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Abstract

The capital city of Nepal and surrounding areas was hit by 7.8 magnitude on 25" April 2015
followed by large number of aftershocks including 7.3 magnitude earthquake on 12" May
2015 respectively. The epicenter of first earthquake was the village of Barpak, Gorkha
district, and its hypocenter was at a depth of approximately 15 km (source:Wikipedia). The
epicenter of the second one was near the Chinese border between the capital of Kathmandu
and Mt. Everest. To study the deformation due to this earthquake event, in this work,
differential synthetic aperture radar interferometry (DINSAR) technique has been used. This
technique has already proven its capacity for variety of applications including ground
deformation mapping. With the launch of Sentinel-1A on April 2014 and release of its data
on May 2015, numerous services have been benefitted including the monitoring of land-
surface for motion risks, mapping for forest, water and soil management and mapping to
support humanitarian aid and crisis situations. In the present study, using Sentinel-1 data and
SRTM 90m and SRTM 30m DEM deformation maps were obtained for eastern part of Nepal.
The results shows the deformation in the range of -37.5 cm to 93.5 cm with the mean
standard deviation of 10.5 cm for SRTM 90m DEM. The north-west part of the study area
(near Kathmandu) shows the uplift that goes upto around 1 m, whereas the north-east part
shows the uplift in the range of 11.5 cm to 68.9 cm. Southern part of the study area shows
subsidence. By using SRTM 30 m DEM for a small part of far eastern Nepal the
displacement range was found to be 31.1 cm to 1.78 m with mean standard deviation of 22.3.
The refinement of the land displacement map using 1-arc second SRTM Data is in progress.

1.0 Introduction

The April 2015 earthquake (also known as Gorkha earthquake) occurred at 11:56 NST on 25
April, with a magnitude of 7.8 and epicenter in the village of Barpak, Gorkha district with
hypocenter at a depth of approximately 15 km. The earthquake was followed by continued
aftershocks with second major earthquake of magnitude 7.3 in Nepal on 12 May 2015 at
12:50 pm, 18 km southeast of Kodari at a depth of 18.5 kilometres. Its epicenter was on the
border of Dolakha and Sindhupalchowk districts of Nepal. This earthquake occurred on the
same fault as the larger magnitude 7.8 earthquake of 25 April, but further east than the
original quake. The effect of this earthquake was so strong that the shaking was felt in
northern parts of India also including Bihar, Uttar Pradesh and West Bengal. Figure 1 shows

the map of Nepal along with the location of epicentre.
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Figure 1: Map of Nepal showing the location of epicentre of Gorkha Earthquake

(Source: NGA, Nepalese government)

As the environmental and economic impacts of the land deformation events like earthquake,
landslides etc. are very serious, it is very important to install the precise monitoring systems
to monitor and observe the land surface movement. Traditionally, it is done by installing the
discrete network of benchmarks and precisely levelling periodically. But with the advent of
modern technologies like Global Positioning Systems (GPS), lately, GPS stations have been
used, providing a relatively cheap and accurate measure of land deformation. Both methods
allows the precise monitoring of land subsidence at the selected grid of points, but for large
areas, the technique is time consuming and expensive (webl). Also, information on large
areas is result of interpolation and shows inaccuracies. Also, these methods are not useful for
the inaccessible locations (Raucoules et al., 2007). Because of the disadvantages of the
conventional methods like GPS, levelling, total station, and extensometers for monitoring the
ground surface movements; Spaceborne Radar Interferometry is used for regional-scale land
deformation measurements and is popular because of the rapid and easily updatable
acquisitions of data over wide areas that helps to reduce both field work and costs (web2).

For the mapping and monitoring land deformation, DINSAR technique has been used



worldwide for the land deformation mapping and monitoring. In this work also DINSAR
technique was used for mapping the land deformation caused due to the Gorkha earthquake in
eastern Nepal and first cut results are reported.

