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Abstract—The objective of this paper is to describe and explain
the effects on selected AMSR-E channels of two strong events, i.e.,
a rainstorm and a flooding, occurred in the Argentine section of La
Plata basin. More specifically, the rainstorm took place within the
Chaco region, which is covered by a continuous, moderately dense
forest. The flooding affected the terminal part of Paraná River. The
study is based on monitoring the temporal trends of the polariza-
tion indexes at various AMSR-E bands. In the forest, the rainstorm
produces an effect on C band channels which is moderate, but well
evident. The presence of this effect agrees with model simulations
presented in previous papers. In the Paraná River, measurements
of water level are available. Variations of polarization index at var-
ious frequencies are observed in correspondence with variations
of water level in four different stations. However, the amount of
the effect and the correlation between variables are dependent on
the properties of the areas surrounding the stations. The Delta of
Paraná river, where a land cover map is available, was selected for
estimation of fraction of flooded area by using an algorithm avail-
able in the literature.

Index Terms—Flooding, forests, passive microwaves, soil mois-
ture.

I. INTRODUCTION

T HE use of passive microwave remote sensing to monitor
soil and vegetation properties has been the subject of sev-

eral studies in the recent decades. It is well known that soil mois-
ture is a fundamental variable for environmental applications.
A reliable monitoring of this variable is important for hydro-
logic and climatic models, and specially to assess the occurrence
and the amount of drought and flood events. On the other hand,
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mapping and monitoring vegetation variables, such as biomass
and Leaf Area Index (LAI), is important in the study of fun-
damental problems, such as global carbon cycle and climatic
changes. From a physical point of view, the sensitivity of pas-
sive microwave measurements to soil and vegetation properties
was proved by several theoretical and experimental investiga-
tions [1].

For bare soil, the emissivity at vertical ( ) polarization is
higher than the one at horizontal ( ) polarization. Basically, an
increase of soil moisture produces a decrease of emissivity at
both polarizations, and at all microwave frequencies. However,
the effect is more important at polarization and at the lower
frequencies [1]–[3]. On the other hand, a decrease of roughness
produces effects which are similar to the ones produced by an
increase of moisture. If the soil becomes smoother, a decrease of
emissivity, which is more evident at polarization and at lower
frequencies, is observed [2]. In the presence of flooding events
and/or strong rainstorms, the two effects can concur to reduce
the emissivity, since the soil becomes wet and smoother at the
same time. On its turn, the influence of vegetation is dependent
on frequency, on the overall biomass and the geometrical prop-
erties of vegetation elements [4]. On average, vegetation growth
produces a decrease of the difference between vertically polar-
ized and horizontally polarized emission,

Several studies were aimed at singling out vegetation effects
from soil effects. It was found that the polarization difference
at high frequencies (Ka band) was mostly related to vegeta-
tion emission, and showed a good correlation with vegetation
indexes derived by optical instruments [5]. Further studies
adopted lower frequencies, typically X band. Moreover, in
order to eliminate the dependence on surface temperature, a
normalized polarization index [6] was defined. Experimental
studies, confirmed by a simple zero order radiative transfer
model, demonstrated that this index is sensitive to vegeta-
tion biomass [2], [6]. A further parametric study, carried out
by means of a discrete physical model, confirmed the main
finding of experimental studies and pointed out that the same
polarization index is also sensitive to soil moisture, at least at
frequencies lower than 10 GHz [7]. This dependence on soil
moisture was confirmed by an experimental analysis of C band
signatures collected at global scale by the SMMR radiometer
[8].

The problem of discriminating between soil and vegetation
effects can be mitigated by considerations about the specific ap-
plication, as well as the spatial and temporal scales. When the
objective of the satellite observation is to produce maps, spa-
tial variations of polarization or frequency patterns are mostly
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related to variations of vegetation properties. Similar consider-
ations can apply for the case of long term, seasonal variations in
time. However, short term variations of polarization and/or fre-
quency properties of the emission, occurring after a rainstorm
or a flooding, can be related to changes of soil properties. This
is particularly true for the case of forests, in which the biomass
changes very slowly. In the case of strong flooding, the polariza-
tion and frequency patterns may be affected also by a reduction
of the emerged biomass.

