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Abstract

In the last few years, remote sensing observations have become a useful tool for providing hydrological information, including the
quantification of the main physical characteristics of the catchment, such as topography and land use, and of its variables, like soil mois-
ture or snow cover. Moreover, satellite data have also been largely used in the framework of hydro-meteorological risk mitigation.

Recently, an innovative Soil Wetness Variation Index (SWVI) has been proposed, using data acquired by the microwave radiometer
AMSU (Advanced Microwave Sounding Unit) which flies aboard NOAA (National Oceanic and Atmospheric Administration) satellites.

SWVI is based on a general approach for multi-temporal satellite data analysis (RAT – Robust AVHRR Techniques). This approach
exploits the analysis of long-term multi-temporal satellite records in order to obtain a former characterization of the measured signal, in
term of expected value and natural variability, providing a further identification of signal anomalies by an automatic, unsupervised
change-detection step. Such an approach has already demonstrated, in several studies carried out on extreme flooding events which
occurred in Europe in the past few years, its capability in reducing spurious effects generated by natural/observational noise. In this
paper, the proposed approach is applied to the analysis of the flooding event which occurred in Europe (primarily in NW Spain) in June
2000. Results obtained, in terms of reliability as well as efficiency in space–time monitoring of soil wetness variation, are presented.
Future prospects, in terms of exportability of the methodology on the new dedicated satellite missions, like ESA-SMOS and NASA-
HYDROS, are also discussed.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

In the last few years many hydrological parameters have
been investigated by remote sensing applications. The
opportunity to observe large areas with a single pass has
been seen, by the hydrologist, as a unique chance to obtain
detailed information about the features of the catchments.
Moreover, the possibility to periodically repeat this obser-
vation (with a revisiting time varying from a few hours to
few weeks, depending on the orbital characteristics of the
satellite platform) has been used to observe the space-tem-
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poral dynamic of the main parameters of the hydrological
cycle (CEOS, 2003).

One of the parameters mainly studied by satellite obser-
vations is the soil moisture. Soil moisture takes an essential
role in many processes which occur along soil–atmosphere
interface (Entekhabi et al., 1994). It influences evaporation,
flux exchange and runoff generation process. In order for
soil moisture information to be useful, it must be available
regionally and at regular and frequent intervals. This is
hardly achievable by direct surface measurements: the dif-
ficulties of field soil moisture mapping lie in the extreme
spatial variability of point measurements and the impracti-
cality of obtaining a sufficient dense network of points to
provide continuous information. As mentioned before,
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satellite measurements could help to overcome these gaps.
The scientific community has recognized the usefulness of
satellite soil moisture measurements and, in fact, two new
satellite missions have been scheduled to specifically mea-
sure soil moisture: the European Space Agency passive
L-band Soil Moisture and Ocean Salinity (ESA-SMOS)
mission (2007 launch) (Silvestrini et al., 2001) and the US
National Aeronautics and Space Administration active/
passive L-band HYDROSpheric states (NASA-HYDROS)
mission (scheduled launch in 2010) (Entekhabi et al., 2004).

Most of the present satellite techniques for soil mois-
ture/wetness measurement exploit data acquired in the
microwave region of the electromagnetic spectrum. In this
range, in fact, the measured radiances are strongly influ-
enced by the superficial soil water content (Eagleman and
Lin, 1976; Jackson et al., 1981). Moreover, the observa-
tions are mostly independent from the sun energy, as well
as from the cloud presence (except in the presence of heavy
raining clouds) allowing an all day and all weather capabil-
ity (Schmugge, 1998). Better soil moisture information
could be achieved in the lower part of the microwave
region, where the effects due to the presence of rough or
vegetated soil, the two main problems limiting satellite soil
moisture measurements are less important, and the infor-
mation come up from deeper soils (Choudhury et al.,
1979; Wang et al., 1983; Jackson and Schmugge, 1989; Pri-
gent et al., 1997; Schmugge et al., 2002). That is the reason
why the above mentioned new planned satellite missions,
specifically designed to measure soil moisture (i.e. the
SMOS and HYDROS missions), are going to use L-band
passive radiometers.

