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Evaluation of ERS Scatterometer soil moisture poetglover a half-degree

region in Southwestern France

Thierry Pellaritt, Jean-Christophe CaletVolfgang Wagnéer

Abstract— This paper investigates the ERS Scatterometer $amoisture products
precision over a half-degree region in SouthwesterrFrance. Based on a high
resolution soil moisture simulation (1km?) validatel at the local scale, the ERS-scat
product is assessed at its own resolution (about X80 km?). The study points out the
suitable quality of the surface soil moisture prodat (root mean square error equal to
0.06 n?.m™ for a 4-year period) and assesses the retrievedabzone soil moisture
accuracy provided by a semi-empirical methodology»&lusively based on surface soil

moisture products.

1 Introduction

Surface soil moisture plays a key role in the wated energy exchanges between the land
surface and the atmosphere. Several authors havendihat microwave frequencies (1-
10 GHz) are relevant for soil moisture monitori@urrent sensors are used to provide
soil moisture estimates such as the European Spagesncy (ESA) sensors ERS-

Scatterometer and ERS-SAR (since 1992), ENVISAT-$#iRce 2002), and the National
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Aeronautics and Space Administration (NASA) sensmich as the AMSR-E radiometer
(since 2002). In near future, soil moisture meanargs will also be provided by
METOP-ASCAT (2006) and the first satellite spedaflg dedicated for improving the
knowledge of soil water content in the upper sweféayer on a global scale : the Soil
Moisture and Ocean Salinity (SMOS) missidtefr et al, 2001] scheduled for launch in
2007.

Derived soil moisture estimates from satellite semg&re mainly confronted to two main
difficulties. First, the validation problem due tbe coarse spatial resolution which is
about 50x50 km? (ERS-Scat, AMRS-E, METOP-ASCAT, S8)OSeveral studies were
devoted to assess the retrieval error using indirapproaches over different
environments, e.gWagner et al [1999ab] who used meteorological observations or
Drusch et al [2004] who used operational products. A direcargiiative estimation of
the retrieval error requires a large amount ofiin-soil moisture measurements over a
50x50 kmz2 area such as in the studyCeballos et al[2005] in the Iberian Peninsula (20
in-situ soil moisture measurements). Presentlystajpam a small number of regions
worldwide, no extensive ground measurements of mmilsture exist to quantitatively
assess the retrieval error. Second, active andveasscrowaves measurements are only
sensitive to the first centimetres of the surfamget whereas most applications use the
root-zone soil moisture (0.5 m to a few meters ddpey on soil type and bioclimatic
conditions).

In the present study, both difficulties related ttee use of soil moisture satellite
observations were discussed. A high resolutionn(i®) ksynthetic soil moisture data set

over a 40x40 km? area in Southwestern (SW) Frarazwsed to assess the two ERS-scat



soil moisture products (surface soil moisture amat-zone soil moisture) of the Vienna
University of Technology \Vagner et al 2003]. Section Il is devoted to describe the
study area and to validate soil moisture simulatias well as ERS-scat near-surface soil
moisture observations. Section Il presents thehoddlogy to provide root-zone soil
moisture from surface soil moisture time-seriese,hSection 1V is devoted to compare
the root-zone soil moisture ERS-scat products witbh resolution soil moisture

simulations.

2 Study area and data validation

2.1 A 40x40 km? region in SW France with soil moisture fieldobservations

A 40x40 km? area was selected in SW France, close td.é¢kd_andes forest because
ground soil moisture data were available for 19B&pex-Mobilhy). The geographic
coordinates of the centre of the pixel are: 0.048FE86 N. The most important fraction
of the pixel is composed of annual crops (77 %®, st is composed of vineyards (6.2
%), grasslands (7.2 %) and forests (9.6 %). A tetadescription of soil and vegetation
characteristics is available at 1 km resolutionseloa on ECOCLIMAP, a surface
parameter database derived from land cover andttirmaps Masson et aJ 2003]. This
classification distinguishes 7 different land cavever the selected area.

The considered pixel is rather heterogeneous asmayis strong East-West gradients of
vegetation cover and precipitation (the Easterri pathe pixel is wetter). Also, large
differences of soil texture are observed in thggas.

