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Abstract 

This project aims at the measurement of movement due to mass wasting, landslide over hilly 

terrain which includes landslide induced movement detection by fringe analysis aided by 

DGPS based ground survey using D-InSAR (Differential Interferometric Synthetic Aperture 

Radar-microwave remote sensing technique) technique in the study area near Tehri 

reservoir. 

The study area (Tehri, Uttarakhand) is geologically complex and is marked by numerous 

landslides around reservoir rim area. 

The region is highly mountainous and the altitude varies approximately from 550m to 

1950m above sea level. During field investigation, crakes and movement were observed at 

human settlements. Leica GPS system 500 equipment was used for static DGPS surveying 

at a log rate of 10 sec for displacement study over some landslide affected area. Leica Ski-

pro software was used for post processing of DGPS reading to produce the position. 

In this study the ALOS PALSAR, LISS-III and LISS- IV data were utilized. As ALOS 

PALSAR L-band microwave has less temporal de-correlation in vegetated regions in 

comparison to C-band radar data, ALOS PALSAR data is more appropriate for the study of 

surface deformation due to mass wasting and landslides.  Both temporal baseline and normal 

baseline play an important role in differential interferometry. The best ALOS PALSAR 

pairs were selected on the basis of two criteria: perpendicular baseline and time variation 

between two SAR image acquisitions. Interferorams were generated using best image pairs 

which give any variation in the position of a site in terms of the phase difference. SRTM 

DEM was used for topographic correction and Interferogram flattening. Filtering was done 

in order to remove noise. Boxcar filtering gives better result for noise removal from 

differential interferogram generated from data pairs with less perpendicular and temporal 

base line. While adaptive filtering gives more appropriate results in case of relatively large 

temporal base line and less perpendicular base line. All power images and results were geo-

coded using SRTM DEM. Fringe analysis were performed to delineate areas affected by 

landslides. A repetitive fringe analysis was performed over individual interferogram to 

calculate surface deformation and movement rate per year. Then the qualitative and 

quantitative results achieved in such a way were integrated with water level fluctuation and 

rainfall data in order to find correlation between them and validated on the basis of GPS 

locations of landslide collected during field survey and by overlaying interferometry results 

on optical images of the study area. 

Key Words: ALOS PALSAR, Microwave, Differential Interferometry, DGPS, GPS, Fringe 

Analysis. 
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CHAPTER-1 

1. Introduction 

1.1  Landslide 

A landslide refers to rock mass sliding along a rupture plane, which may be caused by 

natural or anthropogenic factors. As a common geological disaster, landslides are widely 

distributed and often greatly endanger the safety and property of nearby residents. Landslide 

triggering factors are intense rainfall, rapid snow melt, water level changes, volcanic 

eruption and earthquake shaking.  

Remote Sensing techniques are extensively used for landslide mapping and monitoring. As 

an active microwave sensor, the Synthetic Aperture Radar (SAR) is especially suitable for 

cloudy and rainy areas. With prior knowledge of topography, millimetre deformation can be 

detected from two images acquired at different times. The so-called differential 

interferometry SAR (D-InSAR) technique can acquire ground deformation at a large scale 

and has thus been widely implemented for several applications such as the monitoring of 

earthquake, volcanic, mining deformations, landslide study and provides information about 

slow-moving landslides which are equally important as these types of landslides can 

damage and break electrical and gas lines, creating an additional hazard of fire, 

electrocution, and gas fumes. 

In particular D-InSAR is suitable for landslide movement detection and displacement 

measurement. In this study differential Interferometry aims at the measurement of ground 

displacement, deformation using repeat-pass Interferometry. Since line-of-sight 

displacements enter directly into the interferogram, it can be measured as a fraction of the 

wavelength. 

This study concentrates over fringe analysis results to calculate the surface deformation rate 

using differential Interferometry. Three DGPS surveys were performed to take an idea about 

the order of surface deformation in the study area.  

Tehri area in Tehri Garhwal district is an important and sensitive area to the surface 

deformation phenomena like mass wasting, landslides, cracks etc. All these phenomena 

affect residential area especially some of the villages situated near the Bhilangana and 

Bhagirathi banks. 

This study presents the results of differential Interferometry processing of ALOS PALSAR 

Single Look Complex SAR images used for surface deformation detection near Bhilangana 

and Bhagirathi banks in Tehri Garhwal area, a few km away from Tehri reservoir. 

The study area lies in Tehri district of Uttarakhand between 30°14’N-30°34’N and 78°18’E-

78°34’E, at the confluence of Bhagirathi (a principal tributary of Ganga) and Bhilangana 

river. 
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1.2 Basics of differential interferometry SAR for landslide 

Interferometry can be broadly classified into two categories: additive interferometry 

(amplitude fringes) and multiplicative interferometry (phase fringes). The signal resulting 

from the additive interferometry is obtained by the incoherent summing of the amplitudes of 

two input signals. So fringes obtained in such a way known as amplitude fringes. One major 

difficulty with this kind of interferometer is that it is not possible to decide whether the 

interferometry signal is decreasing or increasing. Another problem is that the precision is 

only a fraction of the amplitude cycle, which is often not very accurate. The application of 

additive interferometry is usually a consequence of limitations in detector technology. 

Multiplicative interferometry can be implemented to calculate the Interferometric phase 

through coherent cross-multiplication operation over the two input signals. The phase data 

yields reliable information, since the fraction of the phase cycle is determined accurately. A 

phase-cycle is often referred to as a fringe. 

Its early implementations are focused over estimation of topography, which gives elevation 

accuracies comparable with optical methods, although more precious due to the all-weather 

data capturing ability of the radar. The experiments with the repeat-pass configuration 

clearly established an even more impressive application of deformation monitoring. The 

relative line-of-sight movement of scatterers with respect to a reference location in the 

image could be calculated as a fraction of the wavelength, yielding cm to mm accuracies for 

L-band, C-band and X-band radars (Gabriel et al., 1989). A constraint in the implementation 

of SAR Interferometry technique is that for an effective baseline larger than zero, the 

deformation signal is always mixed with topographic signal. A suitable solution to this 

problem is differential interferometry, where the topographic signal obtained from a so-

called topographic interferogram is scaled to the baseline conditions of the deformation 

interferogram and is subtracted from it, which results in a differential interferogram (Gabriel 

et al., 1989). 

1.3 Research Questions  

Before pursuing the present problem following questions were formulated  

1. What is role of microwave remote sensing in qualitative and quantitative analysis of 

landslide? 

2. What are the Radar parameters, data types and techniques used to monitor landslide 

related movements?  

3. How does landslide movement correlate with water level fluctuations in Tehri 

reservoir? 

4. How accurately D-InSAR can account for displacement study of landslides and how 

to validate such results? 
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1.4 Objectives 

The present study outlines the following objectives:  

To understand radar parameters and terrain characteristics that influence detection of 

movement due to landslides using D-InSAR techniques and application of D-InSAR for 

landslide detection, displacement measurement and correlation with causative/triggering 

factors (reservoir drawdown and rainfall). 

1.4.1 Sub-objectives 

1. Rapid screening for landslides detection (RS-LSD) using repeat pass Interferometry. 

2. To generate landslide related displacement rate map using (fringe analysis) D-InSAR. 

3. To conduct DGPS surveys in order to record rate of movement of landslide in the study 

area. 
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CHAPTER-2 

2. Literature Review 

2.1 D-InSAR for deformation detection 

The synthetic aperture radar Interferometry (In-SAR) provides possibility to map movement 

of earth surface with high degree of accuracy. SAR data pairs with good coherence are 

required for informative interferogram generation. D-InSAR can be implemented in order to 

map deformation and its displacement rate in less vegetated area. InSAR generated 

displacement map can be interpreted with the help of aerial photographs and high resolution 

optical satellite imagery. 

 Theoretically, two interferogram made from four images are sufficient to map a velocity 

field by differential processing. Interferogram spanning different periods help to detect 

temporal variability (Rott et al., 2003). 

D-InSAR can give relative measures of movement in the vertical direction of the order of 

few centimetres or even less (Gabrial et al., 1989). 

Due to side looking geometry of radar, three or more SAR images are sufficient to generate 

differential interferogram or any of the interferogram can be simulated via registering a 

DEM (e.g. SRTM DEM) with respect to the to the geometry of the SAR image pair. Hence, 

quality of DEM influences the result (Massonnetet et al., 1993). 

The major steps in D-InSAR data processing are as follows: 

1. Input of master and slave images,  

2. Subtraction of the flat-Earth effect and phase unwrapping.  

In general, according to the number of images used in D-InSAR data processing, there are 

three methods for subtracting topography-dependent phases. The first method is to obtain 

deformation phases directly from the image pair with a zero baseline. Second is to simulate 

topographic phases with an external digital elevation model (DEM) and then subtracts it 

from the interferogram.  

The above mentioned methods use only two In-SAR images but it is usually difficult to find 

a zero-baseline image pair and a good external DEM. The third method obtains topographic 

phases from a pair of In-SAR images with a long spatial but short temporal baseline. Then it 

measures the deformation from another interferogram by subtracting the unwrapped 

topographic phases. In contrast to above mentioned methods, this method requires three or 

four interferogram but phase unwrapping has to be carried out in every method. The D-

InSAR technique shows great potential for the monitoring of ground deformation (Liao and 

Tang et al., 2012). 

