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Abstract. The main goal of the SMOS (Soil Moisture and applied. For verification, a comparison between the simu-
Ocean Salinity) mission is to deliver global fields of surface lated spatialized soil moisture and remote sensing data from
soil moisture and sea surface salinity using L-band (1.4 GHzthe Advanced Microwave Scanning Radiometer on Earth ob-
radiometry. Within the context of the Science preparationserving System (AMSR-E) and from the European Remote
for SMOS, the Valencia Anchor Station (VAS) experimental Sensing Satellites (ERS-SCAT) is performed. Despite the
site, in Spain, was chosen to be one of the main test sitefact that AMSR-E surface soil moisture product is not repro-
in Europe for Calibration/Validation (Cal/Val) activities. In ducing accurately the absolute values, it provides trustwor-
this framework, the paper presents an approach consistinthy information on surface soil moisture temporal variability.

in accurately simulating a whole SMOS pixel by represent-However, during the vegetation growing season the signal is
ing the spatial and temporal heterogeneity of the soil mois-perturbed. By using the polarization ratio a better agreement
ture fields over the wide VAS surface (880 kn?). Ground  is obtained. ERS-SCAT soil moisture products are also used
and meteorological measurements over the area are used isbe compared with the simulated spatialized soil moisture.
the input of a Soil-Vegetation-Atmosphere-Transfer (SVAT) However, the lack of soil moisture data from the ERS-SCAT
model, SURFEX (Externalized Surface) - module ISBA (In- sensor over the area (45 observations for one year) prevented
teractions between Soil-Biosphere-Atmosphere) to simulateapturing the soil moisture variability.

the spatial and temporal distribution of surface soil moisture.
The calibration as well as the validation of the ISBA model
are performed using in situ soil moisture measurements. Itis
shown that a good consistency is reached when point com- )
parisons between simulated and in situ soil moisture meal Introduction
surements are made.

Actually, an important challenge in remote sensing ap-Soil moisture is a key variable controlling the exchanges of
proaches concerns product validation. In order to obtain arwater and energy at the surface/atmosphere intertaets(
representative soil moisture mapping over the Valencia An-et al, 1996 Entekhabi et a).1996. It is highly variable both
chor Station (5&50kn? area), a spatialization method is Spatially and temporally as the result of the spatial hetero-
geneity of soil and vegetation properties, topography, land
cover, rainfall and evapo-transpiratioBgsch et al. 2006

Correspondence tdS. Juglea Entekhabi and Rodrigues-Iturb&994. Observing the spa-
BY (silvia.juglea@cesbio.cnes.fr) tial distribution of soil moisture at the catchment scale is a
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difficult task requiring intensive field instrumentation for ac- over the Valencia Anchor Station site which is a large ref-
curate spatial and temporal representation. erence area, equipped with ground soil moisture probes and

Nowadays, remote sensing technology has matured to th&ully characterized so as to contribute to SMOS land product
point that surface soil moisture can be estimated at globalalidation.
scale from spaceWigneron et al. 2003 Wagner et al. Several papers evaluated the soil moisture remote sens-
2006. Microwave remote sensing at low frequencies haveing products \Wagner et al. 2007 Albergel et al, 2009
been found to produce the best resulterf, 2007 Wag- Draper et al.2009 Ridiger et al.2009 Gruhier et al.2010.
ner et al, 2006 Njoku and Entekhahil996 Jones et al.  Draper et al(2009 provided a comparison of four soil mois-
2009. In spite of the importance of soil moisture observa- ture products all based on AMSR-E sensor over a temper-
tions, the instruments that have been or are currently operate climate in Australia during 2006Rudiger et al.(2009
ating are not adapted to soil moisture monitoring. Never-showed a comparison of several remotely sensed surface soil
theless, there are a number of soil moisture products availmoisture products and one simulation (land surface model
able from different sensors. The Advanced Microwave Scan-predictions) over the mainland of France from 2003 to 2005,
ning Radiometer for the Earth Observing System (AMSR-E)in addition to a ground measurement comparis@ruhier
(Njoku et al, 2003 on board the National Aeronautics and et al.(2010 provided an inter-comparison and evaluation of
Space Administration’s (NASA) Aqua satellite and the scat-five products derived from different active and passive mi-
terometers (SCAT) on board the European Remote Sensingrowaves sensors using local ground station measurements
Satellites 1 and 2 (ERS-1 and ERS-@)agner et a].19993 from three different ground sites over a Sahelian area (lo-
provide soil moisture products. Both instruments use fre-cated in the Gourma-Mali region) during two consecutive
guencies above 5 GHz. years (2005—-2006).

The SMOS (Soil Moisture and Ocean Salinitifefr et al, Validating soil moisture products is a challenge and up to
2001 mission was designed to measure soil moisture ovemow, in most cases, papers describe how to relate one point
continental surfaces as well as ocean salinity using a lonmeasurement, or a value derived from a sparse network to a
microwave frequency — L-band (1.4 GHz). At this fre- satellite product.
quency, microwave observations are sensitive to soil mois- In the framework of SMOS Cal/Val activities, it was de-
ture through the effects of moisture (water) on the dielec-cided to select a set of areas scattered around the globe and
tric constant and hence on the emissivity of the soil. Therepresentative of different types of ecoclimates. These sites
soil emission is integrated over a soil depth of a few cen-are to deliver, continuously, a value representative of a whole
timeters, giving a more representative measurement of soipixel which can be compared to a satellite product at any
moisture conditions over this layer. Consequently, the SMOSoverpass time for Cal/Val purposes. To achieve this goal it is
mission benchmark is to provide global maps of soil mois- necessary to characterise and monitor an area slightly larger
ture with an accuracy better than 0.04/m? (Kerr et al, than the actual pixel (3dB footprint) in terms of brightness
2007). SMOS will achieve a maximum spatial resolution of temperature, so that it is possible to convolute the antenna
50 km over land (43 km on average over the field of view), pattern on it. To acquire such a large field of soil mois-
providing multi-angular dual polarized (or fully polarized) ture, ground measurements are not tractable so we rely on
brightness temperatures over the gloker¢ et al, 2001). a limited set of ground sites and spatialize the soil mois-
Launched in November 2009, SMOS will deliver, for the ture information with use of a SVAT — ISBA (Interactions
first time, global surface soil moisture measurement twicebetween Soil-Biosphere-Atmosphefgpilhan and Planton
aday (06:00a.m. and 06:00 p.m. LT — local time) in less than1989 Noilhan and Mahfouf1996 coupled to a good set of
3 days. forcings and a very good knowledge of soil types and land

