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The effects of landslide disasters are extremely severe, resulting in significant economic 

damage and a high number of fatalities on a global scale. In the event of a disaster of this 

magnitude, a swift and reliable disaster information is crucial. This is usually very tasking 

activities and expensive using proprietary application and data. This study therefore 

demonstrates the usability of opensource application and free satellite data on an 

assessment of earthquake induced landslide using data and applications sourced from 

European Space Agency (ESA) Copernicus Open Access Hub. A Differential 

Interferometric Synthetic Aperture Radar (DInSAR) technique, which is more advanced 

earthquake assessment tool was used to obtain morphological changes via-a-vis the 

vertical displacement produced during Gorkha earthquake of April 25, 2015, in Nepal. In 

the study, a single interferogram of the two repeat pass SAR data for a DInSAR process 

was applied over an area of 128 km2. A pair of SAR image with a temporal baseline of 

144 days and perpendicular baseline of 122.51 meters were used. Three landslide 

locations were evaluated. The vertical displacements using DInSAR ranges from -0.23 

(moving away from satellite) to 0.24 m (movement towards satellite). The simulated 

morphological values compared well with obtained google earth images captured at 

during the period of the disaster event. 
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1. INTRODUCTION

Landslide disasters have resulted in high number of deaths 

and massive economic losses in places vulnerable to these 

risks. Because of these developing concerns, various studies 

have been conducted to study this hazard on both a local and 

worldwide basis [1-3]. Landslides are generally caused by 

anthropogenic (technical slope cutting, mineral exploration, 

land usage, settlement growth in steep areas) and natural 

(volcanic activities, seismic activities, water) forces [4]. The 

amount to which these elements interact determines the size 

and dispersion of the landslide [5]. Although engineers and 

scientists have contributed numerous published papers 

throughout the years on the detection, control, and 

development of resistance against the effects of landslides [2, 

6-8], it is generally understood that acquiring trustworthy

disaster information is essential for effective landslide disaster

management and prevention [3, 5, 7, 9, 10]. This has

necessitated efforts in developing technologies for information

gathering. The use of satellite technologies has now

progressed from the first military activities that were initiated

by the US army to remotely sensed for meteorological and

geotechnical applications, to name a few, to research natural

hazards [11]. In the past few years, landslide disaster data has

been obtained more frequently using remote sensing devices,

particularly the use of Synthetic Aperture Radar (SAR), a key 

component in the study's topic [12-16]. This is a change from 

the earlier, more conventional method of conducting 

measurement techniques and findings [1, 11]. More 

importantly, many factors, including their wider reach, 

reproducibility, practical application over inaccessible areas, 

high resolution, and widely accessible data—often for no 

cost—have been linked to the growing use of remotely sensed 

information for landslide hazards studies [1, 9, 17-19]. 

In addition to the expanding use of remote sensing, more 

Earth Observatory Satellites (EOS) have been launched in 

latest years, providing access to unprecedented records that 

will aid researchers, policymakers, disaster managers, 

scientists, and engineers concerned with landslides studies 

[20-25] Increased knowledge and well-informed decision-

making in the occurrence of a landslide as well as other natural 

hazards have resulted from this. For instance, the Copernicus 

Open Access Hub, formerly known as the Sentinels Scientific 

Data Hub, is one of the many organizations that are providing 

free Sentinel satellite data based on open and free source 

initiative [26, 27]. The Sentinel-1A and Sentinel-B satellite 

constellation that makes up the ESA satellite offering C-band 

radar imaging of the earth's surface. It is possible to scan the 

same area of the earth's surface every six days with the 

operation of the two satellites (re-visit period). It uses a special 

International Journal of Design & Nature and Ecodynamics 
Vol. 18, No. 2, April, 2023, pp. 237-249 

Journal homepage: http://iieta.org/journals/ijdne 

237

https://orcid.org/0009-0008-4266-2965
https://orcid.org/0000-0001-7500-2738
https://orcid.org/0000-0003-3450-703X
https://orcid.org/0000-0003-1274-4202
https://orcid.org/0000-0002-8848-8105
https://orcid.org/0000-0002-9217-8476
https://orcid.org/0000-0001-9239-5676
https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.180201&domain=pdf


