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Abstract

In this study the usefulness of the ALOS optical and radar data for landslide moni-
toring is examined. ALOS contains three sensors, commonly referred to as the
“three eyes” of ALOS. These sensors are: the Panchromatic Remote-Sensing In-
strument for Stereo Mapping (PRISM), the Advanced Visible and Near Infrared Ra-
diometer type 2 (AVNIR-2), and the Phased Array type L-band Synthetic Aperture
Radar (PALSAR). The area of study is located in a small village named Sykies near
to the city of Andritsena in Western Peloponnese. The area suffered during the last
years from enormous fires. As a result many landslides have been recorded. One of
the latest Landslides has been recorded on January 2009 as a consequence of heavy
rains. That landslide was mapped in situ using differential GPS. The possibility of
detecting and mapping the specific landslide using ALOS data is examined in this
study and the results are presented. Thirty ALOS radar images within a period of
three years, two ALOS Prism data sets and two ALOS AVNIR collected over the
same area within a year were used.
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Hepilnym

2y gpyacia ovtH TOPOVOIGLETAL 1] YXPHON OTTIKWY OEOOUEVOV KaBWMS Kol pavidp
oedouévawv amo to odopvpopo ALOS vyio tov eviomiouo piog karoiicOnong. O
dopvpopos ALOS odioberer weig dékteg. Evav moyypowuotiko déxry (PRISM) mov
Aoufaver otepeogikoveg, éva molvpaouotiko dékty (AVNIR-2) kai évo déxtn poviap
(PALSAR). H mepioyn ueiétne evromiCetou oty Avnikny [ledomovvhoo oty wepioyn e
Avdpitoouvog Kkar oUYKEKPLEVR 0TO Ywplo 2vkiés. H mepioyn vméotn oHuUovVTIKES
KaTaotpopés omo Tis mopkayies tov 2007. Zav amotéleouo molrés karorioOnoeig
Kataypapnooy to. emoueve xpovia. H ovykexpuévn rkotolioOnon onueiwOnke tov
lovovapio tov 2009 cvvereio moAD EVviovawy Ppoyornt@oewy kot xoptoypopntnke aro
meoio ue ypnon DGPS. H ovvotdtnro eviomouod te kotolioOnons amd o
oopvpopixa deoouéva ALOS eéetaleron oty mapodoa epyacio kol mopovoialovial o
anoteAéouaro. T'ivetar ypron teyvikwv ovufolouetpiog yio v emelepyocio piavro,
EIKOVWY PavIdp KoOMS Kol ypHon QmTOYPOUUETPIKOV TEXVIKWOV VIO, TRV ETECEPYATIQ
TV OTEPEOTKOTIKWDYV OTTIKOV OEOOUEVIV.

Aé&erg KAgrord: Zopfolopetpio, pwtoypoppetpio, kotoliclnon.
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1. Introduction

The term landslide includes a wide range of ground movement types, such as slides, falls, flows
etc. mainly based on gravity with the aid of many conditioning and triggering factors. Especially in
the last two decades, there is an increasing international interest on the landslide susceptibility,
hazard or risk assessments.

Rockslide activity endangers surface and subsurface infrastructure, and is able to trigger other haz-
ards, by, for instance, damming a river and causing a flood hazard. Digital image analysis tech-
niques for mapping landslides and monitoring related elevation changes from repeated DEMs are
comparably often applied (Mantovani et al, 1996; Mass et al., 1997; Weber and Herrmann, 2000;
Chandler, 2001; Nikolakopoulos et al., 2005). Some other studies focused mainly on the use of
remote sensing data on horizontal displacement measurements (Powers et al., 1996; Baum et al.,
1998; Kaab, 2000).

In this paper a combined use of Remote Sensing, GIS and GPS data for landslide mapping is pre-
sented. The possibility of detecting and mapping the specific landslide using ALOS PALSAR ra-
dar data and interferometric techniques, ALOS PRISM stereo data and photogrammetric tech-
niques and ALOS VNIR data is examined and the results are presented. Thirty ALOS radar images
within a period of three years, two ALOS Prism data sets and two ALOS AVNIR collected over
the same area within a year were used. The orthorectified ALOS optical data, the DSM produced
by the stereo images, and the GPS measurements were implemented in ARCGIS in order to make
the necessary measurements and create the final maps.

