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ABSTRACT 
 

The objective of this paper is to analyze the dynamics of 
flooded area and water level in a floodplain wetland. To this 
end we studied a flood that occurred in 2009-2010 related to 
an ENSO (El Niño/Southern Oscillation) event over the 
Paraná River delta. The method for obtaining flooded area 
fraction (ff) and floodplain water level (WL), which is an 
extension of previously developed algorithms based on 
passive data, exploits the synergy of passive and active 
microwave signatures and model simulations of vegetation 
emissivity. The results are compared with, and plotted 
against, water level from Rosario port gauge and water level 
of a lagoon inside the floodplain obtained by microwave 
altimetry. This graphs are analyzed in terms of the possible 
equivalent topography of the floodplain. 
 

Index Terms— Flooded area, water level, microwave 
remote sensing, Paraná River delta, equivalent topography 
 

1. INTRODUCTION 
 
Flooding is a major concern in the Plata Basin. This is due 
to the fact that the Paraná River has a long and wide 
floodplain, which has been settled and cultivated. Losses due 
to floods in Argentina during the 1983, 1992, 1998, 2007 
and 2009-2010 floodings exceeded US$1 billion each. 
Therefore, providing information about the current state of 
the basin hydrologic condition in a systematic way is critical 
to the regional economies and society. In particular, it is of 
extreme importance to monitoring basin floodplain wetlands 
flood-drought cycles. These ecosystems extend along the 
Paraná-Paraguay axis and have highly dynamic exchanges of 
water with the river, presenting important annual and 
interannual variations. In this context, both floodplain water 
level and flooded area become relevant proxies of the flood 
condition and the total volume of water inside the 
floodplain. Moreover, the dynamics of these variables will 
be a raw indicator of floodplain overall hydrological 
behavior. Therefore, estimating these variables in a 
systematic way using remote sensing data, it is possible to 
constrain the outputs of hydrological forecast models. In this 

paper, a methodology to retrieve flooded area and water 
level in herbaceous wetlands, based on active/passive 
microwave data and an emission model [1],[2],[3],[4] is 
presented. We compare our results with microwave altimetry 
data [5], and analyzed floodplain behavior by studying the 
relationship between the fraction of flooded area (ff) and 
floodplain water level (WL), Paraná River hydrometric level 
and water level for a lagoon inside the floodplain derived 
from altimetry data. 
 

2. METHODOLOGY 
 
2.1. Study Area 
The Paraná River Delta, located at the final 300 Km of the 
La Plata Basin, is covered by a highly heterogeneous 
wetland, dominated by lagoons and different communities of 
herbaceous vegetation in the extended lowlands (Fig. 1). 
This area is subject to strong variations of water level, 
related to local rain and the contribution of up-water of 
Paraná and Paraguay rivers.  

   
Figure 1. Paraná River Delta.  

 
2.2. Flooding Event & Available data 
In this work we analyze the flooding event that occurred in 
2009-2010, related to an ENSO (El Niño/Southern 
Oscillation) phenomena. In this event, Paraná River water 
level rose above the levee level, flooding an extensive part 
of Paraná River Delta (Fig. 2). To estimate the hydrological 
condition of this area, we used both active and passive 
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microwave signatures, as well as altimeter data and ancillary 
data. Details are given in Table 1. 

 

Table 1. Available data 

Sensor Data used Dates Variable obtained 

AMSR-E 
(C, X 
Bands) 

L1B Tb 2009/01- 
2010/09 

 
)(

*2

HV

HV

TbTb

TbTb
PI






 

ENVISAT 
ASAR (C 
Band) 

WSM HH 
σ0 

2009/08- 
2010/09  

Flooded area maps 

ENVISAT 
altimeter 
Virtual 
Stations [5] 

134-05  
579-04 

2009/01- 
2010/10 
(monthly) 

Water level 

Emission 
model 

Tor Vergata model [4] 

Auxiliary 
data 

Daily water level in Rosario Port, Land cover 
map [7] 

 

 
Figure 2. Water level in Rosario Port station during the 2009-2010 

ENSO event. 