Cruden and Varnes (1996) have explained categories of landslide on the basis of their 

respective rate of displacement as shown in the table below. 
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Table 2.1: Illustrating the Rate of Movement of Landslide proposed by Cruden and Varnes 

(1996) 

Velocity 

Level 
Description 

Typical Rate 

of Movement 

Probable Destructive 

Consequences-Significance 

1 
Extremely 

Slow 

Less then and 

equal to 15 

mm/year 

Imperceptible without 

instruments-Construction is 

possible with precaution 

2 Very Slow 
15 mm/year-

1.6 m/year 

Some permanent structures 

undamaged by movement 

3 Slow 
1.6 m/year -13 

m/month 

Remedial construction under 

taken during movement; 

Intensive structures can be 

maintained with frequent 

maintenance work if total 

movement is not large 

during a particular phase 

4 Moderate 
13 m/month -

1.8 m/hr 

Some permanent structures 

undamaged by movement 

5 Rapid 
1.8 m/hr -3 

m/min 

Escape evaluation possible-

structures-possessions and 

equipment destroyed 

6 Very Rapid 
3 m/min -5 

m/sec 

Some lives lost -velocity too 

great to permit all persons to 

escape 

7 
Extremely 

Rapid 
≤5 m/sec 

Catastrophe of major 

violence-buildings destroyed 

by impact of displaced 

material-many deaths-escape 

unlikely 

2.2 Basics of SAR Interferometry 

The range direction information in synthetic aperture radar only conveys information on the 

distance to the sensor at a certain azimuth time. The distance measurement follows from the 

time observations of the pulse returns by the local oscillator, resulting in a relative accuracy 

of half the posting in range direction, typically 4 to 5 meters. As the phase information of a 

resolution cell has a uniform probability density function. 

The random variable   (x) at location =(x, y) in an image has an expectation value 
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…………......Equation 2.1 

  Where, pdf ( ) is the probability density function of  (x).The expectation value E{  (x)} 

can be a function of the location x. So it does not contain any useful information. 

 

 

Figure 2.1: A and B shows that distance measurements are not capable of distinguishing 

two points P' and P at the same slant range, but displaced horizontally in ground range 

Although the backscatter intensity can give an indication for the presence of topography, 

this information cannot be made quantitative to a high accuracy. It is evident that this 

problem could be solved by the observation of angular differences between a point P' at a 

reference body and a point P at a height HP above this reference body, with the same range 

R1 to the sensor. This is equivalent with measuring cumulative angular differences between 

neighbouring resolution cells. In fact, this is what SAR interferometry provides by 

observing both points from a slightly different geometry, as shown in Figure 2.1 B. The 

effective distance between the two sensors, measured perpendicular to the look direction, is 

referred to as the perpendicular or effective baseline B┴. Because the instrument is not 

capable of directly measuring the small angular differences, this information needs to be 

derived from the distance measurements between both sensors and the resolution cell on 

earth, applying some simple trigonometry as indicated in Figure 2.1 A and Figure 2.1 B. 

Thus, the basic problem of SAR interferometry is the determination of these distance 

differences. The required accuracy for measuring the distance differences between sensors 

and resolution cell is in the mm-range. As the ranging information determined by the range 

resolution is three orders of magnitude worse, it is not applicable for this type of accurate 

observations. The phase observations of the received echo provide the solution for this 

problem. Disregarding atmospheric propagation delay for the moment, the phase 

observation for a single resolution cell can be regarded as the sum of two contributions: the 

phase proportional to the distance and the phase due to the scattering characteristics of the 

resolution cell. Although the scattering phase component is unpredictable, it is a 
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deterministic quantity, i.e., if the phase measurement would be repeated under exactly the 

same conditions, it would yield the same result. Under these circumstances we state that the 

imaging is coherent. The degree of coherence is a direct measure for the similarity between 

the two observations. As a consequence, the phase difference between two sensors for a 

coherent system is only dependent on the difference in range, as the scattering phase 

contributions cancel. 

This method imposes high demands on the geometric configuration parameterized by the 

spatial baseline and the interferometric processing of the SAR data. Moreover, for repeat-

pass interferometry the temporal separation of the two acquisitions referred to as the 

temporal baseline. It can result in changing scattering characteristics due to weathering, 

vegetation, or anthropogenic activity. 

2.3 Interferometric SAR Data Structure 

Interferometry data are supplied in complex formats for example single look complex (SLC 

format) to facilitate the extraction of phase as well as amplitude information. Each pixel in 

SLC format can be mathematically represented as a+ib. 

Amplitude= (a2+b2)1/2   , phase=tan-1 (b/a). 

2.4 Radar bands and designation 

Microwave radiation can be classified into seven bands. Here is a table illustrating these 

seven bands with their corresponding wavelength. 

Table 2.2: Microwave bands utilized in Radar with their wavelength 

Band Wavelength in centimetre 

Ka 0.75-1.10 

K 1.10-1.67 

Ku 1.67-2.40 

X 2.40-3.75 

C 3.75-7.50 

L 7.50-15.0 

P 15-30 
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2.5 Imaging Geometry  

The frame of a SAR image is spanned by the range-azimuth coordinates. Due to side –

looking of radar, terrain elevation will result in geometric distortions in the SAR image. 

Even the variation in the projection of the reference surface (ellipsoid) in range direction 

causes geometric distortions, due to the varying incidence angle. There are three types of 

geometric distortion caused due to side looking geometry of radar as shown in figure 2.2. 

 (A) Foreshortening  

 (B) Layover 

 (C) Shadow 

Where, 

∆r = size of range resolution cell 

H= orthometric height 

N=geoid height 

Look angle θ can be defined with respect to geo-centric state vector. 

Incidence angle θinc and local incidence angle θloc are defined with respect to the ellipsoid 

and local terrain. The radar coordinate system can be transformed to a ground-

range/azimuth coordinate system situated on the ellipsoid. 

 

Figure 2.2: Geometry of SAR image 
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2.6 Expression for Differential Interferometry 

A simplified derivation of interferometric phase and its derivative is as follow. Surface 

change can be observed by differential radar Interferometry. This technique is used to 

determine relative measurement to an accuracy of a few centimetres to even less (Gabrial et. 

al. 1989, Zebker et. al. 1994). Differential radar Interferometry is based on a multiple 

observation Interferometry. 

 

 

 

Figure 2.3: Three observation of a scene from three locations separated by baselines a, b 

and c 

The geometry of three observations of a scene is represented here in figure.2.3, the phase 

difference of a given resolution element from the first two observations is 

∆φ12= (4π/λ) a Cos (θ) 

And that of first and third observation is 

∆ φ 13= (4π/λ) a Cos (θ+α) 

Now by using parallel ray approximation (Zebker and Gabrial, 1986), if aII , bII  are the 

parallel components of baseline then the ratio of the two phases is equal to the ratio of the 

components of baselines parallel to the look direction 

∆ φ 12= (4π/λ) aII 

∆ φ 13= (4π/λ) bII 

There ratio is ∆ φ 12 / ∆ φ 13 = aII / bII   ………………………Equation 2.2 
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Consider that the ground has changed for the third observation. Hence for second 

interferogram, in addition to phase shift dependence of topography, there is an additional 

phase change due to radar line of sight component of displacement ∆r. (Mirbagheri, 2001) 

Therefore, 

∆ φ 13 = (4π/λ) (bII+∆r) ………………………………….……Equation 2.3 

On removing the effect of topography by subtraction of two interferograms, hence the 

solution depends only on ∆r .Hence, we can neglect bII. Using Equation 2.2 and 2.3 .we get, 

∆ φ 13 = - (aII / bII)   ∆ φ 12 = (4π/λ) ∆r  

Hence, 

∆ φ 13 = (4π/λ) ∆r ………………………………………………Equation 2.4. 

Hence, a change in the height of a feature over the terrain can be calculated more accurately 

from an interferogram generated from SAR data pair with low base line. 
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CHAPTER-3 

3. Study Area 

3.1 Introduction 

 

 

Figure 3.1: White and yellow boundaries refers respectively to PALSAR ground coverage 

and Tehri dam boundary, the black boundary encloses Tehri Garhwal area 

Note: Swath total coverage-53% of Tehri area and 21% of image area. 

Tehri reservoir area: This area is known to have landslides before inundation of Tehri Dam 

in 2006 and several new landslides have initiated due to draw-down of reservoir since 2006. 

Characteristics of study area: 

• Landslides movements are mainly slow few cm to tens of cm per year. 

• Slope: gentle to steep (5-40 degree). 

• Area: devoid of thick vegetation. 

Hence, this study area is suitable for monitoring and displacement measurement of landslide 

by D-InSAR. 

Tehri dam is located in the Garhwal Himalayas between 30o 28’ North and 78o 30’ East, in 

the Lesser Himalayan region of Uttarakhand in India. In order to visualize the impact of 

reservoir on the surrounding environment a two kilometres buffer zone around the main 

reservoir has been created.  