The Hapex-Mobilhy experimentAhdré et al, 1986] goals were to measure and to

simulate the energy and water budget over a 145@0r&gion in SW France in order to



develop and validate the now operational land sericheme of Météo-France known as
Interaction between Soil Biosphere and AtmosphiSBA) [Noilhan and Planton1989].
During this experiment a ground network was impleted: 14 soil moisture
measurement sites, 12 surface flux stations anghB88ing stations, during 1986 and part
of 1987 [Goutorbe et al.1989]. Four soil moisture Hapex-Mobilhy sites arighin the
40x40 km? selected area: Caumont (43°41N, 0°06Wjur@nsan (43°49N, 0°16E),
Fusterouau (43°42N, 0°01W) and Lagrange (43°58M3%0f). Two of them (Caumont

and Courrensan) are non-irrigated sites.
2.2 The ISBA-A-gs 10-year simulation

The ISBA surface schem@ldilhan and Planton1989] is based on the equations of the
force-restore methodDjeardorff, 1978]. This scheme has been developed for both
operational forecast and climate modelling requéets. The Hapex-Mobilhy experiment
provided the initial database for ISBA developmesnd leaded to successive
improvements of the surface schervahfouf and Noilhan1996,Noilhan and Mahfoyf
1996,Boone et al 2000]. Since Hapex-Mobilhy, numerous experimevege undertaken
over various ecosystems and ISBA surface schenferpexd well in intercomparison
projets such PILPS2dNood et al 1998] or PILPS2dSlater et al, 2001]. In order to
improve the representation of the vegetation inASBalvet et al [1998] proposed a
CO.-responsive version of ISBA, called ISBA-A-gs. I'SBA-A-gs the stomatal
conductance is driven by photosynthesis, followting approach ofJacobs1994]. The
accumulated net assimilation of g@s used by the model to simulate the leaf biomass
and the leaf area index (LAl). The parameters dAS\-gs were adapted for the

vegetation types observed in SW France.



The atmospheric forcing is a continuous, griddeté tbase derived from the observations
provided by the surface network of Météo-Franceafd0 year period (1985-1995). The
ISBA-A-gs model was run for eachkx1 km? grid-point of the 4040 km? pixel. Therefore,
1600 simulation series of ten-year were perfornide simulated variables include LAl,

surface and root-zone soil moisture.
2.3 ERS-scat data

The Scatterometer onboard the ERS-1 satellite,atgerby the ESA, regularly acquired
data between August 1991 and May 1996. The insintimgerates at 5.3 GHz (C-band)
vertical polarization, and has three antennas ciillg backscatter measurements over
incidence angles ranging between 18° and 59° asuhface. The spatial resolution is 50
km at approximately 10:30 and 23:00 local time &scending and descending tracks,
respectively.

The backscattering signal is principally influendayl surface soil moisture, vegetation
and soil roughness effects. Several studies weretel@ to retrieve vegetation parameter
using ERS Scatterometer dakifon and Mouginl996;Jarlan et al 2003;Frison et al.
1998]. Other studies have shown the sensitivitthefERS Scatterometer to soil moisture
over different regions Wagner and Scipal000, Woodhouse and Hoekma2000,
Ceballos et al2005]. Finally, authors investigated the wayéparate soil moisture from
surface roughness and vegetation effddadagi and Kery 2001].

In this study, the methodology used to extractaegfsoil moisture from the backscattered
coefficient is based on the change detection methoch as suggested Bpbson and
Ulaby [1986]. The methodology is describedWagner et al[1999ab], which exploits

the information provided by the multiple incidermegle measurements acquired by the



ERS scatterometer. The change detection methodsatisscriminating between variable
processes (soil moisture, vegetation) and invanmatesses (surface roughness). Thus,
considering a nine-year measurement period (19920@0), it is assumed that the
minimum and the maximum extracted backscatteredegatepresent completely dry and
saturated surface soil conditions, respectivelygerahe considered area. Therefore, the
retrieved surface soil moisture status is represkhby a saturation index which can take

values between 0 and 1.
2.4 Validation of ISBA root-zone soil moisture using feld observations

The Soil Wetness Index (SWel) is generally usedetecribe the relative plant extractable
soil moisture, between the wilting point (SWel=0)dahe field capacity (SWel=1). The

formulation of the SWel is given by :

W, —W,_.
SWeI= 2 wilt (1)
Wi = Wi

wherew; is the modelled root-zone soil moistuvg,; is the wilting point andvi is the
field capacity (in ISBA, both values depend on fifaetion of clay).

