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Abstract: Landslide inventory mapping studies around Mersin and Erdemli regions of 

southern Turkey revealed that numerous old large-scale and recent small-scale landslides 

were presumably aroused in different time intervals. While the recent active landslides have 

been mostly triggered by excessive rainfall, old landslides are considered to be occurred by 

geomorphologic valley incision processes besides the other preparatory environmental 

conditions. The evaluation of the spatial distribution of old landslides presen t retrogressive, 

deep-seated with complex and rotational slides in the ophiolites and ophiolitic melange 

units comprising also overlying reefal limestones. In this study, surface deformations 

caused by landslides were evaluated using radar interferometry techniques for a specified 

period in Karaoğlan catchment. Landslide related deformations were detected over radar 

images of L-band ALOS-PALSAR sensor for the years between 2007 and 2011. Active 

landslides are investigated in detailed cross-sections. The mean displacement from 

differential interferogram cross-sections was measured 3.5 cm in the LOS direction. 

Differential SAR interferometry for the studied period depicts that the average rate of 

movement for the entire area is prolonged with a rate of 10 mm/yr. 
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1. INTRODUCTION 

 

Landslides are among the most important and common 

geomorphic processes that produce systematic changes in 

the development and evolution of landforms. Each type of 

landslide, i.e. flow, fall, topple, slide, produces a distinct 

morphological imprint on the landform under similar geo-

environmental conditions (Cruden and Varnes 1996). 

Landslide inventories and their spatial and temporal 

variations in conjunction with the preparatory and 

triggering factors are essential for the landslide 

susceptibility and haza rd assessments. The rate of 

movement and monitoring of landslides are also important 

during the landslide risk evaluation and management 

studies.  

 

Ground-based instrumental monitoring of landslides in 

mountainous terrains for a  long period is a  rather difficult 

mission. The development of remote sensing techniques 

utilizing both optic and radar imaging has compensated for 

some of the difficulties, such as time-consuming. Landslide 

mapping and monitoring will continue to remain complex 

and challenging even with ground monitoring techniques. It 

is clear that InSAR techniques (differential, SBAS and 

CTM/ PSInSAR) are making significant addition in 

monitoring seasonal slope activity at high-risk sites 

(Singhroy 2008). The greater ava ilability and improved 

capability of radar sensors and the development of more 

advanced data processing techniques increasingly enabled 

the use of SAR data in ground deformations (Massonnet 

and Feigl 1998; Rosen et al. 2000; Metternicht et al. 2005; 

Catani et al. 2005; Colesanti and Wasowski 2006; Rott a nd  

Nagler 2006; Zhou et al. 2009; Hastaoğlu et al. 2018).  

 

Differential Synthetic Aperture Radar interferometry 

(DInSAR), which considers the phase differences of SAR 

acquisitions of the area under illumina tion at different time 

intervals, is one of the widely used technique for 

introducing ground deformations on a regional scale 

(Ferretti et al. 2000; Hanssen 2001; Catani et al. 2005; Rot t  
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and Nagler 2006). There are many case studies related to 

landslide movements using DInSAR techniques in the 

international literature (e.g. Kimura and Yamaguchi 2000; 

Berardino et al. 2003; Farina et al. 2004; Strozzi et al. 2005; 

Colesanti and Wasowski 2006; Singhroy et al. 2008; 

Delacourt et al. 2009; Guzzetti et al. 2009; Strozzi et al. 

2010; Delgado et al. 2011; Singhroy et al. 2011; Bovenga et 

al. 2012; Calo et al. 2012). Meanwhile, there are some 

cumbersome situations either derived from geo-

environmental setting itself (land cover, topography and 

landslide characteristics etc.) or SAR system parameters 

(wavelength, temporal and normal baselines etc.) in 

addition to data processing techniques (Metternicht et al. 

2005; Colesanti and Wasowski 2006; Rott 2009; Cascin i et  

al. 2010).  

