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Abstract. In the last years satellite remote sensing appli- nental regions. Traditional satellite techniques for soil mois-
cations in hydrology have considerably progressed. A newture monitoring exploit the advantages of microwave sensors
multi-temporal satellite data-analysis approach has been redata. At these frequencies, in fact, electro-magnetic radia-
cently suggested in order to estimate space-time changes &bn leaving the Earth’s surface is practically not affected by
geophysical parameters possibly related to the increase aflouds (in the absence of rain), allowing an all-weather and
environmental and hydro-geological hazards. Such an apall-time (as the microwave signal is available both during the
proach has been already used both for flooded area mappingay and the night) capability of observing the Earth’s surface
(using AVHRR data) and for soil wetness index estimation conditions. Moreover, thanks to the large contrast between
(using AMSU data). dielectric properties of water and dry soil, microwaves are

In this work, a preliminary sensitivity analysis of the pro- highly sensitive to the water content in the soil (Eagleman
posed Soil Wetness Variation Inde8\WWV) is made in the and Lin, 1976; Jackson et al., 1981). On the other hand,
case of low intensity meteorological events by the compari-the estimate of soil moisture by using microwave radiances
son with hydrological (precipitation) data. This analysis, asis strongly influenced by surface roughness and vegetation
a first step of a more complex work in progress, is targetedcover, whose contributions to the measured signal can drasti-
to a first evaluation of the reliability of th8WVIin describ-  cally reduce the sensitivity of the retrieval algorithms for soil
ing soil response to precipitations of different duration andmoisture (Choudhury etal., 1979; Wang et al., 1983; Jackson
intensity. and Schmugge, 1989; Schmugge et al., 2002).

An innovative Soil Wetness Variation Indes\(VV) has
been recently proposed (Lacava et al., 2004) using data ac-
quired by the microwave radiometer AMSU (Advanced Mi-
crowave Sounding Unit) which flies aboard NOAA (National
Soil moisture is the key state variable in hydrology: it is the Oceanic and Atmospheric Administration) gatellites. This in_—
switch that controls the proportion of rainfall that percolates, dex, based ona general approach for multl-te'mporal satellite
runs off or evaporates from the land. In particular, the knowl-da_ta analysis (RAT — Robust AVHRR Techniques, Tramu-
edge of soil moisture and/or soil wetness is very importanti©ll 1998), seems to be able to overcome (or strongly reduce)
for flood prediction systems; runoff generation processes, if1€ 2Pove mentioned limitations. TB&Vlhas been already

fact, are related to antecedent soil moisture conditions, espéPPlied with good results, both in terms of reliability and sen-
cially regarding the water content at the very soil surface.  SitVity, in the observation of some extreme flooding events
Precise in situ measurements of soil moisture are generwhICh qccurred in the pgs’; In Europe (Laca_\\_/a_ etal, 20(.)5)'

ally sparse and each value is only representative of a limited In this v;ork, ad prellmma(;yS\r/]VVI sleq3|t|V|ty ar;]aly3|s
area. Furthermore, ground-based networks cannot guarahz ProPOsed in oraer to study the relations, in the space-
tee global coverage at sustainable costs. Remote sensirfjne domain, between the proposed index and precipitations.
products, if achievable with sufficient accuracy and relia- 't Snould be fstressed that tr's worlk rhepresentf a prerl1|m|-
bility, would provide truly meaningful wide-area soil wet- NaTy Stage of a more complex multiphase analysis whose

ness/moisture data for hydrological studies over large contiSubseguent development will be opened to the comparison
with other ancillary information such as land cover maps,
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(lacava@imaa.cnr.it) formed for some precipitation events, documented by the
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roughness and quite similar vegetation cover, so that the pos-
sible residual emissivity variations observed can be mainly
attributed to moisture variations in the soil (Lacava et al.,

2004).
The Soil Wetness Variation Inde${VV) has been defined
as:
SWI(x,y,t)— )
SWVIG. y.1) = (x, y,0) — pswr(x, y) B

oswi(x,y)

where: SWI(x,y,t) is the Soil Wetness Index proposed
by Grody (2002} that identifies as wet all the pixels
in an AMSU image which have values of the difference
(SWI=TgggH—T23GH2) between the radiance (expressed in
Brightness Temperature) measured in the AMSU channels
15 (at 89 GHz) and 1 (at 23 GHz), respectively, higher than
5Kelvin; uswy(x,y) is its time average andgsw;(x, y)

is the standard deviation describing its natural fluctuations,
both computed on a selected multi-annual AMSU imagery
data-set, composed only of AMSU data collected during the
same month of the year and acquired at around the same hour