 
2.3. Estimation of fraction of flooded area and water 
level inside the floodplain.  
The general approach is based on the exploitation of the PI 
from a complete series of passive data, and the use of high 
resolution flooding maps based on SAR data in specific 
dates for parameter calibration [3]. The model has three end-
members, that represent the contributions of water, non-
flooded land, and inundated floodplain to the total observed 
polarization index PIobs: 
 

    ffnfnfwwobs PIfPIfPIfPI   (1)     and              

  fnfw fff 1  (2) 

where PIobs is the observed PI, fw, fnf and ff are the 
fractional areas, and PIw, PInf, and PIf are the PI values of 
open water (rivers and lakes without emergent vegetation), 
non-flooded land, and seasonally flooded land, respectively. 
Algorithm main characteristics and hypothesis are detailed 
in [3]. 

 
2.4. Comparison with altimetry water level data. 
In order to get some insight on the validity our estimations 
of flooded area fraction and water level, we compared this 

data with the water level estimations from two virtual 
stations obtained from LEGOS (Laboratoire d’Etudes en 
Géophisique et Oceanographie Spatiales) GOSH team 
(Geodesy, Oceanography et Hydrologie from Space) [6]. 
 
2.5. Analysis of fraction of flooded area vs. water level 
dynamics 
One possible approach for the study of flooding dynamics is 
the analysis of the existent relation between water level (in a 
river and inside the floodplain) and flooded area in the 
floodplain. Thus, the characteristics of this relation are 
indicative of the equivalent hydrodynamic behavior of an 
area of the basin. This hydrodynamic behavior describes 
globally the water movements during flooding events (Fig. 
3). We constructed graphs equivalent to Fig 3 for our study 
area comparing the following: 

1) flooded area fraction obtained by SAR images vs. 
hydrometric river water level in Rosario (water level in 
the main river and main input of water into the system, 
Fig. 5). 
2) flooded area fraction obtained by SAR images vs. 
water level for the two closest virtual stations from 
Hydroweb project [5],[6] (water level inside floodplain, 
Fig. 6). 
3) flooded area fraction from SAR vs. floodplain water 
level obtained by AMSRE and emission model [4] 
simulations (mean water level inside floodplain, Fig. 7). 

 

 
Figure 3. Schematic of the expected results for the relation flooded 
area fraction/ hydrometric water level. Left: flooded area fraction 

vs. hydrometric water level. Right: Equivalent topography 
schematic resulting from the graph on the left.   

 
 

3. RESULTS & DISCUSION 
 
Fig. 4 shows that water level measured on the floodplain by 
the altimeter and the hydrometric water level in the Rosario 
port have similar trends, even though altimeter data are 
monthly and Rosario are daily and the measuring point are 
different. Observed PI data are noisy, but increases with the 
flooding event, showing the already known fact that AMSRE 
PI are sensitivity to hydrological changes in the floodplain. 
Flooded area fraction from SAR images, however, shows a 
different trend, maintaining high values of ff even after the 
river and altimeter water level have descended. This 
demonstrates  the buffer effect of wetlands, where the 
floodplain acts as a sponge taking in water more rapidly, 
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though slower than the water level increase, and releasing it 
slowly after the river level has descended.  
 

 
Figure 4. Top to bottom: water level from altimeter, hydrometrical 
water level in Rosario port, flooded area fraction from SAR images 

and observed PI from AMSRE (at X band). 

 
Fig. 5 shows a scatter plot between flooded area fraction 

obtained from SAR data and hydrometric water level at 
Rosario port.  We can see there are two main phases of the 
flooding event; in the first one, at the beginning of the event, 
both water level in Rosario port and flooded area fraction 
increase; in the second phase, water level decreases but 
flooded area fraction stays constant and high. The specific 
“hysteresis” shown for this event is related to the “buffer 
effect” of this wetland. 

 

 
 

Figure 5. Flooded area fraction from SAR data vs. hydrometric 
river water level in Rosario port. To be compared with the scheme 

presented in Fig. 2. 

 

Fig. 6 shows the relation between flooded area fraction 
obtained from SAR data and water level in an altimeter 
virtual station. The general trend is the same that the one in 
fig. 5, with some minor differences in the intensity of the 
changes.  

 

 
 
Figure 6. Flooded area fraction from SAR data vs. altimeter 

derived water level. To be compared with the scheme presented in 
Fig. 2. 

 
Fig. 7 shows the relation between flooded area fraction 

obtained from SAR data and water level inside the 
floodplain, obtained using SAR and AMSRE data and 
emission model results [3]. In this case, there are three 
phases; the first two are similar to the ones in fig. 5 and 6, 
but the third phase shows a new increase of water level, with 
flooded fraction staying high, even with a little  decrease. 
 