Unfortunately nowadays, soil moisture/wetness infor-
mation may only be achieved using data acquired at fre-
quencies higher than the L-Band, then corrections to the
measurements are needed to take into account the effects
of vegetation cover and soil roughness (Wigneron et al.,
2003).

These corrections are often made using ancillary data,
when they are available (Ahmed, 1995; Choudhury and
Golus, 1988; Wang, 1985; Jackson and Schmugge, 1991;
Jackson, 1993) and/or exploiting data acquired from differ-
ent satellite sensors (Ahmed, 1995; Paloscia et al., 1993;
Njoku and Entekhabi, 1996; Njoku and Li, 1999; Ruf
and Zhang, 2001; Kim and Barros, 2002).

Change-detection methods might reduce the impact of
these disturbing effects without the need of auxiliary data
(Engman, 1991; Wagner et al., 1999; Singh et al., 2005).
Typically, vegetation cover and surface roughness are
parameters slightly variable with time, whereas soil emis-
sivity fluctuations due to changes in soil moisture may
occur within short times and in unpredictable ways. Then,
if a multi-temporal satellite data analysis is performed,
with satellite records acquired under similar observational
conditions (i.e. in the same month of the year, at the same
hour of the day, etc.) the effects of vegetation cover and/or
surface roughness, can be considered negligible. Such an
approach has recently been used by Lacava et al. (2005a)
who proposed a satellite-based Soil Wetness Variation
Index (SWVI) to monitor soil wetness variations in the
space–time domain during some flooding events which
occurred in Europe in the past few years (Lacava, 2004;
Lacava et al., 2004, 2005a), besides, a sensitivity analysis
targeted to a first evaluation of the reliability of the SWVI
in describing soil response to precipitation of different
duration and intensity, is also in progress (Lacava et al.,
2005b).

In this paper, preliminary results achieved for the flood-
ing event which hit the Spain, southern France and the
North-West of Italy in June 2000, are presented.

2. Data

AMSU (Advanced Microwave Sounding Unit), is a pas-
sive MW radiometer aboard NOAA (National and Oce-
anic and Atmospheric Administration) satellites since
1998. It consists of two separate modules: the AMSU-A
covers the MW region between 23 and 89 GHz, through
15 channels with a spatial resolution of 48 km at nadir,
whereas the AMSU-B is a five channel radiometer in the
range between 89 and 183 GHz, with 16 km of spatial
resolution.

Among all the 20 channels, which do not give polariza-
tion information, there are some localized in window
regions (Goodrum et al., 1997), which may allow us to
obtain information about superficial parameters, such as
soil wetness variations (Grody, 2002; Songyan et al.,
2000; Kongoli et al., 2006). In particular, these channels
have been up to now used for surface emissivity, superficial
temperature or snow cover measurements (Ferraro et al.,
2005 and references herein).

Notwithstanding AMSU spectral features are not ideal
for soil wetness monitoring, its spatial resolution is suitable
for hydrometeorology and hydro-climatology studies.
Moreover, the NOAA constellation configuration guaran-
tees at least one image every 6 h, giving us the opportunity
to follow the dynamics of parameter with high temporal
variability, such as soil wetness. Furthermore, AMSU-A
is also present aboard NASA Terra Satellite and it will
be aboard the next European METOP mission, ensuring
a long-term data collection, which is crucial for change-
detection studies.

3. The methodology

In the microwave region there is a high contrast between
the dielectric properties of water and soil (Eagleman and
Lin, 1976; Jackson et al., 1981). This difference, which
directly affects the emissivity of dry and wet soil, is at the
basis of all studies devoted to measuring soil moisture/wet-
ness from satellites.