2.0 Study Area and Data used

2.1 Study Area

Eastern part of the Nepal has been taken as the study area for this study (Figure 2). Nepal lies
completely within the collision zone of Indian subcontinent and the Eurasian continent which

produced the Himalaya and the Tibetan Plateau. Nepal occupies the central sector of the
Himalayan arc (Pandey et al., 1999).
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Figure 2: Study area overlaid on the Google Earth map (Courtesy: Google Earth)

It was shown in a study that the Indian plate continues to move north relative to Asia at the
rate of approximately 50 mm per year (Bilham et al., 1994; Pandey et al., 1999). As the
strong Indian continental crust subducts beneath the relatively weak Tibetan crust, it pushes
up the Himalayan Mountains. This collision zone has accommodated huge amounts of crustal
shortening as the rock sequences slide one over another. A study from 2015 (BBC, 2015)
found a 700-year delay between earthquakes in the region. The study also suggests, that
because of tectonic stress transfer, the earthquake from 1934 in Nepal and the 2015

earthquake are connected - following a historic earthquake pattern.
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2.2 Data Used

Sentinel-1s radar can operate in four modes: Interferometric Wide swath (IW), Extra Wide
Swath (EW), Wave (WV) and Stripmap (SM). In this study Sentinel-1, Interferometric Wide
Swath SLC (IW-SLC), VV polarization data of 24™ April 2015 and 6™ May 2015 is used.
Sentinel-1 is a space mission from ESA of the Copernicus Programme, consisting of a
constellation of two satellites. The payload of Sentinel-1 is a Synthetic Aperture Radar in C-
band that provides continuous imagery (day, night and all weather). Sentinel-1A was
launched on 3 April 2014 on a Soyuz rocket from Europe's Spaceport in French Guiana. The
Sentinel-1 satellites are expected to make analysis of earthquakes using INSAR techniques
quicker and simpler.

IW SLCs, having three swaths, have three images in single polarisation and six images for
dual polarisation. For IW, each sub-swath consists of a series of bursts. Each burst has been
processed as a separate SLC image. The individually focused complex burst images are
included, in azimuth-time order, into a single sub-swath image, with black-fill demarcation in
between, similar to the ENVISAT ASAR Wide ScanSAR SLC products. For IW, a focused
burst has a duration of 2.75 seconds and a burst overlap of approximately 50-100 samples.

Images for all bursts in all sub-swaths of an IW SLC product are re-sampled to a common
pixel spacing grid in range and azimuth. Burst synchronization is ensured IW product. Unlike
ASAR WSS, which contains a large overlap between beams, for SENTINEL-1 TOPSAR
products, the imaged ground area of adjacent bursts only marginally overlap in azimuth just
enough to provide contiguous coverage of the ground. This is due to the one natural azimuth
look inherent in the data. Table-1 shows the properties that are particular to each sub-swath of
the IW mode. Table-2 shows the properties that are common to all sub-swaths of the IW

mode:

Table 1: Details of each sub-swath of the IW mode

Beam ID IW1 IW2 IW3
Resolution rg x az m 2.7x21.7 |3.1x21.7 |3.5x21.6
Pixel spacing rg x az m 2.3x14.1 [2.3x14.1 |2.3x14.1
Incidence angle ° 32.9 38.3 43.1
Range look bandwidth Hz 56.5 48.3 42.8
Azimuth look bandwidth Hz 327 313 314
Range Hamming weighting coefficient |0.75 0.75 0.75
Azimuth Hamming weighting coefficient|0.7 0.75 0.75
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Table 1: Properties common to all sub-swaths of the IW mode

Product ID IW_SLC

Pixel value Complex

Coordinate system Slant range

Bits per pixel 16 1and 16 Q

Polarisation options Single (HH or VV) or Dual (HH+HV or VV+VH)
Ground range coverage km 251.8

Equivalent Number of Looks (ENL) (1

Radiometric resolution 3

Absolute location accuracy m (NRT)|7

Number of looks (range x azimuth) (1 x 1

For subtraction of the topography, SRTM 90m and SRTM 30 m DEM is used. A 1-arc
second global digital elevation model (30 meters) (SRTM 30m DEM) has been released by
United States Government at the end of the year 2014.

3.0 Theoretical Background

Interferometric SAR also referred to as SAR interferometry is the measurement of signal
phase change or interference over time. INSAR utilizes the phase information of the images to
extract useful geodetic information such as the height of the terrain, ground deformation etc.
Conventional Synthetic Aperture Radar interferometry (INSAR) deals with the pixel-by-pixel
phase difference of two acquisitions, gathered at different times with slightly different
looking angles. Spaceborne SAR interferometry has already proven a remarkable potential
for two particular applications (of course among numerous others):

* The reconstruction of topographic digital elevation models (DEM) starting from
interferometric pairs acquired from slightly different viewing angles (the different acquisition
geometry is parameterized by normal baseline).

