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Abstract. The first products derived over France in 2010 1 Introduction
from the L-band brightness temperaturdg)(measured by
the SMOS (Soil Moisture and Ocean Salinity) satellite, Soil moisture plays a key role in the hydrological cycle and
launched in November 2009, were compared with the surfacén land-atmosphere interactions. For example, evapotran-
soil moisture (SSM) estimates produced by the C-band Ad-spiration, infiltration and runoff are driven by soil mois-
vanced Scatterometer, ASCAT, launched in 2006 on boardure. A number of studies have shown the importance of
METOP-A. SMOS and ASCAT SSM products were com- Soil moisture in many applications: atmospheric reanaly-
pared with the simulations of the ISBA-A-gs model and with ses and weather forecast (Beljaars et al., 1996; Frennessy
in situ measurements from the SMOSMANIA network, in- and Shukla, 1999; Diermeyer, 2000), land surface and crop
cluding 21 stations located in southern France. ASCATgrowth modelling (Diermeyer et al., 1999; Georgakakos and
tended to correlate better than SMOS with ISBA-A-gs. The Carpenter, 2006; de Wit and van Diepen, 2007; Guerif and
significant anomaly correlation coefficients between in situDuke, 2000), hydrometeorology (Eltahir, 1998, among oth-
observations and the SMOS (ASCAT) product ranged fromers) and improvement of flood prediction (Brocca et al.,
0.2310 0.48 (0.35 to 0.96). However, in wet conditions, simi- 2010a).
lar results between the two satellite products were found. An  Since the 1970s, remote sensing appears as a potential
attempt was made to derive SSM from regressed empiricalool to access soil moisture at different temporal and spatial
logarithmic equations using a combination of SM@Sat scales. Indeed, microwave remote sensing is able to provide
different incidence angles and different polarizations, and thequantitative information about the water content of a shal-
Leaf Area Index (LAI) modeled by ISBA-A-gs. The analysis low near surface layer (Schmugge, 1983), particularly in the
of the intercept coefficient of the regression showed an imJow-frequency microwave range, from 1 to 10 GHz. In the
pact of topography. A similar analysis applied to ASCAT and last few years, significant progress towards operational soil
SMOS SSM values showed a more limited impact of topog-moisture monitoring has been made (Wagner et al., 2007).
raphy on the intercept coefficient of the SMOS SSM product, Passive microwave remote sensing of soil moisture was
while fewer residual geographic patterns were found for theaddressed by many research programs. Various airborne and
ASCAT SSM. field campaigns were performed, showing the high potential
of L-band (1.4 GHz) measurements for the estimation of
surface parameters (Skou, 1989; Raju et al., 1995; Chanzy et
al., 1997; Wigneron et al., 1997; Wilson et al., 2001; Saleh
et al., 2004; Calvet et al., 2011; Zribi et al., 2011; Albergel
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et al., 2011). Moreover, L-band is the optimal wavelength Integrated Application) stations. Since 2006, in southwest-
range to observe soil moisture as higher frequencies are morern France, the SMOSMANIA network (Calvet et al., 2007;
significantly affected by perturbing factors such as atmo-Albergel et al., 2008) has been measuring soil moisture at
spheric effects and vegetation cover (Schumugge, 1983; Kerdifferent depths. It was extended in 2009 with nine new sta-
et al.,, 2001). Apart from a few days of L-band radiomet- tions located in southeastern France. As the SMOS products
ric observations on Skylab from June 1973 to January 1974re new, they need to be validated with in situ observations,
(Eagleman et al., 1976; Jackson et al., 2004), spacebornand compared with other satellite products which have more
microwave radiometers have been operating at frequenciesiaturity. Moreover, Albergel et al. (2010) showed that SSM
above 5 GHz because the satellite antenna size is directly prosalues simulated by the ISBA land surface model (LSM)
portional to the squared wavelength (Ulaby et al., 1982). Recompare well with the SMOSMANIA in situ observations
cent technological and scientific achievements permitted tand with the ASCAT SSM.
develop the Soil Moisture and Ocean Salinity (SMOS) mis- In this study, the first SMOS Level 2 product (SMOS-
sion (Kerr et al., 2001, 2007) launched in November 2009.L2 SSM), covering the year 2010, is compared with the
SMOS consists of a spaceborne L-band interferometric raSMOSMANIA SSM, together with the ASCAT SSM. The
diometer able to provide multiangular microwave polarimet- SMOS vs. ASCAT benchmarking is then extended to the
ric brightness temperature®y, from which a surface soil whole France domain, using as a reference a set of SSM sim-
moisture (SSM) product is derived. Wigneron et al. (1995, ulations performed by a version of the ISBA LSM (ISBA-
2003) have shown the possibility to retrieve biophysical vari- A-gs) able to simulate SSM, together with the vegetation
ables, including SSM, from bipolarized and multiangular mi- biomass and Leaf Area Index (LAI), at a spatial resolution
crowaveTy. The core component of the SMOS soil moisture of 8 km x 8 km.
retrieval algorithm is the L-band Microwave Emission of the  Finally, it is shown that the use of the SMOS Level 1
Biosphere (L-MEB) model which simulates the microwave product (SMOS-L17},) permits to investigate the factors af-
emission at L-band from the soil-vegetation layer (Pellarinfecting the accuracy of the retrieved SSM. Indeed, previ-
et al., 2003b; Wigneron et al., 2007; Kerr, 2010; Pancieraous studies have shown that semi-empirical regression equa-
et al.,, 2009). The main difficulty in the estimation of soil tions based off}, observations can be used to retrieve SSM
moisture using microwave radiometry arises from the pres{Wigneron et al., 2004; Saleh et al., 2006; Calvet et al.,
ence of a dense overlying vegetation: the vegetation layeP011). This approach is based on statistical relationships,
attenuates the soil emission and adds its own emission to thealibrated from simulated or observed datasets, which re-
soil emission. Also, the presence of water bodies and of aquire T}, at two distinct incidence angles and/or two polar-
marked topography may alter the SSM retrieval (Pellarin etizations. It was successfully applied to SMOS-L1 data by
al., 2003a,c; Mialon et al., 2008, respectively). Albergel et al. (2011). In this study, the SMOS-L1 data are
Microwave instruments operating at C-band (close to theused to estimate SSM based on regression coefficients deter-
L-band), either passive or active, are the Advanced Mi-mined using either SMOSMANIA or the ISBA-A-gs SSM
crowave Scanning Radiometer for the Earth Observing Sysfor the year 2010.
tem (AMSR-E on the Aqua satellite), WIindSAT (a mi-  The various data sets used in this study are presented in
crowave radiometer on the Coriolis satellite), and the scat-Sect. 2, together with the statistical methods used to analyze
terometer on board the European Remote Sensing Satellithe data. Section 3 presents the results and Sect. 4 summa-
(ERS-1, ERS-2). Finally, ASCAT (Advanced Scatterome- rizes a discussion of the main findings. Finally, the main
ter) has been orbiting on the METOP meteorological satelliteconclusions are presented in Sect. 5.
of EUMETSAT since 2006, with a spatial resolution close
to SMOS, and C-band radar backscatter measurements at ]
5.255 GHz (Wagner et al., 2007b; Bartalis et al., 2007a,b)2 Material and methods
ASC_AT was found to ac<_:urat_ely reproduce thg te_mporal_dy-zl1 Satellite data
namics of the surface soil moisture measured in situ, or simu-

lated, across different areas in Europe (Albergel et al., 2009, ihis study, the L1 and L2 SMOS product,@nd SSM