2. Study Area

The area of study is located in a small village named Sykies near to the city of Andritsena in West-
ern Peloponnese. The area is characterized by large seismicity and the Landslides phenomena are
very often. The area is covered by geological formations of the Pindos zone. The base of the
Pindos zone is a clastic formation overlaid by resistant limestones of Upper Triassic to Liasian
age. Alternations of radiolarites (Dogerian-Malmian age), consisting of mudstones and ribbon-
bedded cherts and Lower Cretaceous limestones are next in the sequence (Jacobshagen et al.,
1978). An Upper Cretaceous clastic formation (known in the literature as 1st flysch), including
mudstones, cherts, terrigenous turbidites and pelagic limestones, with layers of chert is next in the
sequence (Piper and Pe-Piper, 1980). The Eocene flysch rocks complete the sequence (Papaniko-
laou, 1986).

The area also suffered during the last years from enormous fires. As a result many landslides have
been recorded. One of the latest Landslides has been recorded on January 2009 as a consequence
of heavy rains.

3. Landslide Mapping

A few days after the landslide took place, in situ mapping was done using a Mobile Mapper GPS
receiver with an external antenna and EGNOS correction (Figure 1).

The produced map of the landslide is presented in Figure 2. The Landslide has affected a small
road in the village and a garden. The head of the landslide is just in front of two olive trees (Fig-
ures 3 and 4) about two meters from the house basement. The head of the landslide is about 27
meters long. At the south edge of the landslide a small river is present. The head and the foot of
the landslide are mapped with the GPS (Figure 1). In Figure 2 the black dashed line represents the
head of the landslide while the red one represents the foot of the landslide. The road network is
presented with black color line. A part of the road has collapsed (Figure 4).
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Figure 1 - The in situ mapping of the landslide using a Mobile Mapper GPS receiver with an
external antenna.

4. ALOS Radar Data Processing
4.1. Method Description

Standard two pass Differential SAR Interferometry (DInSAR) was performed to detect the general
ground deformation on the study area and specifically to identify and get information on the activi-
ty of the known landslide on Sykies. According to this technique the topographic phase contribu-
tion is removed from an interferogram in which interferometric phase surface displacement is rec-
orded (Massonet et al., 1993). According to a general model, interferometric phase can be written
as:

D= Dflat + (Ptopo + Pefo + Patm + Phoise (1)

where ¢ is the interferometric phase obtained from two SAR acquisitions, Qg is the flat earth
phase, Qoo is the topographic phase, @ger, is the deformation phase, @um is the atmospheric delay
phase and @, is the noise. In order to detect the ground deformation by unwrapping the phase o,
it is necessary to eliminate all the components of equation (1) apart from @4, component. The flat
earth component can be removed by using the orbit information correction, as well as an external
DEM to generate the topographic phase which is then subtracted from the interferogram (Zhou et
al., 2005; Yu and Ge, 2010). The topographic phase cancellation performed by the generation and
subtraction of the so-called synthetic or simulated interferogram. Within this study, the used exter-
nal DEM which used for the elimination of @g, and @y, components, was a DEM provided by
KTIMATOLOGIO S.A.. This DEM has a 5m pixel size, and its average accuracy was estimated to
be 4.08m according to GCPs evaluation for confidence level 95%. The specific DEM is the most
accurate official DSM covering the Greek territory. As far as the atmospheric component con-
cerns, it mainly depends on the water vapor content of the atmosphere and is considered as an er-
ror in non atmospheric applications. Finally, the noise component refers to thermal noise and the
contribution of changes of individual scatterers. The noise component is removed by applying fil-
tering techniques (adaptive filters e.g. Goldstein) on the interferogram and/or SAR images. So, by
removing or ignoring the components that do not contribute to height information, (1) can be writ-
ten as following:

() = (Pdefo (2)
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Figure 2 - The map of the landslide. The head of the landslide is in front of two olive trees.
The black dashed line represents the head of the landslide while the red one represents the
foot of the landslide. The road network is presented with black color line. A part of the road
has collapsed.
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Figure 3. Photo of the landslide taken from the southeast. The head of the landslide is in
front of two olive trees about two meters from the house basement.