Two SWel comparisons were conducted on the Caumodtthe Courrensan sites (the
two others are irrigated sites and irrigation is axcounted for in this version of ISBA-A-
gs). Soil moisture measurements were archived el@rym from 5 cm to 155 cm depth.
The root zone soil moisture,weq.1) represents the mean value along the prdfie

results are shown in Fig. 1. A good agreement isented between simulated and



observed root-zone soil moisture over both sité @fficiency score(or Nash criterion
[Nash and Sutcliffe1970]) and the correlation coefficient are gredib@n 0.86 for both
sites and the RMS errors are equal to 0.155 an?l30réspectively. These results are
consistent with a previous study where ISBA simate were performed during the

Hapex-Mobilhy experimentabets et al.1999].
2.5 Validation of ERS Scatterometer surface soil moiste

In order to compare the ERS-scat derived surfaitensisture indicesra* ranging from
0 to 1) to our continuous simulations, the ERS-sadices were converted to physical
units of ni.m® by using the 90% confidence interval of the ISBidations. The

following procedure was used:

msS = m&* [int' 90%4m<™?) —int 90%(mM<3)] + int 90%4(m<™?) (2)
with
int 90%4(m<™?) = UMY + 1.64%0(mSPy) = 0.334 m.m®
int90%4(m<™?) = UM - 1.64%0(msP?y) = 0.111 M.m?

where (m£d and o(m<**?) are respectively the mean and the standard dmviaf the
ISBA surface soil moisture, amis” the ERS-scat degree of saturation (ranging fram 0
1). For a Gaussian distribution, the 90% confidanterval is equal t@/ £1.64*g. Figure

2 presents the comparison between simulated andrnaus normalized surface soil
moisture during a 4-year period. The analysis ef o time-series leads to values of

correlation coefficient (R?), efficiency score, RM®&or, and mean bias, equal to 0.34,

* The efficiency score was developed to compare time-series in hydrology. It takes values between 1
(perfect fit) and «. An efficiency score equal to 0 means that thedipted time-series gives as much

information as a constant average observed value.



0.24, 0.061 Mm™ and 0.01 mm? respectively. It can be noted that changing the
confidence interval to 80% or 90% leads to a RM8rezqual to 0.058 and 0.066°m™
respectively instead of 0.061°m>. As a comparison, the RMS error of SMOS surface
soil moisture product over crop regions is expettelde close to 0.04 tm™ [Kerr et al,
2001]. Despite the estimate of the ERS-scat asrdrigher than what is expected for
SMOS, the rather low error we obtain shows thatBR&-scat products permit to monitor

surface soil moisture.
3 Root-zone soil moisture derivation

Active and passive microwaves are sensitive tofitse centimetres of the surface layer
(depending on the wavelength and soil moisturely.ddowever, most applications use
the root-zone soil moisture. Several approacheg ha&en developed in order to obtain
profile soil moisture estimates based on surfacé smwisture information. These
approaches are based on regression equatRagap 1995;Biswas and Dasguptd 995;
Arya et al, 1983;Jackson et a] 1987; Srivastava et aJ 1997], inversion approaches
[Njoku and Kong 1977; Entekhabi et a] 1993, 1994], or assimilation methods using
surface schemesChlvet and Noilhan2000; Wigneron et al.,1999; Crow and Woogd
2002].

In order to provide global root-zone soil moistuestimates using ERS-scat
measurementsyWagner et al.[1999b] proposed a semi-empirical modelling apphoa
which relates a series of surface soil moistaré) values to the Soil Water Index (SWI)

using the following expression:



> mit)e T
SWi(t) = - 3)
>e

At time t, all measurements taken within a periodt{3T] are considered if at least 4
measurements have been recorded within the moshtrdane period tf t-T]. The
parameterT, called the characteristic time length, represehts time scale of soill
moisture variations in units of time. Based on ERR&t measurements, global SWI
estimation using the Wagner's methodology can bewsd on the website:
http://www.ipf.tuwien.ac.at/radaBEipal et al, 2002].