Fig. 1. The pilot area: Basilicata region in Southern Italy. In green of the day, according to the RAT prescriptions (Tramutoli

and in blue are plotted the 40 measurement stations of Agenzia LU;L998), TheSWVI(X,y,tDiveS, for each pixet, y) a”‘?' timer
cana per lo Sviluppo e I''nnovazione in Agricoltura (ALSIA) mea- ©Of Observation, the actu@Wlexcess compared to its unper-

surement network (frorhttp://www.alsia.it/servizi.hti turbed conditions, weighted by the normal variability, histor-
ically observed under similar observational conditions. The
site effects due to surface roughness or vegetation cover as
micro-meteorological measurement network of the Agenziawell as to the presence of permanent water bodies within the
Lucana per lo Sviluppo e I'lnnovazione in Agricoltura (AL- IFOV, are in this way strongly reduced, as tB&VVI(x,y,t)
SIA), with different intensity and duration, which affected index is solely sensitive t&WI variations (for each place

the Basilicata region located in the South Italy. mainly depending on soil moisture) and not to its absolute
value (strongly depending instead also on surface roughness

and vegetation cover). We expect, then, that higher values of
2 The Soil Wetness Variation Index SWVI(x,y,twill be associated to the relative increase of soil

wetness at each specific location. More specifically, positive
The RAT approach is a change-detection scheme which idenSWVIvalues would indicate soil wetter than “normal” condi-
tifies signal anomalies in the space-time domain as deviationsions. In order to reduce possible false alarms, we have cho-
from a normal state that has been preliminarily identified sen to classify as moderately wet (respect to the unperturbed
(and usually given in terms of time average and standard deeonditions) all those pixels witBWVIvalues between 2 and
viation of the signal at sensor) on the basis of satellite obser3. Pixels withSWVIvalues greater than 3 and lower than 4
vations collected during several years, under similar observasuggest (anomalous) wet conditions, while those \BiVI
tional conditions, for each image pixel and in the same periodvalues higher than 4 should describe extremely wet condi-
of the year. Such an approach has already been successfuliipns. However, it should be noted that, betfg@/VlIa qual-
applied to several natural and environmental emergenciedtative index describing relative, rather than absolute con-
such as volcanic eruptions (Pergola et al., 1998, 2001, 2004 }itions, higher positiveSWVInot necessarily identify soils
forest fires (Cuomo et al., 2001) and earthquakes (Tramutoltlose to the saturation state.
et al., 2001; Di Bello et al., 2004; Filizzola et al., 2004).
A detailed description of the theoretical background of RAT
approach can be found in Tramutoli (1998).

RAT approach has been recently applied for solil wetnessm this work a preliminary sensitivity analysis of the proposed

variation monitoring (Lacava et al., 2004, 2005). In theseSWVIiS presented. This analysis, performed by the compari-

works, the proposed index was able to overcome all theson of the proposed satellite indicator with hydrological data,

above mentioned site effects, not only the ones due to SUTill allow us to give a first assessment of the reliability of

face roughness or vegetation COVer, bu_t a_lso thpse due to th§WVIin describing soil response to no-extreme precipitation
presence of permanent water bodies within the mstantaneougvents with different duration and intensity.

field of view (IFOV) of the sensor. The same site observed
under the same observational conditions, same month of year 1Grody, N. C.: An AMSU Soil Wetness Index, (private commu-
and same time of day, in fact, is expected to have the sameication), 2002.

3 The sensitivity analysis
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Fig. 2. Sensitivity analysis for the September 1999 evéa}; (b), (c) SWVImaps respectively for 12th, 13th and 14th Septemfabr;(e),

(M, (g) regional cumulative rainfall map for 11th, 12th, 13th, 14th September respectively. Red dots identify ALSIA network measurement
stations. Colour bars show the whole range of fluctuation for each field. All the maps are in the same geographic projection (UTM-WGS84).
Note the quite good spatial-temporal correlation between the measured rainfall 8\WYHeHighestSWVIvalues are in fact present in the

image of September 14th after the precipitation fallen in the previous days.

The pilot area, represented in Fig. 1, is the Basilicata re-at whole. In this work we use only the data coming from
gion in Southern Italy and the hydrological data, provided 29 measurement stations which, working since 1998, have
by the ALSIA rain gauges network which, through 40 mea- a more complete temporal overlapping with AMSU histori-
surement stations working during 2004, covers the regiorcal data-set. AMSU data, in fact, are available since 1998,



224 T. Lacava et al.: Assessing the potentiabufVI

when NOAA 15 has been launched. NOAA 15 ensuresof SWVIappear (Fig. 3a). Rainfall interested the whole area
two passes per day, one around 5:00 GMT and another oni the following days reaching their top on 14 April. In the
around 17:00 GMT (12h later). In order to generate refer-first AMSU image available after this date (on 16 April), pix-
ences fields, we considered two different data sets, one inels with anomalous values 8WVlare shown again, appear-
cluding all the imagery acquired during the morning passesijng in quite a good spatial correlation with the actual pre-
the other one using the afternoon passes. The images acipitations. Moreover, it should be stressed, as an additional
quired during the months of events occurrences have beeresult that, although the geographical area investigated was
analysed for the whole period of AMSU data availability greater than the region of interest, no false posi®wVI
(since 1998 up to now) processing, in average, about 24@false alarms) have been identified in any of the considered
passes per each event (120 for each data set). AMSU scenes.