In the presence of water, in fact, any surface could be
viewed as the combination between dry soil and water,
being f the fractional amount of the area covered by water
within the considered pixel. Then the microwave emissivity
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of wet soil in each pixel can be calculated as (Basist et al.,
1998; Songyan et al., 2000):

ews ¼ ð1� f Þ � eds þ ewf ¼ eds � f ðeds � ewÞ ð1Þ

where ews, eds and ew are the emissivity of wet soil, dry soil
and water, respectively. As the fractional amount of wet
land increases, the emissivity decreases (this lowering is
greatest at lower frequencies) so that the emissivity differ-
ence between low and high frequencies increases (Basist
et al., 1998; Singh et al., 2005). A measurement of the gra-
dient of soil emissivity between higher and lower frequen-
cies, may give a good indication about variations of soil
water content (Songyan et al., 2000; Grody, 2002). The
problem still remains to discriminate the contribution
which is actually related to soil water presence, from those
due to vegetation cover or surface roughness.

The methodology recently proposed by Lacava et al.
(2005a) is devoted to the overcoming of the abovemen-
tioned limits. As described in detail in previous papers
(Lacava et al., 2004; Lacava et al., 2005a), it is based on
a general strategy of satellite data analysis in the space–
time domain (RAT – Robust AVHRR Techniques, Tra-
mutoli, 1998) and it suggests the identification of soil wet-
ness variations by means of an automatic change-detection
tool. By the analysis of long-term multi-temporal AMSU
records, acquired under similar observational conditions,
the proposed approach suggests firstly computing the
expected value of the signal (i.e. background signal) and
its natural fluctuation in the space–time domain (i.e. stan-
dard deviation) under unperturbed conditions. Further-
more, an automatic change-detection step, carried out at
pixel level, is applied in order to identify signal anomalies
which may be possibly associated to significant soil wetness
variations. By this way, specific site effects (like the ones
due to vegetation cover and/or surface roughness) are
strongly reduced, because the same site observed under
the same observational conditions (same month of year,
same time of day) is expected to have the same roughness
and quite similar vegetation cover. As a consequence, the
possible observed emissivity variations might mainly be
attributed to moisture variations in the soil (Lacava
et al., 2005a).

The proposed formula for the innovative Soil Wetness
Variation Index (SWVI) is

SWVIðx; y; tÞ ¼ SWIðx; y; tÞ � lSWIðx; yÞ
rSWIðx; yÞ

ð2Þ

where SWI(x,y, t) is a hypothetical soil wetness index de-
fined as the difference (SWI = BT89 GHz � BT23 GHz) be-
tween the radiance (expressed in Brightness Temperature)
measured in AMSU channels 15 (at 89 GHz) and 1 (at
23 GHz), respectively. As mentioned above, SWI may pro-
vide useful information about surface emissivity variations,
but it is unable to discriminate the amount of these varia-
tions which are actually related to different soil water con-
tent from the ones which are mainly due to vegetation and/
or roughness effects. lSWI(x,y) and rSWI(x,y) are respec-
tively the temporal average of SWI and its standard devia-
tion, both computed on a selected, multi-annual AMSU
imagery dataset composed by records collected during the
same month of the year and acquired at around the same
hour of the day. Then the SWVI(x,y, t) gives, at pixel level,
the actual SWI excess compared to its unperturbed condi-
tions (SWI(x,y) � lSWI(x,y)), and compares this excess
with the normal variability, rSWI(x,y) of SWI(x,y, t), his-
torically observed for the same site under similar observa-
tional conditions. In order for an anomaly to be significant,
its magnitude should be greater (at least) than the normal
fluctuation of the signal. The robustness of the method is
by this way intrinsic, as the larger the natural observed
fluctuation of the signal is, the harder it will be to identify
anomalies statistically significant. This means that all the
possible noisy effects, including the ones related to naviga-
tion and co-location processes or to the system configura-
tion (e.g. different viewing angles, different path lengths,
etc.) generally produce an increase of rSWI(x,y) and, conse-
quently, a decrease of SWVI(x,y, t) with a much-more
selective identification of over-threshold events (Tramutoli,
1998). On the other hand, such a trend may reveal a limited
applicability of the approach over areas with an intrinsic
high variability such as coastal zones. This effect should
be taken into account in the analysis and interpretation
of the SWVI maps.

