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ABSTRACT: 

 

With the increasing quantity and quality of the imagery available from a growing number of SAR satellites and the improved 

processing algorithms, multi-temporal interferometry (MTI) is expected to be commonly applied in landslide studies. MTI can now 

provide long-term (years), regular (weekly-monthly), precise (mm) measurements of ground displacements over large areas 

(thousands of km2), at medium (~20 m) to high (up to 1-3 m) spatial resolutions, combined with the possibility of multi-scale 

(regional to local) investigations, using the same series of radar images. We focus on the benefits as well as challenges of multi-

sensor and multi-scale investigations by discussing MTI results regarding two landslide prone regions with distinctly different 

topographic, climatic and vegetation conditions (mountains in Central Albania and Southern Gansu, China), for which C-band (ERS 

or ENVISAT) and X-band COSMO-SkyMed (CSK) imagery was available (all in Stripmap descending mode). In both cases X-band 

MTI outperformed C-band MTI by providing more valuable information for the regional to local scale detection of slope 

deformations and landslide hazard assessment. This is related to the better spatial-temporal resolutions and more suitable incidence 

angles (40°-30° versus 23°) of CSK data While the use of medium resolution imagery may be appropriate and more cost-effective in 

reconnaissance or regional scale investigations, high resolution data could be preferentially exploited when focusing on urbanized 

landslides or potentially unstable slopes in urban/peri-urban areas, and slopes traversed by lifelines and other engineering structures. 
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1. INTRODUCTION 

Slope hazards constitute a worldwide problem because 

landslides not only occur in mountains, but can also affect even 

modest artificial reliefs, coastal zones and river banks. It is also 

recognized that landslide related socio-economic losses have 

been increasing globally, especially in developing or recently 

industrialized countries (e.g., Petley, 2012).  
 

Ground-based investigations and monitoring of terrain prone to 

landsliding are expensive, typically conducted only after the 

slope failure, and limited in terms of spatial and temporal 

coverage. Hence, the employment of complementary, cost-

effective approaches to slope hazard detection and assessment is 

desirable.  

 

Different remote sensing techniques can be used to detect and 

monitor ground surface displacements generated by landsliding. 

These include ground-based radar interferometry, air-borne and 

terrestrial LiDAR and air- and space-borne image matching (cf. 

overview by Wasowski and Bovenga, 2014a and references 

therein).  

 

In this paper we focus on the application of advanced satellite 

MTI in landslide investigations. MTI can be considered cost-

effective, especially when exploited over large areas, in as much 

as it can deliver great quantities of useful information for 

scientists and practitioners engaged in slope hazard mitigation. 

 

MTI offers very good surveying capability of ground surface 

deformations, including those related to landslide activity (e.g., 

Colesanti et al., 2003; Hanssen 2005; Colesanti and Wasowski, 

2006; Hooper et al., 2012; Motagh et al., 2013; Bally, 2013; 

Wasowski and Bovenga 2014a,b). The strengths of the 

technique include: 

- Large area coverage (thousands of km2) together with 

high spatial resolution (1-3 m) of the new radar sensors 

e.g., CSK, TerraSAR-X and multi-scale investigation 

option (regional to local); 

- Very high precision (mm-cm) of surface displacement 

measurements only marginally influenced by bad 

weather; 

- Regular, high frequency (days-weeks) of measurements 

over long periods (years); 

- Retrospective studies using long-period (>20 years) 

archived radar imagery.  

 

We discuss the performance of MTI in regional to local-scale 

landslide investigations by comparing the results obtained from 

medium resolution C-band data (ERS and ENVISAT) and from 

high resolution X-band data (CSK, Stripmap mode) for two 

landslide prone areas located in different geomorphic, climatic 

and vegetation settings: moderate elevation mountains of 

Central Albania and high mountains in Southern Gansu, north-

western China. Such comparisons are still infrequent in 

literature and more case studies from different environments are 

desirable to better assess the benefits and challenges of medium 

and high resolution MTI applied to landslide analyses. 
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2. RADAR DATA AND MTI PROCESSING 

2.1 Data 

For the Chinese site we used the following SAR datasets: 32 C-

band images acquired between July 2003 and August 2010 by 

ENVISAT ASAR; 22 X-band images acquired between 

November 2010 and February 2012 by CSK. For the Albanian 

site we used: 35 C-band images acquired between November 

1992 and December 2000 by ERS; 39 X-band images acquired 

between May 2011 and June 2014 by CSK.  