L-band passive microwave radiometry is a very useful tooluse. Once the soil moisture fields are known, it is possible
for soil moisture monitoring, allowing nearly all weather ob- to compute satellite level brightness temperatures (to check
servation and surface vegetation cover information. Numer-calibration for instance) or to compare to satellite products.
ous field experiments using ground based and airborne LAs the model runs with a reasonably fine time step we can
band observations indicated a soil moisture retrieval capabilalways have values at the time of overpass. To check the
ity of better than 0.04 fim? accuracy \Vang et al, 19903 validity of the approach we did a test with existing sensors
Schmugge et g11992 Jackson et gl.1995 1999. In this (AMSR-E, ERS-SCAT). The paper describes how such ap-
context, the strategy adapted by ESA for its Soil Moisture proach is validated over one such site, the Valencia Anchor
and Ocean Salinity mission was to develop specific landStation (VAS). The idea is then to extend the approach on
product validation activities over well equipped monitoring several other sites (arid, temperate, boreal etc.) as, such an
sites. The Valencia Anchor Statiohqpez-Baeza et gl. approach being exhaustive, it can only be applied to a limited
20053, in eastern Spain, and the Upper Danube Catchmenset of sites.

(Delwart et al, 2007, in southern Germany, are chosen as
the two main test sites in Europe for the SMOS Calibra-
tion/Validation (Cal/Val) activities. This article will focus
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Fig. 1. Location and distribution of the meteorological stations over theSDkn? VAS area.

2 Valencia Anchor Station — experimental domain and  maximum is variable, in October for Caudete de las Fuentes
data and Utiel, and November for Villagordo del Cabriel.

The Valencia Anchor Station (VAS) site was established ino 2 available data over the area
December 2001 by the University of Valencia (Setp:

[lIwww.uv.es/anchorand http://www.uv.es/elopgzwith the To reproduce and compare the soil moisture fields over the

main objective of characterizing a large-scale referenceyng 50x50kn? area, in situ measurements and remotely

Cal/Val area specifically dedicated to the validation of low sensed data products are used. The characteristics of these
spatial resolution Earth Observation data products. It is 10-gata are depicted next.

cated in Spain close to the town of Caudete de las Fuentes
(3¥3332'N, 1°1637" W), at about 80 km West of the city 5 5 ¢

- In situ measurements
of Valencia (Fig.1).

Valencia Anchor Station is characterized by an extensive set
of measurements at different levels (in the atmosphere and

The Valencia Anchor Station test site represents a reasoril the soil) in order to derive surface energy fluxes. Over the
ably homogeneous and mostly flat area of about HDkn? 50x 50 kn? area 22 meteorological stations are available (Ta-
(Figs.2 and3). The main cover type is vineyards, about 56%, ble 1), 4 fully equipped and 18 rain gauges are not uniformly
followed by trees, shrubs, forest, industrial and urban. Be-distributed (Fig.1). Only the 4 fully equipped stations mea-
side the vineyard growing season, the area remains mostl§ures meteorological data: air temperature and humidity at
under bare soil conditions. In spite of its relatively flat to- Screen level, atmospheric pressure, precipitation, wind speed
pography, the small altitude variations of the region clearly@nd direction and solar and atmospheric radiation.

influence climate. It oscillates between semiarid in the ar- In the VAS area the soil texture is a parameter that de-
eas of the towns of Utiel and Caudete de las Fuentes angends mainly on lithologyl(opez-Baeza et gl200§. An
dry-sub-humid towards Villagordo del Cabriel (about 16 km accurate map representing the spatial distribution of clay and
from Caudete de las Fuentes). Annual mean temperatures osand Millan-Scheiding et a].2008§ at 10 m resolution cover-
cillate between 12C at Villagordo del Cabriel and 14°Z at  ing all the 50«50 kn? area is available (Fig). The division
Caudete de las Fuentes. Annual precipitation varies betwee@f the texture is made in 23 main classes.

396 mm in Utiel and 451 mm of Caudete de las Fuentes and Leaf area index (LAI), roughness and fraction of vegeta-
Villagordo del Cabriel. The duration of frost free periods tion are accessible during short time periods. However, as
is similar for the three town areas, from May to November. the period considered in this study is from 2004 to 2008, re-
Maximum precipitations occur in spring and autumn. The mote sensed LAl data are used (see Sect. 2.2.2.). The histor-
spring maximum is generally in May, whereas the autumnical data for the roughness and the fraction of vegetation are

2.1 Characteristics of the area

www.hydrol-earth-syst-sci.net/14/831/2010/ Hydrol. Earth Syst. Sci., 14,8®12010
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Fig. 3. Topography (up left side), clay (down left side) and sand (down right side) maps over the 8B &A% area. The soil moisture
measurements sites and meteorological station/rain gauges are also represented here.
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Table 1. Coordinates of the meteorological stations located in theSBkn? area.

Station Name Longitude Latitude Characteristics
VAS 1.288W 39.57PN Fully equipped station
CASAS DE VES 1.330W  39.262 N Rain gauge

CASAS IBANEZ 1.4658W 39.288 N Rain gauge
VILLAMALEA 1.598°W 39.363 N Raingauge
REQUENA LA PORTERA COOP. 1.10W  39.40% N Rain gauge
REQUENA CAMPO ARCIS 1.165W  39.436 N Rain gauge

DEL MORO C. H. JUCAR 1.355W  39.484 N Rain gauge
REQUENA 1.096W  39.484 N Rain gauge
CAUDETE DE LAS FUENTES 1.317W  39.523 N Rain gauge
MINGLANILLA 1.595°W  39.538 N Rain gauge

PRESA DE CONTRERAS 1.508V 39.542 N Rain gauge

UTIEL C. H. JUCAR 1.206W  39.568 N Raingauge

UTIEL 1.205W 39.57% N Rain gauge

UTIEL (LA CUBERA — AUTOMATICA) 1.249°W  39.580 N Fully equipped station
CAMPORROBLES COOPERATIVA 1.402N  39.649 N Rain gauge

CAMPO ARCIS 1.168W  39.433 N Fully equipped station
CERRITO REQUENA 1.107W  39.480 N  Fully equipped station
GRAJA DE INIESTA 1.674W 39.516 N Rain gauge
CONTRERAS 1.498W 39.540 N Rain gauge
CAUDETE DE LAS FUENTES | 1.280W 39.547N Rain gauge
VILLAMALEA | 1.602°W 39.365% N Rain gauge

CERRO 1.512W  39.259 N Rain gauge

obtained from ECOCLIMAP (FigR), a global land use maps the raw voltage values into volumetric soil moisture content
database at 1 km resolutioMésson et a).2003. (m3/md).