Tehri 
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3.2 Geology of the study area 

The Dam site is situated in Lesser Himalayan geo-tectonic block which is bounded by Main 

Central Thrust (MCT) in the north and Main Boundary Thrust (MBT) in the south. A 

prominent tectonic feature, Srinagar Thrust lies 5 Km north of the dam site and it crosses 

Bhagrithi at Nalupan and Bhilangana at Gadolia. Geology of the study area is defined by 

rocks of Chandpur Formation and Routgara Formation of Jaunsar Group and Deoban and 

Berinag formations of Tejam Group. Chandpur Formation underlies the Nagthat and Blaini 

Formation of the Mussoorie Group (Negi, 1998).  

The rock exposed in the Dam area is Chandpur phyllite, having variable proportions of 

argillaceous and arenaceous constituents. These rocks are classified into three sub-classes 

such as Phyllitic Quartzite Massive (PQM), Quartzite Phyllite (QP) and Speared Phyllite 

(SP). The over burden is 10 to 15 m thick below the river bed level at the Dam site. The bed 

rock is traversed by numerous major and minor shears classified as diagonal (D) and 

longitudinal (l) shears depending upon their geometric relationship with bedding and 

foliation of rocks, thickness of clay gouge and the width of the affected zone. Seismically 

the area falls in zone IV.  

 
Figure 3.2: Geological map of the study area (Source: Valdia K. S., 1980) 
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Table 3.1: Illustrating summary of the geology of the study area (Source: Valdia K. S., 

1980) 

Group Formation Age Lithology (rock) 
Rock 

Characteristics 

Mussoorie  

Tal 

 

 

 

 

Permian 

Pyritic Mudstone, 

Conglomeratic 

Mudstone, 

Greywacke (Pebbly 

Mudstone), 

Limestone 

 

Krol Upper 

Carboniferous 

to Lower 

Permian 

Limestone, Slate  

Blaini 

 

Upper 

Carboniferous 

Conglomerates, 

Siltstone, Slate, 

Greywacke, Infrakr. 

fluxoturbidites. 

list.siltstone.slates 

 

 
T    H    R    U    S    T 

` Nagthat-Berinag 

Formations 

Devonian Ortho Quartzite 

,Phyllite ,schist 

Ortho Quartzite 

Basic volcanic 

Chandpur Silurian Phyllite, 

Metasiltstone, 

shales, slate, 

quartize ,black sh. 

Very fine grained 

wackes 

Tejam Mandhali  

(Sor+Thalkedar) 

formation 

Ordovician to 

Silurian 

 

Pyretic Phyllite, 

Limestone 

Black 

carbonaceous 

pyretic Phyllite, 

plastically folded-

banded Limestone 

Deoban 

(Gangolihat) 

Late Pre-

Cambrian to 

Cambrian 

Slate, Dolomites  
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3.3 Software Used  

• ENVI: Envi Sarscape Module is used for SAR Interferometry processing to analyze 

deformation fringes in order to make displacement map. 

• Image Processing Erdas Imagine: ERDAS IMAGINE is remote sensing application 

software. This software helps in providing the opportunity for various image 

processing applications.  

• Geospatial Analysis ArcGIS: ArcGIS consists of a group of geographic information 

system (GIS) software products for working with maps and geographic information.  

 

Damtha 

 

Chakrata 

 

Late Pre-

Cambrian to 

Permian 

Greywacke, 

Siltstones, Slate 

Purple, dark green, 

grayish green 

Greywacke, 

rhythmically 

alternating with 

similarly colored 

slate Siltstones 

 T    H    R    U    S    T 

Ramgarh Nathuakhan and 

Betalghat m. 

Bhatwari & 

Barkot units 

Devonian Phyllite  

Debguru 

Porphyroid 

 

Devonian Schist  

 T    H    R    U    S    T 

Almora Saryu-

Gumalikhet and 

Munsiari 

Lower 

Cambrian 

Chlorite Sericite 

Schist, Chlorite 

Phyllonite 
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3.4 Data Used  

• SAR images 

• SRTM DEM  

• LISS3/LISS4/Google earth images of study area for cross validation  

• Geological map and other ancillary data (rainfall) 

• Water level fluctuation and landslide data from Tehri dam authority/field 

investigation (including DGPS)  

• Weather station / Garmin GPS / Leica GS 50 for differential GPS measurements. 

• Ski-pro software –post processing of DGPS data. 

 

 

Figure 3.3: Ski-Pro software was used for post processing of the DGPS reading 

3.4.1 ALOS PALSAR Data Sets 

A total of sixteen ALOS PALSAR images with SLC data type and standard beam of 

2007,2008,2009,2010,2011 were ordered by Microsoft Silver light software. 

 

Table 3.2: ALOS PALSAR characteristic table 

WAVELENGT

H (λ) 

RANGE X 

AZIMUTH 

RESOLUTI

ON 

INCIDANCE 

ANGLE 

TEMPORALRESOL

UTION 

23.6 cm 4.6 x 5.1 m 10 m 34.3 degree 46 days 
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Figure 3.4: Microsoft Silver light software was used to browse ALOS PALSAR data 

 

Table 3.3: ALOS PALSAR data specifications 

Sl. 

No 

Sensor Orbit Acquisition 

Date 

Mode Polarization Frame Direction 

1  ALOS 

PALSAR 

5042 04-01-2007 FBS HH 590 Ascending 

2  5713 19-02-2007 FBS HH Ascending 

3  7055 22-05-2007 FBS HH Ascending 

4  9739 22-11-2007 FBS HH Ascending 

5  10410 07-01-2008 FBS HH Ascending 

6   11081 22-02-2008 FBS HH Ascending 

7   15778 09-01-2009 FBS HH Ascending 

8   16449 24-02-2009 FBS HH Ascending 

9   21146 12-01-2010 FBS HH Ascending 
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10   21817 27-02-2010 FBS HH Ascending 

11   26514 15-01-2011 FBS HH Ascending 

12  27185 02-03-2011 FBS HH Ascending 

13   8397 22-08-2007 FBD HH+HV Ascending 

14   9068 07-10-2007 FBD HH+HV Ascending 

15   13094 09-07-2008 FBD HH+HV Ascending 

16   19804 12-10-2009 FBD HH+HV Ascending 

 

3.4.2 RADARSAT-2 data 

Three RADARSAT-2 images were ordered by using Acquisition Planning Tool (APT) with 

scene centre at 30°27' N, 78°31' E and incidence angle equal to 30.960. Here is the 

description and characteristic table of the ordered data. 

 

Table 3.4:RADARSAT2 data order specifications 

Wavelength 

(λ) Range x azimuth Resolution 

Temporal 

Resolution 

5.6 cm 11.8 x 5.1 m 13.5 m 24days 
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Figure 3.5: Acquisition planning tool (APT) was used to give Radarsat-2 image 

 

Table 3.5: RADARSAT2 data order specifications 

 

Sl. 

N

o 

Sensor Orbit Acquisitio

n Date 

Mod

e 

Polarizatio

n 
Wavelengt

h C-Band 

Direction 

 

1 RADARSAT

-2 

2468

1 

05-09-2012 SLC HH 5.6 cm Ascendin

g 

2 2502

4 

29-09-2012 SLC HH Ascendin

g 

3 2536

7 

23-10-2012 SLC HH Ascendin

g 

3.4.3 IRS LISS IV  

The sensor IRS P6 operates in three spectral bands in visible, near Infrared and 

panchromatic mode with 5.8 m spatial resolution. In present study, satellite imagery of LISS 

IV of two dates i.e. 26
th

 Feb, 2005 and 28
th 

April, 2010 have been used .Characteristics of 

the data set are listed below. 
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Table 3.5: Characteristics of LISS IV 

Special Resolution 5.8m at nadir 

Spectral bands B2: 520 -590 nm B3: 620-680 nm B4: 770-860 nm 

Swath 23.9km(multispectral mode) 

Revisit time 24 days 

Quantization 10 bits(Selected 7 bits transmitted will be by the data handling 

system 

3.4.4 Toposheet-53J/7&53J117 Scale-1:50,000 

Two Survey of India Topographic sheets numbered 53 J/7 and 53J/11 covering the study 

area was used in the study for field surveys and geographic location information.  

3.4.5 Google Image (Geo Eye) of the study area 

Geo eye satellite imagery of 1.65m resolution was downloaded from Google earth, for the 

preparation of the field plans and identification of landslides in the study area.  

3.5 Equipment Used 

3.5.1 DGPS Survey 

DGPS Survey was performed to calculate the rate of displacement in the landslide affected 

area. Leica System 500 GPS (global positioning system), a single frequency System was 

used for data acquisition.  This equipment has numerous operational ability with nominal 

power consumption using camcorder batteries. It has simple data storage with a PCMCIA 

smart card (up to 85 MB) data backup system.  

 

Figure 3.6: Field photographs of DGPS and Weather station survey 



Study of Slow Moving Landslide Using SAR Interferometry Technique 

26 

 

 

3.5.2 Weather station Survey 

Weather station Survey was performed in the study area in order to record the 

weather condition. 

3.5.3 Brunton 

Brunton was used to measure the dip direction and dip amount of rocks exposed in 

landslide area. For example: geological field observation taken at landslide affected 

point: dip direction: East-south, dip amount: 30-35/ 160-170 degrees. 

3.5.4 Garmin GPS 

Garmin GPS was used to record geographical location of landslides in the study 

area. For example: Field Observation taken at LS1 point: latitude: 30° 22’ 34’’, 

longitude: 78° 31’ 22’’, height: 942 m, accuracy: ±12m. 
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CHAPTER-4 

4. Methodology 

4.1 SAR data processing 

Advance Land Observation Satellite (ALOS) was launched by Japan Aerospace Exploration 

Agency (JAXA) in January 2006 having microwave L-band (PALSAR) SAR.  