Passive signatures collected by SMMR and SSM/I instru-
ments were exploited for land applications. In these sensors,
37-GHz and 19-GHz channels were used, since lower frequen-
cies were available only at very poor resolutions, or not avail-
able at all. Although high frequencies suffer atmospheric effects
and high canopy attenuation, valid results in some applications
were obtained. In [9], ten categories of vegetation cover were
identified, and were associated to different histograms of polar-
ized emissivity measured by SSM/I. A global study about flood
dynamics was carried out by a synergic use of SSM/I signatures
and data collected by AVHRR and ERS scatterometer [10]. In
[11], the absolute polarization difference at 37 GHz proved to
be correlated to vegetation density and was sensitive to flooding
effects occurred in the Amazon River. This last application was
further exploited in [12]–[14]. A simple algorithm, based on
the polarization difference at 37 GHz measured by SMMR, was
adopted to estimate the fraction of flooded area during several
events occurred in the Amazon river and in other large South
American rivers floodplains.

In the more recent years, the availability AMSR-E signatures
offered new opportunities [15]. This sensor spans a wide range
of frequencies, from 6.925 GHz to 89.0 GHz, and the spatial res-
olution is substantially improved with respect to previous ones.
Based on AMSR-E data, useful algorithms have been developed
to retrieve soil moisture [16], [17] and vegetation variables [18].

In this paper, AMSR-E signatures of two main ecosystems, a
large dry forest (Chaco forest) and a wetland area of the Paraná
River sub-basin were analyzed during the 2006–2007 time
frame. The objective is to describe and explain the effects on
selected AMSR-E channels of two strong events, a rainstorm
and a flooding, occurred in the Argentine section of La Plata
basin.

The rainstorm was observed in October 2006, after a long
dry period, in a large area partially covered by the Chaco forest.
The problem of monitoring soil moisture effects under forests
is receiving great attention, also in view of the just recently
launched ESA SMOS system with an L band radiometer, which
is expected to have a better sensitivity to soil moisture varia-
tions. Some ground based experiments indicate that the effects
of rain on the emission of dense forests are very low, even at
L band [19], [20]. However, the soil was rather moist in these
experiments, also before the rain event, which reduced the dy-
namic range. In other ground-based experiments, carried out
over forests with moderate biomass, the effects of soil moisture
variations on forest emission were detected [21]. In general, the
available experimental data are not yet sufficient to draw reli-
able conclusions, and the availability of spaceborne results can
contribute to the discussion about this topic. In this paper, we

show and interpret the moderate increase of polarization index
observed after the rainstorm.

A strong flooding affected a region in the last part of the
Paraná River sub-basin, for a total time of about two months.
Evident effects on the polarization indexes were observed at all
frequencies. In the case of moderate flooding, these effects find
explanation in an increase of soil moisture and a decrease of
soil roughness. When the flooding is severe, it produces also a
decrease of the emerged biomass, with further increase of po-
larization indexes. The multitemporal trends of polarization in-
dexes have been compared against the trends of measured water
level in four different regions along the Paraná River. Finally,
the fraction of flooded area in the Paraná River Delta has been
estimated by applying the algorithm described in [12] and [13].

The following sections describe the area and discuss the
observed AMSR-E features, taking into account the climatic
events addressed and the land cover characteristics.

II. LA PLATA BASIN

The La Plata Basin (LPB) (Spanish: Cuenca del Plata) is
the name given to the 3,100,000 km hydrographical area
that covers parts of Argentina, Brazil, Bolivia, Paraguay,
and Uruguay. The precipitations falling within this area are
collected by several rivers to finally reach the De La Plata
River. The main contribution is due to the Paraná River and the
Uruguay River, its two most important tributaries.