* The detection of surface deformation phenomena (e.g. volcano, co-seismic and post-seismic
displacements along active faults as well as slope instability) starting from pairs spanning a
convenient time interval. The deformation only in the line-of-sight of the sensor is obtained
from the interferometric measurements.

Radar signals are characterized by a certain frequency of operation and for interferometric
applications, they can be thought of as sinusoidal waves, one complete cycle from —x to +=n
corresponding to the wavelength. It is this specific property of the radar signal and the
system’s ability to record both amplitude and phase information for each image pixel that is

used in estimating displacement. When a point on the ground moves, the distance between
6
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the sensor and the point on the ground also changes and so the phase value recorded by a
SAR sensor flying along a fixed obit will be affected too. The change in signal phase (A®D)

can be expressed in the form of following equation:
Ap = AR + & + A

Where A is the wavelength, AR is the displacement and o is the phase shift due to different
atmospheric conditions at the time of the two radar acquisitions; A® IS the phase difference
due to the change in the contribution from the scattering resolution cell. As a consequence
any displacement of a radar target along the satellite line of sight creates a phase shift in the
radar signal that can be detected by comparing the phase values of two SAR images acquired

at different times.
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Figure 3: Principle for land deformation measurement
(Source:Chang et al. 2004)
But in order to use this method, following conditions should be met:

1. Images have to be acquired by the same satellite using the same acquisition mode
and properties (beam, polarization, off-nadir angle etc.)

2. Images have to be acquired with the satellite in the same nominal orbit.

3. The baseline separation between the master scene and any of the slave scenes
must be ideally zero for the deformation measurement, in contradictory to the case
of DEM generation where the baseline separation should be no more than the
critical baseline ( a parameter that varies with the SAR sensor in use), the baseline
being the distance between the satellite paths. This condition should be met so that

the phase contribution because of the topography can be eliminated.



4. The scattering characteristics of the resolution cell should be the same for the two
acquisitions so that the phase contribution from the changing scattering
characteristics becomes zero.

Ignoring any phase shift due to atmospheric conditions and no change in the scattering
characteristics of the targets in the same resolution cell, the estimated interferometric phase
can be directly related to the difference in path length to a target from the imaging platform in
the line of sight direction (Figure 3).

Differential Interferometry

Differential interferometry aims at the measurement of ground deformation using repeat-pass
interferometry. Since line-of-sight displacements enter directly into the interferogram,
independent of the baseline, it can be measured as a fraction of the wavelength.
Unfortunately, non-zero baselines will always cause some sensitivity with respect to
topography in the interferogram. The length of the perpendicular baseline deviates from zero
since

1. It is often not possible- or not-desirable- to maneuver the satellite in a zero
baseline orbit and

2. The baseline varies with the look angle, yielding only one zero-baseline range-bin
in the interferogram.

The interferometric phase observation per resolution cell is composed by a number of

contributors (Henssen, 2001)

¢ = 2nk + ¢top0 + q)defo + ¢)orb + (»batm + qbscat + ¢n0ise

4B, 4D

+ ARSL'TI(H)H + 1 + ¢orb + d)atm + ¢scat + d)noise

The first term on the right hand side denotes the unknown integer number of full phase cycles

= 2wk

or phase ambiguity. The topographic phase ¢,,,, is a function of the perpendicular
baselineB,, the look angle for the master platform 6 and the slant range from the master
platform to the Earth’s surface R. It describes the height H above the reference surface.
Further ¢g4.f, is due to deformation D in the radar line-of-sight and ¢,,, comprise the
deterministic flat Earth component and the residual signal due to orbit errors. This residual
signal forms a linear trend in the interferogram and can be estimated and removed
beforehand. Alternatively it can be included in the atmospheric delay¢,.,, because the
atmosphere causes a linear trend as well. Either way, after removal of the flat earth

component, the ¢,,, term vanishes. The signal due to a change in the scatter characteristics
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of the Earth’s surface between the two observation times is denoted by, . Finally, ¢,
represents the remaining noise terms, caused by for e.g. thermal noise, co-registration errors
and interpolation errors.

