOS mission. The 2-D interferometer allows measuring
obtained by a demonstrator of the SMOS instrument over land surfaces at  brightness temperaturé'g) at several incidence angles, for two polar-

Abstract—The Soil Moisture and Ocean Salinity (SMOS) space mission

the Avignon test site in 1999. izations. The instrument instantaneously records a whole scene. Conse-
Index Terms—t-Band radiometry, passive microwave remote sensing, guently, as the satellite moves, a given point within the 2-D field of view
soil moisture, 2-D interferometer. is observed with different view angles. The series of independent mea-

surements allows retrieving surface parameters with much improved
accuracy [9], [10]. An airborne demonstrator of MIRAS was devel-
oped to validate the concept. The MIRAS antenna consists of equally
A number of experiments using both ground-based and airborne sspaced antenna elements distributed along three equispaced coplanar
sors have shown the high potential of L-band microwave radiometry farms (Y-shaped antenna). In 1999, the first experimental campaign
monitoring surface soil moistures (m*/m?) over large areas [1]-[4]. was carried out at the Institut National de la Recherche Agronomique
However, from space, large antennas (several meters) are requireNdRA) Avignon experimental test site with MIRAS. The objective of
achieve a suitable spatial resolution at the L band. To overcome the experiment was to demonstrate the 2-D synthetic aperture radiom-
problem of putting into orbit a large filled antenna, the possibility oétry concept over a natural land surface scene. MIRAS was mounted
using antenna synthesis methods has been investigated. on a crane boom and observations were carried out at different view
Such a system, relying on a deployable structure, has led to the Swigles over a large bare soil field. A specific scene with large contrasts
Moisture and Ocean Salinity (SMOS) mission [5], [6]. The SMOS misn the soil surface emissivity was designed. The first images obtained
sion was proposed to the European Space Agency (ESA) in the frarhg-the 2-D synthetic aperture radiometer over this land surface scene
work of the Earth Explorer Opportunity Missions and was selected fare presented in this paper. Due to some technical problems, the full
a tentative launch in 2006. The main objective of this mission is to deapabilities of the 2-D interferometry concept could not be totally ex-
liver key variables of land surfaces (soil moisture fields) and of ocegoited. However, in spite of these problems, the images could reveal
surfaces (sea surface salinity fields). The SMOS mission is basedtba main 2-D emissivity patterns of the observed scene.
a dual-polarized L-band radiometer using aperture synthesis (two-di-
mensional (2-D) interferometer) so as to achieve a ground resolution Il. EXPERIMENTAL SETUP
of 50 km at the swath edges coupled with multi-angular observations. . .
The radiometer will enable a frequent (3-day revisit) and global cov- 1€ €xperiment was carried out on a bare plot located on the INRA
erage. The payload of SMOS is an L-band interferometer based Oﬂﬁé(,l\gnon remote sensing test site. The soil is silty clay loam (48.7%
innovative, 2-D aperture synthesis concept. Recent developments ofilie 14-8% sand and 36.5% clay). The demonstrator was mounted on a

so-called interferometry design were inspired from the very large ba&®-M crane boom. The crane can be moved along a rail track, parallel

line antenna concept used in radio astronomy. The idea consists of g€ Site’s main field. During the experiment, this field was without

ploying small receivers in space (located on a deployable structur@}y vegetation and the surface was rough. To obtain large contrasts
in soil surface emissivity over the plot, the field was artificially mod-

ified (Figs. 1 and 2). The scene thus consisted of a rough bare field,
_ _ _ in which two 10-m-large smooth strips were made with a roadroller.
Manuscript received May 18, 2001; revised October 24, 2001. In the middle of the plot, a 5 nx 5 m rectangular water pool (about
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Toulouse Cedex 4, France. %0-cm depth) was included. The length)(of the crane displacement
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d’Ornon Cedex, France. between the rough and the smooth strips, garden hoses were used to
Y. H. Kerr is with CESBIO, 31401 Toulouse Cedex 4, France (e-maifnanually irrigate (saturation) both strips at the time of the radiometric
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This paper discusses the potential of an L-band 2-D
microwave interferometric radiometer for monitoring
surface variables over land surfaces. The instrument is
the payload of the Soil Moisture and Ocean Salinity
(SMOS) Mission recently selected for phase A studies by
the European Space Agency (ESA) as the second Earth
Explorer Opportunity Mission. The L-band radiometer is
based on an innovative two-dimensional aperture synthe-
sis concept. This sensor has new and significant capabili-
ties, especially in terms of multiangular viewing configu-
rations. The main aspects of the retrieval capabilities of
SMOS for monitoring soil moisture, vegetation biomass,
and surface temperature are presented in this paper. The
analysis is based on model inversion. The standard errors
of estimate of the surface variables are computed for var-
ious configurations as a function of both the uncertainties
associated with the space measurements and those associ-
ated with the ancillary information used in the retrievals.
The potential of SMOS and the possibility to retrieve
one, two, or three surface variables are investigated, de-
pending on the view angle configuration. These questions
are key issues to optimize the SMOS mission scenario, to
meet both the scientific requirements and the technical
constraints of the mission. OElsevier Science Inc., 2000
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INTRODUCTION

A number of experiments using both ground-based and
airborne sensors have shown the high potential of micro-
wave radiometry for monitoring surface soil moisture
wg (m*m®) over large areas (Schmugge et al., 1974;
Schmugge et al., 1994; Wang et al., 1983; Wang et al.,
1990; Teng et al., 1993; Jackson et al., 1995; Calvet et al.,
1995; Chanzy et al., 1997). Simple or complex modeling
approaches have been developed and tested against ex-
perimental data sets (Ulaby et al., 1986; Tsang et al.,
1985; Wigneron et al., 1993a; Wigneron et al., 1993b;
Kerr and Wigneron, 1994; Raju et al., 1995; Ferrazzoli
and Guerriero, 1996). Based on the acquired data sets
and modeling expertise, it is now possible to characterize
accurately the potential of microwave radiometers as a
function of the sensor configuration (polarization, view
angle, and frequency).

This paper aims at analyzing the potential capabili-
ties of a two-dimensional (2-D) microwave interferomet-
ric radiometer for monitoring the surface variables over
the land surface. This instrument is the payload of Soil
Moisture and Ocean Salinity (SMOS) Mission, the sec-
ond Earth Explorer Opportunity Mission recently se-
lected by the European Space Agency (ESA) for phase
A studies. The SMOS mission (Kerr et al., 1998) is
scheduled for launch in 2004. The L-band interferome-
ter is based on an innovative, 2-D aperture synthesis con-
cept, which was explored by ESA within the MIRAS re-
search program (Goutoule, 1995). The sensor has new
and significant capabilities, especially in terms of multi-
angular viewing configuration (Waldteufel et al., 1999).

The multiangular viewing capability of a 2-D inter-
ferometric spaceborne radiometer stems from the fact that
the instantaneous field of view (FOV) is two-dimensional,
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