2010; Brocca etal., 2010b). respectively) are investigated for the year 2010, together with
Microwave satellite-derived soil moisture products can be o ASCAT SSM.

retrieved from different microwave remote sensing observa-

tions and they need to be verified through in situ soil moisture2 1.1 The SMOS products

observations (Rdiger et al., 2009). Relatively few in situ

soil moisture networks are operative now. The InternationalThe SMOS mission is a joint program of the European
Soil Moisture Network (Dorigo et al., 2011) now gathers data Space Agency (ESA), the Centre National d’Etudes Spatiales
from many stations around the globeww.ipf.tuwien.ac.at/  (CNES), and the Centro para el Desarrollo Tebégao In-
insitu/), including those from the SMOSMANIA (Soil Mois-  dustrial (CDTI), in the framework of the Earth Explorer Op-
ture Observing System, Meteorological Automatic Network portunity Mission initiative. Over land, the aim of SMOS is
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to provide global SSM maps with an accuracy better thansubsets (Cleveland and Devil, 1988) in a predefined window.
0.04m*m~3, a spatial resolution better than 50 km, every A window of 2.5 was employed as it captured well most of
three days. Also, the vegetation water content can be estithe T}, aberrations caused by RFI. Third, bipolarized values
mated with an accuracy of 0.5 kgrh every six days (Kerr  of 7T, were extracted for incidence anglé$ 6f 20°, 30°, 40°
et al.,, 2001). The SMOS instrument is a L-band (21 cm,and 50. For each value of, a mediaril}, was calculated in
1.42 GHz) 2-D interferometric radiometer. At L-band, the the range ob +2°. Then, RFI perturbations were further
atmospheric contribution to the signal is limited, and cloudsfiltered out. The RFI filtering criterion was based on halved
and atmospheric water content have negligible effects (Kerfirst Stockes parameter calculated@$1=0.50vy + Thy)
and al., 1993). Moreover, L-band is more sensitive to(Kerr etal., 2007). The mean values®fS1 were calculated
soil moisture than higher frequencies over vegetated areafor the full year 2010 over the France domain, and The
(Schmugge, 1998; Wigneron et al., 1995; Calvet et al., 2011)measurements out of a two standard deviation interval were
SMOS has a sun-synchronous orbit at 757 km altitudeconsidered to be contaminated by RFI. In spite of this pro-
(£1km) with a 06:00 Local Standard Time (LST15 min cessing, residual low RFI perturbations may remain in the
ascending equator crossing time. This time was chosen imlata set.
order to minimize factors impacting soil moisture retrieval, The SMOS-L2 (SSM) product was extracted over the
such as vertical soil-vegetation temperature gradients, anérance domain. The L2 algorithm is complex and uses
the Faraday rotation in the ionosphere. A two-dimensionalthe polarization and multi-angular information delivered by
picture is generated by SMOS every 2.4s. The averag&SMOS. Itinvolves direct model inversions and decision trees,
ground resolution is 43 km and the globe is fully imaged ev-and uses ancillary data such as air temperature, soil texture
ery three days at 06:00 and 18:00 LST. The radiometric senand land cover information.
sitivity of SMOS radiometer over land is 3.5K per snapshot In 2010, numerous technical and algorithm corrections
at boresight (McMullan et al., 2009). The SMOS instrument were performed and affected both L1 and L2 products. In this
measures the cross correlations between pairs of receivesgudy, new reprocessed L1 and L2 data, based on the same al-
to derive a visibility function. In a first approximation, the gorithm, were used. As recommended by Jackson (1980),
L-band T}, of the source is computed as the inverse Fourieronly the ascending passes (between 04:00 and 07:00LST
transform of this function (McMullan et al., 2009). Finally, over France) were used, because the soil is most likely to
Ty is measured at several incidence angles, for two polarbe in hydraulic near-equilibrium.
izations. It is important to note that the SMOS signal can
be perturbed by man-made Radio Frequency Interferenced.1.2 The ASCAT soil moisture product
(RFI) that degrade the scientific retrievals. Indeed, radio sig- . )
nals received in the L-band are sensitive to RFI (Njoku et al. ASCAT is a real aperture radar measuring radar backscat-
2005). Asia and Europe are particularly affected by this phe-t€" With & very good radiometric accuracy and stability (Bar-
nomenon (Oliva et al., 2012). In Europe, France is not the!@!is et al., 2007b). ASCAT usesV polarization at C-band.
most affected country. However, Albergel et al. (2011) hadMETOP has a sun-synchronous orbit, with equator crossing
to filter out about half of airborn@, observations affected UMes of approximately 21:30LST for the ascending over-
by RFI, over 11 sites in southwestern France. Two types off@Ss and 09:30LST for the descending overpass. ASCAT
RFI were identified by Paet al. (2011) in southwestern observes 82 % of the globe each day at a spatial resolution of
France: pulsed RFI (due to radars, air traffic control or mil- 22-35km (resampled to a 12.5km grid). Measurements are
itary installations) and continuous-wave RFI. The latter canP€rformed on both sides of the satellite track, and two 550 km
trigger very high values ofp. wide swaths of data are produced. This results in t_hree inde-
In this study, reprocessed data for the year 2010 werdendent backscatter measurements at different viewing an-
used. In a first stage, the SMOS-I7} product was pro- gles and separated by a short time delay (Atte.rrra, 1991). In
jected from the antennaX( ¥ polarizations) to the Earth order to retrieve SSM, the backscattering coefficients are ex-
surface { andV polarizations) reference frame. THhgy trapolated to a reference angle at 4@nd scaled between_
and Thy values were transformed inffi;; and Tyy values the lowest and highest values measured over a long perlod
and corrected for Faraday rotation using an algorithm pro-(Wagner etal., 1999a,b,c). Using such a change detection ap-
vided by the CESBIO tearrhttp:/Aww.cesbio.ups-tise.fr/ proach, the obtained SSM value represents the degree of .sat-
SMOS blog/wp-content/uploads/TOOLS/XY 2HV)min or- uration of the t.opmo.st soil Ia_yer (0.5cmto 2cm), reported in
der to remove the data contaminated by the most intense RFP€reentage unit. This value is scaled between 0 % (the mini-
a filtering procedure was applied to thg. First, all the =~ MUm S(_)ll moisture) and 100 % (the maximum soil m0|sture).
Toy and Ty measurements were filtered for extreme val- [N this study, an updated ASCAT SSM dataset supplied
ues exceeding the medidp = 50 K, for each grid pointata PY Vienna University of Technology (TU-Wien), resampled
given date. Second, we applied a locally weighted scatterploP” & 12.5km grid, was used. As for SMOS, only morn-
smoothing technique, known as LOESS, or LOWESS filter-INd passes (between 08:00 and 11:00 LST over France) were

ing. Itis based on fitting by a simple model the localized dataconsidered.
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Fig. 1. The SMOSMANIA soil moisture network in southern France. The blue dots and crosses represent the 12 stations operational since
2007, the dark dots and crosses represent the new 9 stations operational since 2009. Topography is shown (bottom, top-right panel) togethe
with the main mountainous areas (top-right panel).