 

DInSAR studies dealing with landslides are generally 

focused on single landslide (Refice et al., 2001). The 

present study attempts to investigate landslide related 

surface deformations in catchment scale using the DInSAR 

technique. The study area, Karaoglan catchment of 52.8 

km2, is located in the southern front of the Bolkar 

Mountains. At first, land cover, geological, and geomorphic 

settings of the catchment was summarized with a particu la r 

relationship on landslide occurrences. Then landslide 

inventory map of the study area was presented. Finally, 

landslide related surface deformations were interpreted.  

 

1.1. Settings of the area 

 

The study area is one of the sub-basin located in the 

Gilindirez catchment on the southern flanks of the Bolkar 

Mountain range in the Eastern Mediterranean, which is 

dissected by the numerous NW-SE trending sub-parallel 

rivers that drained to the Mediterranean (Figure 1). Typical 

Mediterranean climate prevails in the a rea with hot, dry 

summers and mild, wet winters. The average temperatures 

vary between 25-33° in summer and 9-15° in winter. The 

mean annual rainfall is about 600 mm and the majority of 

the rainfall amount is recorded between December to 

February. However, extreme daily rainfalls of 199.5 mm 

and 175.4 mm were experienced on 26 December 1968 and  

03 December 2001, respectively.  

 

 
 

Figure 1. Location map of the study area  

 

Land cover map, produced by using ALOS AVNIR image 

of 10 m resolution, acquainted on May 2007, revealed that 

bare land and rock knobs represent 20 % of the study area 

while the 38 % of the area corresponds with dense to sparse 

forest cover (Figure 2). There is no rural settlement within 

the study area , so apart from 7 % of Orchards area almost 

no anthropic landscape change prevails.  

 

 
 

Figure 2. Land use/cover map of the Karaoglan catchment. 

 

The geologic setting of the area can be classified into two 

main features. Tertiary units of the Neogene Adana Basin 

(Yetiş 1988) represent the cover units, whereas the 
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basement rocks are characterized by remnants of oceanic 

lithosphere so-called “Mersin Ophiolite Complex” (Pampal 

1987) (Figure 3).  

 

 
 

Figure 3. Geological map of the study area (Modified after 

Pampal (1987)). 

 

The Mersin ophiolite complex, with almost 6 km of 

thickness, consists of (in ascending structural order): 

ophiolitic melange, subophiolitic metamorphics, mantle 

tectonites, ultramafic and mafic cumulates, alkaline- 

tholeiitic basaltic volcanic in associa tion with deep marine 

sediments (Parlak et al. 1996). In the study area, ophiolitic 

melange and tectonites constitute the basements units, 

which unconformably overlain by Miocene reefal 

carbonates (Figure 4). Parlak and Robertson (2004) 

identified four lithological associations within the Mersin 

Ophiolitic Melange which are (1) the Upper Permian–

Upper Cretaceous shallow-water carbonate association; (2) 

the Upper Triassic–Upper Cretaceous volcanic–

terrigenous–pelagic association; (3) the Upper Jurassic–

Upper Cretaceous basalt–radiolarite pelagic limestone 

association and (4) the Upper Cretaceous ophiolite-derived 

association. Each of these lithological associations varies 

from broken formation to melange and is associated with a 

matrix of both sedimentary and tectonic origin (Parlak and 

Robertson 2004). The Melange unit is structurally overlain 

by the Mersin Ophiolite. In the study area, the Mersin 

Ophiolite is represented by mantle tectonites mainly 

comprising serpentinized harzburgite and dunits (Figure 5 a 

and b). Surface and subsurface karstic landforms are 

characteristics on the reefal carbonate sequence (Figure 5 c 

and d).  

 

 
 

Figure 4. The contact relationship between Reefal 

limestones (Karaisali formation) and tectonites of the 

Mersin Ophiolite. 

 

 
 

Figure 5. Close views from the serpantinized harzburgites 

(a and b). Note that degree of serpantinization is higher in 

(b). Surface karstic features (c) and old underground karstic 

river system (d) observed in reefal limestones. 

