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ABSTRACT 

 

In the presented study our purpose is to show the interest of 

space-borne high-resolution L-band Synthetic Aperture 

Radar (SAR) images (ALOS-2/PALSAR2 data in SM1 

mode) for mapping deformation of slow landslides. The 

methods we combined are sub-pixel correlation offset 

tracking techniques and differential SAR interferometry. 

Hell-bourg and Grand Ilet landslides (our test cases) are 

located on La Réunion Island in the Indian Ocean with 

motions up to about 1 m/y. The produced deformation 

maps resulted better than those obtained in previous studies 

with C or X band SAR data or with current Sentinel-1 data 

as L-band data are less affected by the vegetated cover than 

X- or C-band data. Finally, the possibility of deriving 3D 

mapping of the displacement by combining ascending and 

descending acquisitions (each one provides 2 components 

of the deformation: line of sight and azimuth) is 

investigated.  

 

Index Terms— InSAR, ALOS-2, Landslide 

 

 

1. INTRODUCTION 

 

Landslides are one of the geo-hazards with the most impact 

in terms of socioeconomic costs. Displacement monitoring 

of slope motions is therefore required to prevent and 

mitigate landslide risk.  

The Salazie Circles on La Réunion Island (Indian Ocean) 

are affected by several landslides, including two major ones 

affecting the municipalities of Grand Ilet and Hell-bourg 

(Figure 1).  

 
Figure 1: location of Salazie Circle (yellow frame) 

 

The Hell-Bourg landslide is divided into three main panels, 

with average velocities increasing northward from 0.8 to 

1.33 m/y [1]. A previous study based on SAR Interferometry 

presented in [2] focused on the Hell-bourg landslide and 

showed the promise of using L-band data for interferometric 

purposes in the study area by comparing C-band 

RADARSAT (C-band) results and JERS-1 L-band data. The 

advantages of L-band data were twofold: due to the partially 

vegetated cover, L-band interferograms were significantly 

less affected by temporal decorrelation than those produced 

with RADARSAT data and the longer wavelengths are more 

adapted for the expected displacement ranges (several 

dm/y).  

 

2. METHODS 

 

2.1. Used techniques  

 

In this study, we propose to use offset tracking based on 

local image correlation and Differential SAR interferometry 

(DInSAR) to derive deformation maps. For details on these 

techniques the reader can refer to [3-4]. Processing was 

carried out using GAMMA interferometric software. 
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The final idea is to combine ascending and descending 

acquisition modes offset estimates and Line of Sight 

displacements estimates in order to obtain a better 

representation of the phenomenon. The procedure for 

combining the different components of the displacement is 

detailed in [5]. 

 

2.2. Data  

 

Table 1 lists the ALOS-2/PALSAR2 acquisitions available 

for this study.  

 

 
Table 1: ALOS 2-PALSAR 2 data 

 

Ascending data is acquired in SM3 (3.8m azimuth sampling)  

mode while Descending acquisitions are in SM1 (1.8m). 

SM1 data are therefore more suitable for offset tracking 

techniques (whose performances depend on reolution). 

 

3. RESULTS 

 

 

3.1. Deformation mapping  

 

The following figures illustrate the main results obtained 

during this study. They consist in displacement rates (figures 

2 and 4) obtained by stacking of interferograms and offsets 

estimated and their evolution (Figure 3)  

 

 
Figure 2: stack of offsets estimated along azimuth direction in 

pixel/yr (1 pixel=1.8m)  

 

Remark: As shown on figure 2, the Hellbourg landslide has 

an important South-North horizontal component (about 7 

times larger than the vertical component). The consequence 

is that a simple decomposition between vertical and 

horizontal components based only on Line-of-Sight from 

ascending and descending acquisition would fail (the 

resulting vertical component estimate would be incorrect).    

 

 

 



Figure 3: Evolution of Grand Ilet and Hell-Bourg Landslides 

observed using the ascending PALSAR 2 dataset (phase in 

radians).   

 

 

Figure 4: comparison Ascending (left) Descending (right) 

interferogram stacks on Hellbourg and Grand Ilet (cumulated 

phase in radians). 

 

Finally Figure 5 shows a decomposition of the observed 

displacement on Hellbourg landslide.   

 

 

 
 
Figure 5: Hellbourg Landslide. Upper left: South North component 

of the displacement, Upper Right: East-west, Lower: vertical.  

 

3.2. Comparison with C band data 

 

Comparison with SENTINEL 1 interferogram stacks has 

been carried out. Due to the expected poor coherence on the 

test area, we processed only SENTINEL 1 interferograms 

with time spans shorter than 18 days in order to reduce the 

impact of temporal decorrelation. All the available 

SENTINEL 1 images available on the area during the period 

(end 2014-2016) were included in the computation.  Results 

are presented on figures 5 and 6. 

 



 
Figure 4 : ALOS-2/PALSAR-2 interferogram stack (ascending 

mode) main landslides are located. 

 

 
Figure 5 : Sentinel-1 interferogram stack (asecending mode) 

 
Noteworthy is the fact that the main landslides of the area 

are identified on both interferogram stacks. However, the 

Sentinel-1 appears affected by temporal decorrelation even 

with very short time-spans reducing their interest (in 

particular for delimitating the landslides boundaries and 

panels. 

 

 

5. CONCLUSION 

 

These results show the interest of the specific characteristics 

of the ALOS-2/PALSAR-2 sensor for monitoring landslides 

in the context of La Reunion or similar (tropical climate, 

partly vegetated/partly urbanized cover). The interest comes 

both from the sensor’s frequency (L band being appropriate 

for vegetated covers) and the fine resolution (increasing 

offset tracking performances).   In further works we plan to 

deeper investigate the correlation of the observed 

displacements with the surface consequences (damages) 

occurred during the studied period.  
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