2.2 The SMOSMANIA network samples were collected at the four depths of the soil moisture
profile in order to calibrate the probe. The soil characteristics
The main objective of the SMOSMANIA network is to verify  of the new stations, listed from East to West, are presented in
remotely sensed and modeled soil moisture products. ThiJable 1.
network was designed to validate the SMOS SSM estimates Consistent with the SMOS morning passes used in this
(Calvet et al., 2007). SMOSMANIA is based on the ex- study, SMOSMANIA observations at a depth of 5cm, be-
isting automatic weather station network ofelo-France. tween 04:00 UTC and 07:00 UTC were used. For ASCAT,
Twenty-one stations were equipped with four soil moisture observations between 08:00 UTC and 11:00 UTC were used.
probes (ThetaProbe ML2X of Delta-T Devices), horizontally For both SMOS and ASCAT, daily average SMOSMANIA
installed at depths of 5, 10, 20 and 30 cm, performing mea-morning SSM values were computed.
surements at regular intervals of 12min. The SMOSMA-
NIA SSM data are in units of Am—3. 2.3 The ISBA-A-gs LSM
Twelve stations were installed in 2006 in southwestern
France, following a Mediterranean-Atlantic transect (Al- In the ISBA (Interactions between Surface, Biosphere, and
bergel et al., 2008). In 2008, the network was extended Atmosphere, Noilhan and Planton, 1989; Noilhan and Mah-
with nine new stations located in the Mediterranean regionfouf, 1996) LSM used in this study, the soil hydrology is
(Fig. 1). Most of the stations are at low altitude and on rea-based on the force restore approach, according to Dear-
sonably flat terrains, with the exception of Barnas, La-Grand-dorff (1978). The model represents two soil layers. The
Combe, Mouthoumet, Beéme, and Mazan-Abbaye (BRN, first layer includes the root-zone, represented by a bulk reser-
LGC, MTM, BRZ, and MZN, respectively) at 480m, 499 m, voir corresponding to the maximum rooting depth, and a
538 m, 650m, and 1240 ma.s.l. (above sea level), respeaepresentation of SSM associated to a skin soil top-layer
tively. During the installation of soil moisture probes, soil (~1cm thick). The latter is used for the computation of the
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Table 1. Soil characteristics of the nine new stations of the SMO

S- soil evaporation. This modelled SSM is used in this study.

MANIA network at four depths (5, 10, 20 and 30 cm): fractions of 1h€ Seécond layer is a deep, sub-root soil layer contribut-
clay, sand fraction, organic matter, and bulk density. The station ardéNg to evapotranspiration through capillarity rises (Boone et
listed from East to West (Pezenas to Cabes d’Avignon).

Stations Depth Clay Sand Organic Bulk
(cm) (@Qkg 1) (gkgl) matter  density
kg™ (kgm3)
Pezenas (PZN)
5 175 506 49.5 1238
10 174 519 23.2 1311
20 161 598 10.9 1266
30 194 520 115 1363
Prades-le-Lez (PRD)
5 311 270 54.9 1358
10 328 237 49.7 1317
20 323 238 39.8 1409
30 335 217 35.3 1570
La Grand Combe (LGC)
5 129 732 29.7 1536
10 129 748 21.8 1496
20 88 815 30.1 1507
30 139 740 24.1 1507
Mazan-Abbaye (MZN)
5 150 676 102 961
10 126 720 78.2 1330
20 129 696 68.7 1127
30 109 664 53.5 1257
Villevieille (VLV)
5 136 657 53.4 1116
10 124 678 26.9 1274
20 106 695 12.7 1419
30 118 671 14.9 1381
Barnas (BRN)
5 95 773 70.8 1427
10 71 804 59.8 1630
20 61 802 30.5 1310
30 112 767 22.4 1527
Méjannes-le-Clap (MJN)
5 162 455 121 1276
10 193 428 110 1276
20 257 347 106 1276
30 202 303 78.1 1276
Berzme (BRZ)
5 233 375 38.0 1094
10 264 346 32.6 1280
20 257 386 25.9 1394
30 264 340 25.7 1294
Cabreres d'Avignon (CBR)
5 242 476 44.9 1300
10 233 488 26.3 1310
20 216 561 23.1 1325
30 223 498 20.1 1353

www.hydrol-earth-syst-sci.net/16/423/2012/

al., 1999). Moreover, an explicit multilayer snow model
is used (Boone and Etchevers, 2001). The soil and vege-
tation parameters used by ISBA are derived from a global
database of soils and ecosystems, ECOCLIMAP (Masson
et al., 2003). In this study, a new version of the ECO-
CLIMAP dataset (Faroux et al., 2009) was used. It con-
tains an updated classification of vegetation types over Eu-
rope and North Africa. Moreover, the ISBA-A-gs (Calvet et
al., 1998) version of the LSM was used. It is able to sim-
ulate the diurnal cycle of carbon and water vapour fluxes,
together with LAl and soil moisture. ISBA-A-gs was used
“offline”, i.e. without coupling the LSM with an atmospheric
model. The atmospheric forcing was produced by SAFRAN
(Syseme d’Analyse Fournissant des Renseignements Atmo-
spreriquea la Neige, Durant et al., 1993) using information
from the automatic, synoptic and climatological networks of
Méteo-France and a first guess from large scale operational
weather prediction models. An optimal interpolation method
was used to analyse surface atmospheric variables (Durand
et al.,, 1999). The LSM was used at a spatial resolution of
8 km x 8 km to produce daily estimates of SSM and soil tem-
perature at 07:00 UTC, and of LAI.