 

scanning method called Terrain Observation by Progressive 

Scan (TOPS), which covers a greater region with resolutions 

of 3.5 meters for range (radar side scanning) and 14 meters for 

azimuth look (along flight direction radar scanning). It is 

appropriate for ground observation for landslide investigations 

because of these characteristics [10]. Several studies have been 

conducted using complex applications, which frequently 

demand significant funding to better understand landslide 

events. Dai et al. [10] used TOPS Sentinel-1A imagery to 

examine the current behaviour of the Daguangbao landslide 

using the TS-InSAR integrated Atmospheric Estimation 

Model (TSInSAR AEM). Even eight years after the Wenchuan 

earthquake, Sentinel-1 time-series results suggest that some 

parts of the Daguangbao landslide are still operational with 

four sliding zones and demonstrating a maximum deflection 

rate of 8 cm/year. Yamada [28] utilized the JERS-1/SAR data 

to identify a flood-affected area in Thailand's central plain 

which has a connection to micro-geomorphology. Both the 

geomorphological maps and SAR data may be used to quantify 

the agricultural damage caused by flood as well as landslide. 

Dong et al. [29] employed ALOS-2 PALSAR-2 and Sentinel-

1 datasets to measure the precursory motions of the historic 

Xinmo landslide in Mao County, China. At the selected 

location, the greatest displacement rate measured was 35 

mm/year along the radar line of sight direction. Moreover, 

Smail et al. [30] used interferometric syn-thetic aperture radar 

technologies to locate and monitor earthquake-induced 

landslides as well as lands prone to landslides by locating 

deformations in earthquake-affected areas. The Mila region of 

Algeria, which experienced substantial landslides and 

structural damage, is the subject of the pilot study region. 

While no pre-event geotechnical precursors were found by the 

displacement time-series analysis of 224 interferograms (from 

April 2015 to September 2020) carried out using LiCSBAS, 

the post-event analysis revealed a 110 mm yr-1 subsidence 

velocity in the rear slope of Kherba. Based on the merging of 

C- and L-band SAR measurements, Liu et al. [31] devised a 

new method for estimating 3D and long-term displacement 

time - series data of landslides. This technique was used to 

map the 3D and long-term displacements (nearly 12 years) of 

landslides in Gongjue County, Tibet, China; four sets of SAR 

images from various platforms (C-band descending ENVISAT, 

L-band ascending ALOS/PALSAR-1, and C-band ascending 

and descending Sentinel-1 SAR datasets) were obtained and 

utilised from January 2007 to November 2018. In addition, 

Tzouvaras et al. [32] used the DInSAR technology to detect 

two separate landslide incidents caused by significant rainfall 

in Limassol and Paphos Districts in February 2019. Six co-

event interferometric Synthetic Aperture Radar (SAR) pairs 

were utilised to generate displacement maps in the vertical and 

east-west directions in order to investigate the ensuing slope 

deformations.  

However, using freely available satellite data sources, 

landslides can be researched, and trustworthy landslide 

disaster information can be gathered for little, or no money as 

demonstrated in this study. As a result, the goal of this study 

is to assess the reliability of coseismic landslides detection 

using opensource data from sentinel-1 satellite obtained 

through the ESA Copernicus Open Access Hub. Free Sentinel-

1 satellite data from the ESA through its free and opensource 

sentinel data policy framework was used to detect identifiable 

landslides that were caused by the Gorkha earthquake of Nepal 

on April 25, 2015. 