 

In the Karaoglan sub-catchment, elevation ranges from 250  

m to 1830 m. The area with an altitude higher than 1000 m 

is about 75 % of the entire catchment (Figure 6a). The 

valley sides are steep and V-shaped. Steep slopes higher 

than 40 degrees mostly correspond to either limestone 

outcrops along the ridges or river flanks along the bottom 

of the valley (Figure 6b). The majority of the slope aspects 

are in SW and NE directions (Figure 6c). The length of the 

catchment is about 26 km with an average width of 2.5 km . 

The morphometric analysis results with a circulation ratio 

of 0.118, shape factor of 12.91 and form factor 0.077; it is a  

highly elongated catchment with high relief.  
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Figure 6. DEM (a), slope (b) and aspect (c) maps of the 

study area. 

 

The stages of landscape evolution and an indication of 

erosion status of the Karaoglan and adjacent sub-

catchments were evaluated by hypsometric analysis. The 

hypsometric curve is related to the volume of the soil mass 

in the catchments and the amount of erosion that had 

occurred in a basin against the remaining mass (Hurtrez et 

al. 1999). It is a  continuous function of the non-dimensional 

distribution of relative basin elevations with the relative 

area of the drainage basin (Strahler 1952). The hypsometric 

integral (HI) is a geomorphological parameter classified 

under the geologic stages of catchment development. It 

assumes importance in the estimation of erosion status of 

catchment and subsequent prioritization for taking up soil 

and water conservation activities. The hypsometric curves 

with HI values were given in Figure 7. As seen from Figure 

7, the concave upward hypsometric curve of the Karaogla n  

sub-catchment indicates in equilibrium stage of erosion 

while the others are relatively in the mature stage. The HI 

value of 64.1 % for the Karaoglan sub-catchment refers that 

only 36 % of the present volume has been carried away due 

to hydrologic processes and land degradation factors.  

 

 
 

Figure 7. Hypsometric curves of the sub-catchments in the 

Gilindirez catchment. 

 

2. MATERIAL AND METHOD 

 

2.1. Landslide inventory 

 

The landslide inventory map of the study area was prepared  

after three available aerial photographs dated 1969, 1990 

and 2001. The latter set is 1:10,000 scale colored infrared 

while the others are panchromatic in 1:15,000 scale. Forty-

three landslides covering 11.97 km 2 were identified, 

ranging from 2440 m2 to 2.45 km2 (Çan et al. 2009) (Figure 

8a). The landslide affected area corresponds to almost 23 % 

of the Karaoglan catchment. Most of the landslides are 

complex deep-seated. Some of the tension cracks observed 

outside the present catchment boundary and successive 

limestone blocks within the slide masses from the valley 

bottom towards the ridges support the ongoing retrogressive 

movement of the landslides (Figure 8b). Tension cracks 

generally observed along with the two main discontinuity 

sets with general strikes of N60W a nd N30E.  
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Figure 8. Landslide inventory map of the Karaoglan 

catchment (a) and aerial photograph taken in 1969 that 

depicts the largest deep-seated landslides and major tension  

cracks (b), L indicates some of the successive limestone 

blocks which align perpendicularly to the main direction of 

movements (Çan et al. 2009). 

 

The main landslide movement types are rotational slides 

(Figure 9a), but along the crown of the landslides rockfall 

events observed on almost vertical hill slopes made up of 

reefal carbonates (Figure 9b). Tension cracks, ranging from 

several tens of meters to more than 1 km in length, were 

observed behind the main scarps in places indicating 

retrogressive character considering their distribution of 

activity (Figure 9c and d).  

 

Shallow seated landslides were only identified on aerial 

photographs dated 1969, triggered by excessive rainfall 

(700 mm/month) in December 1968. Otherwise, the 

ongoing landslide activities were primarily observed in the 

existing slide masses as secondary movements (Figure 10). 

They are good pieces of evidence for the actual geomorphic 

dynamics in the development of the region's landforms. 