2.4 Data preparation
2.4.1 Soil moisture products

In order to compare ASCAT, SMOS and ISBA-A-gs SSM
values, the satellite products were projected to the ISBA-A-
gs 0.070 resolution (8 kmx 8km) grid. The original re-
sampled SMOS and ASCAT grids are 0.1460.13% and
0.125 x 0.125, respectively. The projection was made by
assigning each SMOS (ASCAT) data to all the ISBA-A-gs
grid cells within 0.18 (0.15°) using a nearest neighbor ap-
proach (Draper et al., 2011a). Before the SMOS data were
projected on the ISBA-A-gs grid, observations with a data
quality index greater than 30% were removed. Similarly,
ASCAT values with an estimated soil moisture error greater
than 30% were removed. For all the dates with ASCAT
observations flagged as frozen soil, flooded surfaces or cov-
ered by snow, no ASCAT-SMOS comparison was performed.
Moreover, for SMOS-L2 and ASCAT products, a static mask
was applied to remove (i) urban regions, identified as hav-
ing an urban fraction greater than 15 % in the ECOCLIMAP
database (ii) steep mountainous terrain, identified as having a
topographic complexity flag provided with the ASCAT data
greater than 15 %. Finally, in order to remove all the observa-
tions corresponding to soil freezing conditions, an additional
filter was applied to all the products: all the observations cor-
responding to SAFRAN air temperatures smaller than 277 K
were removed.

Hydrol. Earth Syst. Sci., 16, 42840, 2012



428 M. Parrens et al.: Comparing soil moisture retrievals from SMOS and ASCAT over France

In order to better capture the day to day variability of SSM, Also, a regression analysis was applied to the SMOS-L2
the seasonal cycle was removed by calculating monthly SSMSSM:
anomalies (Albergel et al., 2009). The difference to the mean
was calculated for a sliding window of five weeks (if there SSM = A" SSMswios + B’ ®)
were at least five measurements during this period), and thgnd to ASCAT data:
difference was scaled to the standard deviation. For each
soil moisture SSM estimate at dai),(a periodF was de- SSM = A" SSMascar + B™. (4)

fined, W'th F=[i—1rd, i+ 17d_] cqrrequndmg toa f|v¢ In Egs. (3) and (4), the reference SSM values were derived

week window. The anomaly is dimensionless and itis ¢ ISBA-A-gs LSM simulations. In Eq. (4) the SSM simu-

given by: lated by ISBA-A-gs was rescaled between field capacity and
SSM(i) — SSM(F) wilting point values in order to be consistent with the AS-

e3) = SIdeVSSMF)) (1)  CAT SSM. As for SMOS-L1T}, in Eq. (2), the regression

coefficientsA’, B’, and A* and B* of Egs. (3) and (4), re-
This equation was used to compute SSM anomalies from ASspectively, vary from one grid-cell to another.
CAT, SMOS, ISBA-A-gs, and in-situ observations.

2.4.3 Subset score analysis
2.4.2 Analysis of the SMOS-L1T, data
Separate analyses were performed for contrasting vegetation

For SMOS-L1, the same static mask applied for SMOS-L2and soil moisture conditions, for the three main surface types
and ASCAT (see Sect. 2.4.1) was used. In addition to thein France: crops, forests (either broadleaf or coniferous) and
RFI filtering procedure described in Sect. 2.1.1, the dynamiagrasslands. A 8 knx 8 km grid cell was considered as rep-
SMOS-L2 flag was applied to SMOS-L1. As SSM values areresentative of a given vegetation type (either crops, forests or
considered in this study, the SMOS-I} were transformed grasslands), when the fraction of this vegetation type given
into SSM values, using a simple regression technique baseldy the ECOCLIMAP database was greater than 50%. The
on semi-empirical statistical relationships between referencé Al variable was chosen to characterize vegetation condi-
SSM values and}, values at two contrasting incidence an- tions. In the ISBA-A-gs simulations used in this study, the
gles and/or two polarizations (Wigneron et al., 2004; Salehmedian LAl value was 1.66 fim~2. Under (over) this value,
et al., 2006b; Calvet et al., 2011; Albergel et al., 2011). Mat-the vegetation was considered as sparse (dense). The root-
tar et al. (2012) showed that an additional information on thezone soil moisture was used to distinguish dry from wet
vegetation development (such as the Normalized Differencesoil conditions. In order to account for the different soil
Vegetation Index (NDVI), or the LAI) can improve the re- types represented by ISBA-A-gs, the root-zone soil moisture
gression. In this study, a regression equation based on tw¢m3 m—3) was converted into dimensionless units by scaling
incidence angle®{ andd,), two polarizations g andg) and by the soil moisture at saturation. The resulting scaled soil
LAl estimates was used (adapted from Mattar et al., 2012): moisture ranged between 0 and 1. The median value of the
simulated normalized root-zone soil moisture was 0.60. Un-

SSM = exp<A In <1 _ Ty ;91»1))> der (over) this value the soil was considered as dry (wet).
eff
3 Results
pam (1o ) o (oo Tl
Tef Tef 3.1 Comparison between SMOS and ASCAT SSM
products
Ty (62, ,

+ D ln (1 - #) + E LAl + F) (2)  SMOS and ASCAT SSM products were evaluated using the

eff SMOSMANIA in situ observations in southern France, and

the ISBA-A-gs SSM simulations over the whole of France,

In Eq. (2), the LAl and the SSM are derived from reference
a. (2) v for the year 2010.

ISBA-A-gs LSM simulations or, in the case of SSM, from
SMOSMANIA SSM observations. Th&s symbol corre- 31.1 Comparison at the SMOSMANIA stations in
sponds to the effective soil temperature affecting the land southern France

surface emission at L-band. In this stu@lys is derived from

the surface temperature computed by the ISBA-A-gs modelsgatistical scores for the comparison between SMOS and AS-

The regression coefficients, B, C, D, E and F vary from  CAT SSM anomalies and in situ SSM anomalies were deter-
one grid cell to another and depend on surface characteristiGgined. As described in Sect. 2.4.1, the satellite data were

(Saleh et al., 2006). projected onto the ISBA-A-gs grid, and the SMOS and AS-
CAT time series for each SMOSMANIA site were taken
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Table 2. Comparison of SMOS-L2 and ASCAT SSM anomalies with the in-situ SSBIdm) anomaly measured at 21 ground stations for

the year 2010: correlationdng), mean bias (in-situ minus satellite products), root mean square error (RMSE) and p-value. The number of
data used to calculate the scores is giveghg). Absolute correlationsrfpg are indicated. NS stands for non significant, and *, **, ***
stand for p-values greater than 0.05, between 0.05 and 0.001, and between 0.001 and 0.0001, respectively.