The second soil campaign, Melbex 2 (39.5R5
.288 W), was carried out from April 2007 to Decem-
er 2007 to observe the surface emission of vineyatds10
et al, 2008. The soil is characterized as sandy clay loam,

ith a texture composed of 45% sand, 29% silt and 26%

Over the 5&50kn? area two major ground measure-
ment campaigns took place. In order to characterize thi
shrubs and vineyards, in the framework of the Mediterranea
Ecosystem L-Band characterization Experiment (Melbex 1
and Melbex 2), ground based L-band radiometry experiment ; . i . ;
have been developed to fully account for different soil mois-CIay' As in the previous experiment, soil moisture measure-

ture conditions and different vegetation growth developmentments were garrled out at d|ﬁerepF representative points ev-
stages. ery 10 min using the same capacitive probes. In the area, the

soil was ploughed at least 3 times during the growing period
The first campaign, Melbex 1 (39.55R, 1.273 W), was of vineyards.

carried out between June 2005 and January 2006 to observe

the surface emission of Mediterranean shrubanp et al. 2.2.2 Remote sensing data

2010. The soil was characterized as sandy, with a soil tex-

ture composed of 47% sand, 38% silt and 15% clay. TheSatellites data are used in this study. A short description of

vegetation is well adapted to dry conditions in summer andeach of these data is given below.

to freeze conditions in winter. The vegetation biomass is

only subject to small variations throughout the year, it doesAMSR-E data

not generally grow over a meter high and its distribution is

random. Soil moisture measurements were carried out foThe Advanced Microwave Scanning Radiometer (AMSR)

the top first 5cm of the soil, at 12 points every 10 min us- of the Earth Observing System (EOS) is a multi-channel

ing capacitive probes. The ground soil moisture measurepassive microwave instrument, launched on the Aqua satel-

ments were randomly scattered over the study area by placintite in May 2002. It operates in polar sun-synchronous orbit

probes both over bare soil and under shrubs. The probes wengith equator crossing at 01:30p.m. and 01:30a.m. local

calibrated under laboratory conditions at the end of the expersolar time. Global coverage is achieved every two days or

iment using the same soil type in order to correctly convertless depending on the latitude. The AMSR-E instrument

www.hydrol-earth-syst-sci.net/14/831/2010/ Hydrol. Earth Syst. Sci., 14,8®12010
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measures dual polarized radiation at six frequencies in theshown to be highly suitable for surface soil moisture remote
range of 6.9 to 89 GHz, with an incidence angle of 5bhe  sensing lagagi and Kerr1997 Wagner et al.19993. The
mean spatial resolution at 6.9 GHz is about 56 km with aERS scatterometer operates at 5.3 GHz (C-band), vertical
swath width of 1445 km. polarization, collecting backscatter measurements over
In order to minimize the atmospheric effects and to maxi-an incidence angle range from°1& 57. It operates in
mize vegetation and soil penetration, the inversion algorithmpolar sun-synchronous orbit with equator crossing times
for the retrieval of soil moisture was designed to use the C-at 10:30/22:30. The spatial resolution of the ERS-SCAT
band frequency in preference to the higher ones. Howeverfootprint is about 50 km with a 12.5km spatial sampling
due to the high level of RFI (Radio Frequency Interference)interval.
observed by AMSR-E at 6.9 GHz, the current AMSR-E soil The surface soil moisture data are retrieved from the
moisture retrievals use only the 10.7 GHz and higher fre-radar backscattering coefficients, using the change detection
quenciesijoku et al, 2003. method suggested by Dobson and Ulaby (1976). The
The data used in this study are from the National Snow andnethodology is described Biagner et al(1999ab) which
Ice Data Center (NSIDC) Level 3 AMSR-E dataskfdku, takes advantage of the information provided by the dual
2004. The daily averages of brightness temperature andncidence angle measurements acquired by the ERS scat-
soil moisture products are re-sampled to a global cylindri-terometer. The backscattering coefficients are normalized
cal 25 km Equal-Area Scalable Earth Grid (EASE-Grid) cell to a reference incidence angle of°40 The relative soil

spacing Njoku, 2004). moisture data ranging from 0% to 100% are derived by
In addition to the soil moisture, the polarization ratio (PR) scaling the normalized backscattering coefficients between
at 6.9 Ghz is used and is defined as: the lowest/highest values corresponding to the driest/wettest
Th. — Th soil conditions.
PR= T, + Tbh @
v " MODIS data

It normalizes out the surface temperature and leaves a quan-

tity that depends primarily on soil moisture, vegetation andThe Moderate Resolution Imaging Spectroradiometer
atmosphere (Kerr and Njoku, 1990; Njoku et al., 2003; Owe(MODIS; http://modis.gsfc.nasa.gdvis an instrument on

et al., 2001). At low microwave frequencies, the polariza- hoard of NASA's Terra and Aqua platforms. The MODIS
tion ratio has often been used to study soil moisture and_Al product is globally tiled and is projected on a sinusoidal
vegetation effects. Its dynamic is well related to the soil grid which is an equivalent projection conserving the surface
moisture variations. Atincreasingly large angles®(66this  areas. Itis at 1 km spatial resolution provided on a daily and

case) there is a longer observation path through the vegeta®-day basis and they are used as input to the SVAT model.
tion layer, causing greater attenuation of the emission from

the underlying soil and reducing the sensitivity to the soil METEOSAT data
moisture Njoku et al, 2003.

Several studies investigated the validation and evaluatiomrhe METEOSAT radiometer is a geostationary weather
of AMSR-E soil moisture productGruhier et al. 2008  satellite launched by the European Space Agency (ESA).
Rudiger et al. 2009 Draper et al.2009. As the AMSR-E  |n order to run the SVAT model and so to produce soil
soil moisture product shows biases and very small amplitudemoisture maps, an atmospheric forcing is needed. One of
a normalization between (0O, 1) is done using: the parameters of the atmospheric forcing is the shortwave
radiation. As already mentioned, only 4 meteorological
stations measuring shortwave radiation are available over
the VAS area. For a better resolution over the entire
wherey’ is the normalized curve angl is the input curve  area, the shortwave radiation flux products developed by
(in this casey is considered as the soil moisture product). Méteo-France in the framework of the Satellite Application
Consequently, the discussion of this paper is focus on thé=acility on Land Surface Analysis (Land-SAF) are used

;Y — Ymin )

Ymax — Ymin

normalized dataset. (http://www.meteo.pt/landsgf/ The product is based on
the 0.6um, 0.8 pm and 1.6 pm channels of the Me-
ERS-SCAT data teosat/SEVIRI instrument and is calculated and distributed

in near real time.
The ERS (European Remote Sensing Satellites) scat-
terometer is an active low-resolution microwave sensor
flown on the board of the ERS-1 and ERS-2 satellites.3 The SVAT model
ERS-1 was launched in July 1991 followed by the identical
ERS-2 in 1995. The first objective of this sensor is to The SVAT model is used to generate, from atmospheric forc-
measure wind over oceans, but its measurements have beémy and initial conditions, the temporal behavior of the soil

