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ABSTRACT: The significant ground deformation occurred at Lombok Island due to the large scale of series 
Earthquake in shallow depth from July to August 2018. Extract the information of ground deformation on the 
study area, Differential Interferometry Synthetic Aperture Radar (D-InSAR) technique was applied. The 
observation supported by SAR satellite data of Sentinel-1A/B (C-band) 5.5 GHz provided by the European 
Space Agency (ESA). The satellite direction observation is from ascending and descending orbit with vertical 
transmit and vertical received (VV) polarization. The data acquisition is taken from July 2018 to August 2018 
in three pairs before and after the earthquake hit the Lombok Island. Three zones have significant land 
deformation during the Lombok earthquake in 2018 namely zone A, zone B and zone C with 16 cm, 25.2 cm, 
and 28 cm uplift in the line of sight (LOS), respectively. The value carried out by comparing the two-close 
time acquisition before and after the earthquake. Finally, the result of D-InSAR processing validates by ground 
data observation taken from an optical image of airborne. 
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1. INTRODUCTION 
 

The significant earthquake activity at Lombok 
Island is not recorded for a long time. However, 
suddenly the sequences of earthquakes shaking the 
island with high magnitude in shallow depth. It has 
destroyed buildings, killed hundreds of people, and 
injuring thousands of others. Also, triggering the 
landslide in many places. The earthquake was 
starting from the end of July 2018 and continuing 
until March 2020 with low intensity. There are five 
times a series of significant earthquakes with more 
than magnitude 6. On July 29, 2018, with M 6.4 in 
epicenter depth is about 14 km, August 5, 2018, 
with M 7.0 in 15 km depth, August 9, 2018, with 
6.2 in 15 km depth, and August 19, 2018, in the 
same day with M 6.3 and M 6.9 in 16 km and 21 km 
depth [1], respectively. 

Measurement of the land deformation on the 
area due to the earthquake is useful to study the 
characteristics, its effect, and information for the 
reconstruction area. In observation, three pairs of 
Sentinel-1A/B SAR data were applied using 
Differential Interferometric Synthetic Aperture 
Radar (D-InSAR) Technique. The information 
observed from July 27, 2018, to August 20, 2018, 
provided by The European Space Agency (ESA).   

These research aims are to monitor the land 

deformation using the D-InSAR technique and 
generate the land deformation information map that 
can be useful to the authorities in reconstructing, 
scientific information and developing the area. 

 
2. STUDY AREA AND SATELLITE 

DATASET 
 

The Lombok Island located between the 
subductions zone of Indo-Australia plate to the 
Sunda plate in Southern and the Flores thrust back-
arc in Northern. Also, in Western and Eastern 
between Lombok and Bali Island, and Lombok and 
Sumbawa Island exist the Bali fault and Sumbawa 
fault, respectively. In a subduction zone, Indo-
Australia plate beneath to the Sunda plate while the 
Flores thrust fault is the reverse fault. Also, Lombok 
located an active volcano that part of a magmatic 
arc of the Sunda plate. 

In observation, the Lombok earthquake, SAR 
data in both ascending and descending orbit of 
satellite Sentinel-1A/B collected. The data were 
taken before and after an earthquake shook up the 
Island provided by the European Space Agency 
(ESA).  The center frequency of the satellite is 5.4 
GHz with 5.54 cm wavelength in VV (vertical 
transmit and vertical receive).  

The satellite dataset of Sentinel-1 A/B used to 
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observe the land deformation during the Lombok 
earthquake listed Table I. 

  
Fig. 1 Digital Surface Model (DSM) of Lombok 
Island provided by ALOS-JAXA 

Fig.1 depicted the surface model of Lombok Island 
that extracted from PRISM (Panchromatic Stereo 
Mapping Sensor on ALOS (Array L-band 
Observation Satellite) that provided by JAXA 
(Japan Aerospace Exploration Agency). The data 
represent the land terrains with approximately 5 
meters in spatial resolution [2]. The epicenter of the 
significant earthquake and significant land 
deformation area (Zone A, Zone B dan Zone C) 
inset into the model. 
 
Tabel 1 Satellite data set of Sentinel-1A/B for 
observation Lombok earthquake. 

N
o 

Orbit Satell
ite 

Beam 
swath 
mode 

Acquisition 
time 

Polari
zation 

Inc. 
angle 

1 Ascending 
S1-

A/B 
IW3 

27/07/2018-

02/08/2018 
VV 43.760 

2 Descending 
S1-

A/B 
IW2 

30/07/2018- 

05/08/2018 
VV 39.110 

3 Ascending 
S1-

A/B 
IW3 

14/08/2018 

20/08/2018 
VV 43.760 

 
In first observation due to the M 6.4 on July 29, 

2018, with about 14 km depth in zone B (Fig. 1). 
Combination of the satellite Sentinel 1A and 1B 
with acquisition time 27/07/2018 and 02/08/2018 in 
ascending orbit extracted, respectively. The beam 
swath is Interferometric Wide 3 (IW3) with a 3.5 x 
22.6 meters spatial resolution [3]. Furthermore, the 
second observation is using a combination of 
Sentinel 1A/B with acquisition time 30/07/2018-
05/08/2018 in descending orbit. The incidence 
angle is low than the first observation with 3.1 x 
22.7 meters resolution [3]. In the second 
observation is to extract the information of land 
deformation a result of M 7.0 in 15 km depth on 
August 5, 2018, at zone A (Fig. 1).  