It is found that, L-band sensor is useful for the investigation and study of surface 

deformation using differential interferometry (D-InSAR). Ten ALOS PALSAR FBS, 1.1 

levels, standard beam, and scenes were ordered for the Tehri area. These data sets have been 

processed using differential Interferometry technique.  

Initial step was to import ordered data sets into appropriate format. In this study ALOS 

PALSAR images were supplied with FBS data format, Level 1.1. Parameters like Sensor 

Name, Mode of Acquisition and LEADER file information were used to import the level 1.1 

data to Single Look Complex (SLC) data. SAR image with oldest acquisition date was 

considered as master image and the recent SAR image was taken as slave image.  

The SRTM 90 m DEM was extracted using SARSCAPE interferometry module option for 

DEM extraction. All DEM tiles covering SAR image scene were provided as input on the 

basis of which SRTM DEM was extracted for ALOS PALSAR image coverage. Differential 

Interferogram was generated without DEM. Extracted SRTM DEM was used for flattening 

and topographic correction of differential Interferogram. As the spatial resolution of SRTM 

DEM is coarse (90 m) and the study area is highly mountainous, there is probability of 

topographic errors in the differential Interferogram. Boxcar filtering was applied to 

differential interferogram. Flattened and topographically corrected differential Interferogram 

was geo-coded with respect to SRTM DEM. Over this geo-coded differential Interferogram, 

fringe analysis was performed as shown in table 5.3 and   figure 5.10. These were the results 

of fringe analysis performed over the best ALOS PALSAR image pair having least 

perpendicular baseline. 

4.2 Post-processing on interferogram 

1. The most probable deformation fringes due to landslide/mass wasting were identified on 

the interferogram in vector layers for different time periods of acquisition using Arc-

GIS software.  

2. A comparison with DEM and field survey was carried out to check the delineated 

fringes due to topography or landslide/mass wasting.  

3. Final deformation affected area with displacement rate was prepared.  
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4. The total number of colour cycle within a deformation fringe accounts for the rate of 

displacement in the vertical direction. ALOS PALSAR utilise L-band microwave 

having wavelength of 23.6 cm, hence each colour cycle in the interferogram represents a 

Line of sight (LOS) displacement of 11.8 cm. It was assumed that variations take place 

in the vertical direction then vertical displacement ∆z can be calculated according to 

formula (Curlander and McDonough 1991),   

 

        ∆z = ∆slant/cosθ .............................…………………… Equation 4.1 

Where, 

∆slant is the slant range change or Line of sight (LOS) displacement. 

θ is the incidence angle. 

4.3 Extraction of phase component due to surface movements by D-InSAR 

technique 

Surface displacement was estimated in terms of phase difference (∆φ) after normalization of 

the phase value from the second interferogram with respect to the baseline of the first 

interferogram as, 

∆φ = φ' - (B||'/B||)*φ 

Where, φ' 
and φ are phase values of two interferograms, and B||

' 
and B|| are parallel 

components of the baselines (parallel to the line of sight) of the corresponding 

interferograms.  

The component of surface displacement along the line-of-sight (∆ρ) can be calculated using 

the following mathematical relation as, 

       ρ
λ

π
φ ∆=∆ *

4
....................................……………………Equation 4.2 

4.4 Ground investigation and field data collection 

Periodic field visits revealed crown cracks with offset distance ranging from 5cm to 2m 

approximately. These cracks were most persistent along river edge and often terminate in 

patchy rock exposure or other cracks. Spacing between the cracks ranges from few tens of 

millimetres to more than 2 meters at some places. These were open and without any kind of 

filling.  These cracks were visible mostly on overburden mass consisting of pebble, cobble 

and boulders of weathered Phyllite and Slate of Chandpur Formation (?). These features 

indicated that the area is affected by some kind of deformation leading to development of 

slides in the area. 
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Figure 4.1: Flow chart of methodology 

 

 

  Figure 4.2: Comparison of optical data with microwave data for field survey 

4.5 DGPS Survey  

Leica 500 series DGPS was used in the field, equipped with rover antenna AT 501 pole and 

base antenna AT 501 on tripod for conducting survey. Fast static surveys were executed for 

about one hour with logging rate of 10 seconds for landslide displacement study over five 

monumental locations in the study area. Three periodic GPS surveys were executed on 5 

September 2012, 29 September 2012 and 23rd October 2012. 
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Figure 4.3: DGPS setup and DGPS points locations 

4.6 Weather station Survey 

Three periodic surveys using weather station were performed from September 2012 until 

October 2012 were made on 5 September 2012, 29 September 2012 and 23rd October 2012.  
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Figure 4.4: Field photograph of Weather station Survey 

4.7 Geological Investigation of Landslide 

Crown cracks have offset depth of about 15 cm to 2 m approximately. Cracks on 

overburden material consisting of pebble, cobble, bolders of phylites and slate embedded in 

fine silty matrix was found.  

Exposed of weathered Phylites (Chandpur Formation?) was seen on vertical looking 

upslope. 

 
 

Figure 4.5: Field photograph of Phylite  
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Figure 4.6: Field photographs showing deformation in the study area 
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CHAPTER-5 

5. Results 

 

Microwave remote sensing has become one of the promising technologies to detect and 

calculate high precision measurement of surface deformation due to landslide. It is found 

that the accuracy of deformation measurement due to landslide by means of fringe analysis 

over an interferogram which was generated from two SAR images and an external DEM is 

highly influenced by the quality of interferogram which depends on normal and temporal 

baseline for a SAR image pair. 

In this study, it is found that the interferogram generated from In-SAR data pairs with less 

temporal baseline and high coherence value were suitable for displacement measurement 

study due to less de-correlation and least change in topography. 

5.1 DGPS Survey results 

 

 

Figure 5.1: Locations of DGPS points 
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Figure 5.2: Coordinate difference of horizontal component derived from DGPS survey 

 

 

Figure 5.3: Coordinate difference of vertical component derived from DGPS survey 

Note: 1st epoch and 2nd epoch term is used for 29 September 2012 and 23 October 2012 having 24 

days gap. 

Table 5.1: Results of DGPS movement study by utilizing 1st and 2nd epoch 

Monument Northing (m) Easting (m) Height (m) 

Ls1 -0.15743 -0.1629 -0.0034 

Ls2 -0.00912 0.02238 -0.0314 

Ls3 -0.01971 -0.0217 -0.038 

Ls4 0.096852 0.03115 -0.3234 

Ls5 -0.05718 0.02343 -0.0015 

 

Figure 5.2 and Figure 5.3 indicates that the difference of coordinate between epoch 1 and 

epoch 2 for five monuments were varying between ±9.128027 to 157.439649 mm for 
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northing axis on the other hand the difference of coordinate between epoch 1 and epoch 2 

for five monuments were varying between ±21.75264 to 162.93354 mm for easting and the 

coordinate difference of vertical component for five monuments between epoch 1 and epoch 

2 were varying between 1.5 to 323.4 mm.  The coordinate difference of vertical component 

at monument Ls5 between epoch 1 and epoch 2 is 0.0015m which is small but the 

coordinate difference of vertical component at monument Ls4 is quit high between epoch 1 

and epoch 2 with 0.3234 m. 

5.2 Fringe analysis results 

Whenever, there is a movement in a feature over terrain which is illuminated by microwave, 

the microwave signal is received by SAR antenna with phase information. When two SAR 

images have a temporal difference in acquisition, these can be processed to calculate phase 

difference which accounts for movement of feature over the terrain.  

Hence, differential Interferogram gives phase difference information in repeated interval 

from zero to 2Π. Each and every 2Π cycle gives Line-of-Sight change or displacement 

which is equal to half of the microwave wavelength during the time period of acquisition of 

master and slave SAR images. In this study, wavelength is about 11.81 cm for SAR data 

acquired by ALOS PALSAR (L-band) sensor. 

Coherence value can be considered as a quality factor whose value is in between zero to 

one. Hence, a quality deformation study can be performed over interferogram generated 

from In-SAR data pair with high coherence value. 

In this study, fringe is studied by following rainbow colour scheme (VIBGYOR) available 

in Sarscape module of Envi in a proper sequence initiating from violet at the rim and red at 

the core (centre) representing 2Π phase difference as a result of mass wasting, landslide etc. 