 

All the images were acquired in Stripmap mode along 

descending pass. For the CSK data we selected suitable incident 

angle by considering the topography of the studied areas. No 

such a possibility existed in case of the ERS and ENVISAT 

data. Specifications regarding the SAR datasets and processing 

results are given in Table 1. 

 

2.2 MTI processing 

We used the SPINUA (Stable Point INterferometry over 

Unurbanized Areas) algorithm. This PSI-like algorithm, 

developed for detecting and monitoring targets (PS) in non- or 

scarcely-urbanized areas (Bovenga et al., 2005; Bovenga et al., 

2006), has been updated to increase its flexibility also in cases 

involving densely urbanized areas, as well as to assure proper 

processing of X-band data from CSK and TerraSAR-X 

(Bovenga et al., 2012) and from Sentinel-1A IWS mode. 

 

SPINUA algorithm includes a patch-wise processing scheme 

that relies on processing small zones (usually a few km2) within 

a radar image. The patches are selected to optimize the density 

and the distribution of potential coherent targets. Their small 

size allows using locally an approximate model for the 

atmospheric phase signal, which in turn ensures high processing 

robustness. Such ad hoc solutions enable obtaining quickly 

results on small areas using even low number of images (e.g., 

Bovenga et al., 2012). Moreover, in case of local scale analysis, 

this approach is robust against phase unwrapping errors 

occurring where target density is low. In case of large areas, 

atmospheric phase residuals are interpolated through a kriging 

procedure, and an ad hoc integration scheme is used to stitch 

the displacement maps retrieved on the single patches. SPINUA 

has been applied to investigate different studies including 

landslides, subsidence processes and post-seismic deformations 

(Bovenga et al., 2006; Nitti et al., 2009; Reale et al., 2011). 

 

In this work, similar, relatively high coherence thresholds were 

adopted during processing to assure the quality and 

comparability of C- and X-band results (Table 1). Indeed, in all 

cases low standard deviations of movement velocity estimates 

(on total PS samples) were obtained. 

 

Study 

area 

Sensor Radar 

band 

Incidence 

angle   

(°) 

Coherence 

threshold 

Mean of 

Velocity 

St. Dev. 

(mm/yr)  

China      

 ASAR C 23 >0.75 0.26 

 CSK X 40 >0.85 0.63 

Albania      

 ERS C 23 >0.70 0.20 

 CSK X 30 >0.80 0.25 

Table 1. Specifications for SAR datasets and processing results  

3. ASSESSMENT OF MTI RESULTS FROM C-BAND 

AND X-BAND DATA 

3.1 Mountains of Southern Gansu, China 

The study area, located in southern-most part of Gansu 

Province, China, is dominated by steep mountains with 

elevation ranging from ~1000 to 4000 m (Figure 1) and semi-

arid climate. Annual average precipitation is 434 mm, most of 

which occurs as rainfall in June-September period with 

occasionally intense storm episodes (Tang et al., 2011). 

 

Vegetation cover is limited. Grass is common in the highest 

elevation areas which also include some forest and shrub. The 

barren ground is also common on the high steep slopes and it 

generally corresponds to rocky outcrops. The cultivated land is 

present on the middle-lower elevations. The area is scarcely 

populated, but contains many small towns, villages and 

infrastructure concentrated within the major river valleys.  

 

3.1.1 Regional scale assessment of MTI results: The first 

CSK-based results concerning the north-western part of the 

study area (~40 km2 around the town of Zhouqu) were 

presented by Wasowski and Bovenga (2014b) and Wasowski et 

al. (2014). High density of radar targets (>1000/km2) and 

detection of active slope movements were reported. Radar 

visibility and landslide maps were also presented and discussed.  

 

Here we consider the larger area corresponding to the full CSK 

frame (~1700 km2), and along with X-band results we present 

the outcomes of C-band data processing. The comparison of the 

results (Figure 1) shows that in both cases quite different 

densities of radar targets are obtained (~13 PS/km2 and >300 

PS/km2, respectively for C- and X-band data). Most PS are 

motionless and concentrate along the middle-lower slopes of 

major river valleys. A number of large clusters of moving PS 

are also present. Many of these have the characteristically 

elongated shape and correspond to very large slow landslides.  