The main idea, in order to perform the sensitivity analysis, Figure 4 reports the results for the analysis of the Novem-
is to relate the computed value 8¥VVIto the observed rain- ber 2002 event. In detail, in the figure is shown the response
fall for some precipitation events which have been prelimi- of SWVIfor 17 November, just before the storm occurred the
narily selected (the ones occurred in September 1999, Apritlay after (18 November), outlining an almost “dry” condition
2001 and November 2002). As a first step of the full analysisof the area confirmed also by the absence of significant rain-
(in progress), only a qualitative correlation has been carriedall (Fig. 4d). Looking at Fig. 4b, which refers to the AMSU
out, neglecting, at this stage, other possible input variablescene of 18 November, is clearly detected the presence of
(i.e. land cover maps, digital terrain models, etc.) and/or tun-a raining cloud system located over Basilicata region (identi-
ing parameters (i.e. variable temporal lag, different cumulat-fied by a screening test proposed by Grody et al. (2000) using
ing periods, etc.) which will be considered in the next phasesAMSU data), confirmed by the investigation of rain-gauge

Preliminary comparisons have been performed analysingietwork data as well (Fig. 4e reveals a significant storm oc-
the correlation between the daily (24 h) cumulative rainfall curred on 18 November) In tH8WVImap of 19 November
data (used as input for the kriging technique applied to gen{Fig. 4c) a lightly perturbed condition fdWVIwithin the
erate the regional daily rainfall map) and the correspondingnvestigated area is shown, confirming once more the timely
spatial distribution of th&WVIfor each available AMSU im-  sensitivity of the proposed index to the preceding rainfall.
age acquired the same day. It should be stressed (and takenlIn conclusion, the preliminary results obtained in this
into account analysing the results) that 8\&/Vlis an instant ~ work, although they need further assessments over extended
observation, referred to a specific acquisition time of the daysets of events, seem to confirm that also no-extreme precip-
whereas the rainfall map is considered here as a “daily” ob4tation events, confined in time and space, like those above
servation, obtained cumulating all the available data recordediescribed may produce a significant response ofStéVI

during the same day. which shows, then, quite a good sensitivity to such events
as well. Moreover, this work represents a further confirma-
3.1 Results tion of the reliability of the proposed index which, in all

the three considered study cases, resulted completely false
Results obtained for the events occurred during 11-145jarms-proof.

September 1999, 12-16 April 2001 and 18-19 November
2002 and they are shown in the next figures and discussed
in the following. 4 Conclusions

Figure 2 shows both the maps 8fWVland the regional
cumulative rainfall maps referring to September 1999 eventln this paper, preliminary results of a sensitivity analysis of a
The analysis of the figure highlights a good spatial and tem-new satellite surface wetness index (8\/V) are presented.
poral correlation between the rainfall and the proposed in-The SWV/| generated by a multi-temporal analysis of AMSU
dex. The northern part of the region, in fact, is characterizeddata, has been already applied with encouraging results to
by anomalous values @WVIwhich reach their maximum the observations of some flooding events occurred in the past
values, both in terms of intensity and spatial distribution, in Europe. The qualitative sensitivity analysis, performed in
in the image of 14 September, as a direct consequence dhis work by comparison with rain gauge data obtained by a
the precipitation that affected the area in the previous dayslense ground network located in Basilicata Region (Southern
(Figs. 2d—g). This is a first indication of the potential of the Italy), allow us to give a first assessment of the capabilities
proposed index because, although the clearly non-extremef the SWVIin describing soil response to precipitations of
nature of the considered precipitation event (both in termddifferent duration and intensity.
of duration and intensity) thBWVIwas sensitive enough to The first results achieved in this work, obtained by means
record a significant variation (higher than 3 sigma over theof a correlation analysis with precipitation data during some
unperturbed values expected for those places in this seasomjinor raining events occurred in Basilicata region, encour-
in soil wetness conditions. age to continue research in this field, suggesting the possibil-

In Fig. 3 the results obtained by the analysis of April 2001 ity to employ theSWVlas a further parameter to be used in
event are shown. Note how, after the precipitation which af-the prediction chain devoted to the mitigation of the hydro-
fected the Basilicata region during 11-12 April, high values logical risk.
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Fig. 3. Sensitivity analysis for the April 2001 evera), (b) SWVImaps for 12th, 16th April(c), (d), (e), (f) regional cumulative rainfall

map respectively for 11th, 12th, 13th, 14th April. Red dots identify ALSIA network measurement stations. Colour bars show the whole
range of fluctuation for each field. All the maps are in the same geographic projection (UTM-WGS84). The whole region was affected by
rainfall mainly on 12 and 14 April 2001, consequently anomal®WéVivalues appear in the images of 12th and 16th April.
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Fig. 4. Sensitivity analysis for the November 2002 eve(d), (b), (¢) SWVImaps for 17th, 18th and 19th Novembéd), (e) regional
cumulative rainfall map for 17th and 18th November respectively. Red dots identify ALSIA network measurement stations. Colour bars
show the whole range of fluctuation for each field. All the maps are in the same geographic projection (UTM-WGS84). In Fig. 4b, the soil
is masked by the raining clouds affecting the region (they have been identify by a screening test proposed by Grody et al. (2000), see text).
Note as after the intense precipitation fallen during 18th November, in@h8édvalues consequently appear (on the 19th November map).
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