If the sequence of the rainbow colour scheme is reversed, it will be upliftment. 
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Figure 5.4: Differential Interferogram generated by from ALOS PALSAR data pair 

of date 09/01/2009 and 24 /02/2009 which is flattened and Geo-coding with respect 

to SRTM dem 
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Figure 5.5: Filtered differential interferogram generated from ALOS PALSAR data pair of 

date 09/01/2009 and 24/02/2009 
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Figure 5.6: Differential Interferogram generated from ALOS PALSAR data pair of date 

09/01/2009 and 24/02/2009 showing promising deformation fringes 

Table 5.2: Fringe analysis results from ALOS PALSAR data pair of date 09/01/2009 and 

24/02/2009 

Fringe ID Path difference during 46 days (cm) Remarks (movement rate in cm/yr) 

F-1 7.38125 (+) 58.56861413 

F-2 8.8575 (+) 70.28233696 

F-3 5.905 (+) 46.8548913 

F-4 4.42875 (+) 35.14116848 

F-5 4.42875 (+) 35.14116848 
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Figure 5.7: Differential Interferogram generated from ALOS PALSAR data pair of date    

22/11/2007and 22/02/2008,orbit [9739-11081] showing promising deformation fringes 
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Figure 5.8: Differential interferogram generated from ALOS PALSAR data pair of date 15/01/2011 

and 02/03/2011, orbit [26514-27185] showing promising deformation fringes 
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Figure 5.9: Differential interferogram generated from ALOS PALSAR data pair of Date 12/01/2010-

27/02/2010, [21146-21817] showing promising deformation fringes 

 

 

 

 

 



Study of Slow Moving Landslide Using SAR Interferometry Technique 

42 

 

 

 

 

 

 

 

Figure 5.10: Differential interferogram generated from ALOS PALSAR data pair of date 

07/01/2008-22/02/2008, orbit [10410-11081] showing promising deformation fringes 
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Table 5.3: Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 12/01/2010-27/02/2010, 

orbit [21146-21817] (2_2n) 

Id 
Lati

tude 

Longitu

de 

Fringe 

Area 

( m²) 

Deformation Rate 

Colour  

Cycle 

 

L OS 

Phase 

Differen

ce 

 

Deformation 

Rate per 

Year 

(cm/year) 

Ground 

Deformation 

Rate 

 

F-1 

 

30.4

10 
78.501 

562742.

43 
8.85 70.27 85.07 

C\G\Y\O\V

\B 

F-2 

 

30.3

65 
8.533 

344496.

79 
7.38 58.56 70.89 G\Y\O\V\B 

F-3 

 

30.3

75 
78.523 

95936.2

2 
2.95 23.42 28.35 C\G 

 
30.3

69 
78.472 

169105.

99 
7.38 58.56 

70.89 

 

 

G\Y\O\R\V 

F-5 

 

30.3

94 
78.456 

144993.

63 4.42 35.14 42.53 G\Y\O 

F-6 

 

30.4

35 
78.422 

58544.6

9 
5.90 46.85 56.71 C\G\Y\O 

F-7 
30.4

44 
78.430 

59883. 

38 

4.42 

 
35.14 42.53 G\Y\O 

F-8 

 

30.4

48 
78.450 

33993.3

9 
7.38 58.56 70.89 G\Y\O\R\V 
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Figure 5.11: Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 12/01/2010-

27/02/2010, orbit [21146-21817] 

 

Table 5.4: Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 15/01/2011-02/03/2011, 

orbit [26514-27185] (1_1n) 

Id 
Latitu

de 

Longitud

e 

Fringe 

Area 

( m²) 

Deformation Rate 

Colour  

Cycle 

 

Phase 

Difference 

 

Deformation 

Rate per 

Year 

(cm/year) 

Ground 

Deformation 

Rate 

 

F-1 

 

30.410 78.5015 
405104.5

4 
4.42 35.14 42.53 G\Y\O 

F-2 

 

30.402 78.514 52206.01 2.95 23.42 28.35 G\Y 

F-3 

 

30.329 78.520 
223805.9

0 
4.42 35.14 42.53 C\G\Y 
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F-4 

 

30.373 78.522 
196433.9

0 
4.42 35.14 42.53 Y\O\R 

F-5 

 

30.376 78.474 
152755.7

0 
7.38 58.56 70.89 

G\Y\O\

R\V 

 

F-6 

 

30.406 78.439 
714567.8

6 
5.90 46.85 56.71 

C\G\Y\

R 

F-7 

 

30.435 78.422 
107119.8

3 
5.90 46.85 56.71 

C\G\Y\

R 

F-8 

 

30.443 78.426 65042.82 2.95 23.42 28.35 G\Y 

 

 

Figure 5.12: Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 15/01/2011-02/03/2011, 

orbit [26514-27185] (1_1n) 
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Table 5.5 Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 07/01/2008-22/02/2008 , 

orbit [10410-11081] (3n_7) 

Id 
Latit

ude 

Longitud

e 

Fringe 

Area 

( m²) 

Deformation Rate 
Colour  

Cycle 

LOS 

Phase 

Differenc

e 

 

Deformation 

Rate per 

Year 

(cm/year) 

Ground 

Deformation 

Rate 

 

F-1 

 

 

30.41

0 
78.501 

336968.7

8 
5.90 46.85 56.71 C\G\Y\R 

F-2 
30.36

5 
78.532 

214983.8

8 
7.38 58.56 70.89 

G\Y\O\R\

V 

F-3 
30.37

5 
78.523 96682.94 4.42 35.14 42.53 C\G\Y 

F-4 
30.37

6 
78.473 

185140.0

8 
7.38 58.56 70.89 

G\Y\O\R\

V 

F-5 
30.43

5 
78.422 32793.40 2.95 23.42 

28.35 

 

C\G 

F-6 
30.39

4 
78.457 

197377.3

0 
5.90 46.85 

56.71 

 

C\G\Y\O 

F-7 
30.44

4 
78.430 50744.66 4.42 35.14 

42.53 

 

C\G\Y 

F-8 

 

30.44

8 
78.450 48508.36 5.90 46.85 

56.71 

 

G\Y\O\R 
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Figure5.13: Displacement rate of deformation fringes calculated from differential 

interferogram generated from ALOS PALSAR data pair of date 07/01/2008-22/02/2008, 

orbit [10410-11081] 

Table 5.6 Displacement rate of deformation fringes calculated from differential interferogram 

generated from ALOS PALSAR data pair of date 22/11/2007-22/02/2008 ,orbit [9739-11081] (4n_7) 

Id Latitude Longitude 

Fringe 

Area 

( m²) 

Deformation Rate 

Color  Cycle 

 

L OS 

Phase 

Differe

nce 

 

Defor

matio

n Rate 

per 

Year 

(cm/ye

ar) 

Ground 

Deformati

on Rate 

 

F-1 

 

30.410116 78.501822 
562742.

43 
8.85 35.11 42.50 C\G\Y\O\V\B 

F-2 

 

30.365557 78.5332477 
344496.

79 
7.375 29.25 35.41 G\Y\O\V\B 

F-3 

 

30.375209 78.523313 
95936.2

2 
2.95 11.70 14.16 C\G 

F-4 

 

30.369173 78.472836 
169105.

99 
7.375 29.25 35.41 G\Y\O\R\V 

F-5 

 

30.394424 78.456601 
144993.

63 
4.425 17.55 21.25 G\Y\O 
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F-6 

 

30.435633 78.422181 
58544.6

9 
5.9 23.40 28.33 C\G\Y\O 

F-7 

 

30.444586 78.430191 
59883. 

38 
4.425 17.55 21.25 G\Y\O 

F-8 

 

30.448752 78.450197 
33993.3

9 
7.375 29.25 35.41 G\Y\O\R\V 

 

 

 

 

Displacement rate of deformation fringes calculated fr 

5.3 SAR image interpretation 

 

The spatial extent of landslide affected area is more than what appears in the optical images. 

This can be determined by microwave remote sensing yet it also suffers from constraints of 

shadow and foreshortening. 

 

In the optical images it may happen that the surface is under the influence of deformation 

but is not captured as landslide, due to low spatial resolution or lack of large displacement 

which often a characteristic sign of deformation in case of slow movement or creep. Such 

surface can be easily detected by the means of D-InSAR, since it gets illuminated by 

microwave beam. 

 

Figure 5.14 Displacement rate of deformation fringes calculated from 

differential interferogram generated from ALOS PALSAR data pair of 

date 22/11/2007 – 22/02/2008, orbit [10410-11081] 
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Figure 5.15: Power image showing area of interest from ALOS PALSAR data pair of date 

09/01/2009, 15778 

 

Figure 5.16: Cross checking of deformation fringes due to landslide with Geo-eye 
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Figure 5.17: Three dimensional view of study area from north to south on SAR 

interferogram generated from ALOS PALSAR data pair of date 07/01/2008-22/02/2008, 

orbit [10410-11081] 

 

Figure 5.18: Three dimensional view of study area from south to north on SAR 

interferogram generated from ALOS PALSAR data pair of date 07/01/2008-22/02/2008, 

orbit [10410-11081] 
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Table 5.7: Weighted rate of displacement for deformation fringes calculated from 

differential interferogram 

 

Fringe 

ID 

Fringe Centre Co-

ordinates 

 

 

D-InSAR  

Pair orbit 

With 

Date 

(dd/mm/yy) 

 

 

Fringe Area 

(m²) 

 

 

Temporal 

Baseline 

(days) 

 

 

Colour 

Sequence 

 

 

 

Deformation  

Rate 

(cm/year) 

 

 

Wt.  