The LPB contains several key ecosystems. (1) The great
Pantanal wetland, shared by Brazil, Bolivia, and Paraguay
behaves as a regulator of the entire LPB hydrological system
by slowing the flow of the Paraguay River’s waters to the
Paraná River, thus avoiding a conjunction of the maximum
volume and flow rates from both rivers; (2) the highlands of
both Paraguay and Paraná basins are important ecological
corridors linking the Cerrados to the Pantanal; (3) the Cerrado
biome covers about 2,000,000 km of Central Brazil, 25%
of the country’s territory; (4) the Chaco region, another key
ecosystem, is dominated by dry woodlands and savannas, and
an alluvial area formed by the sediments of the Bermejo and
Pilcomayo Rivers. This region constitutes a key ecological
corridor among mountains, cloud forests (Yungas rainforests),
high elevation deserts (Puna), and the shallow plains of the
Chaco; (5) the Pampas is the ecosystem with the most fertile
soils of the LPB, largely converted to agricultural production;
(6) another important biome is the Atlantic Rainforest in the
northeast of the LPB, characterized by intense deforestation
and agricultural use.

One of the main issues of this large basin is to be able to
monitor and predict the impact of global change and land use
change on regional weather, climate, hydrology and agriculture
production. Fig. 1 shows the extent of the La Plata Basin, each
one of the countries sharing this region and main rivers.

A. Chaco Forest

“Gran Chaco Americano” is a wide forest area, spanning the
North-East of Argentina and parts of Bolivia and Paraguay.
The total extent is more than 100 million hectares. Within
the area, there is a wide variability of climatic conditions
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Fig. 1. La Plata basin location, extent, countries, and main rivers. Argentine
sector is highlighted.

and botanical species. The event analyzed occurred in the
semi-arid area (“Chaco semi-arido”) located approximately
between 24 and 27 of latitude, 62 and 64 of
longitude. This area is covered by a continuous, deciduous
forest. There are several species, but the dominating ones are
“Quebracho colorado santiagueño” (Schinopsis quebracho
colorado) and “Quebracho Blanco” (Aspidosperma quebracho
blanco). Although the forest is continuous, the biomass is
moderate. Extensive measurements, with a sampling interval
of 0.5 0.5 , indicate biomass values typically in the range
70–110 t/ha (7–10 kg m ). There is a wide variability of tree
dimensions. The average value of diameter at breast height is
about 30 cm, but some trees show values higher than 100 cm.

In the lower part of this area (“Bajos Submeridionales”), a
strong rainstorm occurred in October, 3, 2006. The amount of
rainfall was between 50 and 150 mm. Since this event occurred
after a long dry period of time, it is estimated that the variation
of soil properties were very strong.

B. Parana Sub-Basin

The lower part of Parana River is subject to strong variations
of water level, related to local rain events and the contribution
of up-water of Paraná and Paraguay Rivers. Furthermore the
terminal part of this sub-basin is influenced by the tidal regime
of the La Plata estuary.

In particular, in the period from February to April, 2007, sig-
nificant increases in the water level were observed in the sub-
basin. Four monitoring stations have been considered. Their lo-
cations, as well as the centers of AMSR-E footprints, are shown
in Fig. 2. Flooding events were observed in the regions along
the river, which were particularly important in the areas close to
the end, characterized by a flat topography and the dominance
of herbaceous vegetation.

Fig. 2. Hydrological stations and centers of AMSR-E footprints (sample
points) in the lower part of Paraná Basin.