It can be noted that the Soil Water Index (SWinfalkation (Eq.3) is slightly different
from the Soil Wetness Index (SWel) formulation (Bgsince SWI may take on values
between 0 (representing dry conditions) and 1 ésgmting wet conditions) whereas
SWel may take on values lower than 0 (i.e. beloltivg point values) and greater than 1
(i.e. above field capacity values\Vagner et al.[1999b] indicated that SWI = 1 is
representative of an intermediate soil moisturai&abetween field capacity and total
water capacity. In order to compare the ISBAx root-zone soil moisture simulations
(SWel) with the SWI derived from ERS-scat measurs)ea normalization between 0

and 1 of the SWel was performed.

4  Statistical analysis

Figure 3a illustrates the SWI comparison betweendbntinuous ISBAA-gs simulation
and the semi-empirical methodology of Wagner duthegfour-year period (1991-1995).

The T parameter of (Eq.3) was optimized in orddiittthe reference SWI curve in terms



of efficiency score over a 1-year period (dashatbtine in Fig. 3a from September 1993
to September 1994). The best T value was foune t82bdays (d). The efficiency score is
equal to 0.27 and the RMS error is equal to 0.Aough the general behaviour of the
two SWI is similar, some strong differences canobserved. In 1992, the Springtime
values are clearly underestimated (SWI = 0.4 ink@a0.7) whereas the Summertime
values are highly overestimated (SWI = 0.6 instef6.2). A similar behaviour can be
observed in Spring 1993.

A sensitivity study was performed in order to quigmtihe respective effect of the noise
level and the sampling time on the error on theewtd SWI. For the rest of the study,
we applied a Gaussian noise to the reference ISByfs-Aurface soil moisturen€™® and
used the result as input of (Eqg.3) for differennplng times. For example, a sampling
time of 1 measurement every 3 days (at 10h30 amh)aaGaussian noise level of 0.04
m*m (similar to the SMOS expected configuration) iplas to m& The retrieved
SWiI is plotted in Fig. 3b. The efficiency scoreegual to 0.65 and the RMS error is equal
to 0.17. The best T parameter, in this case, id.ZBimilar to Fig. 3a, a large mismatch
can be observed during Springs 1992 and 1993 wthereretrieved SWI is slightly
underestimated. Frozen soil periods were found dordsponsible for the Springtime
underestimations of the root-zone soil moistureth®y Wagner's methodology. A short
soil freezing event appears like a sudden dry vafuine surface soil moisture which is
wrongly exploited in the root-zone calculation af.B. This constitutes a limitation of the
methodology because just based on the scatterordataralone it is not possible to
identify frozen soil conditions. Figure 3b indicatieozen soil periods (vertical grey lines)

which are often followed by a sudden unrealisticrdase of the root-zone soil moisture



retrieval. A verification of this assumption is posed in Fig. 3¢ where the addition of
both the liquid and the solid (iced) part of theface soil moisture was used as input of
Eqg. 3. The retrieved SWI is clearly improved padidely during frozen soil periods
(efficiency score equal to 0.73 instead of 0.65).

A systematic sensitivity study was performed famaage of noise levels (from O to 0.08
m°m™) and a range of sampling times (1 measuremenydves 19 d). The results of the
sensitivity study are presented in Fig. 4. The affef both the noise level and the
sampling time can be observed in this graph in seofrefficiency score As expected, it
can be noted that the accuracy of the retrieved S\8kkcreasing as the noise level and the
sampling time increase. Considering that an efiicyescore equal to 0.6 is suitable, the
sampling time should be of 1 measurement everyfday noise level of 0.06 m™
whereas 1 measurement every 3 day is sufficientfopise level of 0.04 Tm™. The
ERS-scat mean time sampling was considered today$ given that 240 measurements
were obtained during the 4-year period. The lowealf the efficiency score (0.27) may
be due to the irregular time sampling of ERS-schickv leads to lower SWI retrieval

accuracy than a regular 6-days time sampling.
5 Conclusions

A 10-year simulation was performed over 1600 squdoenetre pixels, representing a
40x40 km? area in SW France. Results were compartddthe 50x50 km2 ERS-scat

surface soil moisture and root-zone soil moistuapcts. A good agreement was found

® Each efficiency score value is a mean value of &t rusing the same noise level and time samplingnith a