However, working pixel by pixel, the main noisy site
effects (e.g. vegetation, roughness, but also permanent
water bodies within the field of view) are expected to be
strongly reduced: the SWVI(x,y, t) index, in fact, is solely
sensitive to SWI variations (for each place mainly depend-
ing on soil moisture) and not to its absolute value (strongly
depending instead also on surface roughness and vegeta-
tion cover). We expect, then, that higher values of
SWVI(x,y, t) are associated to a relative increase of soil
wetness at each specific location. More specifically, positive
SWVI values would indicate soils wetter than ‘‘normal’’
conditions.

Another possible problem affecting this kind of applica-
tion is due to atmospheric water vapour that might influ-
ence radiances at sensor, especially at 23 GHz, where an
absorption band of water vapour is present. Actually, the
differential nature of the proposed approach, strongly
reduces such an effect which is in fact, much less important
if a brightness temperature difference is considered. Some
studies and simulations have demonstrated that, although
the absolute variation of the signal induced by fluctuations
in water vapour could be significant, the relative effect in
two different AMSU channels (like channel 1 and channel
15) is much less important (Songyan et al., 2000).

Furthermore, the possible residual effects due to water
vapour fluctuations are taken into account by the proposed
approach because, once more, they simply produces a more
noisy signal and, then, a higher standard deviation with
consequent increasing in SWVI robustness.

As an example of the improved results to be expected by
using such an approach, in Fig. 1 a comparison between



Fig. 1. On the left: SWVI map (see text) for the AMSU image of June 2, 2002 at 16:56 UTC. Different values of SWVI(x,y, t) have been coloured in
different shades of blue (higher SWVI values are shown in the darkest blue); On the right: SWI map (see text) for the same image: the areas identified as wet
have been depicted in light blue. The AMSU swath is also shown in light orange in both panels.
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the simple SWI and the proposed SWVI indicator is
shown. In this picture, the AMSU swath area is highlighted
in light orange, whereas, SWVI values, on the left, are rep-
resented in different shades of blue1 (darker blue corre-
sponds to higher soil wetness variations). On the right
side, the simple SWI (SWI = BT89 GHz � BT23 GHz) map is
shown. As above mentioned, the presence of water in the
soil generates a decrease in the superficial emissivity which
is higher at lower frequencies, so, in these circumstances,
positive SWI values are expected: in light blue, in fact, all
the pixels with positive SWI values (which should indicate
soil emissivity variations) have been depicted. Large areas
(all the coastal zones) corresponding to pixels including
permanent water bodies (e.g. sea) are systematically identi-
fied as wet, independently from actual soil conditions. This
circumstance obviously produces a general limitation, in
terms of applicability, of the simple SWI index. On the
other hand, comparing the two figures, it is quite evident
as these site effects only marginally affect the SWVI index
which automatically realizes that the coastal pixels,
although presenting very high values of the signal, are also
characterised by large fluctuations (i.e. high standard devi-
ation), and, consequently, are identified as anomalies not
statistically significant.