In the area studied in this paper, the Paraná River main
channel is surrounded by an extended floodplain. This flood-
plain is topographically lower than its surrounding areas, and
is covered by a highly heterogeneous wetland with a complex
landscape pattern. Nevertheless, at the spatial scale of AMSR-E
it can be said that this wetland is dominated by lagoons, dif-
ferent communities of herbaceous vegetation in the extended
lowlands, and the presence of forests (Salix humboldtiana and
Tessaria integrifolia) in the levees (relative uplands) adjacent
to the channels.

III. INSTRUMENT AND THE DATA SET

AMSR-E is a microwave radiometer operating at six fre-
quency bands: 6.925 GHz (C), 10.65 GHz (X), 18.7 GHz (Ku),
23.8 GHz, 36.5 GHz (Ka), and 89.0 GHz [15], [22]. Lower
frequencies are more suitable for terrestrial applications, while
higher frequencies, i.e., 23.8 GHz, 36.5 GHz, and 89.0 GHz,
are influenced by atmospheric water vapor and clouds. A
conical scanning is used to observe the terrestrial surface with
a local angle of 55 . The IFOV is equal to 43 75 km at
6.925 GHz, is reduced to 29 51 km at 10.65 GHz, and to
8 14 km at Ka band. The data are stored in Hierarchical Data
Format (HDF), which is compatible with NASA HDF-EOS
standard. In this study, we have used L1b data, which con-
tain values of brightness temperature, at vertical ( ) and
horizontal ( ) polarization, corrected and calibrated. Each
file, is 80 Mb, contains brightness temperature values along a
1450 km strip. The data have been downloaded from NASA site
http://nsidc.org/ims-bin/pub/nph-ims.cgi/u885372. We have
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Fig. 3. General maps of PI at C band in the Chaco area. (a) September 18
(before rain). (b) October 4 (after rain). The continuous forest is indicated by
the white box.

adopted a repetition time of 16 days, which corresponds to the
exact repeat orbit, in order to evaluate variations occurred over
footprints with the same location.

In the analysis, we have used the Polarization Index PI [11],
which is defined as

(1)

and are the brightness temperature values collected at
vertical and horizontal polarization, respectively. This index has
been evaluated at C, X, and Ka bands.

IV. MONITORING THE RAINSTORM IN CHACO FOREST

For the Chaco forest, the effects of the heavy rainstorm on
the polarization index have been evaluated. Ka band was not
suitable in this study due to the influence of clouds.

General maps of PI at C band are shown in Fig. 3. The maps
are based on AMSR-E observations of September 18 (before
the rainstorm) and October 4 (soon after the rainstorm). The
box indicates a region covered by a continuous forest, and
the dots refer to sites where measurements of tree density,
dry biomass and distribution of trunk diameters are available.

Fig. 4. Specific maps of PI at C band in the Chaco forest. (a) September 18
(before rain). (b) October 4 (after rain). The continuous forest is indicated by
the white box. White dots indicate sites of measurements.

Measurements were provided by the Forest Evaluation System
Management Unit (UMSEF) (http://www.ambiente.gov.ar/?id-
seccion=44). The distance between points corresponds to about
0.5 in longitude and latitude. This PI map is extended to a
large region, and the color scale is selected in order to detect
PI values as high as 0.15. It is evident that, in the South East
part of the area, mostly covered by herbaceous low vegetation,
the PI showed extremely high increases after the rainstorm.
However, it is difficult to appreciate variations within the forest,
with this scale.

In Fig. 4, the comparison between the C Band PI’s of the
same dates is shown by using a more detailed map and a scale
which saturates when the PI is equal to 0.04. With this represen-
tation, appreciable variations are observed even within the con-
tinuous forest, especially in the southern part. Before the rain
event (September 18), the PI is quite uniform within the rect-
angular box. Although the ground measurements indicate that
the biomass varies in a range between about 70 and 110 t/ha,
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Fig. 5. Trends of Polarization Index within the Chaco forest at three latitudes.
Left: C band. Right: X band.

the effects of this variation cannot be appreciated. It must be
considered that measurements were carried out in specific lo-
cations, while the coarse resolution of the instrument creates a
smoothing effect. After the rain event, a general increase of PI
is observed in the whole area, associated to a gradient from the
southern to the central part of the forest.