 

Furthermore, the evaluation of the results shows that, in terms 

of landslide detection capability, X-band MTI clearly 

outperforms C-band MTI. In particular, at the small scale of 

Figure 1, the CSK and ENVISAT results allow the recognition 

of, respectively, 18 and 6 large-sized active landslides. 

 

3.1.2 Local scale assessment of MTI results: Such 

assessment is useful, because landslides are local scale features. 

Here we consider the north-western portion of the study area 

amounting to ~53 km2, for which we had an inventory of larger 

landslides mapped from GETM (Figure 2). In this case the PS 

densities obtained from C- and X-band data are, respectively, 

~108 PS/km2 and ~1450 PS/km2. Furthermore, evident 

differences exist in the distribution of C-band and X-band PS, 

with the former notably lacking on E and SE-facing slopes. 

 

The scarcity of PS and/or their inhomogeneous distribution 

have direct influence on landslide detection capability. Using C-

band MTI, the activity of only one out of 25 mapped landslides 

was detected; two other large landslides contained few moving 

PS, but their number and distribution were unsuitable for a 

slope hazard assessment. Two smaller slides with several non-

moving PS were classified as inactive. The X-band MTI 

allowed the detection of 6 moving landslides; 10 additional 

slides contained an adequate number of suitably distributed 

non-moving PS, so that their inactivity was indicated.
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Figure 1. Regional scale (~1700 km2) overviews of the distribution and average line of sight (LOS) velocity of radar targets (PS) in 

Southern Gansu Mountains, China. Velocity values are saturated to ±20 mm/year. Yellowish-reddish and bluish dots represent radar 

targets moving, respectively, away from and toward the satellite sensor. White dashed line polygons indicate the areas shown in 

Figure 2. Background images are from Google EarthTM. (Upper) MTI results obtained from ENVISAT ASAR data. (Lower) MTI 

results obtained from CSK data. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W5, 2015 
International Conference on Sensors & Models in Remote Sensing & Photogrammetry, 23–25 Nov 2015, Kish Island, Iran

This contribution has been peer-reviewed. 
doi:10.5194/isprsarchives-XL-1-W5-737-2015

 
739



 

 

 
Figure 2. Local scale (~53 km2) overviews of the distribution and average line of sight (LOS) velocity of radar targets in the Zhouqu 

area, Southern Gansu Mountains, China. Velocity values are saturated to ±20 mm/year. Yellowish-reddish and bluish dots represent 

radar targets moving, respectively, away from and toward the satellite sensor. The outlines of 25 landslides (in pink), mapped using 

Google EarthTM, are from Wasowski and Bovenga (2014b).  Background images are from Google EarthTM. (Upper) MTI results 

obtained from ENVISAT data. (Lower) MTI results obtained from CSK data

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W5, 2015 
International Conference on Sensors & Models in Remote Sensing & Photogrammetry, 23–25 Nov 2015, Kish Island, Iran

This contribution has been peer-reviewed. 
doi:10.5194/isprsarchives-XL-1-W5-737-2015

 
740



 

 

3.2 Mountains of Central Albania 

The mountains of interest are located just to the east of Tirana, 

the country’s capital (Figure 3). In comparison with the Chinese 

site, the topography is lower (typically below 1500 m) and 

slopes less steep. However the average annual precipitation in 

the Albanian mountains is much higher and can reach over 

2000 mm (Meco and Aliaj, 2000). Winter represents the most 

rainy season with snow precipitation being common. 

In relation to the relatively wet climate, the vegetation cover is 

more abundant (mainly trees and shrub) than in Southern 

Gansu. The GETM imagery also reveals that barren ground can 

locally be common, especially in the areas most prone to 

landsliding and erosion (Figures 3, 4). Grass is less abundant, 

while the amount of cultivated land appears insignificant, 

because the mountains are very scarcely populated.  

 

3.2.1 (Sub)regional scale assessment of MTI results: We 

build upon the recent study of Wasowski et al. (2015, in press), 

who presented the first MTI results for Central Albania based 

on Stripmap CSK data. In particular, for the sake of comparison 

with X-band, MTI we present and discuss the results derived 

from processing of C-band ERS data.  

 

Figure 3a,b provides a wide-area overview of C-band and X-

band MTI results for the Central Albania region. In both cases a 

large cluster of PS stands out in the western-most part of the 

region (lowland), which corresponds to the city of Tirana. 