Hydrol. Earth Syst. Sci., 14, 83846, 2010 www.hydrol-earth-syst-sci.net/14/831/2010/
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moisture. Spatially distributed fields and forcing enable t03.1 SVAT configuration
simulate soil moisture spatial and temporal behavior and
thus averaged soil moisture at any moment for the wholeln this section, the different sensitivity studies made as well
pixel (50x50kn?). The model used is SURFEX (stands as the parametrization chosen for the soil hydraulic functions
for surface externalee —Le Moigne et al. 2009 and was are described. The characteristics of the data used for the
developed at the National Center for Meteorological Re-calibration, validation and spatialization of SVAT model are
search (CNRM) at Mteo-France. It gathers all the develop- also depicted.
ments and improvements made in surface schemes, contain- The atmospheric forcing, needed to run the ISBA model, is
ing four different modules: ISBA (Interactions between Soil- composed of: air temperature and humidity at screen level,
Biosphere-Atmosphere), Sea and ocean, TEB (Town Energgtmospheric pressure, precipitation, wind speed and direc-
Balance) and Lake. In this article only the module for the soiltion and solar and atmospheric radiation. ISBA can have
and vegetation — ISBANoilhan and Plantanl989 is used. 12 patch types to characterize land use and related vegeta-
ISBA is a SVAT scheme which describes the exchanges otion parametrization. For our case study, as the vegetation on
heat and water between the low-level atmosphere, the vegahe VAS site is mainly composed of vineyards, almonds trees
tation and the soil. It depends on the type of soil and of veg-(groves) and shrubs, the crops case is considered.
etation. It has been widely validated over vegetated and bare An important aspect is the soil layer discretization that en-
ground surfacesMahfouf and Noilhan199% Calvet et al, ables one to compare realistic configurations as a function of
1998. the penetration depth, between ground measurements and/or
The soil module in ISBA can be run in different configu- the remote sensing data. A sensitivity study was conducted in
rations: 2-layers, 3-layers (ISBA-2L, ISBA-3L — with force- order to test the influence of different parameters. The most
restored discretization) and diffusive (ISBA-DIF). New pos- representative configuration was chosen with 13 layers, with
sibilities comparing with ISBA-2 or 3 layers are available different thickness, from 1 cm at the surface down to 1.50 m
by using ISBA-DIF: the computation of a vertical profile of of depth (1, 2, 3, 4,5, 7, 9, 10, 30, 50, 80, 100, 150 cm).
the temperature, liquid water and ice content over as many
layers as needed. This scheme has already been applied silg4.1 Calibration of the SVAT
cessfully over a fallow siteBoone et al.2000 and an agri-
cultural site Boone et al.1999. In order to select the most The calibration of the SVAT model is done to be applied over
appropriate configuration, different tests are made. A signif-the entire test site for any season/year. In order to accurately
icant decrease in error is obtained in the case of a diffusiveperform the SVAT model calibration, ground measurements
scheme so for our study the ISBA-DIF model is used. are needed. For this purpose, ground measurements from
Soil water transfer (infiltration, runoff, diffusion and Melbex 1 campaign are used. The period considered goes
drainage) in SVAT's is computed by equations which attemptfrom July to December 2005. Soil moisture measurements
to characterize the soil through a set of hydrological param-were carried out for the top first 5 cm of the soil every 10 min
eters. The ISBA scheme uses tBtapp and Hornberger using capacitive probes. The atmospheric forcing is estab-
(1978 soil water model, which is common to a large number lished as follows: the precipitation events are from a rain
of surface parametrization schemes. The estimation of thgauge (Caudete de las Fuentes) recording data at an hourly
diffusion of water in the soil is based on Darcy’s law, where basis; the temperature, pression, wind speed, wind direction
the water vertical flux is proportional to the gradient of the and relative humidity are from the nearest complete meteo-

matric potential through the hydraulic conductivity.

Fe— ki (42 - D ls — Ky 3)
9z 9z

whereD,y is the vapor conductivityRraud et al. 1993, &
is the soil water matric potentialn) , K; is an additional
linear background drainage term (m$ and k is the hy-
draulic conductivity (ms?). The hydraulic conductivity
(ms1) and the soil water matric potentid (m) are related
to the liquid volumetric soil water content througBrooks
and Corey1966 Clapp and Hornberget978:

w;
k = ksat (—)2 T3 4)
Wsat
wp . _
W= Wgp (—) 7 (5)
Wsat

whereb is the coefficient of the water retention curve.

www.hydrol-earth-syst-sci.net/14/831/2010/

rological station; the shortwave is a Land-SAF product and
the longwave is calculated using the formulation frBnut-
saert(1979. In order to reproduce the exact condition from
the Melbex 1 site, the same texture is considered, 47% sand,
38% silt and 15% clay. The LAl is from MODIS and both
the fraction of vegetation and the roughness are from ECO-
CLIMAP. The SVAT model is run on from 2004 until 2008

in a hourly basis.

The performance of the land-surface schemes and hence
the soil moisture simulations are sensitive to the choice
of soil hydraulic parametersShao and Henderson-Sellers
1996. Most of these hydrological parameters are site de-
pendent. They are obtained from measurements or they are
prescribed. It is difficult to prescribe a value for the wilt-
ing point (wit), field capacity (), hydraulic conductiv-
ity at saturation Ksay), saturated soil moisturevgsy), the co-
efficient of the water retention curvé)(or for the matric
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Table 2. Equation of hydrological parameters used in default (DEFAULT ISBA (1)Gieedani 1993 Noilhan and Lacaare 1995 and
calibrated (CALIBRATED ISBA (2) se€osby et al(1984 andBoone et al.1999 version of ISBA.

VARIABLE DEFAULT ISBA (1) CALIBRATED ISBA (2)
b_mean=3.10+0.157*CLAY*100+{0.003)*SAND*100
b(=/-) b=13.7*CLAY+3.501 b_stdev=0.92+0.049*CLAY*100+(108 CLAY*100—SAND*100)*0.014

b=b_mean¥_stdev

Wsat mear(1.54+(0.010)*SAND*100+0.006*(106-CLAY*100 —SAND*100))
Wsat(mM) Wear—10(1.85-088:SAND)+q 01 Wsat st dev=(0.72+(-0.0026)*(100- CLAY*100— SAND*100)+0.001*CLAY*100)
‘I/satZ _ (10‘I’saLmearr lI’saLsLdev/l()())

ksatmearr(—0.60+0.013*SAND*100+(-0.0064)*CLAY*100)
ksat(ms™1) ksarsee f) ksat st dev=(0.43+0.003*(106-CLAY*100—-SAND*100)+0.001*CLAY*100)
ksaE10ksatmear—ksat st dev+(2 54/360000)