Landslides located towards the downstream part of 

catchments are relatively active due to higher river and 

valley side slope gradients. Depleted masses along the 

valley bottom present a  high slope gradient due to the river 

incision and erosion processes. Consequently, earth and 

debris flow along the valley bottom are also common in 

highly serpentinized ultramafic rocks.  

 

 
 

Figure 9. Components of complex deep-seated landslides 

on NE slope. Rotational slide (a), rockfall events (b), and 

tension cracks behind the main scarps (c and d).  

 

 
 

Figure 10. Secondary retrogressive landslide generation 

within the old slide mass (a) and tension cracks on the 

upper bound of the landslide (b). 

 

2.2. INSAR Data 

 

Significant challenges prevail regarding the practical 

applicability of satellite radar data to landslide 

investigations (Colesanti and Wasowski 2006; Calo et al. 

2012). Coherence, a prerequisite for the processing 

interferogram, compares the correlation between the two 

SAR images. Coherence loss is the main factor, including 

several components that affects the quality and accuracy of  

the results. The loss of coherence (decorrelation) can be 

affected by terrain morphology, land cover, rate of 

movements, temporal baseline, normal baseline and other 

technical details during the interferogram generation 

(Singhroy 2008).  

 

The wavelength also has a considerable role in the SAR 

systems. Strozzi et al. (2005) and Sandwell et al. (2008) 

also mentioned that L-band interferometry could 

complement the existing applications based on C-band 

because of its capacity to penetrate the vegetation canopy, 
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and thus, achieve high coherence interferograms over 

vegetated areas. Furthermore, the larger wavelength is more 

appropriate for rapid mapping displacements. The use of 

larger wavelength avoids problems related to the phase 

measurements' intrinsic ambiguity (Strozzi et al. 2005).  

 

In this study, PALSAR (Phased Array L-band Synthetic 

Aperture Radar) sensor has been preferred due to its 

advantages that are briefly mentioned above. PALSAR 

images have 236 mm wavelength, 10 m (FBS) and 20 m 

(FBD) spatial resolutions, high critical baselines (14 km for 

FBS and 7.4 km for FBD) and 34.3 degrees of look angle. 

The revisiting time of the sensor is 46 days. Despite its 46 

days revisiting time, only 16 archive images were acquired 

for the area under interest. Considering the preferred 

baseline, only five images of ascending mode could be 

available for interferogram generation from 17 September 

2007 to 10 February 2011 of the study area. The 

interferometric data sets, in addition to the normal and 

temporal baselines, are summarized in Table 1. The 

interferometric pair for 19 June 2008 - 22 June 2009 has the 

most significant baseline for both temporally and 

perpendicularly. 

 

Table 1. Baselines of the interferometric pairs.  

 

 Temporal 

Baseline (day) 

Perpendicular 

Baseline (m) 

17Sep.2007 - 

19June2008 
270 524 

19June2008 - 

22June2009 
368 718 

26Dec.2010 - 
10Feb.2011 

-46 -670 

 

2.3. Analysis 

 

The PALSAR Level 1.1 data were processed to Single-

Look Complex (SLC) images. All DinSAR process was 

carried out with Sarscape 5.1. The baseline was first 

estimated from the orbit data and subsequently refined 

based on the fringe rate in range and azimuth directions. 

Interferometric processing was done to 5 azimuths and one 

range looks with common-band filtering after co-

registration of the SLC images. The topographic flattening 

was estimated from 20x20m Digital Elevation Models 

(DEM) derived from a 1:25,000 scale digital topographic 

map with a contour interval of 10 m. The next step of the 

DInSAR processing was followed by adaptive phase 

filtering and coherence estimation, which are important to 

improve the accuracy of surface deformations. Phase 

unwrapping was performed after adaptive filtering with the 

Goldstein method, applying a minimum cost flow 

algorithm. A coherence threshold of 0.17 was used to 

reduce the unwrapping errors. Finally, the unwrapped 

interferograms were converted to displacements expressed 

in meters along the line-of-sight direction of the satellite 

before geocoding. 

