
MULTI SENSORS InSAR MONITORING OF VOLCANIC ACTIVITY: 
THE FEBRUARY & APRIL 2007 ERUPTIONS AT PITON DE LA FOURNAISE, 

REUNION ISLAND, IMAGED WITH ENVISAT-ASAR AND ALOS-PALSAR DATA.  
Jean-Luc Froger(1), Yo Fukushima(2), Pierre Tinard(1), Valérie Cayol(1), Thierry Souriot(1), Oscar Mora(3), 

Thomas Staudacher(4), Philippe Durand(5), Bénédicte Fruneau(6), and Nicolas Villeneuve(7). 
(1) Observatoire de Physique du Globe de Clermont, Universite Blaise Pascal, 63038 Clermont-Ferrand, France. 
J.-L.Froger@opgc.univ-bpclermont.fr 
(2) Kyoto University, Disaster Prevention Research Institute, Uji-city, Japan. yofukushima@rcep.dpri.kyoto-
u.ac.jp 
(3) Altamira Information, Barcelona, Spain. oscar.mora@altamira-information.com 
(4) Institut de Physique du Globe de Paris, La Plaine des Cafres, La Reunion, France. staud@univ-reunion.fr 
(5) Centre National d’Etudes Spatiales, Département Altimétrie et Radar, 31401 Toulouse, France. 
philippe.durand@cnes.fr 
(6) Laboratoire Géomatériaux et Géologie de l’Ingénieur, Université de Marne-la-Vallée, 77454 Marne-la-
Vallée, France. Benedicte.Fruneau@univ-mlv.fr 
(7) CREGUR, Université de La Réunion, 97715 St-Denis Messag. Cedex 9, France. nicovil@univ-reunion.fr 
 

ABSTRACT 

The ground displacements associated with the February 
and April 2007 eruptions at Piton de la Fournaise were 
recorded both on ENVISAT-ASAR and ALOS-
PALSAR interferograms. We present a preliminary 
analysis of the displacements and a preliminary 
evaluation of the benefits provided by a multi sensors 
approach of InSAR monitoring of volcanic activity. 
 
With the successful launches of ALOS, COSMO-
SkyMed, TerrasSAR-X, and the future launch of 
RADARSAT-2, the amount of available radar data 
usable for InSAR applications will soon increase 
significantly. The combination of these new data with 
the already existing ones (i.e. ASAR, ERS2, 
RADARSAT-1) offers very promising perspectives for 
InSAR monitoring of volcanic activity in near 
operational conditions. In particular, the multiplication 
of acquisition geometries, the various spatial resolutions 
and sensibilities to displacements (depending on the 
wavelength), will allow a more accurate determination 
of displacements with an enhanced revisiting frequency.  
We had a first opportunity to evaluate the benefits of a 
multi sensors InSAR monitoring during the last Piton de 
la Fournaise (PdF) eruptions, in February and April 
2007. From 2 April to 1 May 2007, PdF experienced 
one of its major eruptive crises of XXth and XXIth 
centuries. On 6 of April, while intense lava fountains 
were feeding voluminous lava flows at the southeast 
flank of the Grand Brulé, the activity culminated with 
the ~300 m collapse of the entire Dolomieu crater at the 
volcano summit (Fig. 1). These events were recorded 
both by the radar ASAR on board of the European 
satellite ENVISAT and by the radar PALSAR on board 
of the Japanese satellite ALOS. 
 
 

 
Figure 1: Location of Piton de la Fournaise volcano 
(from Michon et al., 2007). The central cone is cut by 
two collapsed craters, Bory and Dolomieu. 1 and 2 

represent the location of eruptive fissures during the 1st 
and 2nd eruptive phases of April 2007, respectively. 

NERZ and SERZ: NE and SE rift zones. 
 
The PALSAR interferogram displayed in Figure 2a was 
formed by combining two ascending images acquired 
on 05 October 2006 and 20 February 2007, with an 
incidence angle of 46° and a HH polarisation. During 
this 138 days time, Piton de la Fournaise experienced 
two eruptions (30/08/06-01/01/07, 18/02/07-19/02/07). 
The short wavelength fringe pattern superimposed on 
the central cone of the volcano corresponds most likely 
to the displacements occurred during the second 
eruption. It represents a total displacement of the ground 
toward the satellite of ~12 cm. The origin of the large 
wavelength fringe centred on the Plaine des Sables is 
not yet clear. It could indicate large displacement 