For topographic mapping only ¢, is the term of interest, whereas for land deformation

studies, we want to extract only ¢y, term and other terms are either corrected for or treated
as noise. In radar interferometry surface deformation studies, the topographic signal must be
removed from the flattened interferometric phase to isolate the surface deformation
contribution. This technique is called “Differential Interferometry” or D-INSAR. This was
first successfully applied to study the Landers earthquake (Massonnet et al., 1993; Zebker et
al., 1994). There are four general approaches for the elimination of topography in radar
interferometric applications:

1. The minimization of the perpendicular baseline component

2. The two-pass technique,

3. The three-pass technique and

4. The four-pass technique.
The minimization of the perpendicular baseline component for topographic elimination
amounts to selecting interferometric pairs for which the perpendicular baseline component is
sufficiently small as to assume the topographic component is negligible. When possible, this
technique is preferred as it avoids the introduction of topographic measurement errors and
significant increases in computational loads.
In a two-pass method, a digital elevation model (DEM) such as from the Shuttle Radar
Topography Mission (SRTM) (Farr et al., 2007) or another interferogram (Gabriel et al.,

1989) of the same area can be used to estimate the ¢y,p, term. The slightly different imaging

geometries also produce a slight parallax, if the area has topography. The Two-pass method
uses an external elevation model that is converted into radar coordinates, scaled using the
baseline, and subtracted from the interferogram (Massonnet et al., 1993). This can be a
feasible approach, as elevation models are available for many areas in the world. With the
release of l-arc second SRTM data, this approach is gaining popularity in the field of
deformation study of land due to earthquake event. The major disadvantage of this approach
is that errors in DEM will propagate into the deformation results. Also, it is not always
possible to find a DEM of the area and sometimes the exact datum of the DEM may be
unknown (Rosen and Hansley, 1996). This technique requires the DEM to be mapped into

radar coordinates (interferogram simulation).



The advantages of two-pass technique are: (1) The phase unwrapping of a topography
interferogram with significant phase variations is not required, (2) Geolocation does not
depend on the quality of the unwrapped topography interferogram and (3) Geolocation is a
by-product of DEM simulation process,

A second method called as three-pass method (Zebker et al., 1994). In this method an extra
SAR acquisition is used and combined with an appropriate image acquisition to create the so-
called topographic pair as shown in Figure 4.

The pair is assumed to have no deformation, a suitable baseline providing sensitivity to
topography, and sufficient coherence. This pair is unwrapped, scaled to the baseline
characteristics of the deformation pair and subtracted from it yielding the differential

interferogram.

topography

reference
surface

Figure 4: Three-pass Geometry
(Source: Buckley, 2000)
In order to perform the three-pass method, using a topographic pair, the effect of the baseline
difference between the two pairs should be taken into account. The baseline can be scaled
after the reference phase is subtracted from both interferograms. The major problem with the
three-pass method is the availability of suitable image pairs. Since the topography-only
interferometric phase is scaled before being subtracted from the topography and deformation
interferometric phase, the phase associated with the topography-only interferogram must be
unwrapped. The phase unwrapping errors can introduce deformation errors and complications
in the geo-location process. The advantages of three-pass method are (1) in remote locations,
where DEM may not be available, the radar acquisitions may be used for the measurements,
(2) Errors due to DEM i.e. height errors in the external DEM can be avoided and (3) since
radar images are in radar coordinates, computational loads are eased and interpolation errors

are avoided that are associated with DEM simulation.
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For the three-pass method to be applied, one common image has to be used for both the
topographic pair and the deformation pair. The common image is then used as a reference to
align the other two. Due to the available baselines for a specific scene, it may happen that the
common image is not available. For example, the baselines for all the available image pairs
of the deformation pair are too large, reducing coherence in the topographic pair and
hampering phase unwrapping. In that case, the four-pass method can be used, where the
topographic pair and the deformation pair are independent, i.e. they share no common SAR

acquisition. Figure 5 shows the geometry of four-pass method.

topography

reference
surface

Figure 5: Four pass Geometry
(Source: Buckley, 2000)

The difference between the four-pass and three-pass methods is that in the four-pass method
the influence of atmospheric signal will be more and in the co-registration of the images.
Differential interferogram generation requires the two interferograms (the deformation pair
and the topographic pair) to be aligned to the same grid. In three-pass differential
interferometry this requirement is satisfied by using a common reference image, onto which
the other two are coregistered and resampled. The four pass technique requires a repeated co-
registration and interpolation. First the two interferograms are formed separately, followed by
the coregistration of one of the pairs onto the other. After all images are in the same grid, the
topographic pair needs to be unwrapped and scaled according to the baseline ratio between
the two interferograms. Subtracting this unwrapped, scaled topographic pair from the
deformation pair yields the differential pair, which should ideally reflect only deformation
signal.