 

3. RESULTS  

 

The obtained displacement rates generally coincide with the 

landslides located especially on the slopes with dip 

directions towards SW. The mean displacements for the 

first (Figure 11a), second (Figure 11b) and third (Figure 

11c) pairs are -0.0326 m, -0.046 m and -0.026 m, 

respectively. Comparing the first and second FBD pairs 

shows that the loss of coherence is gradually higher with 

increasing temporal baseline. Although the acquisition for 

the second pairs is the same, the highest loss of coherence 

with 5 % was observed due to the highest perpendicular 

baseline. The better performance for the landslide affected 

areas in Figure 11c is considered for the shortest temporal 

baseline of 46 days with 10 m of spatial resolution in FBS 

mode.  

 

 
 

Figure 11. Geocoded displacement maps in the line-of-

sight direction for the periods 2007 - 2008 (a), 2008 - 2009 

(b) and 2010 - 2011 (c). The histograms of ground 

deformations are also shown for each map. 
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The coherence losses related to land use and morphology 

were generally observed in orchards and steep slopes of 

serpentinized harzburgites. When the terrain slope is close 

to the radar off-nadir angle, the cell dimension becomes 

very large and all the details are lost. Moreover, when the 

terrain slope exceeds the radar off-nadir angle, the 

scatterers are imaged in reverse order and superimposed on 

the contribution coming from other areas. This effect is 

called layover. On the other hand, when the terrain slope 

decreases to the flat horizontal reference surface, the 

resolution cell dimension decreases. The minimum 

resolution cell dimension (i.e. equal to the slant range 

resolution) is reached when the terrain is parallel to the 

LOS. This is also the lower slope limit that can be imaged 

at all by a SAR system since, beyond this angle, the terrain 

is in shadow (Hanssen 2001; Ferretti et al. 2007). In order 

to consider the restriction due to layover and shadow 

effects, the general incidence angle was recalculated with 

respect to the local incidence angles of each pixel. Almost 

3.5 % of total layover and shadow effects were calculated 

in the study area (Figure 12). The area affected by layover 

effects mostly corresponds to SW oriented steep slopes of 

reefal carbonates, whereas the shadow effects, which are 

much less than layover effects, are sparsely distributed on 

slopes facing to the NE, in general.  

 

Surface deformations and their relationship between 

landslides were compared by three profiles. The first 

landslide presents typical rotational failure and comprises 

units of reefal limestone underlying tectonites. The 

movement rates were mostly observed on the head of the 

landslide and the maximum displacement up to 0.15 m wa s 

identified on the 2010-2011 pair (Figure 13). On the main 

scarp, secondary movements such as rockfall caused some 

decorrelation. The tension cracks along the crown suggest 

that the distribution of activity of the landslide has a 

retrogressive character (Figure 14). In the accumulation 

zone, secondary rotational movements were also observed 

in situ. So apart from the head of the landslide, no distinct 

movement was noticed along the main landslide body.  

 

 
 

Figure 12. Spatial distribution of the layover and shadow 

affected pixels in the study area. 

 

 
 

Figure 13. Measurement rates in the PALSAR line-of-sight 

direction of corresponding pixels in the cross-section of A-

A’. 

 

 
 

Figure 14. A general view for the rotational landslide for 

section A-A’ (a) and the status of tension crack on the 

crown (b). The reference tree in Figure (b) is given for the 

location of the tension crack in Figure (a). 