wsat mear=(50.5+(—0.142) « SAND = 1004 (—0.037) x« CLAY % 100)/100
wsat(M3M—3)  wsaE0.001* (—108*SAND+494.305) weat st dev=(8.23+(0.081)*CLAY*100+(—0.007)*SAND*100)/100
W1saf-WsatmeantWsat st dev

wwilt (M3M™3)  wy;=37.134 E-3*CLAY 05 Wit =17.134 E-3*CLAY 95

wie (Mm™3)  w;=89.047 E-3*CLAY 0349 wic=89.047 E-3*CLAY 0-349

*:1.0e-6*10 (0.162E+02-0.582E+01*CLAY—0.907E-01*SAND+0.529E+01*CLAY+0.120E+01*SANI3)

potential at saturationi(syy). To take into account the charac- atmospheric forcing is used for both cases. The Caudete de
teristics of the VAS area, the establishment of new databaselas Fuentes rain gauge is situated about 3 km away from Mel-
for soil hydraulic parameters is necessary to improve the soibex 2 site. However, the texture (45% sand, 29% silt and 26%
moisture simulations. The hydrological parameters of theclay), the LAl (MODIS), the fraction of vegetation and the
soil (ksay wsay b, Wsap are calculated using empirical equa- roughness (ECOCLIMAP) are specific to the Melbex 2 site.
tions as a function of the percentages of sand and clay. Usk this case also the SVAT model was run on from 2004 until
ing ISBAs default relations Giordanj 1993 Noilhan and 2008 in a hourly basis (spin up).

Lacarerg 1995 to compute the soil parameters (see Ta-

ble 2), the simulated soil moisture obtained is not in perfect3.1.3  SVAT distribution over the 50x 50 km? area
accordance with the ground measurements recorded durin% o ) )

the Melbex 1 campaign. In order to minimize this difference, 1 ne distribution of soil moisture patterns throughout a catch-
a new set of equations (see Talefor the soil hydraulic ~ Ment plays a critical role in a variety of hydrological pro-
parameters are established usBugby et al(1984; Boone  C€SSes. Observing the.spat|§1l_d|str|but|on of _son moisture
etal.(1999. These calibrated equations are optimized inside@t the catchment scale is a difficult task requiring intensive
the confidence interval defined @osby et al(1984; Boone field mstrument_anon fpr an _accurate spatlal representan_on. A
et al.(1999. Both sets of data, the one used by default by SVAT model driven with a fine resolution of meteorological
ISBA and the one from the calibrated version, are obtained©rcing and land surface data can help understanding these
from the same 11 textural classes and the same dataset. TREOCSSes. For this purpose, a trade off between the simula-

results of the comparison between ground measurements arfph time and the needs in spatial data was found by dividing
the simulated soil moisture using the new set of equations aré€ 53«50 kn? area into 25 grid surfaces of 00 kn? each
given in Sect. 4. (see Fig.l). The available data sets over the area are in dif-

ferent formats and resolution so they had to be transformed
so as to fit the gridded area. The way these scaling are per-

3.1.2 Validation of the SVAT formed is depicted in the next section.

In order to validate the calibration of the SVAT over another 32  Spatialization method

representative land use and other season/year, the Melbex 2

data are used. Carried out from April to December 2007 The 5050 kn¥ is divided into 25 areas of 2010 kn? each

to observe the surface emission of vineyards, the soil moisso as to better reproduce the high temporal and spatial het-
ture measurements were recorded for the first 5cm of theerogeneity of soil moisture fields over the entire VAS area. In
soil every 10min. Due the short distance between Mel-situ measurement (soil moisture), detailed knowledge of the
bex 1 and Melbex 2 campaigns sites (about 3 km), the samenvironment (land use, texture) and meteorological stations
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are used to characterize VAS. The format and the use oftations. The shortwave fluxes are extracted over the same
these data as an input to the SVAT model is presented in thigrid from the Land-SAF radiation product while the long-
section. The spatialized soil moisture obtained is comparedvave fluxes are calculated using the interpolated data and
with remote sensing data from AMSR-E and ERS-SCAT. Tothe formulation fromBrutsaert(1975. For the precipitation
reduce the scaling issue, these remote sensing products airgerpolation, all the 22 stations/rain gauges are considered.

transformed as depicted next. Following the interpolation, we have an optimal spatial
and temporal distribution of the atmospheric forcing over the
3.2.1 Interpolation VAS 50x50 kir? area.

The atmospheric forcing is used as an input to the SVAT3.22 Aggregation

model to obtain the surface soil moisture. According to the

dataset, in the 4 fully equipped meteorological stations lo-The surface characteristics are also important to be consid-

cated into the VAS 550 kn? area, the measured data are ered in SVAT’s input. The LAl (MODIS), the roughness

registered on a 30/60 min basis. In addition, among the rairand the fraction of vegetation (ECOCLIMAP) are 1km res-

gauges, some of them are recording the weather informatioolution products. Due to their different spatial resolutions

daily. In order to run the SVAT models with a suitable tempo- when compared to the X0 kn? grid, these products are

ral resolution, standard diurnal cycles are reconstructed fronaggregated though a spatial mean. For the texture, as the

the daily data. maps available are at 10 m resolution, the aggregation to the
Figure 1 presents the spatial distribution of the available 10x 10 kn? is done. In this case, the majority texture class is

meteorological station over the VAS &80 kn? area. Anir-  considered into the grid area.

regular distribution of the stations can be noticed, especially The data obtained after spatialization thus the aggregated

in the center of the area where there is no data. So as to obtaitata used in order to simulate the spatialized soil moisture are

a good representation of soil moisture over the entire areadepicted in Tabl&. This allows to simulate the soil moisture

an interpolation of all the available meteorological stations isover the chosen grid: in this case 25 points.

necessary. In order to choose the most appropriate interpo-

lation method between the inverse distance weighted (IDW)3.2.3 Mean

method and kriging, tests are done for different dates and ] ] ]

for different meteorological stations/rain gauges. By doing a©nce the soil moisture fields are known over thec10 ki?

cross-validation analysis in general both techniques give th@rd; itis possible to compare to satellite products. To check

same behavior. The differences between the use of IDW ofOth the approach presented in this paper and to validate all

kriging are not significant so the choice of a sophisticatedtN® aggregation techniques (several parameters are non lin-

technique like the kriging is not justified. Moreover, the lim- &2 but we rely on the fact that the overall variations are

ited number of meteorological station/rain gauges as well a$Mooth and/or small enough to allow one to consider them
their location over the wide VAS area, was an additional rea-2S Pseudo linear), we compared the spatialized soil moisture

son for selecting the IDW method as the interpolation tech-{0_€xisting products derived from either AMSR-E or from
nique. ERS-SCAT. The remote sensing products used are consid-
Inverse distance weighted methods are based on the a§'€d SO as to correspond to the<sD kn? area. The AMSR-

sumption that the interpolated surface should be influenced® Prightness temperature and soil moisture products are re-

mostly by the nearby points and less by the more distance§@mpled to a global cylindrical 25km Equal-Area Scalable

points. A general form of finding an interpolated valugor ~ Earth Grid (EASE-Grid) cell spacing\joku, 2004. Two

a given pointy is an interpolated function: AMSR-E soil moisture sampled pixel are covering the VAS
area. The average of these two pixels is considered to be rep-