SMOS-L2 ASCAT
Absolute correlations Anomalies Absolute correlations Anomalies

Stations naps raps P-value nano rano RMSE Bias P-value naps raps P-value nano rano RMSE Bias P-value
SBR 6 0.06 NS 5 0.69 081 -041 NS 158 0.82 ** 153 0.74 0.68 0.05  **
URG 122 0.61 »* 116 0.32 1.08 0.06 ** 149 0.75 ** 139 0.65 0.71 —0.06 ***
CRD 119 0.55 % 113 0.27 1.25 0.06 ** 165 0.77 ** 153 053 0.96 0.01 ¥
PRG 134 0.53 *** 127 0.23 1.20 0.03 * 153 0.77 *** 143 0.51 0.90 —0.07  ***
CDM 131 042 *** 126 0.25 1.17 0.05 ** 164 0.71 *** 152 0.63 0.80 —0.02 #***
LHS 133 0.47 ** 128 0.29 1.11 -0.15 ** 152 0.63 *** 140 0.45 091 -0.10 *=
SVN 130 0.48 ** 123  0.39 1.06 -0.01 *** 154 0.61 ** 142 045 091 -0.11 »=
MNT 118 0.39 % 116 048 091 -0.03 *=* 151 0.64 »* 141 052 0.88 —0.07 *=*
SFL 135 0.42 129 0.38 1.00 0.02 = 155 0.58 % 143 0.38 0.97 —0.04 *=*
MTM 102 034 ** 97 0.20 1.13 0.11 NS 149 0.14 NS 140 0.12 1.15-0.05 NS
LzZC 23 059 * 17 0.60 0.83 0.03 * 33 0.92 23 096 0.33 0.08  ***
NBN 118 0.53 ** 113 034 113 0.05 ** 152 0.65 % 142 0.37 1.07 0.05  **
PZN 116 0.52 % 112 0.36 1.01 -0.03 ** 167 0.76 ** 160 058 0.80 —0.07 **=*
PRD 79 054 69 0.39 1.02 0.03 ** 142 042 *** 137 0.46 1.00 —0.01 #x*
LGC 39 035 * 26 0.17 1.14 -0.06 NS 143 0.62 ** 137 0.65 0.82 —0.04 **
MZN 40 0.48 ** 36 0.38 1.01 0.05 * 120 0.19 * 114 0.35 0.98 —0.03 ***
\Y/AY 95 0.61 *** 90 0.30 1.07 0.14 ** 162 0.52 ** 155 0.70 1.01 —-0.08 ***
BRN 12 044 NS 8 0.33 1.02 0.19 NS 64 0.58 *** 58 0.55 0.91 0.10 =
MJIN 55 0.40 ** 46 036 099 -0.04 * 134 0.68 *** 126 0.70 0.77 —-0.11 ***
BRZ 47 0.53 w* 40 0.44 1.06 0.19 * 135 0.57 % 132 0.69 081 0.02 =
CBR 74 051 70 0.41 0.92 0.12 ** 167 0.46 ** 157 0.44 0.97 0.11 %

T N : L
t e, . - * In-situ
1o LR
SRS+ oS NP * SMOS SSM
+ N . e + AR
¢ ey + * e * ASCAT
1 1

Jul Oct

Fig. 2. Observed SSM anomalies at the Montaut (MNT) station in 2010, derived from (black) in situ measurements at a 5 cm depth, (blue)
SMOS-L2, (red) ASCAT.

from the corresponding ISBA-A-gs grid cell. Albergel et the highestanobetween satellite SSM anomalies and in situ
al. (2011) assessed the consistency between SMOS-L1 dat8SM anomalies, are observed for thézignan-Corl#res
airborne L-band radiometry observations, and the SMOS{LZC) station. However, for this station, 2010 measurements
MANIA in situ observations at 11 stations. They found a are available from January to March and in November, only.
good agreement of SMOS-L1 data with the other data set§hese months correspond to wet periods including many rain
for 9 of the 11 stations. In particular, very good results wereevents triggering marked SSM changes, and this can explain
obtained for the Montaut (MNT) station. Figure 2 presentsthe better correlation.

anomaly time series from in situ measurements, SMOS SSM The SMOS and ASCAT RMSE values range from 0.83
and ASCAT SSM at the MNT station for 2010. Most peaks to 1.25, and from 0.33 to 1.07, respectively, with average
and troughs are represented well. The SSM anomaly stagalues of 1.05 and 0.86, respectively, in units of standard
tistical scores are presented in Table 2 for SMOS ascenddeviation. Finally, the SMOS and ASCAT biases range
ing orbits and for ASCAT descending orbits. While signif- from —0.15 to 0.19, and from-0.11 to 0.11, respectively,
icant correlations rang) are found for 20 stations for AS-  with average values of 0.03 aneD.03, respectively. For the
CAT, 17 stations show significanino values for SMOS. For  stations associated to significant correlations, no systematic
the stations ShOWing Significant SSM’]O Values, the SMOS dry or wet SSM anoma|y bias is observed.

(ASCAT) ranorange from 0.23 to 0.60 (0.35 to 0.96), with an For ASCAT, the MTM station, only, presents non-
average value of 0.36 (0.55). For both SMOS and ASCAT’significantram values. MTM is situated close to a forested
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Fig. 3. SMOS-L2 vs. ASCAT SSM (left panel) absolute and (right panel) anomaly correlation coefficients with the SMOSMANIA in situ
observations for each SMOSMANIA station. Black dots represent significant SSM correlations for both SMOS and ASCAT. Green dots
represent significant SSM correlations for ASCAT, only. The blue dot indicates a significant SSM correlation for SMOS, only. The red dot
corresponds to the MTM station, presenting no significant correlation (p-valu@s) for either SMOS or ASCAT.

and mountainous area, and its location can explain the pooresults found at the SMOSMANIA stations to other locations
results. The SMOS SSM seems to be more affected by topogn France. In order to compare the satellite products with
raphy than ASCAT, as non-significant results are found forISBA-A-gs, statistical scores were calculated for each grid
five stations (Sabres (SBR), MTM, LGC, MZN and BRN), cell of the ISBA-A-gs simulations. Figure 4 shows maps of
three of which (MZN, BRN, and MTM) present among anomaly correlation, RMSE and p-value between the SMOS
the highest altitudes of the SMOSMANIA stations (1165m, and ASCAT SSM and the SSM calculated by ISBA-A-gs
672 m, and 499 m, respectively). over France for the year 2010. In these maps, only significant

Regarding absolute correlationyfsin Table 2), two sta- values are plotted (p-value0.05). The significant anomaly
tions (SBR and BRN) present non-significagsvalues for  correlations range fromane=0.24 to 0.69 for SMOS and
SMOS, one for ASCAT (MTM). For the stations showing from rano=0.24 to 0.85 for ASCAT. On average, ASCAT
significant SSMraps values, the SMOS (ASCATpsrange  presents better anomaly scores than SMOS, with average val-
from 0.34 to 0.61 (0.19 to 0.82), with an average value ofues 0frano, RMSE and mean bias of 0.65, 0.78, anl.01,
0.49 (0.64). For SMOS and ASCAT, the highegisis ob- respectively, against 0.40, 1.04, and 0.07, respectively, for
served for Urgons (URG) and SBR, respectively. Overall, SMOS.
raps vValues are higher than values. Indeed, the absolute Figure 5 presents SMOS vs. ASCAT SSM anomaly
correlation is explained to a large extent by seasonal variacorrelation coefficients with the ISBA-A-gs simulations,
tions, which are suppressed in SSM anomalies. In particularfor the France domain. Only significant correlations (p-
non-significant SMOS-L2,n0Vvalues are observed for MTM  value< 0.05) are shown. The ISBA-A-gs grid cells corre-
and LGC, while they present significanpsvalues. sponding to the SMOSMANIA stations are indicated, and