different random noise



between the ERS-scat surface soil moisture prodmct the averaged surface soil
moisture values obtained with the ISBA-A-gs modetrathe 1600 pixels. The RMS error
was found to be equal to 0.062m?, which is larger than the expected SMOS accuracy
over crop fields (0.04 fm™) but can be considered as an acceptable accuraeyroot-
zone soil moisture product based on a semi-empincadelling approach proposed by
Wagner et al[1999b] was analysed. The accuracy of the metlggolvas found to be
dependant on the time sampling mode, the errohemstirface soil moisture estimates and
the presence of frozen soil conditions. First, dsvehown that an irregular time sampling
mode may leads to lower SWI retrieval accuracy tharegular time sampling mode
(considering an identical number of surface soiistuve measurements during a 4-year
period). Second, a sensitivity study described ttaively the effect of the surface soll
moisture noise level on the root-zone soil moisesBmates. Third, the effect of frozen
soil was shown to be a potential source of errosgoot-zone soil moisture retrievals.
The Wagner's methodology should be used togethéh wi soil freezing detection
procedure in order to not take into account frogerface soil moisture estimates in the
retrieval algorithm.

This study pointed out the potential of scatter@neheasurements for soil moisture
monitoring as well as Wagner's methodology for fpohe soil moisture estimates. In the
near future, the regular 2-day time sampling of METOP-ASCAT Mission (ESA,
launch in July, 2006) and the 2-day time samplihthe SMOS Mission (ESA, launch in
September 2007) should provide better root-zonensoisture products (efficiency score

equal to 0.65 for a RMS error equal to 0.04min our simulations).



References

André J.C., J.P. Goutorbe, A. Perrier (1986), HAPEXBILHY : A hydrologic atmospheric experiment
for the study of water budget and evaporation 8tthe climate scal&ull. Amer. Meteor. Soc67, 138-
144,

Arya, L. M., J. C.Richter, and J. F. Paris (1983timating Profile Water Storage from Surface Z&od
Moisture Measurements Under Bare Field Conditidviater Resour. Resl9(2): 403-412.

Biswas, B. C., and S. K. Dasgupta (1979), EstinmatibSoil Moisture at Deeper Depth from Surface dray
Data.Mausam30(4): 511-516.

Boone A., V. Masson, T. Meyers T and J. Noilhan0@Q The influence of the inclusion of soil freezion
simulations by a soil-vegetation-atmosphere transééeme Journal of Applied Meteorology39 (9):
1544-1569

Calvet, J.-C., J. Noilhan, J.-L. Roujean, P. Bessdim, M. Cabelguenne, A. Olioso and J.-P. Wigneron
(1998), An interactive vegetation SVAT model testg@inst data from six contrasting sitAgricultural
and Forest Meteorologyg2, 73-95.

Calvet, J.-C. (2000), Investigating soil and atnfespc plant water stress using physiological and
meteorological datagricultural and Forest Meteorology03, 229-247.

Calvet, J.-C. and J. Noilhan (2000), From nearam#fto root-zone soil moisture using year-round,dat
Journal of hydrometeorolog¥, (5), 393-411.

Ceballos, A., K. Scipal, W. Wagner, and J. Martireznandez (2005), Validation of ERS Scatterometer-
derived soil moisture data in the central parth&f Buero Basin, Spain, Hydrological Processes 819 (
1549-1566.

Crow W.T., and E.F. Wood (2002), The assimilatiémeamotely sensed soil brightness temperature anto
land surface model using Ensemble Kalman filteriAgcase study based on ESTAR measurements
during SGP97Advances in Water Resourcas, 137-149.

Deardorff J.W. (1978), Efficient prediction of gmuitemperature and moisture with inclusion of aefayf

vegetation,Journal of Geophysical researc83, 1889-1903.



Dobson M. C. and F. T. Ulaby (1998), Mapping sodisture distributions with imaging radar, Principle
and Applications of Imaging Radars, Manual of Re®énsing, F. M. Henderson and A. J. Lewis, Eds.
New York: Wiley, 407-433.

Drusch, M., E. F. Wood, and H. Gao, A. Thiele (20®oil moisture retrieval during the Southern Grea
Plains Hydrologic Experiment 1999: A comparisonwesn experimental remote sensing data and
operational productdyater Resources Researh, W02504, doi:10.1029/2003WR002441.

Entekhabi, D., H. Nakamura and E.G. Njoku (1993trieval of Soil Moisture by Combined Remote
Sensing and Modeling. In: Choudhury, B. J., Kert, H., Njoku, E. G., and Pampaloni, P. (Eds.),
ESA/NASA International Workshop on Passive MicreM@emote Sensing Research Related to Land-
Atmosphere Interaction§t. Lary, France, 485-498.