In order to try to attach to SWVI values a sort of (qual-
itative) physical meaning, we may classify as light wet (with
respect to unperturbed conditions) all those pixels where
SWVI values are in the range 1–2 (which simply means
SWI values 1–2 sigma over the expected value), moderately
1 For interpretation of colour in figures, the reader is referred to the Web
version of this article.
wet all those pixels with SWVI values between 2 and 3.
Pixels with SWVI values in between 3 and 4 suggest (ano-
malous) wet conditions, whereas a SWVI greater than 4
should describe extremely wet conditions. However, it
should be noted that, being SWVI a qualitative index
describing relative, rather than absolute conditions, high
positive SWVI does not necessarily identify soils close to
the saturation state.
4. Event description

The proposed approach has been used in this paper, in
order to assess its actual potential and efficiency, to study
the flooding event which occurred in June 2000 primarily
in Spain, and in sequence in southern France and in the
North West region of Italy. The flood mainly hit the NE
part of Spain, where the episode caused material damages
estimated at over 65000 000.00 euros (Llasat et al., 2003).
A ‘‘flash flood’’ affected, in fact, the Spanish region of
Catalonia, in particular Barcelona and the neighboring
areas, on 9 and 10 June 2000. In some localities (especially
in the Montserrat Basin), starting from the early morning
of 9 June to the morning of 10 June, 224 mm of rain fell,
causing the Llobregat river and its tributaries to overflow:
5 people died and hundreds were evacuated (Llasat et al.,
2003; Mariani et al., 2005). Afterwards, the precipitation
moved towards the south of France on 10 June, reaching
the North-West of Italy the next day. In particular, the
French areas mainly involved were the Rhone Alps, the
Loire Valley’s Coise River, Toulouse and the whole Ariege
region. In such regions the flood event caused 1 victim
and hundreds of evacuees (Arnaud-Fassetta et al., 2005;



Fig. 2. ECMWF precipitation data (Re-Analysis ERA-40) (mm) on: (a) 9 June 2000, 18:00 UTC; (b) 10 June 2000, 00:00 UTC; (c) 10 June 2000, 18:00
UTC; (d) 11 June 2000, 06:00 UTC; (e) 11 June 2000, 18:00 UTC; (f) 12 June 2000, 00:00 UTC (from MARS Archive at ECMWF).
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Associated Press, 2000). In Italy, the rain affected especially
the Piedmont region, where about 220 mm of rain fell,
causing enormous damages to infrastructures and to road
networks (NimbusWeb, 2000; Turconi, 2001).

In Fig. 2, some of the re-analyzed forecast maps
achieved from MARS (Meteorological Archival and
Retrieval System) Archive (Re-Analysis ERA-40, Simmons
and Gibson, 2000) at ECMWF (European Centre for Med-
ium Range Weather Forecast) are shown (ECMWF, 2005).
These maps describe the evolution of precipitation for the
period between 9 and 12 June 2000. The space–time
dynamic of the meteorological event appears clear. In fact,
the rain first hit the Catalonia region during the night
between 9 and 10 of June, and after moved towards France
and Italy (10–11 June).

5. Implementation and results

Following RAT prescriptions, a prior collection of
AMSU imagery has been carried out. Therefore, all the
images acquired in the same month (June) of event occur-
rence (but in different years) have been selected, stratifying
data also for hour of pass: two distinct homogeneous data
series were produced, one (i.e. the ‘‘morning’’ data set)
including all the passes acquired between 5:00 and 7:00
UTC, the other one (i.e. the ‘‘afternoon’’ series) gathering
all the data collected between 15:00 and 18:00 UTC, respec-
tively. Each of these two datasets consists of about 180
images (30 per year, for 6 years) acquired in the period
1998–2004 excluding, for each dataset, the year which was
perturbed by the flooding event under investigation (i.e.
2000). After the pre-processing phase (including calibra-
tion, navigation, reprojection and co-location), an indepen-
dent AMSU cloud screening test (Grody et al., 2000) has
been applied in order to limit the problem due to the pres-
ence of clouds in the FOV, discarding from the successive
steps all the pixels affected by raining clouds. This screening
test derives from similar algorithms developed for SSM/I
data (Grody, 1991; Ferraro et al., 1994, 1998) based on
the scattering effect produced by the ice spheres in the upper
portion of the raining clouds which generates a clear depres-
sion of the BT at 89 GHz (Wilheit et al., 2003). Such a signal
decrease consequently generates lower SWI values (assum-
ing that the lower channel is more transparent), and there-
fore protect us from false SWVI anomalies identification.
Nevertheless, possible failures in raining cloud detection
as well as some residual problems potentially related to
the presence of liquid water clouds might produce ambigu-
ous results and then should be taken into account. Such an
issue, which could be limited, for example, using specific
algorithms to screening out also liquid water clouds or some
kind of cloud mask, deserves further analysis.