Figure 3 presents SMOS-L2 vs. ASCAT SSM absolute more marked differences than those shown by Fig. 3 using
and anomaly correlation coefficients with the in situ obser-SMOSMANIA data are found, with systematically higher
vations, for the 21 SMOSMANIA stations. In general, the ASCAT rano Values. In Fig. 5, theane values are calcu-
ASCAT SSM correlates better than the SMOS SSM with thelated for the whole 2010 year. In terms of anomaly corre-
in situ observations. Four stations present better significantation with the ISBA-A-gs model, ASCAT performs better
rapsvalues for SMOS-L2: Prades-le-Lez (PRD), MZN, Ville- than SMOS-L2 for 99 % of the grid cells. For few areas in
vieille (VLV), and Cabréres d’Avignon (CBR). On the other the Champagne region (4884, 4.02 E) and close to Nar-
hand, only one station (MZN) presents better significarng bonne (42.85N, 2.58 E) SMOS-L2 performs better than
values for SMOS-L2. ASCAT.

In order to investigate possible seasonal changes in the rel-
ative consistency of SMOS and ASCAT with ISBA-A-gs, the
rano Values were disaggregated following the subset analysis
described in Sect. 2.4.3. Figure 6 shows the SMOS vs. AS-
Simulations of SSM values by the ISBA-A-gs LSM were CAT SSM anomaly correlation coefficients with the ISBA-
used to generalize the SMOS vs. ASCAT benchmarkingA-gs simulations, disaggregated in four vegetation and soil

3.1.2 Comparison over France using SSM values
simulated by ISBA-A-gs
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Fig. 4. Comparison between SMOS-L2 and ASCAT SSM anomalies with SSM anomalies calculated by ISBA-A-gs. From left to right:
correlation coefficientr(), root mean square error (RMSE), and p-value, for (top panel) SMOS-L2, and (bottom panel) ASCAT. Blanked
areas are mountainous or urban areas and areas presenting a non-significant score-(p-0&jue

1 — T sparse grasslands in dry conditions, and dense grasslands
nst - in wet conditions. Except for sparse grasslands and dense
asl | crops, SMOS tends to perform as well as ASCAT, in wet

conditions. On the other hand, better agreement with ISBA-
2 1 A-gs SSM simulations is generally achieved by ASCAT in
£ oer ] dry conditions.
@ I | 3.2 Soil moisture estimates derived from the SMOF',,
= 04r B
T ousf . 8 3.2.1 Atthe SMOSMANIA stations in southern France
[ | In this section, the Eq. (2) empirical relationship is used to
mr | estimate SSM from SMOS-L1 data, using the SMOSMA-
' — NIA in situ data as a reference for the determination of the

1 L L L L I
] 0.1 0.z 0.3 04 0.5 0e 07 [k} 03 1

FASCAT/ISBAAGS correlation coefficients. The LAl values used in Eq. (2) are

given by the average LAI simulated by ISBA-A-gs for the
Fig. 5. SMOS-L2 vs. ASCAT SSM anomaly correlation coefficients corresponding grid-cell. Table 3 presents the SSM estimate
with the ISBA-A-gs simulations for each ISBA-A-gs grid cell. Red Scores obtained using SMQ$ values at incidence angles of
dots represent the ISBA-A-gs grid-cells corresponding to SMOS-40° and 20. This particular biangular configuration presents
MANIA stations. Only points presenting significant correlations the best score. The SSM estimates derived from Eq. (2) are
(p-value< 0.05) for both SMOS-L2 and ASCAT are shown. significantly correlated to the observations (p-vaiu@.05)

for 15 stations. Among stations with significant statisti-

cal scores, the correlation coefficients and the RMSE range
wetness classes, for each dominant cover type. Consisteffitom 0.65 to 0.89 and from 0.0303m—2 to 0.082 n¥ m~—3,
with Fig. 5, ASCAT tends to outperform SMOS, but less respectively. The average correlation coefficient and RMSE
systematically. Among the twelve sub-figures of Fig. 6, five are 0.77 and 0.053%m~3, respectively. For most SMOS-
present more than 40 % of scores better for SMOS than foMANIA stations located in southwestern France, the corre-
ASCAT. These cases correspond to forests (either sparse dation scores are better than those obtained by Albergel et
dense) in wet conditions, sparse crops in wet conditionsal. (2011). This s related to the use of LAl and of bipolarized
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Fig. 6. Impact of vegetation density (dense and sparse) and soil wetness conditions (wet and dry) on SMOS-L2 vs. ASCAT SSM anomaly
correlation coefficients with the ISBA-A-gs simulations for crops, forests, and grasslands.

Ty values at a low incidence angle (Q@s additional factors  produced a spatially distributed SMOS-L1 SSM. Moreover,

in this study, and to the use of reprocessed SMOS data. Notthe correlation between both SMOS-L2 and ASCAT SSM

that for the 11 stations considered by Albergel et al. (2011),data with the ISBA-A-gs SSM was analyzed over France us-
fewer observations are available in this study (from 31 to 50,ing Egs. (3)-(4).

against 44 to 107 in Albergel et al., 2011), because Tyo Figure 7 presents the score maps (correlation coefficient

incidence angles are used. and RMSE) over France of Egs. (2)—(4). Only significant val-

Also, Table 3 presents thé, B, C, D, E regression co- ues (p-value< 0.05) were plotted. The average correlation
efficient values and thé intercept coefficient obtained in coefficients over France for SMOS-L1, SMOS-L2, and AS-
this configuration. They are specific to each site. TheyCAT SSM are 0.45, 0.49, and 0.61, respectively. The aver-
may depend on the soil and vegetation properties acting o@ge RMSE values are 0.075m—3,0.072n¥ m~3, and 0.75
the microwave emission, like soil roughness, soil surface in-(dimensionless), respectively. The three SSM estimates cor-
filtration and thermal properties, vegetation phenology andrelate better with the ISBA-A-gs SSM in the western part of
canopy structure. For all the stations, thecoefficient, re-  the country. The West to East decrease in correlation in par-
lated to the 20/ Ty, is equal to zero. Therefore, only one ticularly pronounced for SMOS-L1 and ASCAT. The RMSE
term in V polarization plays a role in the regression. Sim- follows the same behavior. It was checked that the number of
ilar results are obtained with different incidence angles (notsatellite observations used in the regressions does not present
shown). this longitudinal contrast and that it has no influence on the
obtained spatial patterns of the scores.