Entekhabi, D., H. Nakamura and E.G. Njoku (1994)lviag the Inverse Problem for Soil Moisture and
Temperature Profiles by Sequential Assimilation Miltifrequency Remotely Sensed Observations.
IEEE Trans. Geosci. Rem. Sel32(2): 438-448.

Frison P. -L., E. Mougin, and P. Hiernaux (1998psérvation and interpretation of seasonal ERS-1dWin
Scatterometer data over northern Sahel (MBEmote Sens. Envirgi6.3, 233-242.

Frison P.-L. and E. Mougin (1996), Use of ERSithdrscatterometer data over land surfaeEE Trans.
Geosci. Remote Sensjrift, (2), 550-560.

Goutorbe J.-P., J. Noilhan, C. Valancogne, R. Her@a, 1989. Soil moisture variations during HAPEX-
MOBILHY. Ann. Geophys7 (4), 415-426.

Habets F., J. Noilhan, C. Golaz, J.-P. Goutorbé&aRarrere, E. Leblois, E. Ledoux, E. Martin, Cti©tand
D. Vidal-Madjar (1999), The ISBA surface schemeaimacroscale hydrological model applied to the
Hapex-Mobilhy area. Part II: Simulation of steamffoand annual water budgégurnal of Hydrology
217,97-118.

Jackson, T. J., Hawley, M. E., and O’Neill, P. B9§7), Preplanting Soil Moisture Using Passive
Microwave Sensord/ater Resources Bulletig3(1): 11-19.

Jacobs, C.M.J. (1994), Direct impact of atmosph&, enrichment on regional transpiration, Ph.D.

Thesis, Agricultural University, Wageningen, 179 p.



Jarlan L., P. Mazzega, E. Mougin, F. Lavenu, G. tyjd.L. Frison, and P. Hiernaux (2003), Mapping of
Sahelian vegetation parameters from ERS scatteswnuigtta with an evolution strategies algorithm.
Remote Sensing of EnvironmeBit, (1), 72-84.

Kerr Y. H., P. Waldteufel, J.-P. Wigneron, J. M. mtlizuzzi, J. Font, and M. Berger (2001), Soil maist
retrieval from space: The Soil Moisture and OceatinBy (SMOS) mission|EEE Trans. Geosci.
Remote Sensing9, (8), 1729-1735.

Magagi RD, and Kerr YH (2001), Estimating surfaocd moisture and soil roughness over semiarid areas
from the use of the copolarization ratRemote Sensing of Environm@&t(3): 432-445.

Mahfouf J.F. and J. Noilhan (1996), Inclusion o&ygtational drainage in a land surface scheme bagsed
the force-restore methodournal of Applied Meteorolog5 (6): 987-992.

Masson V., J.L. Champeaux, F. Chauvin, C. Merigaat] R. Lacaze (2003), A global database of land
surface parameters at 1-km resolution in meteorcdd@nd climate models]. Climate 16 (9), 1261-
1282.

Nash J. E., and J. V. Sutcliffe (1970), River fléavecasting through conceptual models, discussiah a
principles,J.Hydrol, 10, 282-290.

Njoku, E. G., and Kong, J. A. (1977), Theory forsBige Microwave Remote Sensing of Near-Surface Soil
Moisture.J. Geophys. Res82(20): 3108-3118.

Noilhan J. and J.F. Mahfouf (1996), The ISBA landf@ce parameterisation scher@obal and Planetary
Changel3 (1-4): 145-159.

Noilhan, J. and S. Planton (1989), A simple paranition of land surface processes for meteorodigi
models,Mon. Wea. Rey117, 536-549.

Ragab, R. (1995), Towards a Continuous Operatigystem to Estimate the Root-Zone Soil Moisture from
Intermittent Remotely Sensed Surface Moistdrédydrol.,173 1-25.

Scipal K, W. Wagner, M. Trommler, and K. Nauman®Q2), The Global Soil Moisture Archive 1992-
2000 from ERS Scatterometer Data: First Result®rbt. IGARRS'2002, Toronto, Canada, 24-28 June
2002, CD-ROM.