Deformation 

Rate 

(cm/year) 

LOS 

 

Latitude 

 

Longitude 

F_WT1 

30.375175 

 

 

 

78.523241 

10410-

11081 

(07/01/08-

22/02/08) 

96682.949395 46 C\G\Y 35.141168 

35.14 
30.375105 78.523029 

21146-

21817 

(12/01/10-

27/02/10) 

145897.378283 46 C\G\Y 35.141168 

 30.373901 78.522847 

26514-

27185 

(15/01/11-

02/03/11) 

196433.909522 46 Y\O\R 35.141168 

F_WT2 

30.376093 78.474043 

26514-

27185 

(15/01/11-

02/03/11) 

152755.709748 46 G\Y\O\RV 58.5686 

 

 

 

58.5686 

 

30.376171 78.474007 

21146-

21817 

(12/01/10-

27/02/10) 

140024.091909 46 G\Y\O\R\V 

58.5686 

 

30.376153 78.473919 

10410-

11081 

(07/01/08-

22/02/08) 

185140.08331 46 G\Y\O\R\V 

58.5686 
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F_WT3 

30.388977 78.602699 

15778-

16449 

(09/01/09-

24/02/09) 

40914.950043 46 

C\G 

 

23.4274 

 

 

 

35.140856 

30.3891 78.602172 

10410-

11081 

(07/01/08-

22/02/08) 

30945.864545 46 G\Y\O\R 46.854 

30.38913 78.602222 

21146-

21817 

(12/01/10-

27/02/10) 

26536.081901 

46 

 

G\Y\O 35.141168 

F_WT4 30.379436 78.539285 

10410-

11081 

(07/01/08-

22/02/08) 

74790.251744 46 Y\R\V 35.141168 

 

 

39.04572266 

 

30.379944 78.538805 

21146-

21817 

(12/01/10-

27/02/10) 

45799.965121 46 Y\O\R\V\B 

 

58.5686 

30.3801 78.538817 

26514-

27185 

(15/01/11-

02/03/11) 

12635.219056 46 Y\O 23.4274 

F_WT5 

30.382078 78.580705 

10410-

11081 

(07/01/08-

22/02/08) 

71114.324665 46 G\Y\O 35.141168 

 

 

35.141168 

30.38179 78.580822 

21146-

21817 

(12/01/10-

27/02/10) 

55505.166749 46 G\Y\O 35.141168 

F_WT6 30.443155 78.426294 

21146-

21817 

(12/01/10-

24616.773155 46 

G\Y 

 

23.4274 
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27/02/10) 21.0787 

30.443231 78.426131 

09739-

11081 

(22/11/07-

22/02/08) 

25277.003027 92 G\Y\O 17.5557 

30.44326 78.426056 

10410-

11081 

(07/01/08-

22/02/08) 

21084.193981 46 C\G 23.4274 

30.443114 78.426518 

26514-

27185 

(15/01/11-

02/03/11) 

65042.825242 46 G\Y 23.4274 

F_WT7 

30.435302 78.422514 

26514-

27185 

(15/01/11-

02/03/11) 

107119.838937 46 C\G\Y\R 46.854 

 

 

 

 

28.1046 

 

30.435691 78.422134 

10410-

11081 

(07/01/08-

22/02/08) 

32793.406265 46 C\G 

23.4274 

 

30.435633 78.422181 

09739-

11081 

(22/11/07-

22/02/08) 

58544.695977 92 C\G\Y\O 23.407 

30.435667 78.422222 

21146-

21817 

(12/01/10-

27/02/10) 

40443.474368 46 C\G 23.4274 

F_WT8 

30.369366 78.472683 

10410-

11081 

(07/01/08-

22/02/08) 

116903.340663 46 

G\Y\O\R 

 

46.854 

 

 

 

40.9854 

30.369058 78.472932 
21146-

164153.344082 46 G\Y\O\R\V 58.5686 
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21817 

(12/01/10-

27/02/10) 

30.369173 78.472836 

09739-

11081 

(22/11/07-

22/02/08) 

 

169105.998801 92 G\Y\O\R\V 29.2595 

F_WT9 30.444586 78.430191 

09739-

11081 

(22/11/07-

22/02/08) 

59883. 38 

190424 
92 

G\Y\O 

 

17.5557 

 

 

26.3484 

 

30.444441 78.430229 

21146-

21817 

(12/01/10-

27/02/10) 

46304.799537 46 

G\Y\O 

 

35.141168 

30.444438 78.430362 

10410-

11081 

(07/01/08-

22/02/08) 

50744.660948 46 C\G\Y 

 

35.141168 

F_WT10 

30.394424 78.456601 

09739-

11081 

(22/11/07-

22/02/08) 

144993.639553 92 

G\Y\O 

 

17.5557 

 

 

29.2766 

30.395036 78.457966 

21146-

21817 

(12/01/10-

27/02/10) 

185714.173474 46 G\Y\R 35.141168 

30.394823 78.457538 

10410-

11081 

(07/01/08-

22/02/08) 

197377.305108 46 C\G\Y\O 46.854 

F_WT11 30.448867 78.450942 

21146-

21817 

(12/01/10-

55139.968898 46 G\Y\O 35.141168 
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27/02/10) 35.1285 

30.448794 78.450985 

10410-

11081 

(07/01/08-

22/02/08) 

48508.367792 46 G\Y\O\R 46.854 

30.448752 78.450197 

09739-

11081 

(22/11/07-

22/02/08) 

33993.394151 92 G\Y\O\R\V 29.2595 

 

 

 

Figure 5.19: Bar chart of weighted rate of displacement for deformation fringes calculated 

from differential interferogram 
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Figure 5.20: This figure shows overlay of deformation fringes over IRS LISS IV image 
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Figure 5.21: Rate of displacement (cm\year) generation by D-InSAR technique for 

deformation fringes with common geographical location 

 

5.4 Characteristic analysis  

No reservoir is completely water tight. There are two major probabilities that come into 

picture during water level fluctuation (variation) in the reservoir. 

1. When water level is maximum: There are two zones illustrated respectively. 

Water submerged zone: the zone that is beneath the water upper level and dry zone 

which is above the water level.  

2. When water level is minimum: There are probabilities of formation of three major 

zones illustrated respectively. In general, one can classify reservoir rim area into 

following zones: The zone that is beneath the water upper level known as water 

submerged zone. The zone can be defined as the zone under the influence of water 

known as water charged zone. The zone that is above the upper level of water 

known as dry zone. Due to water submergence the geotechnical characteristics of 

the rocks get changed. For example, compressive strength of the rocks decreases. 
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Figure 5.22: Water level fluctuation in Tehri reservoir (Source: THDC, Tehri) 

 

Table 5.8: Comparison between water level fluctuation in the reservoir and rainfall 

Year 2009 2010 2011 2012* 

Minimum 

level (m) 
740.85 740.30 740.55 740.45* 

Maximum 

level (m) 

820.00 

 

 

831.41 

 

821.05 

 

824.90* 

Reservoir 

minimum 

water level 

20.06.2009 

 

19.06.2010 

11.06.2011 

12.06.2011 

10.06.2012 

 

Reservoir 

maximum 

water level 

 

29.09.2009 to 

15.10.2009 

 

 

21.09.2010 

24.01.2011 

25.01.2011 

26.01.2011 

09.10.2012 
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Rainfall 

minimum 

 

DECEMBER 

(0.0 mm) 

 

 

 

MARCH 

(2 mm) 

NOVEMBER 

(0.0mm) 

N.A. 

Rainfall 

maximum 

SEPTEMBER 

(133.7 mm) 

SEPTEMBER 

(444.6 mm) 

AUGUST 

(381.6 mm) 

N.A. 

 

Note*: All values are derived from data provided by THDC, Tehri and Rishikesh for water level 

which is up to available up to *22 October 2012 and IMD for rainfall 

There is an average rainfall value for every month of 2010 (a Rainy year). 

  

 

Table 5.9: Rainfall data for years 2007 to 2011 in mm from IMD 

Rainfall (mm.) 2007 2008 2009 2010 2011 

JANUARY 0.3 23.7 8.2 13.9 18.8 

FEBRUARY 151.3 8 39.6 80.5 83.1 

MARCH 111.7 13.6 2 2 9.1 

APRIL 21.9 68.1 21.6 14.5 40 

MAY 45.2 62.6 36.1 78.4 69 

JUNE 32.8 175.5 21.8 96 183.9 

JULY 209.7 278.2 108.7 400.2 249.1 

AUGUST 246.2 279.1 40.9 290.2 381.6 

SEPTEMBER 93.5 80.4 133.7 444.6 56.4 

OCTOBER 6.8 10.9 70.7 16.1 1 

NOVEMBER 0 12 0.2 20.5 0 

DECEMBER 19 0.7 0 38 1.3 

 

In the general observation for time period 2009 to 2012, it is clear on the basis of reservoir 

water level fluctuation data provided by THDC that the water level is at its minimum at the 

end of June on the other hand reservoir water level reaches its maximum level at the end of 

September except for the year 2012. 

An anomalous peak highlighted by red ellipse as shown in the graph accounts for the 

maximum water level in the reservoir.   The reservoir water level reaches its maximum level 

unexpectedly on 21 September 2010=831.41 m where a large deviation of water level was 

reported during 20 September 2010=830.50 m and on 21 September 2010=831.41 m which 

is maximum in last four years from 2009 to 2012. 
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Figure 5.23: Bar chart showing monthly average of water level in the reservoir (Derived 

from THDC data) 

 

 

Figure 5.24: Bar chart showing monthly average of rainfall in the Tehri. (Source: IMD) 

It is observed from IMD rainfall data for 2007 to 2011 that the rainfall reaches its maximum 

value 444.6 mm in September for the year 2010. The reservoir water level reaches its 

maximum level unexpectedly on 21 September 2010=831.41 m. 