In Fig. 5, the trends of PI versus time are represented for a pe-
riod of about 200 days. The PI was estimated by averaging over
forest pixels belonging to the same latitude. Three latitudes, i.e.,

, and , have been considered. The first
latitude is just at the edge of the forest, while the other two cor-
respond to internal parts. A peak on Day of Year 277 (i.e., Oc-
tober 4) is well evident for the samples of the lower latitude and,
to a lesser extent, for the other samples. After the rain event, the
PI values decrease again to values close to the ones they had be-
fore the event. For sake of comparison, the trends of PI at both
C band and X band, are shown, for the same pixels. The trends
of X band are similar to the ones of C band, but with a lower dy-
namic range due to the higher canopy attenuation. Anyhow, this
comparison confirms the assumption that the effect is related to
a change of soil properties after the rainstorm, and is not due to
eventual artifacts of C band channel.

It can be concluded that the severe rainstorm produced vari-
ations of polarization index which are not negligible, although
moderate. This result can be justified by some considerations.
First of all, the forest was continuous, but not very dense.
Ground measurements indicated that the biomass ranged be-
tween about 70 and 110 t/ha. Moreover, the rain event occurred
after a long dry period. Therefore, it produced a strong varia-
tion of soil conditions. Finally, the event occurred at the end
of winter, when the deciduous forest was not yet leafy. This
last consideration is important. In fact, the canopy attenuation
was mostly due to branches. Previous model studies indicated
that branch attenuation is dominant at lower frequencies (e.g.,
L band), but increases as a function of frequency much more
gently than leaf attenuation [23]. Various experimental results
confirmed this property [21], [24], [25].

Other studies confirm that, for forests with moderate biomass,
the contribution of soil emission is still appreciable at L and C
bands [26].

V. MONITORING THE FLOODING IN THE LOWER PARANÁ

During the period of observations, important flood events
took place in the Paraná sub-basin. The potential of previously
defined PI indexes to monitor flooding events has been investi-
gated. As expected, flooding produces an increase of PI, related
to a strong increase of soil moisture and, in the extreme cases,
to a reduction of emerged vegetation.

Fig. 6 shows maps of PI over a large region including the
lower Paraná. Four AMSR-E channels have been considered.
The maps shown on the left were obtained by using Ka band
at high resolution (8 14 km). The other three maps were ob-
tained at low resolution (43 75 km), and at Ka, X and C bands.
For all channels, the maps on top, middle and bottom show PI on
February 8 (low water level), PI on April 13 (high water level),
and the difference, respectively. In agreement with previous ob-
servations [12]–[14] water bodies show a PI higher than 0.2,
which corresponds to an absolute difference between and
polarization equal to about 60 K. At Ka band, higher PI values
are observed along the river (on February 8) and in the Delta
(on April 13), but much lower values are observed in the sur-
rounding areas. As expected, the contours of permanently or
temporarily flooded areas are better delineated in the high reso-
lution image. However, large scale variations are observed also
at the low AMSR-E resolution. At the lower frequencies, the
transition between higher and lower PI values is more gradual.
There are wide areas in which the PI, was low on February 8,
and increased to values higher than 0.1 on April 13. These are
large agricultural areas, in which an increase of soil moisture
can be more easily detected at lower frequencies, particularly at
C band.

In order to evaluate more specifically the variations of the PI
as a function of time, the four specific locations of Fig. 2 have
been evaluated. For each point, the closest AMSR-E pixel has
been considered. In Fig. 7, the temporal trends of water level are
compared with the ones of PI at C and Ka bands.