 

The second site is characterized by the largest landslide of 

the study area (Figure 15a). The total surface area of the 

landslide is 2.2 km2. The elevation range between the valley 

bottom and the topographic divide is 550 m. At least six 

movements with retrogressive character were identified in 

the main landslide body considering the successive old 

landslide scarps and subparallel strings of the reefal 

carbonate knobs extending perpendicularly to the direction 

of the movement. In addition to this, new reactivations 

observed along the toe of the landslide indicate that new 

retrogressive rotational slides are in progress as a second 

phase in the depleted landslide mass (see Figure 10). The 

displacement fluctuations along the profile in Figure 15b 

correspond to secondary scarps in the slide m ass. The 

largest displacements were observed along the toe of the 

landslide, where secondary retrogressive movements 

initiated. On the opposite valley side, another large-scale 

landslide is also located. By contrast to the second profile, 

no significant movement was observed along the toe of th is 

landslide except some earth flows. Meanwhile, the 

retrogressive character in the whole depleted mass is 

identical. In some places behind the crown, tension cracks 

up to several tens of meters are located. According to the 

morphologic features on the mass, the observed activity of 

the landslide seems less active than the opposite side. The 

displacement profile given in Figure 15c supports the field 

observations and almost no significant deformation was 

measured.  
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Figure 15. Measurement rates in the PALSAR line-of-sight 

direction of corresponding pixels along the B-B’ and C-C’ 

cross sections.  

 

Despite the tension cracks observed behind the crown 

together within the depleted mass, which represent different 

stages of landslide activity, the small amount of 

displacement obtained during the investigated time period 

suggest that the landslides in the study area are in a dormant 

state of activity. However, visual analyses of aerial 

photographs taken in 1969 and 2001 clearly show the 

ongoing ground deformations (Figure 16). JERS and 

PALSAR are the only L-Band imaging radar sensors and 

both of them are completed their missions. The active 

operational time interval for the JERS and PALSAR was 

1992-1998 and 2006-2011, respectively. In order to observe 

surface deformations in such extremely slow-moving 

landslide areas, radar sensors of longer operational time 

duration and more frequent data acquisitions should be 

provided. It is hoped that the next generations L-band 

sensors will compensate for some of the technical 

limitations in the near future.  

 

200m 200mba
 

 

Figure 16. Aerial photographs were taken in 1969 (a) and 

2001 (b). The ground deformation, especially on the head 

and depletion zone, is identical. 

 

4. DISCUSSION AND CONCLUSIONS 

 

Southern flanks of the Bolkar Mountain range dissected by 

numerous river systems which generally extend NW to SE 

direction and discharge into the Mediterranean have been 

severely affected by deep-seated landslides of various 

degree of activity. In this paper, surface deformations 

caused by landslides were analyzed using L-Band ALOS 

PALSAR images during 2007-2011, in a 52.8 km2 size 

Karaoglan catchment, which conforms to general 

characteristics of the region. It has seen that 23 % of the 

area has mostly affected by large scale deep-seated 

landslides. Long tension cracks behind the crowns of some 

of the landslides, even extending outside the present 

topographic divide, indicate their retrogressive distribution 

of activity.  

 

The application of the DInSAR technique to the Karaoğlan 

catchment suggests that no significant reactivation of 

landslides were observed during the period under 

investigation. However, small displacements that 

characterised the mechanisms within the different part of 

the landslides were observed. The mean rate of 

displacement and velocity from differential interferograms 

for the study area between 2007-2011 is 3.5 cm and 10 

mm/yr, respectively. Although the spatial extent of the 

study area with respect to the LOS and the rate and 

direction of movements of landslides are convenient for 

DInSAR applications, the main drawbacks of this study a re 

the limited number of available interferometric data and the 

absence of ground-based verifications.  

 

If sufficient data are available for more extensive time 

spans, the DInSAR technique using L-Band missions could 

play a significant role in monitoring displacements of 

landslides on a regional scale, also providing an alternative 

and/or complementary to the ground-based monitoring 

systems.  

 

After 2000, various active remote sensing systems with 

different resolution features are operational. Among these, 

new generation active sensors such as X-band TerraSAR-X, 

L-band ALOS-2 could not be used in this study due to their 

cost. Free of charge Sentinel 1 active series images and 

techniques such as persistent scatterer interferometry 

(PSInSAR) or Small Baseline Interferometry (SBAS) are 

planned to be used in future studies. 
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