 

2. STUDY AREA 

 

Nepal is in Southern Asia, at the southernmost tip of the 

Himalayan Mountain region. It is bounded to the west, south, 

and east by India, and the north by China's Tibet area. Nepal 

is rectangular, about 128 kilometres (80 miles) broad and 80 

kilometres (550 miles) long, with Kathmandu being its capital 

(Figure 1). The mountain regions, most notably Mount Everest, 

are situated along the northern boundary. The country has a 

land area of approximately 147,181 km2 and a population of 

26 million people [33]. Nepal's seismicity is influenced by its 

placement along the active Main Himalayan Thrust (MHT) arc, 

where the subduction zones Indian plate interacts with the 

over-riding Eurasian plate [34-37]. This structure has a 

significant impact on the seismicity of the region, causing 

Nepal to endure severe earthquakes with magnitudes in the 

order of Mw of 8.5 in the past [38-41]. According to Goda et 

al. [42], a Mw of 7.8 earthquake struck the Lamjung district 

on April 25, 2015, which is located in a distance 81 kilometers 

north-west of Kathmandu (see Figure 2), the nation's capital, 

and was followed by multiple aftershocks, including a Mw of 

7.3 event on May 12, 2015 [43]. This incident left 18500 

injured, 8500 persons dead, and other casualties in 

neighboring Bangladesh, India, and China countries [44-47]. 

The causative fault was determined as shallow striking and 

dipping fault with offset of 2 – 4 m. The hypocentral depth of 

the earthquake was calculated as 15 km, at a distance of 150 

km east and south of the epicenter [44, 48].  

 

 
 

Figure 1. Map of the five physiographic divisions of Nepal 

[38] 

 

 
 

Figure 2. Historical earthquake location and magnitude of 

the Nepalese earthquake that struck Gorkha on April 25, 

2015 

 

 

3. MATERIALS AND METHODS  

 

Through the ESA's Copernicus initiative, free satellite 

information services and data are available through its Data 

and Information Services (DIAS) or the Conventional Data 
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Hub (Copernicus Open Access Hub) [49, 50]. For all users, 

especially those in the European Union, the Copernicus Open 

Access Hub offers an interactive Graphic User Interface (GUI) 

for obtaining Sentinel data. Before access is provided, a user 

registration process that can take a week must be completed. 

SNAP is a component of Scientific Toolbox Exploitation 

(STEP), a project the ESA and Brockmann Consult 

collaboratively developed with assistance from Array systems 

computing for satellite data processing. The application is free 

source, and it contains a discussion forum where users can ask 

and answer questions about using SNAP. The processing 

carried out in this investigation was done using SNAP version 

6.0. 

 

3.1 SAR coverage area 

 

 
 

Figure 3. The coverage swat of two Sentinel-1 SAR images 

 

As shown in Figure 3, the SAR image pair acquired by the 

Sentinel-1 satellite for this investigation includes the regions 

of Manang, Lamjung, Kaski, Gorkha, and Dhading. The 

Churia, middle, and a portion of the High Hills are traversed 

by the SAR swat in the Nepali region. This is located in a high-

altitude mountainous area where the likelihood of an 

earthquake-caused landslide is considerable. 

3.2 Sentinel-1 data acquisition 

 

For this study, seven Sentinel-1 (IW) SLC products of SAR 

pictures were retrieved. Every data set has an average size of 

3.0 GB, and all of the polarizations are Vertical Vertical (VV). 

To guarantee compatible and accurate coregistration, the 

selection factor such as the polarization, relative orbit number, 

product type, temporal and perpendicular baseline value, and 

sensor mode variable are carefully chosen. It should be noted 

that although these satellite images are made accessible upon 

request, they are not frequently downloadable at an instance. 

As a result, each requested product data takes an average of 

one working day to become available for download. This 

period may occasionally increase, especially in cases of 

service problems or website outages. 

To determine which image pair is co-registrable, had the 

least perpendicular and temporal baseline values, trial 

combinations of image pairs from the seven downloads were 

performed. According to Jebur et al. [3], Massonnet and Feigl 

[48], Guzzetti et al. [5], and Schlögel et al. [51], this phase is 

essential for quality assurance to select a preferred pair with 

the lowest perpendicular and temporal baseline). The SAR 

pair's perpendicular baseline is 122.51 meters, and its temporal 

baseline is 144 days. For In-SAR/DInSAR research, high 

levels of this variable have allegedly been used [1]. 