However, PS appear very scarce in the mountainous area to the 

east. In particular, only few small clusters of PS are derived 

from C-band data. The number of PS clusters obtained from X-

band processing is about three times greater. Finally, some of 

the PS groups show elongated shape, which, especially in case 

of moving PS, can be associated with slope movements. This 

possibility is further explored by examining MTI results at a 

local scale. 

 

3.2.2 Local (slope) scale assessment of MTI results: Here 

we focus on a single mountain for which a considerable number 

of PS was derived from both C-band and X-band data (Figure 

3c,d). In both cases movements were detected on north and west 

facing slopes. The number of C-band PS was much lower than 

that of X-band PS, but when considered within the geomorphic 

context of instability indicated from GETM optical imagery 

(Figure 3), the information obtained from ERS data was 

sufficient for a meaningful interpretation. Only CSK data 

provided information (PS) for the middle-lower part of north 

facing slope, where slowly moving PS indicated the presence of 

instability conditions. 

 

 

4. DISCUSSION AND CONCLUSIONS 

The outcomes of this study, and in particular the comparisons of 

the results derived from C- and X-band data, provide useful 

insight on the applicability of MTI in regional to local scale 

slope hazard investigations, including the capability of detecting 

active landslides. Although the C- and X-band datasets were not 

coeval, such comparisons are still of interest, because slope 

movements are very common and persistent in both Central 

Albania and Southern Gansu mountains in relation to the high 

seismic activity, presence of weak geological materials and 

recurrence of hydrological triggers (Meco and Aliaj, 2000; 

Dijkstra et al, 2012; Wasowski et al., 2014). 

 

Despite the significant environmental differences between the 

studied areas, in both cases X-band MTI proved to be more 

effective in terms of providing better coverage of features of 

interest (landslides). This was observed on all scales, from 

regional, sub-regional to local, and can be ascribed to much 

better spatial (and temporal) resolution, as well as to the higher 

incidence angles (40° and 30°) of X-band CSK data.  

 

The above findings are consistent with what has been reported 

in the literature on X-band MTI applied to landslide 

investigations in other mountain ranges such as e.g., the 

Pyrenees (Notti et al., 2010; Herrera et al., 2013), Alps 

(Bovenga et al., 2012), Apennines (Wasowski and Bovenga, 

2014a,b). However, with shorter revisit times, improved 

applicability of medium resolution C-band MTI in landslide 

investigations is expected from new sensors such as the ESA’s 

Sentinel-1A. In particular, the full Sentinel-1 constellation will 

provide a revisit time of six days, and this should guarantee 

coherent interferometric phase measurements over a wider 

range of ground surfaces (e.g., Morishita and Hanssen, 2015). 

 

Furthermore, the presented examples show that, while simple 

slope visibility maps can suffice to define suitable sensor 

acquisition geometry and estimate a priori the MTI potential to 

provide useful results in high mountain, semi-arid environments 

with limited vegetation cover, in densely vegetated mountains 

like those in Albania, more comprehensive MTI feasibility 

assessments based also on land cover / land-use information (cf. 

Cigna et al., 2014; Wasowski and Bovenga, 2014b) could be 

needed. A detailed MTI feasibility assessment can be 

recommended especially for very local, slope scale 

investigations. 

 

MTI studies that rely on the use of multi-sensor and multi-band 

data are attractive, because such approach can deliver 

complementary information. However, in applied MTI the 

choice of the investigative approach will ought to be tailored to 

the specific study region conditions, landslide types and their 

likely dynamics, keeping in mind the objectives of the work and 

budget constraints. Considering that landslides are local scale 

features, one can argue that, in general, higher spatial resolution 

imagery will likely lead to improved MTI applicability (more 

detailed slope instability assessment). Temporal resolutions are 

also of practical importance e.g., for timely assessment of slope 

hazard via high frequency measurements, and for revealing 

detailed patterns of landslide activity and their relationships to 

causative and triggering factors. 
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Figure 3. MTI results obtained from ERS and CSK data for the Central Albanian mountains. The distribution and average line of 

sight (LOS) velocity of radar targets are shown. Velocity values are saturated to ±10 mm/year. Yellowish-reddish and bluish dots 

represent radar targets moving, respectively, away from and toward the satellite sensor. (a) and (b) sub-regional scale overviews; (c) 

and (d) MTI results for a single hillslope (location marked by dashed circles in upper figures). Background from Google EarthTM
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