 
Figure 7. Flooded area fraction from SAR data vs. water level 

estimated using SAR and AMSRE data. To be compared with the 
scheme presented in Fig. 2. 

 
Fig 5, 6 and 7 all show a part of the flooding dynamics of 

the Paraná River delta, but the information we can get from 
them is different, given the different sources of water level 
data. In the first two, water level is measured at a single 
point, inside water bodies, a large river South-West of the 

4353



study area, and a large lagoon located in the NE portion of 
the area respectively. In the third one, the estimated water 
level is an integration of what is happening inside the whole 
study area (the integration given by the low resolution of the 
passive measurement), and therefore the estimated water 
level in an “equivalent mean water level”.  

The fact that the dynamics shown in fig 5 and 6 are so 
similar, being the lagoon all the way across the floodplain 
from Rosario port, is an indication that the source of 
flooding of this lagoon may be another part of Paraná River, 
up-waters from Rosario. 

The fact that fig. 7 shows such a different dynamics from 
the ones in figs. 5 and 6 could be implying that the changes 
in the water level of water bodies is not such a good proxy 
for what is going on in the floodplain, even when the water 
body is inside the floodplain. The complexity of the relation 
between flooded fraction and water level shown in fig. 7 
makes the estimation of an equivalent topography schematic 
not trivial. One thing we can say is that the floodplain does 
not behave like a homogeneous “container”, but has at least 
two or more parts with internal barriers. 

 
In summary, the approach used on this work allows for 

the analysis of current hydrological condition in terms of the 
flooded area vs water level space, and the posing of different 
possible future flooding scenarios, which would be useful 
for flooding forecast and alert.   

 
 

4. ACKNOWLEDGEMENT 
 
This work was funded by Project MinCyT-NASA-CONAE 
n°12: “La Plata Basin floods and droughts: Contribution of 
microwave remote sensing in monitoring and prediction”, 
and by ANPCyT PICT 1921/2012. The authors specially 
thank the European Space Agency (ESA) for Envisat ASAR 
data (AO 667), Japan Aerospace Exploration Agency 
(JAXA) and National Aeronautics and Space Administration 
(NASA) for AMSRE data. We wish to thank Carlos 
Ramonell and Ing. I. Cristina (CIM – UNL) for providing 
water level records. 
 
 

5. REFERENCES 
 
[1] Prigent, C., F. Papa, F. Aires, W. B. Rossow, and E. Matthews, 
“Global inundation dynamics inferred from multiple satellite 
observations, 1993– 2000”, J. Geophys. Res., 112, D12107, 
doi:10.1029/2006JD007847.  2007. 
 
[2] Sippel, S.K., Hamilton, S.K., Melack, J.M., and Choudhury, B. 
“Determination of inundation area in the Amazon River floodplain 
using the SMMR 37 GHz polarization difference”. Remote Sensing 
Environment, 48: 70-76, 1994. 
 

[3] Salvia, M., Grings,F., Ferrazzoli,P., Barraza,V., Douna,V., 
Perna,P., Bruscantini,C., Karszenbaum,H.  “Estimating flooded 
area and mean water level using active and passive microwaves: 
the example of Paraná River Delta floodplain”. Hydrol. Earth Syst. 
Sci., vol. 15, 2679–2692, 2011. 
 
[4] Ferrazzoli, P. and L. Guerriero, “Emissivity of vegetation: 
theory and computational aspects”, J. Electromagnet. Wave., vol. 
10 (5), 609-628, 1996. 
 
[5] Cretaux J.-F., W. Jelinski, S. Calmant, A. Kouraev, V. 
Vuglinski, M. Bergé-Nguyen,M.-C. Gennero, F. Nino, R. Abarca 
Del Rio, A. Cazenave, P. Maisongrande. "SOLS: A lake database 
to monitor in the Near Real Time water level and storage variations 
from remote sensing data". Advances in Space Research 47, 1497–
1507. 2011  
 
[6] http://www.legos.obs-
mip.fr/en/soa/hydrologie/hydroweb/index.html  
 
[7] M. Salvia, H Karszenbaum, P. Kandus and F. Grings “Datos 
satelitales ópticos y de radar para el mapeo de ambientes en 
macrosistemas de humedal”, Revista de Teledetección, vol. 31, 35-
51, 2009. 

4354