The regression coefficients over France for SMOS-L1,
SMOS-L2 and ASCAT are presented in Fig. 8. For the
The same regression Eq. (2) with the same configuration (inSMOS-L1 SSM, derived fronT}, values, theB and D co-
cidence angles of 20and 40) as before, was applied us- efficients (corresponding t¥-polarizedT}) tend to present
ing the ISBA-A-gs SSM over France instead of the in situ values closer to zero than the and C coefficients (corre-
SSM for the estimation of the correlation coefficients. It sponding toH-polarizedT}y). It must be noted that using

3.2.2 Over France
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Fig. 7. Regression statistics of satellite vs. ISBA-A-gs SSM in 2010: (left panels) correlation coeffigiemd (right panels) root mean
square error (RMSE), of (top panels) SMOS-L1 with Eq. (2), (middle panels) SMOS-L2 with Eq. (3), (bottom panels) ASCAT with Eq. (4).
The RMSE is expressed indm~2 in the dynamic range of ISBA-A-gs for SMOS, and in dimensionless units for ASCAT.

Eq. (2) without the LAI factor gives more weight to the 20 were btained betweena and F (r°=0.41), and between

Ty, factor. This indicates that the 20 T, may be linked and B (r2=0.16). All the others squared correlation coef-
with the vegetation opacity. In order to understand the spaficients were lower than 0.09. Moreover, various configura-
tial distribution of the coefficients, we searched analogies oftions of Eq. (2) were tested, such as removing one, two, or
their spatial patterns, with the spatial distribution of vege- three factors from the regression. The spatial distribution of
tation types and soil characteristics used by the LSM, andhe remaining coefficients were almost not affected. How-
with the precipitation climatology, but no similarity was ob- ever, decreasing the number of terms of Eq. (2) tended to
served. Moreover, in western France, theegression co- decrease the regression score and the percentage of grid cells
efficient of Eq. (2), relative to LAI, is close to zero while, obtaining a significant score. While Eq. (2) presents signifi-
on the other hand, LAI information is key in eastern France.cant scores for 55 % of the grid-cells, removing one, two, or
The F intercept coefficient presents analogies with the to-three of the five factors reduced this fraction to 46 %, 36 %,
pography (Fig. 1). Low negative values Bfcorrespond to 31 %, on average, respectively.

higher altitudes, and four French mountainous regions ap- For the SMOS-L2 SSM, a significant spatial correlation
pear: part of the Pyrenees, Jura, Vosges and Massif Cerbetween altitude and values of tiB intercept coefficient
tral. Note that most of the Alps area is flagged. The spa-s observed, alsorE0.37). It is less marked than for the
tial correlation between altitude arfd values isr =—0.51.  SMOS-L1 F parameter, but data are not provided for the
The possible spatial correlations between the parameters dfighest mountain ranges such as the Alps and part of the
Eqg. (2) were investigated. The highest spatial correlationsPyrenees. For ASCAT, no correlation between the altitude
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Fig. 8. Regression coefficients of satellite vs. ISBA-A-gs SSM in 2010: (top panels) SMOS-L1 with Eqg. (2), (middle panels) SMOS-L2 with
Eqg. (3), (bottom panels) ASCAT with Eq. (4).

and the B* coefficient is observedrE0.07). This result processes governing the SMOS and ASCAT measurements
shows the impact of topography on the SMOS signal. differ. They are discussed below.

4.1 Impact of the sampling depth
4 Discussion

In this study, three soil moisture datasets are considered
The comparison of SMOS and ASCAT SSM estimates withalong with the SMOS-L2 product: the ASCAT SSM, the
independent SSM observations and simulations over FranckSBA-A-gs SSM, and the in situ SMOSMANIA observations
in Figs. 3 and 5 shows that, overall, better results are obtainedt a depth of 5cm. These different SSM estimates do not
with ASCAT. Brocca et al. (2011) analysed the performancepresent the same sampling depth, and slight differences in
of the ASCAT SSM over various European regions, includ- sampling depth may affect the temporal variability of SSM
ing in southern France, using three SMOSMANIA stationsin response to rainfall events. As observed by Albergel et
(URG, PRG and LZC). For the latter, their results are consis-al. (2010), the ASCAT SSM product better correlates with
tent with the results presented in this study. Apart from theLSM simulations representing a skin surface soil moisture,
fact that the SMOS-L2 product is still in the evaluation phase,than with in situ observations at 5cm. This is not true for the
while the ASCAT SSM product exists since 2007 and bene-SMOS-L2 SSM, as it presents a correlation with LSM sim-
fits from the heritage of the ERS SSM product, key physicalulations similar to its correlation with in situ observations at
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Table 3. Comparison between the in situ SSM and the SSM retrieved from the SMOg-uding the regression coefficients,(B, C, D,

E, F) of Eq. (2) derived from the in situ SSM: number of points used in the regressjondtrelation coefficientrfg, root mean square

error (RMSE) and p-value. The fraction of missing data caused by the RFI filtering is indicated. NS stands for non significant, and *, **,
*** stand for p-values greater than 0.05, between 0.05 and 0.001, and between 0.001 and 0.0001, respectively.

Stations n  raps RMSE(MEm—3) p-value A B cC D E F  Altitude (m) % of missing data
SBR - - - - - - - - - - 74 -
URG 37 0.88 0.054 ik 0.6645 0.0567 0.0816 0-0.1050 0.9251 135 39
CRD 43 0.82 0.030 ik 0.4343 0.0752 0.1428 0-0.0971 -0.2683 149 36
PRG 43 0.72 0.043 e 0.4427 0.1198 —0.0624 0 -—0.0675 —0.2289 183 33
CDM 40 0.74 0.048 e 0.1862 0.1101 0.2234 0-0.0171 0.0706 118 34
LHS 35 0.67 0.064 il 0.2776 0.0631 0.1676 0-0.0237 -0.0684 207 35
SVN 33 083 0.069 e 0.2985 0.0012 0.3377 0-0.0918 0.6340 122 39
MNT 42 0.73 0.066 i 0.5533 0.0704 0.2049 0 0.0680 0.5692 255 35
SFL 39 0.79 0.043 ik 0.5107 0.0083 0.1568 0-0.0066 0.0053 236 39
MTM 26 0.77 0.032 ok 0.2608 —0.0344 0.1580 0 -0.0095 -0.6162 499 31
LzC - - - - - - - - - - 102 -
NBN 43 0.81 0.039 e 1.3620 -0.0218 0.2924 0 -0.1013 0.6836 33 33
PZN 38 0.69 0.057 ik 2.4201 0.1508 —0.0991 0 —0.0864 1.3057 39 30
PRD 16 0.89 0.049 ok —0.7565 0.8619 —0.0251 0 —0.2245 —0.8958 99 40
LGC 13 0.49 0.034 NS 0.9649 0.3521-0.5398 0 —0.0883 —0.2759 436 63
MZN - - - - - - - - - - 1165 -
VLV 22 0.86 0.055 ok 1.6293 0.1919 0.1118 0 —0.2052 2.2735 51 83
BRN - — - — - — - - - - 672 —
MJN 10 0.75 0.082 * 0.3015 0.2545-0.1205 0 —0.1796 0.1262 268 69
BRZ - - - - - - - - - - 540 -
CBR 13 0.65 0.069 * 1.0116 0.9940 0.0994 0 0.1113 1.1543 584 68
SMOS L1 SMQOS L2

50% S0 [

48N T 48N
45% 48% [
44% FELN

42% 42%

-05

Fig. 9. Residual term of the regression equation of (left panel) SMOS-L1 F, (centre panel) SM@S-I(ght panel) B* intercepts
vs. altitude ).