Z,ﬁ’zowk (x) ug resentative for the 5050 kn? area. For the ERS-SCAT, the
u(x) = SN (o) (6) footprint is about 50 km with a 12.5 km spatial sampling in-
kz? o terval. This gives 16 ERS-SCAT soil moisture products over
where the weight function is: the 50«50 kn? area. In order to have a maximum temporal
1 and spatial cover, the mean value of the 16 pixels is consid-
wi(x) = A0 (7)  ered to be representative over the VAS area.

defined byShepard1968, x denotes an interpolated (arbi-
trary point),x; is the interpolated (known) poind,is a given 4 Results

distance from the known poing;, to the unknown point
and N is the total number of known points. Using IDW An evaluation of the surface soil moisture obtained from

method, the temperature, atmospheric pressure, wind speethBA was undertaken so as to quantify the improvement
wind direction and the relative humidity are interpolated over gained from the calibration.
the 10x 10 kn? grid by using the 4 complete meteorological
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Table 3. Resolution and data used as input of the SVAT model in order to obtain the spatialized soil moisture.

VARIABLE INPUT sources OUTPUT resolution
LA MODIS — 1 km resolution aggregated to £Q0 kn?
ROUGHNESS ECOCLIMAP — 1 km resolution aggregated toc 10 knr?
FRACTION OF VEGETATION ECOCLIMAP — 1 km resolution aggregated to<10 knr?
TEXTURE clay and sand map at 10 m resolution aggregated +d 0&n?
TEMPERATURE 4 meteorological stations interpolated at 10 kn?
PRESSURE 4 meteorological stations interpolated at1mkn?
WIND SPEED 4 meteorological stations interpolated at 10 kr?
WIND DIRECTION 4 meteorological stations interpolated a1l kn?
RELATIVE HUMIDITY 4 meteorological stations interpolated at00 km?
SHORTWAVE fluxes METEOSAT extracted at £Q0 kP
LONGWAVE fluxes calculated using interpolated atmospheric data
PRECIPITATION 22 meteorological stations interpolated ax 10 kn?
" T Sl moretors MELBEX T e———— 4.1 Ground measurements versus point-like soil
T ol meteure amulated— detaut 158 moisture

4.1.1 Calibration of ISBA model using Melbex 1
campaign

SOIL MOISTURE [m*/m’]
[wuil NOILY LidID3 5d

Figure4 compares the soil moisture from the Melbex 1 cam-
paign and the point-like soil moisture simulated with ISBA
el o : Ll Lo b using the parametrization described in Sect. 2.3 (default and
T e ) “ the new set of equations). The precipitation recorded at
the meteorological station Caudete de las Fuentes are rep-
Fig. 4. Comparison between observed (black line) and simulatedresented in blue. The simulations are done for the period
soil moisture using the default ISBA (clear grey line) and the cali- 2004—2008. Recorded soil moisture estimates are used as
prated ISBA (red Ilne)_atSCm_depth. The precipitation correspond-initial condition for the SVAT as well as a spin up of more
ing to the meteorological station Caudete de las Fuentes are repr?han ayear is done. For graphical convenience, only the pe-
sented in blue. ) !
riod corresponding to Melbex 1 campaign (14 July—31 De-
cember 2005) is presented.

In a first step the differences when using the default or Using the initial equations, the model tended to overesti-
calibrated version of ISBA are shown by comparing with in mate soil moisture in the dry season (from July to Septem-
situ measurements registered during the Melbex 1 campaigrber) and to underestimate soil moisture for the rest of the pe-
Then, the calibrated version of ISBA is tested by compar-riod. In general a good agreement between the two datasets
ing with data from Melbex 2 campaign (different place and (correlation R?=0.793-/-, Nash efficiency Eff=0.619-/-) is
different period). Point-like and 2010 kn? simulations are  observed, but the RMSE (Root Mean Squared Error) value
compared to ground measurements. In a second step, the cagual to 0.042 fim? is higher than the SMOS requirements
ibrated version of ISBA as well as the spatialization method—0.04 n¥/m3. In order to minimize this error, the SVAT
described in the previous section are used to obtain a spatiahodel is calibrated (see Sect. 2.3). Tablgresents the cal-
distribution of soil moisture over the entire area. The valid- culated soil hydraulic values using the default equations and
ity of the method was tested and the next paragraph presentie calibrated ones (Tab®.

a comparison between the spatialized soil moisture and re- Using the default equations (see TaB)ethe SVAT model
motely sensed data. As the area was divided into 25 pseudas not able to represent faithfully the dynamics of the first
pixels (10<10kn? each), in order to have a representative layer of soil during the dry season, keeping it at high soil
value over the entire 5050 kn?, resulting values were aver- moisture values (more than 0.16/m3). In order to en-
aged both spatially and over time. The soil moisture simula-able lower values of soil moisture into the dry season, the
tions were extracted for the time steps close to the overpasgilting point equation is modified as follows. The value ob-
times of the satellites. The penetration depth was also takegained for the wilting point using the default equation is about
into account, 2cm for AMSR-E and for the ERS-SCAT prod- 0.140 n¥/m?, whereas the minimum observed value of soil
uct. moisture during the campaign is 0.048/mS3. This behavior
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Table 4. Soil hydraulic values for Melbex 1 site calculated using the default and the calibrated set of equations.

b(-I-) Wsat(m) ksat(Ms™)  wsat(m®m™3)  wyix M3mM™3)  wie (M3m=3)

DEFAULT ISBA 5.556 -0.172 1.225E-05 0.444 0.144 0.230
CALIBRATED ISBA 7.519 —-0.049 1.502E-06 0.499 0.066 0.230

Table 5. Statistics obtained by comparing the in situ measurements from Melbex 1 campaign with the default/calibrated simulated soil
moisture using ISBA.