In addition to the three-pass technique,(sentence needs to be changed)the four-pass method is

easier to implement as it is not always possible to find three-pairs with the same common
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image for the two interferograms (topographic and deformation pair). The disadvantages
associated with the four-pass method are same as of the three-pass method. The additional
disadvantage of the four-pass method is the requirement of the additional to process the
fourth image and resample one interferogram to another.

For the study of long term deformation, advanced DINSAR tecniques like Persistent
Scatterers Interferometry (PSI) technique. Subsequent to the development of the PSI
technique which was started with the so-called Permanent Scatterer technique proposed by
Ferretti et al.(2000), several other related approaches were developed and proposed ((Ferretti
et al. (2001), Berardino et al. (2002), Colesanti et al. (2003), Mora et al.(2003), Lanari et al.
(2004), Hooper et al. (2004), Kampes and Hanssen (2004), Crosettoet al. (2005), Crosetto et
al. (2008a), Hanssen and van Leijen(2008)). Initially, the techniques were referred to as
“Permanent Scatterer techniques”, but now all of them, including the original Permanent
Scatterer technique, are usually called “PSI techniques”. The term “Permanent Scatterers” is

exclusively associated with the original technique patented by Ferretti et al.

4.0 Methodology and Results
Two-Pass differential interferometric technique was used in this study. Following are the
steps of the two-pass technique.
1. Interferogram generation
Using the SLCs of the pre and post-earthquake data, interferogram is generated. Figure 6
shows the generated interferogram with 24" May 2015 as the master image (pre-earthquake)
and 6™ May 2015 (post-earthquake) as the slave image. It is generated by multiplying the
master image with the complex conjugate of the slave image. The interferogram generated

contains the information of phase difference.
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Figure 6: Interferogram generated using 24™ April 2015 and 6™ may 2015 image of

Eastern Nepal

2. Differential Interferogram generation
In order to remove the topography related fringes, external DEM (SRTM 90m DEM) (Figure
7) is used and differential interferogram is generated. The step is necessary so that the phase
in the differential interferogram contains only the phase difference information because of the
land deformation or movement of the land surface. Figure 8 shows the differential
interferogram of the study area. Distinct fringes can be easily seen in the southern part of the

interferogram. Also, throughout the interferogram, fringes are visible.
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Figure7: 3 arc second SRTM DEM of Nepal and surroundings

Figure 8: Differential Interferogram generated using SRTM 90 m DEM
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3. Adaptive filter and Coherence generation
After generation of the interferogram, adaptive filtering and coherence generation step is

performed. Figure 9 show the filtered differential interferogram.

i i

Figure 9: Filtered Differential Interferogram

4. Phase Unwrapping
Filtered interferogram is used as an input to generate the unwrapped phase. The phase of the

interferogram can only be modulo 2 = ; hence anytime the phase change becomes larger than
2 n the phase starts again and the cycle repeats itself. Phase Unwrapping is the process that

resolves this 2 = ambiguity. Several algorithms (such as the branch-
15



Figure 10 a: Unwrapped Phase
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Figure 10 b: Unwrapped Phase statistics
cuts, region growing, minimum cost flow, minimum least squares, multi-baseline, etc.) have
been developed; in essence, none of these is perfect and different or combined approaches
should be applied on a case by case basis to get optimal results. In this study, minimum cost
flow method has been used for phase unwrapping. Figure 10 a and b shows the generated

unwrapped phase and its statistics respectively.

5. Refinement and Reflattening
This step is crucial for a correct transformation of the unwrapped phase information into
height (or displacement) values. It allows both to refine the orbits (i.e. correcting possible
inaccuracies) and to calculate the phase offset (i.e. getting the absolute phase values), or
remove possible phase ramps. Figure 11 (a) and (b) shows the reflattened unwrapped phase

and corresponding statistics.
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Figure 11 a: Flattened Unwrapped Phase

8] Statistics Results: 24ap_6may_senti1_reflat_upha - o IEN
File Options

Select Plot v | | Clear Plot

Histograms: nay_sentil_r

Select Stat

Filename: G:“sentinell Nepal:24ap bmay_sentil\24ap énay_sentil_refls A
Dims: Full Scene (163,437,393 points)

Basic Stats Min Maz Mean Stdev
Band 1 -212.184708 85.731705 -10.689305 30.176391

Figure 11 b: Flattened Unwrapped Phase Statistics
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6. Phase to displacement conversion and geocoding

The absolute calibrated and unwrapped phase values are converted to displacement and
directly geocoded into a map projection. This step is performed in a similar way as in the
geocoding procedure (Basic module), by considering the Range-Doppler approach and the
related geodetic and cartographic transforms. Each 2 = cycle ( interferometric fringe) of
differential phase corresponds to half wavelength of displacement along the Slant Range
direction (SAR viewing direction).