The next significant earthquake occurred on 

August 19, 2018, at zone C (Fig. 1). On the same 
day twice earthquake with M 6.3 and M 6.9 in 16 
km and 21 km depth, respectively. The epicenter for 
both earthquakes closed relatively. The observation 
during the earthquake, the combination SAR data of 
Sentinel 1A/B on 14/08/2018-20/08/2018 extracted. 

  
Fig. 2 The footprint of Sentinel-1A/B observe from 
both ascending and descending orbits.  
 

Fig. 2 show the footprint of Sentinel-1A/B that 
projected to study area in Lombok Island. The 
square white line is area observation captured in 
ascending orbit while the square red line is 
descending orbit. The yellow and blue square are 
the master image belong to the ascending and 
descending orbits, respectively.   
 
3. METHODOLOGY 
 

Observation of the land deformation carried out 
by applying the Differential Interferometric 
Synthetic Aperture Radar (D-InSAR) technique. 
The technique has proven effective to detect the 
land deformation on the earth's surface [4-6]. In the 
changes detection on the Earth surface, two SAR 
images taken with the same position and orbit in 
different time acquisition require [6]. In SAR 
processing one image labeled as master image and 
another is the slave image. 

To obtain the interferogram of land deformation 
carried out by a complex multiplication master 
image with a conjugate of slave images [7].  

The interferometric phase difference between 
two SAR data is proportional to the slant range 𝑅𝑅 
difference and divided by wavelength 𝜆𝜆 [8]. 

 
𝝓𝝓𝟏𝟏 = 𝟒𝟒𝟒𝟒𝟒𝟒

𝝀𝝀
    (1) 

𝝓𝝓𝟐𝟐 = 𝟒𝟒𝟒𝟒(𝑹𝑹+𝚫𝚫𝑹𝑹)
𝝀𝝀

   (2) 

𝚫𝚫𝝓𝝓 = 𝝓𝝓𝟐𝟐 −𝝓𝝓𝟏𝟏 = 𝟒𝟒𝟒𝟒𝚫𝚫𝑹𝑹
𝝀𝝀

  (3) 
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Fig. 3 The geometry of Interferometric SAR system 

Fig. 3 presents the schematic geometry of the 
Interferometric Synthetic Aperture Radar system. 
𝑆𝑆1  and 𝑆𝑆2  represent the satellite 1 and satellite 2 
position on the space, respectively. Perpendicular 
distance for both satellites is marked by 𝐵𝐵𝑛𝑛  and 
distance satellite to target 𝑇𝑇 on the Earth surface in 
slant range represents with 𝑅𝑅 . The satellite 
elevation and look angle symbolize with 𝐻𝐻 and 𝜃𝜃, 
respectively. 

  There is five-component that contribute to the 
interferometric phase in the D-InSAR technique [9], 
[10]. 

 
 ∆𝝋𝝋𝒎𝒎,𝒔𝒔(𝑻𝑻) = ∆𝝋𝝋𝒎𝒎,𝒔𝒔

𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇(𝑻𝑻) + ∆𝝋𝝋𝒎𝒎,𝒔𝒔
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻(𝑻𝑻) +

∆𝝋𝝋𝒎𝒎,𝒔𝒔
𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅(𝑻𝑻) + ∆𝝋𝝋𝒎𝒎,𝒔𝒔

𝒂𝒂𝒂𝒂𝒂𝒂(𝑻𝑻) + ∆𝝋𝝋𝒎𝒎,𝒔𝒔
𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏(𝑻𝑻) (4) 

 
In D-InSAR processing, some component is 
estimated, filtered and removed then only 
displacement component ∆𝜑𝜑𝑚𝑚,𝑠𝑠

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is remaining. 
The amount and pattern of land deformation are 
calculated based on the Interferogram phase 
between two different time acquisitions. The 
interferogram phase presented by a range of color 
in the spectrum from blue to red. The rapid pattern 
of the phase represents the half wavelength of the 
carrier signal SAR satellite.  

The interferometric phase is ambiguity in 𝟐𝟐𝟐𝟐, 
to obtain the real value it should be unwrapped. 