R2(-/) RMSE (m®m~3) MEANBIAS (m3m=3) NASH EFFICIENCY (-/-)

DEFAULT ISBA 0.793 0.042 0.015 0.619
CALIBRATED ISBA  0.907 0.022 0.001 0.895
was also observed byellarin et al.(2009, where a value YT o morre MELBEX T E——————

soil moisture generated by ISBA
using the atmospheric forcing from Caudete de las Fuentes station

of wilting point of 0.040 n¥/m? was used for the simulation
in Niger. The default SVAT equation is modified so as to .
retrieve a more representative value to simulate the dry pe-
riod. The default equation for volumetric water content at
saturation {sa) is also optimized. The goal is to reach a 1
more representative value over a sandy soil as in Melbex 1= h\ﬁ&
g
|
AT

05

MOISTURE [m*m
2 2

<
(W] NOILY LI dIDTHd

case (47% sand, 38% silt and 15% clay) at least for the first " o LT
centimeters of soil. ol L |mﬂ

The simulated soil moisture is driven mostly by the "®®7 mo=n oy wse gy o v
weather patterns and especially by the precipitation. The
temporal evolution of surface soil moisture has a sharp in-Fig. 5. Comparison between observed (black line) and simulated
crease and exponential decline which are caused, respe&0il moisture using the calibrated ISBA (red line) at S cm depth. The
tively by rainfall events and consecutive drying periods. By precipitation corresponding to the meteorological station Caudete
increasing the coefficient of the retention curve and reducingde las Fuentes are represented in blue.
the hydraulic conductivity at saturation by the use of the cal-

ibrated equations, the drainage dynamics are slowed down ig ea. Figures presents a comparison between Melbex 2
order to encounter the same behavior as for the measured sq| ta.(in black) and simulated soil moisture (in red). A good

moisture. agreement is retrieved between the two soil moisture data

Using the calibrated version of ISBA a significant im- p\sE=0.024 /m3. R2=0.910-/-. Some differences can be

provement is obtained for the modelled soil moisture at they,carved on 10 August and also on 15 September. These
first 5cm (R%=0.908-/-, Eff=0.895-/- — see Tab®. A good

e ; differences can be mostly associated to the fact that the me-
quantitative agreement is found (RMSE=0.022mr) be-

- ) _ A teorological station used is situated at almost 3 km from the
tween the two soil moisture data: the same variability, theplace were the campaign took place. The precipitations be-

same drying slope, same low levels and amplitudes. At thgeen the different location can easily differ showing, inci-
beginning of November a higher level of modelled surface yopyqly that the spatial spatial distribution of rain is a key
soil moisture dynamics is observed compared with in situs, o

data. This can be due to the high valueu@f

4.2 Ground measurements versus 1010 km? soil

4.1.2 Validation of ISBA new parametrization using moisture
Melbex 2 campaign

In order to address the uncertainties associated with the
The first step of our study was to find a parametrizationspatial averaging, comparison between point like and
of the surface model which minimizes the error compared10x 10 kn? simulations against ground measurements are
with in situ measurements. In order to evaluate the va-done (Fig.6). The 10«10 kn? area used is the one covering
lidity of the chosen optimization, the same equations (seeboth Melbex 1 and Melbex 2 campaigns. The point like and
Table 2) as described in Sect. 2.3 are used for Melbex 210x 10 kn? soil moisture data are extracted within Melbex 1
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Fig. 6. Comparison between point like (left side) and<1® km? simulations (right side) against ground measurements from Melbex 1 (up
side) and Melbex 2 (down side) campaigns. The 10 kn? area is the one covering both Melbex 1 and Melbex 2 campaigns and data are
extracted to correspond to both campaign periods.

or Melbex 2 period. When comparing in situ soil moisture 4.3 Comparison with remote sensing data

with 10x 10 kn? simulations, similar results are observed.

All the scores obtained are in the required range (less thad-3.1 Comparison with AMSR-E data

0.04 m¥/m?3). A slight overestimation of soil moisture within , o _ .

hight values is observed in all cases. This may be due to th& Comparison between spatialized soil moisture and the

volumetric water content at saturation which gives after cali-AMSR-E soil moisture product (Njoku L3) is made. The

bration higher values than the recorded ones (see Sect. 4.1.§imulated soil moisture as well as the AMSR-E soil mois-
Using the SVAT for the spatialization as well as a linear {Uré product used are representative for th_g5@kn_12 area.

interpolation method we can obtain for instance a soil mois-1 "€ Peneétration depth of AMSR-E sensor is considered to be

ture map over the entire 560 kn? like in Fig. 7. The map _2cm SO the soil moisture fqr thg first two simulated layers

represents the averaged soil moisture from January until th& considered. The comparison is done from 2005 to 2007.

end of April 2005. A representation of soil moisture hetero- Here are presented results from 2005 as the same evolution is

geneity within the 5650 kn? is showed, with two marked observed for the other years. In a first step, the absolute val-
zones of drier soil moisture. For this case a mean soil mois4€s Of the AMSR-E soil moisture product are compared with

ture value of 0.164 Rim?3 is obtained. the simulatgd spatialized d_ata_. A severe lack of soil mois-
ture dynamics and also a big difference between the absolute
value of the two dataset are observed (RMSE=0.086m
MBIAS=0.015 n¥/m3, R2=0.051-/-). Because of the differ-
ent soil moisture dynamics and biases, it is difficult to com-
pare the various datasets in detail. Consequently, all next
comparison are undertaken with normalized data, leading to
the loss of the absolute aspects.
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Fig. 7. Distributed soil moisture over the VAS 5@0kn? area.  here (green stars).

Data represents the mean of soil moisture from 1 January to

30 April 2005.

and the RMSE=0.206-/- (MBIAS=0.178-/-, Eff=—1.402-

/-). If the entire year is considered, better scores are ob-
tained: RMSE=0.186-/-R?=0.627-/-, MBIAS=-0.153-/-,
Eff=—0.553-/-. It shows that its dynamics is well correlated
to the soil moisture variations.