Additionally, Singhroy et al. [52] conducted InSAR on two 

SAR images with a temporal baseline of up to 736 days 

producing a high coherence value, whereas Mondini et al. [49] 

employed a temporal baseline of 288 days. Values lower than 

the result used in this study could have been preferable if data 

availability throughout the time of the earthquake was not a 

constraint. It was recognized that a greater perpendicular and 

temporal baseline limit the accuracy of InSAR/DInSAR 

processing or provide no result at all. The image pair must 

overlap over the selected Area of Interest (AOI) in Nepal, 

which is another crucial factor (Figure 4). This is not a 

constraint because there is a common overlapping area 

between two SAR images over an AOI. Table 1 shows the 

information of the two overlapping SAR images. 

 

 
 

Figure 4. The location of the two overlapping SAR images 

used for the InSAR and DInSAR processing 

 

Table 1. Information of the two overlapping SAR images 

 
Item Sentinel-1 Sentinel-2 

Product S1A_IW_SLC__1SSV_20150409 S1A_IW_SLC__1SSV_20150831 

Mission Sentinel-1A Sentinel-1A 

Product Type SLC SLC 

Processed Time 09-APR-2015 19:06:04 31-AUG-2015 18:52:55 

Acquisition Mode IW IW 

Pass Direction Ascending Ascending 

Polarization V/V VV 
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3.3 SAR pre-processing steps 

 

TOPSAR split and orbit file application 

The Interferometric Wide (IW) acquisition mode was 

chosen for the ground processing system in this investigation 

out of the four acquisition modes available on the Sentinel-1 

satellite. Three sub-swaths, designated IW3, IW2, and IW1, 

each consisting of nine bursts, make up an IW mode swath. 

The TOPSAR split makes it possible to choose between 

overlapping AOI in a sub-swath, a whole swath, or inside the 

bursts. The IW1 sub-overlapping swath's bursts 1 to 3 were 

chosen for this study because it was dis-covered that they 

overlapped Nepal's mountain ranges, where landslides on 

downhill slopes are more prone to occur. The image is then 

processed with an exact orbit file to provide precise data on 

satellite position and velocity. The orbit state vector of the 

metadata for the collected SAR product is updated by the 

accurate orbit file. This is often accessible days to weeks 

following the SAR product's creation. When using a written 

operator to do the processing and generate the spitted orbit 

data, this processing can be applied to the two images either 

simultaneously or separately. 

 

3.4 SAR processing steps 

 

3.4.1 Coregistration and interferogram generation 

Using a back-geocoding operator to resample the slave 

picture to match the shape of the master image, two split orbit 

SAR images were coregistered to generate a single-master 

stack. This is accomplished utilizing a specified external DEM, 

and the study employed an SRTM 3Sec HGT automatic 

download DEM. The back-geocoding operator also cleans up 

the SAR picture pair to remove distortion brought on by the 

area's geometry. A tiny data block in the middle of the burst 

was then used to calculate a fixed range offset for each burst, 

and then an ESD approach was used to estimate a fixed 

azimuth portion. A series of images called an interferogram, 

which depends on the terrain displacement, acquisition shape, 

and atmospheric homogeneities, was created. According to 

Massonnet et al. [48], the displacement stage part, topographic 

stage part, flat-earth stage part, and atmospheric stage part all 

contribute to the total interferometric stage input. The black 

line within the burst that carries overlapping data between 

every burst in both azimuths look, and range look was then 

removed using TOPSAR Deburst.  