To compare the effects of Paraná River water level on the PI
for each selected station, we cannot consider only the absolute
value of water level. Since the river channel has different char-
acteristics in each zone (different width, maximum depth and
bathymetry), we have to use some kind of measure to understand
what the water level means in terms of floodplain soil condition.
Since there is no accurate model of the topography of the flood-
plain all along the river, the only available data in all the stations
is the alert level given by the National Water Institute for the
nearby cities. It is important to remark that these values are com-
puted for the evaluation of the effect of river water levels over
the cities, and since, floodplains are topographically lower than
the surrounding cities, when the river reaches the alert level, the
floodplains have already been affected. It is a fair approximation
to say that the water level in which the river starts inundating the
floodplain is between 50 cm and 1 m lower than the alert level
for the cities. With these assumptions, we analyzed each one of
the graphs of Fig. 7. Table I shows, for each of the four stations,
the maximum water level, the floodplain alert level and the cor-
responding days of inundation. These data are also indicated in
Fig. 7 by means of horizontal and vertical lines. In all stations,
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Fig. 6. Maps of PI in the lower part of Paraná River. From top to bottom: February 8, 2007 (before flooding), April 13, 2007 (after flooding), difference. From
left to right: Ka band high resolution, Ka band low resolution, X band, C band. White squares indicate the locations of water level stations.

the inundation is associated to an increase of PI at both frequen-
cies. The effect is more evident in San Pedro because the area
is very flat and several precipitation events took place during
the inundation period. After inundation, the PI at Ka band de-
creases rapidly, while the PI at C band decreases more slowly.
Moreover, Ka band trends show some decreases of PI which are
not associated to variation of soil properties, but to the presence
of heavy clouds and rain. Although less pronounced, a similar
behavior is observed in Bellavista, La Paz and Paraná. The in-
undation period indicated in Table I agrees very well with PI
trends.

For the Paraná River Delta area, where a detailed map of land
covers is available, we have estimated the fraction of flooded
area using the algorithm described in [12] and [13]. The se-
lected area, which is close to San Pedro station, is indicated in
Fig. 8. The algorithm estimates the fraction of flooded area as a
function of the absolute difference between vertically and hor-
izontally polarized brightness temperatures ( T) measured at
36.5 GHz and at high resolution. The fractional inundation area
is estimated using linear mixing models that account for the mi-
crowave emission of the major land covers within the subregion
[12]. The model has three end-members that represent the con-
tributions of water, nonflooded land, and inundated floodplain
to the total T

(2)

(3)

where is the observed by the radiometer, ,
and are the fractional areas of open water (rivers and lakes
without emergent vegetation), nonflooded land, and seasonally
flooded land, respectively, and , , and are the

values for open water, nonflooded land, and seasonally
flooded land. Simultaneous solution of (2) and (3) yields the
following equation for the fraction of inundated floodplain ( ):

(4)

The fractional area of flooded land expands during inunda-
tion with a concomitant reduction in the fractional area of
nonflooded land. The algorithm is based on the following
considerations.

1. The temperature difference of water bodies, , is
known. This value was set equal to 60 K. This is in agree-
ment with [12], [13] and our measurements.

2. The temperature difference of nonflooded land, ,
must be a constant value for all the nonflooded vegetation
types present in the area and can be estimated from images.
In our case, this value was obtained using a high resolution
landcover map of the Paraná River Delta derived from
images acquired by the SAC-C MMRS satellite system
[27]. First, the non flooded areas were determined, and
then using this information in conjunction with AMSR-E
images, was empirically determined as 4.2 K. This
is in agreement with [12], [13].
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Fig. 7. Temporal trends of measured water level, Polarization Index PI at C band, and Polarization Index at Ka band for four locations in the lower part of Paraná
River. Horizontal lines indicate floodplain alert level. Vertical lines indicate the beginning and end of the inundation period.

TABLE I
MAIN INUNDATION DATA IN THE FOUR WATER LEVEL STATIONS

3. The fractional area of permanent water bodies must be a
constant and is assumed to be known. This value was es-
timated for the selected area using the available landcover
map and it was found to be of the order of .