Slater A.G. and 33 co-authors (2001), The reprasient of snow in land surface schemes: Results from

PILPS 2(d), journal of hydrometeorology 2 (1): 7-25



Srivastava, S. K., N. Yograjan, V. Jayaraman, R&geswara Rao, and M.G. Chandrasekhar (1997),®©n th
Relationship Between ERS-1 SAR/Backscatter anda8afSub-Surface Soil Moisture Variations in
Vertisols.Acta Astronautica40(10): 693-699.

Wagner W, J. Noll, M. Borgeaud, and H. Rott (199%&nitoring Soil Moisture over the Canadian Piesri
with the ERS ScatterometéEEE Transactions on Geoscience and Remote SeBs{ij 206-216.

Wagner W, G. Lemoine, and H. Rott (1999b), A metHod estimating soil moisture from ERS
Scatterometer and soil daRemote Sensing of Envirom&gt 191-207.

Wagner W., K. Scipal, C. Pathe, D. Gerten, W. Luelnd B. Rudolf (2003), Evaluation of the agreement
between the first global remotely sensed soil mioéstlata with model and precipitation data, Jouofal
Geophysical Research — Atmospheres, 108(D19), 461i110.1029/2003JD003663.

Wigneron JP, A. Olioso, J.C. Calvet, and P. Beiit§2899), Estimating root zone soil moisture from
surface soil moisture data and soil-vegetation-aphere transfer modellingyvVater Research Resources
35: 3735-3745.

Wood E.F. and 28 co-authors (1998), The Projectlritercomparison of Land-surface Parameterization
Schemes (PILPS) Phase 2(c) Red Arkansas River leagariment: 1. Experiment description and
summary intercomparison§lobal and Planetary Chang®ol. 19, Issues 1-4 , 115-135.

Woodhouse I. H. and D. H. Hoekmann (1998), Theewdt of regional scale geophysical parameters in
semi-arid areas using data from the ERS Windsacatteter, ProcJoint Eur. Space Agency-Eumetsat
Workshop on Emerging Scatterometer Applications-#FiResearch to Operation®oordwijk, The

Netherlands, Oct. 5-7.



COURRENSAN (R* = 0.92, EFF = 0.91, RM3 = 0.123)
1.4 T T T T T T T T

T T T
e s |
= =
ot @
2 =
5 5} -
k-4 E |
= = t
= e + [
& & . 1 -
-+ + -J»;J-
. +. +
_ simulation __ simulation -+ A
0.2 - 0.2 i J— |
+ 4 observation 4 4 observation + MJ\"\J
ool wfc(obs)=0.32 m*m™ | col-  wfc(obs)=0.29 m*m™ N
wwilt(obs)=0.18 m*m™ wwilt(obs)=0.22 m*m™
0.2 | L L L L 1 1 1 1 1 1 0.2 L 1 1 1 1 1 1 1 1 1 1
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 1: Soil Wetness Index (SWel) observed bytneeusoundings (+) and simulated

over the corresponding grid-cell of Caumont and r@msan (-) during 1986.
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Figure 2: ISBA simulated surface soil moisture tisggies averaged over the 1600 pixels
(grey curve) and ERS scatterometer-derived surdademoisture from August 1991 to
July 1995 (diamonds and black curve). The variatiange of ERS-scat surface soil
moisture measurements has been delimited usingca®fftdence interval values (dotted

line) of ISBA-A-gs simulation.
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Figure 3: (a) Reference Soil Water Index (blackvediand SWI estimate (diamonds grey
curve) based on ERS-scat surface soil moisture une@ents and (EQ.3). The T
parameter of (Eq.3) was optimized (T = 32 d). (WISestimate (diamonds curve)
obtained by using the ISBA-A-gs’ simulated surfaod moisture noised with a Gaussian
noise level of 0.04 im™> and one value every 3 day (10h30 am). The T pamnoé

(Eq.3) was optimized (T = 20 d). Vertical grey dolines correspond to soil freezing
days. (c) Same as (b) but using the addition af ared liquid part of surface soil moisture

provided by ISBA-A-gs as input of Eq. 3.
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Figure 4: Time sampling and noise level effect lom tetrieved root-zone soil moisture in
terms of efficiency. The root-zone soil moisturtriexal using ERS-scat measurements is
plotted with a closed circle (efficiency=0.27) aassumed to be a 6-day time sampling

(240 measurements during 4 years corresponds toedsurement every 6 days in

average).