Due to the removal of this overlapping line, the burst 

information was continuously covered. Surface targets are 

divided into square pixels in any collected SAR image, 

depending on the spatial resolution of the satellite's image 

acquisition mode. A two-dimensional complex value image 

known as a SAR image is created using the average values for 

the amplitude (A) and phase (ϕ) of the microwave signals 

reflected from within each pixel as indicated mathematically 

in Eq. (1) [53, 54].  
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where, S represent the measured complex signal of a SAR 

image, A is the amplitude, jϕ the recorded phase and r is the 

distance in slant range direction between the sensor and a 

certain scatterer [55]. If S1 and S2 be the received signal of two 

satellite positions. The first image (S1), is known as master 

image (pre-event), and the second image (S2) is known as slave 

image (post-event). Therefore, S1 and S2 are given by Eqns. (2) 

and (3). After registration, the two complex SAR images were 

multiplied, and the interferometric phase was obtained using 

Eq. (4).  
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3.4.2 Differential interferogram, phase unwrapping, and 

displacement map generation 

Differential SAR Interferometry is a technique addressed to 

measure the Earth surface displacements with centimetric 

accuracy. The interferometric phase is computed by applying 

Eq. (5). The SRTM 3Sec HGT auto download DEM was used 

in the DInSAR encased phase processing to remove the 

topographic stage input and provide an interferogram that only 

exhibits displacement. The Multi look driver then eliminates 

spectrum noise, resulting in an image pixel with a square form 

(this improves the resolution of the image). As a crucial stage 

in the stage unfolding process, a Goldstein filtering operator 

was used to lower the phase noise. Using a Minimum Cost 

Flow (MCF) method, SNAPHU software conducted a 2-D 

phase unwrapping. The Linux-based application SNAPHU, 

which is not included with the SNAP software, needs to be 

programmed using the command line. The DInSAR encased 

stage was exported using the SNAPHU Export tool to an 

external location, where SNAPHU was used to uncover the 

stage using a command line action. After being loaded into 

SNAP, the outcome of the SNAPHU unwrapped stage was 

transformed into deformation. 

 

2f Topo Displ Atm Err N       = + + + + +
 (5) 

 

where, ϕf=Flat earth, ϕTopo=Topographic phase, 

ϕDis=Deformation phase, ϕAtm=Atmospheric phase and 

ϕErr=Noise (error phase) 

 

3.4.3 Terrain correction of InSAR coherence, differential 

interferogram, and displacement map 

To counteract the erroneous effects of terrain on satellite tilt 

and backscatter readings, a Range Doppler Terrain correction 

was carried out. Using reference DEM data and an external 

exact orbit to obtain specific geolocation information allows 

for the removal of these aberrations. This process is applied to 

the differential interferogram, displacement map, and 

coherence to perfectly export them for viewing on a google 

earth map. Figure 5 depicts the total process flow for the 

technique segment. 

 

3.5 Validation of the displacement map 

 

Following the Gorkha earthquake on April 25, 2015, the 

terrain-corrected deformation map was superimposed on a 

Google Earth image that had coseismic landslides recorded. 

The position of the landslides on the google street view image 

matched the area in which the displacement map showed there 

was substantial change distant from the satellite camera. On 

Google Street View, three landslides were found, verified, and 

their volume approximated. By determining the total area of 
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the landslide shape and subtracting the area corresponding to 

uplift or no distortion from it using the measurement tool in 

Google maps, the resulting area relating to landslide 

displacement can be determined. The number of materials that 

have been moved was then determined by multiplying the 

resulting area by the height value that represents the amount 

of movement away from the satellite camera (subsidence), as 

determined by the dis-placement legend. 

 

 
 

Figure 5. Process diagram of the master and slave SAR 

images 

 

 

4. RESULTS 

 

The outcomes of the two Sentinel-1 SAR data utilized in 

this study are InSAR Coherence map, DInSAR phase map, 

DInSAR displacement map, Google Earth image provided. 

The main processing results that are pertinent to demonstrating 

the goal of this study are these maps. Additionally, important 

parameters found in these maps will be recorded along with 

their importance to the study's goal. Three different landslides 

from the DInSAR displacement map that were verified with 

Google Earth images after the earthquake are shown in this 

section. 