related to a deep over-presured source or simply 
correspond to an atmospheric artefact. 
The PALSAR interferogram displayed in Figure 2b and 
Figure 3a was formed by combining the 20 February 
2007 image with a third image acquired in the same 
geometry on 23 May 2007. The three ASAR 
interferograms were formed by combining six images, 
acquired in ascending swath 5 (Fig. 3b) and 3 (Fig. 3c) 
and descending swath 6 (Fig. 3d). Due to relatively 
similar acquisition conditions (see LOS values in the 
Figures 2 & 3 captions) the PALSAR interferogram and 
the two ascending ASAR interferograms exhibit a very 
similar pattern of displacements. However, due to the 
lower sensibility of PALSAR to the displacements (L-
Bande, λ = 23.6 cm, 1 fringe = 11.8 cm) with respect to 
ASAR (C-Bande, λ = 5.6 cm, 1 fringe = 2.8 cm), the 
same displacements produce ~4 times less fringes in the 
PALSAR interferogram. The similarity of the 
displacement pattern indicates also that the three 
interferograms have recorded the same event or the 
same succession of events despite the fact that they do 
not span exactly the same time. 
The entire Enclos Fouqué and the western flank of the 
Central Cône are affected by a NS elliptical fringe 
pattern indicating a displacement of the ground of ~60 
cm away from the satellite. The Grandes Pentes is also 
affected by a large, roughly quadrangular, fringe pattern 
indicating a displacement of ~75 cm away from the 
satellite. A noticeable feature is the fringe inflexion at 
the location of a ENE trending fault between the 
elevation 500 m and 1000 m. It is not yet clear if this 
inflexion is due to a structural control of the 
displacements or rather to the influence of topography. 
In the Grandes Pentes, the high displacement gradient 
produces locally a spatial aliasing of the interferometric 
fringes in the ASAR interferograms and then results in a 
loss of the coherence. Due to the lower sensibility to 
displacement, the PALSAR interferogram does not 
suffer such an aliasing and exhibits a remarkable 
coherence, not only on the areas affected by high 
displacement gradient but also on all the vegetated areas 
on the volcano flanks (Fig. 2b). The general coherence 
is also excellent on the 138 days PALSAR 
interferogram (Fig. 2a), illustrating the significant 
benefit of using the L-Band for interferometric studies 
of tropical volcanoes such as PdF.  
Assuming that the ASAR descending interferogram has 
recorded the same event or the same succession of 
events as the ascending ones, it can be used to refine the 
displacements analysis. In the Enclos Fouqué, the 
interferogram exhibits 5 concentric fringes indicating a 
displacement of the ground toward the satellite of ~14 
cm. Since the displacements in this area are away from 
the satellite in the ascending interferograms, they could 
only be the result of a mostly eastward horizontal 
displacement of Enclos Fouqué during the April 2007 
eruption. The same analysis can be done for the eastern 

part of the Grandes Pentes where the displacements are 
also toward the satellite in the descending 
interferogram. 
Between the Enclos Fouqué and the Grandes Pentes, 
this large eastward displacement pattern is modified by 
a NS axis made of two concentric fringe patterns. The 
displacements are toward the satellite with a maximum 
of ~20 cm on the southern flank of Central Cone and a 
maximum of ~10 cm on the northern flank. At the same 
location the descending interferogram exhibits a trend 
of decreasing phases from west to east with fringes 
roughly parallel to the NS direction. The fact that these 
displacements occur exactly at the location of the NE 
and SE Rift Zones led us to propose, as their origin, a 
dyke injection resulting both in an opening in the EW 
direction and in an uplift. 
Another interesting feature is the SE axis joining the 
large eastward displacement pattern of the Grandes 
Pentes to the location of the 2nd eruptive fissure (see 
Figure 1). The fringes indicate a displacement away 
from the satellite both in the ascending interferograms 
(~10 to 20 cm) and in the descending one (~14 cm) 
compatible with a subsidence.  
The formation of the E-W elongated horseshoe-shaped 
structure, in which the currently active cone of PdF 
developed, (i.e. Enclos Fouqué, Grandes Pentes & 
Grand Brulé), is one of the most discussed pending 
issues on Piton de la Fournaise. Several interpretations 
have been proposed including caldera collapse, large 
landslide, lateral movement on a décollement level, 
involving either a part or the entire Enclos Fouqué - 
Grandes Pentes - Grand Brulé structure. To our 
knowledge, the interferometric data that we display in 
this report provide the first direct evidence of a large, 
active, lateral movement affecting both the Enclos 
Fouqué and the Grandes Pentes. Therefore, an accurate 
characterisation of this movement coupled with the 
numerical modelling of the displacements will certainly 
contribute to a significant step forward in our 
understanding of the Piton de la Fournaise evolution. 
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Figure 2. a) Asending ALOS-PALSAR interferogram on Reunion Island spanning 138 days from 05 October 2006 to 20 
February 2007, LOS vector : [-0.6948, -0.1862, 0.6947]. b) Asending ALOS-PALSAR interferogram on Reunion Island 

spanning 93 days from 20 February to 23 May 2007, LOS vector : [-0.6948, -0.1862, 0.6947]; 
A complete cycle of phase (red-blue-yellow, 0 to 2π radians) represents an increase in range of 11.8 cm between the 

ground surface and the satellite. 



 
Figure 3. a) Enlargement of Figure 2.b on Piton de la Fournaise; b) Ascending ENVISAT-ASAR interferogram (swath 

5) spanning 35 days from 26 March to 30 April 2007, LOS vector : [-0.5950, -0.1354, 0.7923]; c) Ascending ENVISAT-
ASAR interferogram (swath 3) spanning 70 days from 23 March to 1 June 2007, LOS vector : [-0.4672, -0.1061, 

0.8778];  d) Descending ENVISAT-ASAR interferogram (swath 6) spanning 35 days from 18 March to 22 April 2007, 
LOS vector : [0.6399, -0.1454, 0.7545];  A complete cycle of phase (red-blue-yellow, 0 to 2π radians) represents an 

increase in range of 11.8 cm (ALOS-PALSAR) or 2.8 cm (ENVISAT-ASAR) between the ground surface and the 
satellite. The red arrows on the chronological scale indicate the eruptives phases. The blue arrow corresponds to the 

time spanned by the PALSAR interferogram, the purple arrow to the time spanned by the swath 5 ASAR interferogram, 
the orange arrow to the time spanned by the swath 3 ASAR interferogram and the green arrow to the time spanned by 

the swath 6 ASAR interferogram.
 