This output product, which is derived from parameters such as coherence and wavelength,
provides an estimate (i.e. standard deviation value) of the measurement precision. The higher
this value the lower the measurement precision. The formula used for the precision

calculation is:

where v is the interferometric coherence.
Figure 12 (a) and (b) shows the generated land deformation map and corresponding staistics.

Figure 12 (c) shows the precision image.

Land Displacement
(in meters)

Slice Min Slice Max
-0.375640 0.293724
0.293724 0.211809
-0.211809 -0.129893
0.129893 -0.047977
-0.047977 0.033938
0.033938 0.115854
0.115854 0.197770
0.197770 0.279686
0.279686 0.361601
0.361601 0.443517
0443517 0.525433
0.525433 0.607348
0.607348 0.689264
0.689264 0.771180
0.771180 0.853095
0.853095 0.935011

Figure 12 a: Land Deformation Map for Eastern part of Nepal
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Figure 12 b: Statistics of land displacement

Figure 12 c: Precision Image

In the precision image, the color coding is ‘rainbow’ with the value gradually increasing from
blue to red. The mean value of the precision image is 10.5 cm i.e the mean value of the
standard deviation of the measurement precision is 10.5 cm. From figure 12 (c ) it can be
seen that in the high elevation area (upper part and the middle part) the standard deviation is
more as compared to the lower part of the image with lower elevation values. This may be
due to the layover and shadow effect.
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4.1 Preliminary Results Using SRTM 30 m DEM

For a small part of the eastern Nepal, land deformation map was generated using SRTM 30m

{\[Jr & e ™~
s RKathmandu 7
Central &

Figure 13: Part of the eastern Nepal processed with SRTM 30m DEM (courtesy: Google
Earth)

Using the same methodology as described above, the deformation map was generated. Figure
14 shows a part of filtered interferogram and figure 15 shows the displacement map

generated.

Figure 14: Filtered Interferogram for a part of the Eastern Nepal processed with SRTM 30m
DEM

Fringes are seen very clearly in the processed interferogram in figure 14.
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Land Displacement
(in meters)

Color | Sice Min | Slice Max |
0311101 | -0.180303

0180303 | -0.049506 |
0049506 | 0081292 |
0081292 | 0212089 |
0212089 | 0342887

0342887 | 0473684 |

’ 0473684 | 0604432 |
0604482 | 0735279 |
0735279 | 0866077

0866077 | 0996874

ey 0.996874 1.127672
‘ | 1127672 | 1.258469 |
| 1258469 | 1389267 |

1389267 | 1.520064
1.520064 | 1.650862 ‘

1.650862 1.781659

Figure 15: Land Displacement map genearted for a part of the Eastern Nepal processed with
SRTM 30m DEM

The mean precision value for displacement map was found to be 22.3 cm which is greater
than the map generated using SRTM 90 m DEM. Refinement of the map generated is in
progress.

5.0 Conclusions

This work carries out the mapping of land displacement due to Gorkha earthquake in Nepal
on 25" April 2015. Land displacement map was generated for eastern part of Nepal using
Sentinel-1 IW-SLC, VV data using two-pass differential interferometry technique and SRTM
90 m DEM. It was found that the slant range displacement was in the range of -37.5 to 93.5
cm. The part near to Kathmandu showed upliftment with maximum value close to 1 m,
whereas the lower part of the area showed subsidence. For a small part of the far eastern
Nepal, displacement map was generated using 1 arc second SRTM DEM and it showed the
slant range displacement in the range of -31.1 cm to ~2m.
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6.0 Future Work
Following studies are planned in the future:
1. Generation of displacement map for the second earthquake that hit on 12" May 2015
using SRTM 90m and 30m DEM.
2. Generation of displacement map using three pass method.
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