 

4.1 Google earth location map of study area following the 

Nepal earthquake 

 

Figure 6 displays a google earth image of Gorkha and the 

high highlands districts of Nepal. The region is extremely 

forested in some areas, and the geographical location varies 

from low to high relief, as can be seen in the image. Natural 

vegetation implies that it might be difficult to produce high-

quality interferograms since short-wavelength SAR, such as 

that of Sentinel-1 used in this investigation, has a poor 

penetration depth on vegetation [56]. Additionally, the effect 

of topography may have prevented radar illumination from 

reaching some areas of the research region, therefore the 

authors anticipate that the displacement map may contain 

missing data [56, 57]. Three yellow place markers on the 

google map show the locations of the specified landslides that 

were utilized in this research. The DInSAR phase map, geo-

coded InSAR coherence, and DInSAR displacement map are 

overlaid on google earth to highlight the research area's size. 

 

4.2 Terrain corrected InSAR coherence map 

 

Figure 7 depicts the spatial variance of coherence estimation 

over the research region as depicted by the coherence scale. 

Furthermore, the coherence result achieved across the research 

region is satisfiable according to Schlögel et al. [51] and Singh 

et al. [56] who employed and so advocated 0.3 as the minimal 

coherence value. The overall low coherence value in the map, 

particularly in the low land region, could be attributable to 

natural vegetation, as seen by the backdrop Google Street view 

image. Hill shading generated by high regions inhibiting radar 

influence over low territories could be another factor 

contributing to low coherence, particularly in the low land 

region. Additionally, noteworthy is this effect in the landslide 

researched by Rosen et al. [58] and Franceschetti and Lanari 

[57]. 

  

 
 

Figure 6. Google earth image of Gorkha and the high hills region of Nepal captured on the 5th of May 2015 
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Figure 7. Coherence map overlain on a google earth map showing bright (high coherence) and dark (low coherence) region of 

the study area in Nepal 

 

.  

 

Figure 8. Map showing DInSAR phase value range the over study area of Nepal 

 

4.3 DInSAR phase map generated from the two 

coregistered SAR images 

 

The stage value spectrum of the obtained DInSAR map, 

shown in Figure 8, is -2.35 to +2.35. Inferentially, a positive 

phase value in a DInSAR interferogram denotes subsidence, 

while a negative sequence value denotes the buildup of earth 

material [51]. However, due to the difficulties of employing 

SAR in a forested and mountainous identification of such 

environment, which results in noisy interferograms, this 

interferogram is not sufficiently clear. Due to Jebur et al. [3] 

interferogram categorization as an area of landslides, the 

closely parked interferogram is a sign that there are several 

pockets of landslides in the studied area. It should be 

highlighted, though, that generating ideal interferograms and 

using them to identify landslides are difficult tasks. 

 

4.4 Vertical displacement map 

 

Figure 9 shows the vertical displacement map created for 

this investigation. The positive displacement value ranges 

from 0.00 meters to +0.24 meters and the negative 

displacement value goes from -0.23 meters to 0.0 meters 

according to the displacement map's legend. The ground 

movement away from the satellite camera is understood as 

negative displacement, whereas ground movement toward the 

camera or material accumulation is viewed as positive 

displacement [59]. As a result, uplifts/material accumulations 

are represented by red and yellow-coded displacements. The 

slightest movement away from the camera is represented by 

the green-coded displacements and are widespread over the 

study area. The region with the white and blue coding 

represents quite large displacements away from the satellite 

camera and will be of relevance for identifying landslides.  

Within the white and blue coded displacements area, three 

landslides were chosen from a larger group to serve as 

examples of the study's objectives. As illustrated in Figure 9, 

they are identified with a yellow placemark as Landslide 

location 3, Landslide location 2, and Landslide location 1. The 

three landslides occurred in an area that has experienced 

significant displacement (movement away from the satellite 

camera). 

 

4.4.1 Location one landslide 

Figure 10 displays the InSAR DEM coherence map over 

Location 1 landslide. The specific location of the landslide was 

discovered to have a significant coherence value (bright 

colour), which is a sign of a reliable phase assessment. Other 

dark, low-coherence areas will result in poor phase readings 

and might not produce the expected displacement indicative of 

a landslide. Although both images were obtained at the same 

map size, it can also be noted that the InSAR DEM coherence 

map seems closer in view than the Google Earth image. 