Afterwards, for both the above described homogeneous
datasets the previous defined reference fields (time average
lSWI(x,y) and standard deviation rSWI(x,y)) were gener-
ated, at pixel level, for the whole scene.
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Finally, the SWVI(x,y, t) was computed according to
Eq. (2) and used to automatically identify possible fluctua-
tions of soil wetness in the space–time domain.

The SWVI maps generated for test cases are presented in
Fig. 3. The areas hit by the flooding event have been ana-
Fig. 3. Maps of SWVI(x,y, t) for several days in June 2000. Panels from (a) to
SWVI(x,y, t) have been coloured in different shades of blue (i.e. higher SWVI
orange. Colour bars show the whole range of fluctuation for each field.
lyzed before, during and after the selected events, in order
to evaluate the reliability of the proposed index in follow-
ing the space–time evolution of the flooding event. In the
figure, raining clouds identified by the above mentioned
screening test are also shown in brown (wherever they are
(i) respectively represent days from 9 to 18 June, 2000. Different values of
values are shown in the darkest blue). The AMSU swath is shown in light



Fig. 3 (continued)
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present). Results of the cloud screening test are in good
agreement with the ECMWF forecast maps shown in
Fig. 2, representing then an additional reliable and inde-
pendent source of information about the precipitation
evolution.

The analysis of the SWVI(x,y, t) maps, reported in
Fig. 3, shows that, before the main precipitation, on the
morning of 9 June (panel a), the soil was characterized
by ‘‘normal conditions’’ (i.e. no anomalies in terms of
SWVI are identified over the studied scene). In the follow-
ing two panels the sudden response (in terms of soil wetness
variations) of the soils to the precipitation fallen between 9
and 10 of June in Spain (and partially in France) is possibly
described by the (slight) SWVI anomalies which turn up
over the affected region. In particular, on the map of 9 June
at 17:37 UTC (panel b), clear weak positive anomalies in
soil wetness are observed both in central Spain and in some
region of France. Looking at this map, it is interesting to
note as, although very limited in size and extension, the
highest SWVI anomaly (with qualitative flags ranging from
‘‘wet’’ to ‘‘extremely wet’’) is observed within an area very
close to Barcelona, just over the zone hit by the flash flood
which started few hours later. This result might be regarded
as an ‘‘early’’ sign of the anomalous wet conditions of the
exposed soils shortly before the beginning of the main
meteorological event. This sign is probably related to the
precipitation which have already fell over the area during
the morning and the afternoon of 9 June 2000, before the
AMSU pass. The occurrence of precipitation that may
probably drive such a SWVI response, is confirmed by both
the ECMWF forecast map (Fig. 2, panel a) and by the
Grody’s cloud screening test which detects a large area cov-
ered by raining clouds during the AMSU image acquisition
(Fig. 3, panel b). In the next map, related to 10 June at
17:15 UTC (panel c), then after the end of the main precip-
itation event, a strong and large SWVI anomaly (both in
size and intensity) appears within the same area of Spain,
as a direct consequence of the precipitation which fell dur-
ing the previous night. In the following days the effect in
Spain decreases (see panels d, f,g) with a progressive
decreasing of SWVI values and a contemporaneous contin-
uous reduction of the extension of involved areas. With the
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only exception of the map obtained for 12 June at 12:32
UTC (panel e), where the Catalonia region is out from
the sensor swath and then no information is achievable
from there, in the whole temporal sequence of SWVI maps
a clear trend toward the normal conditions of soils is in fact
easily observable. In the last two maps, for instance,
obtained for 16 and 18 June (panels h and i), the Spanish
area strongly affected by the flash flood appears to be came
back to normal (unperturbed) soil wetness conditions.
Moreover, looking at the sequence of the SWVI maps,
the movement of the event toward France and Italy regions
is also quite clear. The effects of heavy rain which shifted to
South-Est of France and North-West Italy between 10 and
11 June, are clearly visible in panels from d to g, where,
once more, the drying phase up to the restoration of appar-
ent normal conditions observed on 18 June (panel i) is also
well identifiable. Note the plain spatial persistence of the
detected anomalies, just over the regions more affected by
the flooding event. As mentioned before, after 16 June
(panel h) the situation returns to a normal state, without
any anomaly detected over the whole investigated area,
confirming the reliability and robustness of the indicator
also in unperturbed conditions (i.e. low rate of false
alarms).