 

It is found that the average water level in the reservoir increases during September which is 

the month of maximum rainfall. Hence we can say that the rise in reservoir water level is 

directly proportional to rainfall. 
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5.5 Validation  

 

Figure 5.25: There are two images (a) and (b) showing overlay of one of the test site in the study 

area showing a landslide as confirmed by both microwave and optical remote sensing 

Well developed fringe at geographic location wt11 was detected during multi-temporal 

fringe analysis in the study area facing north east direction in four interferogram with color 

sequence of cyan, green, yellow, orange/red with rate of displacement 35.12 cm/year 

(Figure 5.25: a and b) .The only limitation is the availability of suitable InSAR data sets. 

This area is affected by creep motion with some surface deformation evidences and the 

slope of this area varies from moderate to steep. 

 

 

Figure 5.26: Fringe Wt 8 in differential interferogram overlay over optical region showing 

deformation with geographical location at (F4a) 30.3745° N 78.4752° E  and  (F4b) 30.3773°N 

78.4738° E 

This figure shows a complex fringe, which can be divided into two parts on the basis of its 

validation in the optical image. It was found that F4a with geographical location 30.3745° N 

78.4752° E shows the part of the fringe under the effect of landslide and second part F4b 

geographical location 30.3773° N 78.4738° E is under creep motion with a rate of 

displacement of 40.9 cm/year along the line of sight direction. 
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Figure 5.27: Deformation fringe corresponding to landslide as observed in differential 

interferogram overlaid on optical image with geographical location at 30.408°N 78.4474°E 

This figure shows a deformation fringe when overlaid on optical image. It shows that this 

fringe with geographic location at 30.408°N 78.4474°E shows evidence of landslide with 

rate of displacement 35.14 cm/year along the line of sight direction. 

 

Figure 5.28: Fringe Wt 7 on differential interferogram overlay over optical image showing 

deformation with geographical location at 30.4351°N 78.4244°E 

This figure shows a complex fringe, which can be divided into two parts on the basis of its 

validation on the optical image. It was found that one part of the fringe is under the effect of 

landslide and other part were found to be influenced by the creep having geographical 

location at 30.4351°N 78.4244°E with a weighed rate of displacement 28.10 cm/year along 

the line of sight direction.    
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Figure 5.29: Fringe Wt 6 on differential interferogram overlaid over optical image showing 

deformation with geographical location at 30.4452°N 78.4346°E 

This figure shows a deformation fringe, when overlaid on optical image with geographical 

location at 30.4452°N 78.4346°E shows that this area is under effect of landslides with a 

rate of displacement 21.0 cm/year along the line of sight direction. 

 

 

Figure 5.30: A series of landslides detected from ALOS PALSAR data pair of date 07/01/2008-

22/02/2008, orbit [10410-11081] by D-InSAR  
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Figure 5.31: Shows a creep with geographical location at 30.410° N 78.5025° E on Geo-eye image 

This figure shows two deformation fringes, which overlaid on optical image. It was found 

that these fringes with geographical location at 30.410° N 78.5025° E and 30.3646° N 

78.5329° E shows that these areas are under the effect of creep movement with a rate of 

displacement of 46.85 cm/year along the line of sight direction .    

 

Figure 5.32: Fringe Wt. 1 in differential interferogram overlaid on optical image showing 

deformation affected area over which DGPS surveys were conducted with geographical location at 

30.3762°N 78.5229°E 
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  This figure shows a deformation fringe Wt. 1 in area where DGPS surveys were conducted 

covering three monumental sites with geographical locations at 30.3742° N 78.5243° E, 

30.375° N 78.5237° E and 30.3762°N 78.5229°E. When overlaid on optical image, it is 

found that this fringe with geographical location at 30.3762°N 78.5229°E shows this area is 

under effect of very slow movement with a rate of displacement 35.1 cm/year along the line 

of sight direction. 

 

Figure 5.33: Deformation affected area around the rim at left bank of Tehri reservoir (rim) 
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Figure 5.34: Deformation affected area at right bank of Tehri reservoir 

 

 

 

 

Figure 5.35: Deformation affected area at left bank of Tehri reservoir 
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Figure 5.36: Deformation affected area around the rim at right bank of Tehri reservoir 

 

 

        

Figure 5.37: Deformation affected area at left bank of Tehri reservoir (rim) 
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Figure 5.38: This recent field photo shows a retaintion wall used as safety measures in 

order to control soil creep deformation that may lead to landslide 

(18.06.2013)

 

Figure 5.39: Showing deformation cracks and creep in study area 
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Figure 5.40: Showing slides along the reservoir rim area 

 

 

                Figure 5.41: Mass wasting around the study area 
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CHAPTER-6 

6. Discussion 

The major advantage of SAR interferometry technique in case of landslide displacement 

study lies in its capability of detecting the landslide with no manifestation over the surface. 

For example initial stages of creep motion are detected in the study area by the successful 

implementation of SAR interferometry technique. 

During analysis it is observed that interferogram generated from data pairs with less 

temporal baseline and high coherence, leads to a good quality detection of very slow 

moving landslide. This is due to less temporal de-correlation and atmospheric effects. 

(Chatterji, 2006) 

In order to make sure that the deformation fringes belongs to landslide, a temporal fringe 

analysis is performed over several independent interferogram and then such overlapping 

deformation fringes are checked on optical images and with GPS observation of landslides 

that were recorded during field survey. Here D-InSAR technique is used to serve two main 

tasks as follow: 

1. Detection of deformation fringes that belongs to landslide (qualitative analysis). 

2. Calculation of deformation due to landslide yield one dimensional information that 

is displacement component along the line of site of Radar (quantitative analysis). 

Because of continuous change in atmospheric conditions, the fringe that belongs to 

atmospheric artifacts occurs at random geographic locations in the interferogram. Hence the 

comparative analysis of geographic locations of fringes in individual interferogram leads to 

the identification of deformation fringes due to landslides. The fringes with common 

geographic location in more than one interferogram represent landslide affected areas in 

Tehri during the study period. 

D-InSAR technique is one of the most useful techniques of microwave remote sensing 

which utilize the phase information component contained in the co-polarized SAR data for 

example HH or VV polarization .In the present study single look complex (SLC ) level 1.1 

data is used for the implementation of this technique as it maintains the phase information. 

In this study, it was observed that SAR data pairs having least temporal and perpendicular 

baseline and high coherence generate good quality interferogram which provide promising 

results for landslide movement’s related study. 

Landslides related movements are directly and indirectly found to be correlated with water 

level fluctuation in Tehri reservoir. By comparing the rainfall data with the reservoir water 

level fluctuation, it is found that both are directly proportional and linear functions of each 

other. As soon as the rainfall reaches to its maximum level in the month of September the 

reservoir water level also reaches to its maximum level. 

It is important to note that in the study area there are mostly low grade metamorphic rocks 

such as slates and Phyllites which belong to Chandpur Formation.  

D-InSAR technique is successfully implemented in the study area in order to establishment 
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displacement due to landslides. For example, a temporally repetitive fringe analysis was 

performed in order to delineate deformation by eliminating to landslide from the fringes due 

to atmospheric artifacts in the interferogram. The deformation fringes detected in such a 

way are found to be either due to landslide/mass wasting or creep in case of very slow 

movements  as verified by GPS locations of landslides. 

 

The deformation fringes due to landslides are found to belong to a fixed geographic location 

over a period of time while on the other hand; fringes due to atmospheric artifacts do not 

have consistency in their geographic locations. This conclusion is supported by the fact that 

the atmospheric conditions are very mobile. 
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CHAPTER-7 

7. Conclusions and recommendations 

7.1  Conclusions 

This study aims at the analysis of ground displacement, deformation using differential 

Interferometry. Since line-of-sight displacements enter directly into the Interferogram, it 

was measured as a fraction of the wavelength. The D-InSAR is particularly suitable for 

surface deformation study like landslide movement detection and mass wasting.  

Several deformation fringes were detected in the study area out of which ten fringes are 

within a radial extent of one kilometer away from the reservoir which belongs to 

landslide/mass waste. 

 

The rate of displacement calculated for each informative interferogram and separate tables 

of rate of displacement were maintained for each informative interferogram. On the basis of 

which weighted displacement rates were calculated in order to make final landslide 

displacement rate map using fringe analysis which are in agreement with the order of DGPS 

survey results. 

  

The order of deformation/ displacement detected by differential interferometry (D-InSAR) 

remote sensing technique is approximately matches to deformation detected by DGPS 

survey. Some of the area is really showing high deformation rate. During ground survey it 

was found that within 24 days time interval, several new cracks were formed over the 

surface and edges of the road were sliding downwards. 

The northern region gets more illuminated by microwave radar signals, as during fringe 

analysis it was found that the deformation fringes belongs to landslides were more fairly 

developed in northern region as compared to the fringes associated with the landslide in 

southern region (e.g. Southern bank of Bhilangana river, where the DGPS study were 

performed over the monuments) for ascending pass In-SAR data pairs. 

 

Only a few interferogram show moderate to well developed deformation fringes in 

monumented part, as it is situated in the southern bank of Bhilangana River for ascending 

pass In-SAR data pairs. 