Despite the processing's limited reduction of these effects, 

Ferretti et al. [60] classified this impact as layover and 

foreshortening effects. 
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Figure 9. Vertical displacement map showing the locations of three selected landslides 

 

 
 

Figure 10. Google earth image and InSAR coherence map of location one landslide 

 

 
 

Figure 11. Google earth image and displacement map of location one landslide 
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Figure 12. Google earth image and InSAR coherence map of location two landslides 

 

 
 

Figure 13. Google earth image and displacement map of location two landslide 

 

The displacement map that was used to verify this locality 

in Figure 11, a single landslide is depicted. Landslides are 

indicated by the blue-coded area that shows significant 

displacement away from the satellite radar. Red-coded uplifts 

in the center of location one's landslide indicate movement in 

the direction of the camera; these uplifts are not considered 

when calculating the displacement of interest and might be 

considered as material that are impeded from downslope 

movements. 28,602 m2 was the estimated size of the landslide. 

The landslide caused a vertical displacement of -0.06 and a 

volumetric displacement of material estimated at 1,716.12 m3. 

 

4.4.2 Location two landslide 

When compared to the coherence value of location one 

landslide in Figure 12, the exact position of location two 

landslide has a low coherence value and displays darker in 

Figure 10. InSAR DEM coherence map. More also, there were 

also numerous large dark areas of low coherence (coherence 
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loss) over this area. When examined on Google Earth image, 

this position is more vegetated than location one, which may 

be the source of the coherence loss in this place. The dense 

foliage in this area may have reduced radar reception, leading 

to coherence loss in several locations. Another aspect that may 

have affected radar illumination is the impact of satellite 

location at this acquisition. 

The displacement map that was utilized to verify this 

landslide is depicted in Figure 13, and the area that is color-

coded blue indicates areas where there have been significant 

displacements away from satellite sensors, which indicate 

landslides. Red-coded areas at the side and toe of the landslide 

indicate movement in the direction of the camera; these uplifts 

are also not considered when estimating the landslide's volume. 

The displacement map shows numerous landslide movements 

over this area, and numerous landslides found on a google 

earth image of the area confirm this. This may be because the 

slope is in the direction of the satellite radar, which results in 

significant radar illumination of the slope surface, as suggested 

by research by Rosen et al. [58] and Franceschetti and Lanari 

[57]. the estimated size of the landslide is 9,729 m2. The 

volume of material displaced by the landslide was assessed to 

be 583.74 m3 due to the landslide's vertical displacement of -

0.06 m. 

 

4.4.3 Location three landslide 

Figure 14 displays the InSAR DEM coherence map over 

location three's landslide. According to its InSAR coherence 

map, the landslide location had a low coherence value in the 

middle and strong coherence on both sides. Also observed 

over this location were numerous bright spots of high 

coherence, which may have been caused by good radar 

penetration due to the area's less dense vegetation as seen in 

the Google Earth image in Figure 15. 

Figure 15 depicts the displacement map that was utilized to 

verify this landslide. The displacement map shows numerous 

landslide movements over this area as confirmed by the 

numerous landslides found on a google earth image of the area. 

This may be because the site is in the direction of the satellite 

radar, causing the slope surface to receive a lot of radar 

illumination. The volume of the material that was displaced is 

8,655.71m3, and the area of the landslide was assessed to be 

144,078.53m2. It should be emphasized that among the three 

locations, this landslide's volume displacement is the biggest 

as can be seen on both google earth image and displacement 

map.  

 

 

5. DISCUSSION 

 

It is important to note that not all the landslides in these 

locations that were visible in the Google Earth image were 

shown on the displacement map; accordingly, it's conceivable 

that the steep topography prevented some of them from being 

detected by radar. The results of this study allowed the 

evaluation of three landslides on the displacement map 

produced by the InSAR/DInSAR processing of two Sentinel-

1 SAR images. These landslides were then verified using 

Google Earth images that were taken after the earthquake that 

caused numerous coseismic landslides in the Nepal region. 