4. The temperature difference of flooded land, , must be
a constant value for all the flooded vegetation types present
in the area and can be estimated from images. The esti-
mation of this value is a critical part of the algorithm and
presents large variations as reported in [12]. The estima-
tion of this parameter is complex since it is very difficult
to find an homogeneously covered vegetated pixel of this
dimension ( km for Ka band). For our area, this
value was estimated using the hydrometric values of San

Pedro station and ancillary information. The hydrometric
peak for this area was observed on April 10 (see Fig. 7).
At this date, this area was completely flooded ( cm
above the alert level). Therefore, for this date, we assume

. Using (4), this leads to K.
The trend of the fraction of flooded area is shown in Fig. 9. There
is a general correspondence between the variations of flooded
area and variations of water level measured in San Pedro. In
spite of the high frequency of the selected AMSR-E channel, the
algorithm works well, because for the area considered, the dom-
inant vegetation type is herbaceous (mostly wetlands, maximum
vegetation height m) and they were submerged during the
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Fig. 8. Region where the algorithm to retrieve fraction of flooded area was applied. This region corresponds to the Paraná River Delta, near San Pedro city (right),
an area where large floods are usual. This area was heavily affected by the April 2007 flood event. The area corresponding to the selected AMSR-E pixel is marked
as a circle crossed by lines (left).

Fig. 9. Temporal trend of the fraction of flooded area in San Pedro region,
estimated by using the algorithm of [12] and [13].

flooding. Some very low negative values of are related to al-
gorithm artifacts. This problem was also observed in [12], [13].

VI. CONCLUSION

The time trends of the polarization indexes, based on
AMSR-E measurements at various channels from C to Ka
band, have been analyzed during a rainstorm and a long lasting
flooding. The rainstorm occurred in the Chaco forest, while the
flooding was observed in the lower part of Paraná River basin.

Within the Chaco forest, the rainstorm produced an increase
of the polarization index at C band, which was more evident
in the Southern part of the forest area. This result can be
explained by considering that the forest is moderately dense

(70 – 110 Tn/ha), although it is continuous, and the event
occurred at the end of winter, when the deciduous trees were
not leafy. Moreover, the initial soil moisture was low, due to a
long dry period. This result can have some interest, since the
problem of detecting soil moisture variations under forests is
receiving attention and it is still under investigation.

Previous works indicated that passive microwave measure-
ments are capable to monitor large basin for hydrological pro-
poses. The flooding recorded by AMSR-E along the Paraná
floodplain confirms that these measurements constitute a very
useful tool for monitoring regional events. Increases of mea-
sured water level are associated to increases of polarization in-
dexes. This area constitutes a complex and non uniform flood-
plain. The temporal pattern of the indexes is related to the flood-
plain characteristics, condition and climate behavior in each site.
In the case of San Pedro, where heavy rains (over 400 mm) took
place along March, the indexes evolve with a time pattern which
is similar to the one of water level. The time pattern of fraction of
flooded area, estimated by the algorithm of [12] and [13], shows
a similar trend. This result is expected, since the flooded area
has a known dependency to observed T. Although theoreti-
cally simple, in the case of marshes, this algorithm at Ka band
is able to capture the most relevant properties of the T trends,
and associate them to changes of water level. In summary this
algorithm, feeded by on site estimation of key parameters, pro-
duces a reliable estimate of fraction of flooded area. This result
has an important outcome, considering the importance of flood
monitoring to mitigate environmental and social problems. In
the future, it is expected that the system performance will im-
prove, because the spatial resolution of spaceborne radiome-
ters will be enhanced, also at lower frequencies, Moreover, also
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systems operating at L band will be available (SMOS and fu-
ture SAC-D/Aquarius and SMAP), with consequent reduction
of vegetation attenuation. Therefore, more reliable results will
be available for a larger set of land covers.
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