Figure 4 - Photo of the landslide taken from the northwest. Part of the small village road is
collapsed.

Thirty ALOS PALSAR acquisitions within a period of three years were collected over the study
area. As the landslide has been recorded on January 2009, the master and slave images of each
interferometric pair had to be acquired before and after this date, respectively. Also, the
interferometric pairs selected to have normal baseline component less than 1Km and time interval
between 46 and 92 days (Ng et al., 2008; Blanco et al., 2008). These restrictions were set on to
avoid geometric and temporal decorrelation phenomena. So, two interferometric pairs were formed
according to the selected criteria. The interferometric methodology was applied on each pair using
the SARscape software.

4.2. Results

In Figures 5 and 6, are presented the geocoded differential interferograms and the magnifications
of the area around the landslide, respectively for each interferometric pair. With a red circle is
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demonstrating the approximately site of the known landslide which has been measured by differ-
ential GPS.

(@) (b)
Figure 5 - (a) Geocoded Differential Interferogram from interferometric pair
20081110_20090210/ Bn=824m/ At=92 Days, (b) magnification of the area around the land-
slide.

N
(2) (b)
Figure 6 - (a) Geocoded Differential Interferogram from interferometric pair
20081226_20090210/ Bn=671m/ At=46 Days, (b) magnification of the area around the land-
slide.

There are many studies where the conventional DInSAR had been used successfully to detect and
map landslide by exploiting SAR acquisitions in L-Band (Kimura and Yamaguchi, 2000; Strozzi
et al., 2003; Wegmiiller, et al., 2008). However, in this study the identification of the known land-
slide in Sykies was not achieved. There are error sources which had been reported in the interna-
tional literature and are the main limitations of conventional DInSAR in landslide monitoring ap-
plications (Colesanti and Wasowski, 2006; Cascini et al., 2009). The atmospheric phase delay var-
iation, the geometric and temporal decorrelation, the external reference DEM, the aspect and incli-
nation of slope are few reasons which affect the result of the conventional two pass DInSAR.

The atmospheric phase delay has considered as an error since the detection of a landslide is a non
atmospheric application. The geometric and temporal decorrelation phenomena have been limited
by the adoption of specific criteria on interferometric pair selection. The inaccuracies of the exter-
nal DEM involved in the cancellation of the topography component from the signal interferences
are limited since the used external DEM has high precision and accuracy. Finally, the used SAR
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images acquired over ascending orbits (line of sight pointing towards east) and the aspect of the
study area is west/west-north. According to (Colesanti and Wasowski, 2006), the study area is af-
fected by significant geometric distortions and especially by the distortion of foreshortening since
the inclination of slope is about 22° which is smaller than the off-nadir angle of ALOS sensor
(34,3°%). Nevertheless, in this study the main limitation on landslide identification is the very small
area of the deformation. Specifically, the cell size of the geocoded interferograms had been select-
ed to be 10m (according to the best spatial resolution of ALOS Palsar data), so the area of the
landslide mapped to three pixels approximately. The small area is linked directly to the spatial
smoothing effect induced by interferogram filtering.

5. ALOS Optical Data Processing

Two ALOS Prism data sets with a spatial resolution of 2,5 meters and two ALOS AVNIR-2 sets
with a spatial resolution of ten metes were used in this study. The first Prism and the first AVNIR-
2 images were acquired on 2008 before the landslide while the other data sets were acquired on
2009 after the catastrophic event. ALOS data was provided by the European Space Agency.