6. Conclusions

In this paper, a recently proposed AMSU-based Soil
Wetness Variation Index (SWVI), aimed to improve soil
wetness monitoring capabilities in the space–time domain
and to possibly contribute to hydro-meteorological risk
assessment and mitigation, has been implemented and
tested on a flooding event which occurred in Europe in
June 2000.

The results achieved in this paper represent a further
confirmation of the efficiency of the proposed indicator in
detecting soil wetness variations in the space–time domain.

The suggested technique reveals its capability to monitor
the space–time evolution of the flooding cycle, being the
proposed SWVI indicator able to follow all the ‘‘wet-to-
dry’’ phases for the considered events. Moreover, the anal-
ysis carried out in this paper confirms the reliability of this
method, as no ‘‘false positive’’ indications have been
recorded during the whole considered period and over
the whole investigated region. Both morning and afternoon
passes have been analyzed, confirming an independence of
the method on the observational conditions, as expected.

In particular, the analysis of SWVI maps has revealed a
good sensitivity of the indicator in identifying, timely and
in automatic way, significant deviations from the ‘‘normal
behavior’’ (in terms of soil wetness) due to the occurrence
of heavy meteorological events. A sort of early signal,
related to the rain that affected the study area before the
AMSU pass, has also been observed few hours before the
beginning of the main phase of the meteorological event
which caused the flash flood in the Catalonia region in
Spain. Although requiring further investigations and addi-
tional confirmations, such a result might suggest the possi-
bility to employ the SWVI as an additional (qualitative)
parameter to support the definition of flooding hazard
maps. When intense precipitation is forecasted, in fact,
the knowledge of soil wetness conditions could be used to
better define the hazard scenarios and the alert state of
the involved area. Of course, more investigations are
needed in order to better assess the usefulness of such qual-
itative information before and, afterwards, additional
efforts are required to possibly assimilate it into hydrolog-
ical forecast model.

In order to do that some scientific issues which still
remain opened and which may possibly limit the field of
applicability of the proposed index, have to be carefully
considered and addressed. For example atmospheric effects
like residual cloud contamination, water vapor, liquid
water cloud presence, etc. might affect the satellite measure-
ment reducing the sensitivity of the approach in soil wet-
ness variations retrieval.

Anyway, because of the high revisiting time of NOAA
satellites (at least 6 h), a near-real-time monitoring of soil
wetness is achievable, making SWVI a possible useful tool
also in the nowcasting phase. Furthermore, because of the
complete independence on the specific satellite platform,
such a technique could be easily exported to the new gen-
eration of satellite microwave sensors, which may guaran-
tee improved performances, like the present AMSR-E
aboard EOS-Aqua, where, probably, it could be used to
reduce the negative effects of Radio Frequencies Interfer-
ence (Li et al., 2004).

Finally, the spatial and temporal resolutions of SWVI
make it a possible useful information also for the incoming
SMOS and HYDROS missions, which may perhaps bene-
fits from such an indication for a preliminary qualitative
validation of the improved products which are going to
be achievable from these data.
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