The results of this normalization can be seen in Bg.
The dynamics of the soil moisture are very well cap-
tured at the beginning and also at the end of the year
from January to March we observed an RMSE=0.146-/-
(R?=0.470-/-, MBIAS=-0.100-/-, Eff=-0.610-/-) and at the ] )
end of the year, from October to December RMSE=0.150-/-4-3.2 Comparison with ERS-SCAT data
(R?=0.444-/-, MBIAS=0.041-/-, Eff=0.207-/-). In the winter
season, the signal of AMSR-E soil moisture shows a smallA comparison is also performed between spatialized soil
difference when compared to the spatialized soil moisture moisture and the ERS-SCAT soil wetness product (Wagner
This may be explained by the sensitivity of the microwave SSM). The derived product represents the relative wetness of
Signa| to soil freezing and by the reduced dynamics of thethe first centimeters between totally dry conditions (0%) and
surface soil moisture during winter. In the middle of the year, total water capacity (100%).
from April to September, the opposite trend is observed be- In order to compare the two data sets, the absolute val-
tween both datasets. From April to September no correlaues of the simulated soil moisture are normalized between
tion is observed £2=0.150-/-) and the RMSE is twice that (0, 1). The penetration depth of ERS-SCAT sensor is consid-
of the rest of the year (0.348-/-). The inversion algorithm for ered to be at about 2 cm so the mean of the first two simulated
the AMSR-E soil moisture uses the 10.7 GHz and 18.7 GHzlayers from ISBA is considered. FiguBepresents the com-
brightness temperature dathjoku et al, 2003. The in-  parison between simulated and observed surface soil mois-
creased attenuation by vegetation and the superficial sengure during a one year period. At the beginning of the year,
ing depth (on the order of 1 cm for bare soil) for higher fre- from January to end of March RMSE=0.195-R?=0.339-
guencies is a limit in the soil moisture retrieval from AMSR- /-, MBIAS=-0.085-/-, Eff=—0.472-/- and at the end of the
E data. This can be seen by plotting the leaf area indexear, from the end of September to December RMSE=0.149-
(MODIS) corresponding to the site. When the growing sea-/-, R>=0.330-/-, MBIAS=0.036-/-, Eff=-0.735-/-. An un-
son begins, the AMSR-E signal follows the vegetation signalderestimation of the soil moisture level by the ERS-SCAT
(Fig. 8). product is observed. In the middle of the year, from April to

The polarization ratio provides a better agreement (thanSeptemberg?=0.222-/-, RMSE=0.206-/-, MBIAS=0.102-/-
the soil moisture product from AMSR-E) with simulated , Eff=—1.014-/-), as for the AMSR-E soil moisture product,
soil moisture even in the vegetation growing period. This the vegetation influence the ERS-SCAT signal. This leads to
is shown by the scores obtained: at the beginning of thean overestimation of the soil moisture estimates during the
year, from January to March we observed an RMSE=0.165vegetation growing period.

/- (R?=0.655-/-, MBIAS=-0.142-/-, Eff=—0.872-/-), at the For 2005 only 45 observations are available over the
end of the year, from October to December RMSE=0.163-50x50 kn? area. This is a limit in completely understand-
/- (R?=0.604-/-, MBIAS=-0.115-/-, Eff=-0.116-/-) and in  ing the soil moisture variability. A frequent revisit time is
the middle of the year, from April to Septemh@f=0.466-/-  important for hydrologic applications, especially to obtain
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+ Mean soll moisture ERS-SCAT comparison between point like and .00 kn? simulations
, o] T Nomatised spetiaized soil moisture 18A against ground measurements was also done to address the
y issue related to the spatial averaging. A slight overestimation

\ of soil moisture is observed at high values but the scores ob-

D SOIL MOISTURE

S !

Sort ﬂ “ v, | tained are within the required range (less than 0.84n#).
Eﬁ : \ \ H\ . : . ]”u .LJ\JU\ The validation of soil moisture remote sensing products
3 "ff‘\\, PR J&}J \%\ Ny 'JJ b ‘MM “ is an important issue and in most cases until now, papers
] et "Jlum'w,/m) ULI \, A o~ i H H
Zogpder e T P, describe how to associate point/network measurement to re-

mote sensing products. None of these studies characterize
ovoms  Gwams  Gsoacs  Gwvaens  wemnns s the entire pixel as viewed by a satellite. The detailed knowl-
AT edge of the area as well as the use of a interpolation method
Fig. 9. Comparison between surface soil moisture ERS-SCAT]cor the_ diStribUtion_Of the ,atm,OSpheriC for?ing _alloweq the
(black stars) and spatialized soil moisture mean from ISBA (red©btaining of a spatial distribution of the soil moisture fields
line). The soil moisture data are representative over 2 cm depth.  Over the 56<50 kn? area.
Comparisons of this spatialized soil moisture with three
kinds of remote sensing information is done in order to test
adequate sampling of surface wetting and drying betweerthe approach. AMSR-E’s soil moisture and polarization ratio
precipitation events. as well as ERS-SCAT soil moisture products are used in this
study. The penetration depth and the re-sampling grid of the
soil moisture products used for each satellite are also con-
5 Conclusions sidered. Although AMSR-E surface soil moisture product
is not able to capture the absolute value, it provides reliable
In the framework of ESA's Soil Moisture and Ocean Salin- information on surface soil moisture temporal variability, at
ity (SMOS) mission, this paper investigates the ability to re- seasonal and rainy events scale. In the middle of the year,
produce the high temporal and spatial heterogeneity of soifrom April to September, the vegetation has an important in-
moisture fields at SMOS pixel scale. This is the first step influence on the measured signal. During the growing season
the process of Calibration and Validation (Cal/Val) activities the AMSR-E signal is very perturbed. The polarization ra-
of the SMOS data. The study was performed for 2004—2008&i0 6.9 GHz provides a better agreement with simulated soil
over the Valencia Anchor Station (VAS), which was selectedmoisture even in the vegetation growing period. A compar-
to be one of the main key test sites for the SMOS Cal/Val ac-ison is done between spatialized soil moisture and the ERS-
tivities. In this purpose, in situ measurement including two SCAT soil moisture product (Wagner SSM). In this case also
main campaigns (Melbex 1 and Melbex 2), detailed knowl- the seasons are well marked but the lack of a higher temporal
edge of the environment (land use, texture) and meteororesolution (45 observations were available over the area for
logical stations are used to describe VAS. The hydrologi-2005) prevented capturing the soil moisture variability over
cal process as well as the spatialization of the soil moistureghe VAS area.
fields are performed by the use of the SVAT model, SUR- Radiometer signals received in L and C band are suscepti-
FEX (Externalized Surface) — module ISBA (Interactions be- ble to man-made radio frequency interferendes\ine and
tween Soil-Biosphere-Atmosphere) fromédo-France. In  Haken 2003 Njoku et al, 2005. SMOS, now launched, has
order to minimize the error with respect to SMOS mission detected a significant amount of RFI sources over the globe.
requirements, both the calibration and the validation of theAmong these RFI sources, some of them are over Spain, af-
SVAT model were done using in situ soil moisture data from fecting also the VAS test site. The Spanish authorities con-
two campaigns: Melbex 1 and Melbex 2. Based on localcentrate their efforts and managed already to stop most of
atmospheric and surface observations from Valencia Anchothese sources. The actual brightness temperature values over
Station, it was found that the calibrated ISBA was able toVAS are within the range of expected values. As the soil
faithfully reproduce the hydrological processes at the surfacanoisture simulation process is now validated, future works
level. The RMSE decreases from 0.04¥m? when using  will imply simulating the SMOS brightness temperature as
the default ISBA to 0.022 #im? using the calibrated ver- part of the Cal/Val activities.

sion. A new database for soil hydraulic parameters was es-
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