The 2008 Prism data set contains three scenes collected from the three radiometers. The 2009
Prism data set contains only the nadir and forward images. Thus four different stereo-pairs were
used for the creation of four ALOS DSMs over the same area. Twenty-five ground control points
and more than one hundred tie points were used. For all the stereo-pairs the same gcp’s were used.
Four DSMs with a pixel size of 7,5m were created. No further processing (editing) was done to the
four DSMs. The DSM difference and elevation profiles were used for the landslide detection.

The two AVNIR-2 data sets were orthorectified using the DSM created from the ALOS Prism data
and the same ground control points. Band 3 and band 4 were used for the calculation of the NDVI
indices before and after the landslide. Because most of the landslides are usually bare of vegeta-
tion cover they present high reflectance. As a result big landslides can be detected from satellite
data. As the vegetation cover usually changes due to the landslide there should be a quite big dif-
ference to the NDVI indices before and after the event.

The accuracy of DSMs created from ALOS stereopair was discussed in a previous paper (Niko-
lakopoulos et al., 2010). According to that study the accuracy of ALOS DSM is similar to the ac-
curacy of the DSM of the Ministry of Agriculture (created from airphotos). In this study different
elevation profiles were used in order to detect the landslide. The landslide head was used as one of
the elevation profiles before and after the landslide. As we can observe in Figure 7 there is a dif-
ference to the elevation profile before and after the event. The landslide head line was between 496
and 494 meters before the landslide (figure 7 top) and its elevation decreased to 492 after the land-
slide (figure 7 bottom).

Two other elevation profiles along the landslide were created (Figure 2 brown color lines). As it
can be observed in Figure 8 (top) the elevation before the landslide ranged between 495 and 498
meters. Along the same profile (Figure 8 bottom) the elevation decreased after the landslide and
ranged between 492 and 496 meters.

The study of the NDVI images presented in Figure 9 has confirmed the existence of the landslide.
The two images present quite big differences in the tonality. As the landslide has destroyed the
vegetation cover the NDVI image of 2009 (Figure 9 right part) present higher values than the
NDVI image of 2008 (Figure 9 left part).
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Foot of the landslide

| Head of the landslide

/

Foot of the landslide

Head of the landslide

Figure 7. Elevation profiles along the landslide head. At the top the elevation profile from the
2008 stereopair. At the bottom the elevation profile of the 2009 stereopair.
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Foot of the landslide

Head of the landslide

/

Foot of the landslide

Head of the landslide

Figure 8. Elevation values along the profile nol. At the top the elevation profile from the
2008 stereopair. At the bottom the elevation profile of the 2009 stereopair.
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Figure 9. NDVI images produced from the ALOS VNIR-2 data before and after the land-
slide. At the left part the NDVI image of 2008 and at the right the respective image of 2009.
The black dashed line represents the head of the landslide while the red one represents the

foot of the landslide. The road network is presented with black color line.

6. Conclusions

In this paper the suitability of ALOS radar and optical data for landslide detection is discussed. A
small landslide with a head of 27 meters length already mapped in situ with GPS was used for the
testing. Thirty ALOS PALSAR acquisitions within a period of three years (before and after the
event) were collected for the study area. Two ALOS Prism data sets with a spatial resolution of 2,5
meters and two ALOS AVNIR-2 sets with a spatial resolution of ten metes were used in this study.
The first Prism and the first AVNIR-2 images were acquired on 2008 before the landslide while
the other data sets were acquired on 2009 after the catastrophic event.

Standard two pass Differential SAR Interferometry was performed to detect the general ground
deformation on the study area and specifically to identify and get information on the activity of the
known landslide on Sykies. The detection of the landslide was not possible due to very small area
of deformation. Specifically, the cell size of the geocoded interferograms had been selected to be
10m, so the area of the landslide mapped to three pixels approximately. The small area is linked
directly to the spatial smoothing effect induced by interferogram filtering.

The DSM created from the ALOS PRISM data were proved suitable for the landslide detection.
Different elevation profiles were examined and a decrease to the elevation values due the landslide
has been marked.
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