 

It is observe that deformation fringes belonging to landslide in an interferogram generated 

from ALOS PALSAR (L-band) data pair are more developed than deformation fringes in 

the interferogram generated by RADARSAT-2 (C-band) data pair due to higher phase 

sensitivity of C-band radar signal. (Delacourt C. et al., 2009) 

 

Hence ALOS PALSAR L-band data is more appropriate for landslide study in comparison 

with RADARSAT-2 data. The inference of this study concluded that maximum deformation 

rate detected in the study area is categorized as very slow moving landslide according to 

classification of landslide on the basis of rate of movement by Cruden and Varnes, (1996) 

classification (Table 2.1). 
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This technique is not only capable of providing assessment of the displacements due to 

landslide / mass waste but also provides a opportunity to analyze the historical information 

as movement of landslide. 

 

7.2 Recommendations 

1. L-band data gives better results for landslide displacement study in comparison with 

C-band data because of less phase sensitivity and temporal de-correlation. 

 

2. Radar interferometry can give account deformation/displacement only along the 

line-of-sight direction which provides one dimensional of displacement. It can be 

integrated with optical data which can account for horizontal displacement which 

provides two dimensional information .Hence collectively such an analysis gives 

complete three dimensional landslide displacement study. 

 

3. SAR data pairs with less temporal and perpendicular base line are found to be more 

useful for landslide displacement study. 

 

4. The SAR interferometry technique gives good results only in areas where suitable 

scenes are available.  

 

5. Adaptive filtering yields better results in comparison with Boxcar filter for fringe 

analysis using a differential interferogram with less coherence. 

 

6. Boxcar filtering yields better results in comparison with and adaptive filtering for 

fringe analysis using a differential interferogram with high coherence. 

 

7. The result is highly influenced by the atmospheric artefacts in the case of long 

temporal baseline data pairs usually having temporal base line of the order of a year 

due to which it suffers from coherence de-correlation. That effect can be suppressed 

by adaptive filtering which improve deformation fringes and overcome the noise 

due to temporal de-correlation. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Study of Slow Moving Landslide Using SAR Interferometry Technique 

74 

 

 

References 

 

 

Allan, T.D. (Ed.) (1983). Satellite Microwave Remote Sensing. Ellis Harwood, Chichester. 

Baek, S. H., (2006). DEM Generation and ocean tide modelling over Sulzberger Ice Shelf, 

West Antarctica, using synthetic aperture radar interferometry. Ph.D. Dissertatioin, The 

Ohio State University, America. 

Champati Ray, P.K., Irashad Parvaiz and Lakhera R.C. (2008) Seismically Triggered 

Landslides and Associated Hazard Assessment in Kashmir Himalaya, Indi. Landslides, Vol. 

1, pp.1 – 10. 

Chatterjee, R.S.,Frunea, B.,  Rudant ,J.P.,  Roy, P.S. , Frison.,P.L., Lakhera, R.C., Dadhwal, 

V.K.,Saha,R., (2006). Subsidence of Kolkata (Calcutta) City, India during the 1990s as 

observed from space by Differential Synthetic Aperture Radar Interferometry (D-InSAR) 

technique. Remote Sensing of Environment 102, 176–185. 

Cruden D.M., Varnes D.J. (1996). Landslide types and processes In: Turner, A.K. and 

Schuster, R.L. (eds.) Landslides, Investigation and Mitigation, Transportation Research 

Board Special Report 247, Washington D.C., 36-75. 

Delacourt,C., Raucoules, D., Mouélic,S.L.,Carnec,C.,Feurer,D., Allemand. P., Marc 

Cruchet M., (2009). Observation of a Large Landslide on La Reunion Island Using 

Differential Sar Interferometry (JERS and Radarsat) and Correlation of Optical (Spot5 and 

Aerial) Images Sensors, 9, 616-630. 

Elachi, C., (1988). Spaceborne Radar Remote Sensing: Applications and Techniques, The 

Institute of Electrical and Electronics Engineers, Inc.,New York. 

Fruneau B., Achache J. and Delacourt C. (1996). Observation and modeling of the Saint-

Etiemme-de-Tinee landslide using SAR interferomery, Tectophysics, 256,181-190. 

Gabriel A., Goldstein R. & Zebker H., (1989). Mapping small elevation changes over large 

areas: Differential radar Interferometry, Journal of Geophysical Research, Vol. 94, pp.9183-

9191. 

Henderson, F.M. and Lewis, A.J. (eds.), (1998). Principles and Applications of Imaging 

Radar, Manual of Remote Sensing, Vol. 2 (3rd ed.), American Society for Photogrammetry 

and Remote Sensing, John Wiley & Sons, Inc., New York. 

InSAR principles: guidelines for SAR Interferometry processing & interpretation-European 

Space Agency.  

Jung, Hoon, J., (2008). Monitoring of landslide in Kangwondo area by 2-pass Differential 

Interferometry technique. The International Archives of the Photogrammetry. Remote 

Sensing and Spatial Information Sciences, Vol. XXXVII. Part B8.  

Kozlov, A.I., Ligthart, L.P. and Logvin, A.I., (2001). Mathematical and Physical Modelling 

of Microwave Scattering and Polarimetric Remote Sensing, Kluwer Academic Publishers, 

Dordrecht, The Netherlands. 



Study of Slow Moving Landslide Using SAR Interferometry Technique 

75 

 

 

Lacomme, P., Hardang, J.P., Marchais, J.C. and Normant, E., (2001).William Andrew 

Publishing, LLC, Norwich, New York. 

Liao M. S., Tang J., Wang T., (2012). Landslide monitoring with high-resolution SAR data 

in the Three Gorges region, China Earth Sci., 55:590601, doi: 10.1007/s11430-011-4259-1. 

Liao M., Tian X., Zhao Q. (2007) .TerraSAR-X/TanDEM-X radar remote sensing plan and 

application. J Geomatics, 32: 44–46. 

Massonnet D. and Rabaute T., (1993). Radar Interferometry -Limits and potential, IEEE 

Trans. On Geosciences and Remote Sensing, Vol. 31, No. 2, pp.455-463. 

Massonnet D., Rossi M., Carmona C. (1993). The displacement field of the Landers 

earthquake mapped by Interferometry, Nature, 138–142.  

Massonnet D. and Feigl K. L. (1998). Radar Interferometry and its application to detect 

changes in the earth’s surface. Reviews of Geophysics, 36(4), 441-500. 

Massonnet, D., Feigl, K. L. (1998). Radar interferometry and its applications to changes in 

the earth's surface. Reviews of Geophysics, 36(4), 441−500. 

Mekel, J.F.M. (1972). The Geological Interpretation of Radar Images,I.T.C. Text Book of 

Photo-interpretation, Vol.III, Chap.VIII.2, ITC, Enschede. The Netherlands. 

Mirbagheri, M., (2001). Analysis of Interferometric SAR for topographic mapping, Report 

from School of surveying and special information systems, Australia, 34-36. 

Sabins, F.F., (1999). Remote Sensing: Principles and Interpretation (3rd ed.), W.H. Freeman 

and Company, New York. 

Trevett, J.W. (1986). Imaging Radar for Resource Surveys, Chapman & Hall, London. 

Ulaby, F.T. and Elachi, Charles (Eds.), (1990). Radar Polarimetry for Geosciences 

applications. Artech House Inc., Norwood, M.A. 10.Ulaby, F.T.; Moore, R.K.; Fung, A.K. 

1981. Microwave Remote Sensing: Fundamentals and Radiometry, Vol. I, Addison – 

Wesley Publishing Co., Reading, Massachusetts, U.S.A. 

Ulaby, R.T. and Dobson, M.C., (1989). Handbook of Radar Scattering Statistics for Terrain, 

Artech Hourse, Inc. Norwood, M.A. 

Ullaby, F.T.; Moore, R.K.; Fung, A.K. (1982). Microwave Remote Sensing: Radar Remote 

Sensing and Surface Scatterung and Emission Theory, Vol. II, Addison - Wesley Publishing 

Co., Reading, Massachusetts, U.S.A. 

Ullaby, F.T.; Moore, R.K.; Fung, A.K. (1986). Microwave Remote Sensing: From Theory 

to Applications, Vol. III, Addison – Wesley Publishing Co., Reading, Massachusetts, U.S.A. 

Valdia K.S (1980). Geology of Kumaun Lesser Himalaya, WIHG, Dehradun, India. 
 



Study of Slow Moving Landslide Using SAR Interferometry Technique 

76 

 

 

Walker, B.F., Blong, R.J., and MacGregor, J.P. (1987). Landslide Classification, 

Geomorphology and Site Investigations. In Walker, B.F. and Fell, R. (eds.) Soil Slope 

Instability and Stabilisation, Balkema, 1‐52.    

Zebker H.A.& Goldstein R.M. (1986). Topographic mapping from interferometric synthetic 

aperture radar observation, Journal of Geophysical Research Vol. 91 B5, pp.4993-4999. 

Zebker, H. A., Rosen, P. A., Goldstein R., Gabriel A., & Werner C.L. (1994). On the  

derivation of coseismic displacement fields using differential radar interferometry: The  

landers earthquake, Journal of Geophysical Research Vol. 99,pp. 19617-634. 

Zhou, X., Chang, N. and Li S. (2009). Applications of SAR Interferometry in Earth and 

Environmental Science Research, Sensors, 9, 1876-1912. 

 
 