The success of these findings is comparable to that of Jebur et 

al. [3], who used repeat pass SAR images from an ALOS-

PALSAR satellite's long wavelength SAR to illustrate the 

capacity of InSAR/DInSAR in forested terrain. The work 

conducted by Singhroy and Molch [59], which used repeat 

pass SAR data from ERS satellite for landslide diagnosis, is 

also comparable to the one presented here. However, these two 

studies used commercial software and longer wavelength SAR 

satellite pictures. This study has shown that open-source 

software and Sentinel-1 short-wavelength SAR can both be 

useful tools for studying landslides and quickly producing data 

on landslide disasters. The mid-hill regions of Nepal show 

significant displacement caused by landslides based on the 

displacement reported by this study. This has supported Kabi 

[61] observations, which suggested that the region's 

sedimentary formation is to blame for the incidence of 

landslides there. 

 

 
 

Figure 14. Google earth image and InSAR coherence map of the location three landslides 
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Figure 15. Google earth image and displacement map of the location three landslide 

 

Several restrictions could have diminished the validity of 

the study's findings. First, unlike what Jebur et al. [3] 

accomplished in their study, no field validation measurement 

was conducted on the reported landslides. The author used a 

measurement method to validate the DInSAR displacement 

map, and the outcome was satisfactory with an estimated error 

of 0.19 RMSE. The pair of SAR images employed in this 

investigation had a slightly higher than acceptable temporal 

baseline, which is an additional limiting factor. This limitation 

may have reduced the precision of our findings, especially 

when it creates noisy DInSAR interferometric phase. 

According to the study's findings, it is possible to identify 

landslides and create data about landslide disasters by 

examining the huge amount of Sentinel-1 data that the ESA 

Copernicus programme makes freely available. The task of 

this study has also been significantly streamlined by the user-

friendly SNAP programme, which has simplified some of the 

critical operations that could be challenging in other SAR 

processing commercial software. More studies on the 

precision of using ESA Sentinel-1 satellite data should be 

undertaken at accessible landslide locations where results can 

be field validated. To lessen the numerous inaccuracies caused 

by dense vegetation, the utilization of this short wavelength 

SAR should also be evaluated on a landslide in a location with 

less vegetation. 

 

 

6. CONCLUSION 

 

The European Space Agency (ESA) offers a massive 

archive of free sentinel satellite data that, if studied, could 

provide prompt and helpful disaster information. As a result, 

the current study used this data to examine the possibility of 

landslide identification after coseismic landslides in Nepal. 

After the Gorkha earthquake on April 25, 2015, 

InSAR/DInSAR processing employing short wavelength free 

Sentinel-1 SAR pictures were able to spot landslides. 

According to the result of this research, this approach can also 

produce results in challenging and overgrown terrain. The 

usage of a temporal baseline of 144 days and a perpendicular 

baseline of 122.51 m had no significant effect on the 

displacement map's output, even though values greater than 

this were employed on the ALOS PALSAR satellite and 

longer wavelength ERS data. Because areas of coherence loss 

tend to display little substantial or no displacement at all, 

coherence estimation was proven to be a critical step before 

InSAR and then DInSAR processing. Landslide detection and 

volume assessment utilizing InSAR/DInSAR methods in this 

study demonstrate significant agreement with the findings of 

other researchers who have utilized this technique.  

This study has shown that free sentinel-1 satellite data may 

be trustworthily processed using InSAR/DInSAR to detect 

landslides and to produce priceless landslide disaster 

information. This study indicated several closely parked 

interferograms attesting to extensive displacement, and the 

DInSAR interferogram created for this investigation were far 

from what could be reliably employed. To improve the usage 

of the differential interferogram to detect ground displacement, 

more research is required to understand how interferometric 

noise could be significantly decreased.   
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