5cm. Indeed, in both cases, the average temporal correléSect. 3.2.2 show that this effect is visible in the SMOS prod-
tion at the location of the 21 SMOSMANIA stations is equal ucts, both in the SSM derived from the SMOS-L1 data and
to 0.36. More research is needed to analyse the soil samn the SMOS-L2 data, using the intercept coefficients of
pling depth at L-band and C-band, using a multi-layer soil Egs. (2) and (3)F and B’, respectively. It must be noted
hydrology scheme. that the fact that” correlates better with topography th&h

(r values of—0.51 and 0.37, respectively) could denote an
impact of topography on ancillary LAl antk¢ information
used in Eq. (2).

The impact of a marked topography can be explained by mul- In order to search for other possible perturbing factors, an
tiple local incidence angles caused by the different slopesanalysis ofF and B’ intercepts was performed. A linear re-
of mountainous areas, affecting tlig values and, conse- gression between the altitude of each grid-c£l) &nd the
quently, the SSM retrievals. Mialon et al. (2008) have shownintercepts was computed. The same analysis was applied to
that relief features can caus® variations of up to 5K. the ASCAT B* term. The residual terms of the regressions

4.2 Topography and other geographical factors
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are shown in Fig. 9. In the three cases, some topographyo a large extent, and the simulated root-zone soil moisture
features still appear in the residual term (e.g. the Vosges)has to be consistent with the surface fluxes (e.g. evapotran-
This may denote a non-linear impactfon SSM retrievals.  spiration). Using a wrong SSM climatology tends to bias the
Moreover, for SMOS-L1, the area corresponding to the eastassimilation and to force the analysed variable (e.g. the root-
ern SMOSMANIA stations (from Narbonne (NBN) to CBR) zone soil moisture) towards unrealistic estimates (e.g. of the
presents small scale variations which could denote the pressoil water content available for plant transpiration). This bias
ence of RFI. problem was discussed by Calvet et Noilhan (2000) and by
Reichle and Koster (2004).
4.3 Use of the SMOS-L1 product
4.4 RFIl and impact of the sampling time

The results presented in Sect. 3.2.2 show that calibrating
statistical relationships based on reference SSM values proAn important difference between SMOS and ASCAT is the
duced by a LSM permits to produce SSM estimates from thenumber of satellite observations that are available for the two
SMOS-L1 product. The scores of the calibrated statisticalsensors. From Table 2, on average, it is equal to 87 and 141
models are probably the best achievable scores over Frander SMOS and ASCAT, respectively. Table 3 shows that a
using SMOS data, and the SMOS-L1 SSM outperforms thehigher fraction of SMOS-L1 data are affected by RFI for
SMOS-L2 SSM: (1) for the SMOSMANIA in situ observa- the eastern SMOSMANIA stations (LGC, MZN, VLV, BRN,
tions, the mean temporal absolute correlations of the twaVéjannes-le-Clap (MJIN), BRZ, CBR), with more than 60 %
SSM estimates are 0.75 and 0.49, respectively, (2) for themissing data. For MZN, BRN and BRZ, less than 10 ob-
LSM simulations over France, the mean temporal correla-servations were available, and the regression model was not
tions of the anomalies of the two SSM estimates are 0.44applied. Apart from VLV, p-values higher than 0.001 are ob-
and 0.40, respectively. The use of Eq. (2) requires severaserved. For the whole SMOSMANIA network, 55 % of the
SMOS-L1 configurations and this tends to reduce the num-observations had to be removed, on average. In spite of the
ber of points used for testing the regression. For the 12 westfiltering procedure described in Sect. 2.1.1 and in Sect. 2.4.2,
ern stations and for the 9 new eastern stations, on averagéhe SMOS data could be affected by undetected low-level
38 and 19 points are used, respectively (Table 3). The p-valu®FI.
columns of Table 3 permit the assessment of the relevance Calvet and Noilhan (2000) and Pellarin et al. (2006) have
of the empirical regression Eq. (2). It must be noted that thediscussed the impact of the sampling time on root-zone soil
SMOSMANIA network observations is a long-term monitor- moisture retrievals. They showed that a sampling time of 3d
ing effort and this will allow the consolidation of the results (or better) is needed. In Tables 2 and 3, the number of satel-
of this study using longer SMOS time series. The deriva-lite data corresponds to the data that were actually used, after
tion of SSM from SMOST}, data by the use of regressed RFI filtering. Indeed, in some regions, many SMOS data are
empirical logarithmic equations is a simple statistical way to lacking due to RFI. On average for the whole of France, for
retrieve SSM. As shown in this study over France, the appli-the year 2010, 122 SMOS-L2 and 187 ASCAT morning SSM
cation of Eq. (2) over large areas requires additional informa-observations can be used. These numbers correspond to an
tion provided by a land surface model. A priori, there is no average effective sampling time of 3d for SMOS and 1.95d
obstacle to the extension of this technique at a global scalefor ASCAT. Note that for the 9 new stations of the SMOS-
The LAI can be either computed by a land surface model orMANIA network (Table 1), in the Mediterranean region, the
derived from satellite observations. It must be noted that theaverage effective sampling time of SMOS-L2 is 5.9d, only.
regression coefficients found over France cannot be directlyror the 12 western stations of the network, the SMOS-L2
extrapolated to other areas. Nevertheless, France presentssampling time (3.4 d) is closer to the average value of 3d.
large variety of soils and vegetation types, various climatic
regions, also, which permits the validation of the approach4.5 Monitoring of future SSM product versions
Also, these regression coefficients may depend on the used
SMOS-L1 version, and may have to be updated from oneThis study shows that the in situ SSM observations per-
version to another. formed by the SMOSMANIA network have potential to

This result shows that Eq. (2) could be used in the assimi-monitor the quality of satellite derived SSM products, and
lation of SMOS-L1 data in LSM. Indeed, SSM observations to benchmark distinct SSM products across contrasting ge-
need to be rescaled to fit the model climatology, before beingplogical and climatic conditions. In addition to this net-
assimilated (Reichle and Koster, 2004; Draper et al., 2011b)work, the high resolution (8 km 8 km) ISBA-A-gs model,
and Eg. (2) could be used during this phase. Li et al. (2012)orced by in situ precipitation data can be used to extend the
have tested the assimilation of AMSR-E soil moisture re-SMOSMANIA monitoring capacity to the whole metropoli-
trievals, in units of dm~3, without removing the systematic tan France. The 2010 SMOS-L2 data used in this study are
biases with the land surface model. In practise, this is a dif-based on the very first SSM product derived from SMOS.
ficult exercise as the SSM climatology is model-dependentimproved reprocessed SMOS-L2 data will be produced in
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