Fig 4. Portray the flow of D-InSAR processing 
technique to obtain the land deformation value 
during the Lombok Earthquake. From the Sentinel-
1A/B satellite data, each pair of the image is co-
registered to ensure each ground target has equal 
range and azimuth in both master and slave images. 
After each pair co-registration, the images are 
filtered and multi-looked to obtain the 
interferogram phase. Furthermore, a un-wrapped-  

 

Fig. 4 The D-InSAR processing chain of the 
Lombok earthquake. 
 
phase is required to produce the real value of land 
deformation. Finally, the result geocodes into an 
optical layer of google Earth.  
 
4. RESULT AND DISCUSSION 

 
There are three periods of the earthquake that 

has a significant impact on land deformation in 
Lombok Island. The earthquake occurred on July 29, 
2018, followed by August 5, 2018, and August 19, 
2018. The earthquake is the result of Flores backarc 
thrust in Northern of Lombok Island. The first 
period with M 6.4 at epicenter 8.20 S and 116.5080 
E in 14 km shallow depth. Based on the fringes of 
the interferometric phase on the area observed by 
Sentinel-1A/B with ascending orbit and processed 
using the D-InSAR technique leads to the 
deformation approximately 16.8 cm uplift. Whereas 
each fringe associated with 2.8 cm of half 
wavelength of the carrier signal (Fig.5). The second 
term of the earthquake with M 6.9 at epicenter 
8.3190S and 116.6270E in 21 km depth. The land 
deformation due to this earthquake is equal to 25.2 
cm uplift (Fig. 6). The data observed by Sentinel 
1A/B with descending orbit. The last earthquake is 
on August 19, 2018, whereas a twice-significant 
earthquake occurs on the day. The first is at 
04:10:22 (UTC) with M 6.3 and 16 km depth 
followed by M 6.9 at 14:56:27 (UTC) with 21 km 
depth. For both times earthquake lead to the 
deformation, approximately 28 cm uplift in LOS 
that was observed by Sentinel 1A/B in ascending 
orbit (Fig. 7). 

The thirds interferometric phase of the 
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earthquake event is depicted in Figure 5, Figure 6 
and Figure 7. 

  
Fig. 5 The interferometric phase of the significant 
earthquake occurrence on July 29, 2018. 

In Fig. 5 the radar flight (azimuth direction) is 
ascending orbit then radar signal that transmitted 
directly to the west part of Lombok Island. In North 
of Lombok apparent significant fringe changing 
with starting in the center of 8°13'14.36"S and 
116°27'33.87"E. Meanwhile, the epicenter of the 
earthquake is located in 8°17′13″S 116°27′07″E.  

  

Fig. 6 The interferometric phase of the significant 
earthquake occurrence on August 5, 2018. 

Fig. 6 presents deformation in the second time 
of significant earthquake observe by descending 
satellite orbit. In the North of Lombok island, 
significant deformation occurs with marked by 
changing of fringes. 

Fig. 7 similar to the two figures above (Fig. 5 
and Fig. 6), in third times significant earthquakes 
also occurred in North of Lombok Island, but the 
center of the fringe is moving from the west of 
North to East of North Lombok Island. The moving 
center of fringe associated with changing the 
epicenter of the Earthquake.  

  
Fig. 7 The interferometric phase of the significant 
earthquake occurrence on August 19, 2018. 

The interferometric phase is wrap form [11]. 
Unwrapped is required to obtain the real 
displacement value of land deformation for the 
three-period earthquake. Fig. 8 presented the 
unwrapped value of the interferometric phase. 
Unwrapped is a process to convert the 
interferometric phase in 𝟐𝟐𝟐𝟐  to real value after 
interferogram flattening [12]. The unwrapped phase 
of interferometry for the third times significant 
earthquake presented in Fig. 8, Fig. 9, and Fig. 10, 
respectively. 

    

Fig. 8 Unwrapped phase interferometric of the 
significant earthquake occurrence in Lombok Island 
on July 29, 2018. 

Fig. 8 depicted the value of land deformation in 
Lombok Island for the first earthquake event. The 
blue color indicates a significant area of 16.8 cm 
uplift in most coastal areas. However,  in Northern 
of Lombok Island with close to the earthquake 
epicenter (dark blue) reach to 25 cm uplift. The area 
in red and yellow color also uplift with a range of 0-
8 cm and 8-13 cm, respectively. 

Fig. 9 illustrate the land deformation area based 
on the second significant earthquake in Lombok 
Island on August 5, 2018. 
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Fig. 9 Unwrapped phase interferometric of the 
significant earthquake occurrence on Lombok 
Island on August 5, 2018 

The dark blue color indicates the highest land 
deformation with approximately 25.2 cm uplift 
located in Northern of Lombok Island close to the 
first earthquake (Fig. 8). The most of South of 
Lombok is a light blue that designates the area to 
uplift about 2-8 cm. Also, in the center of Lombok 
Island around Mt. Rinjani is 8-13.5 cm uplift. 

  

Fig. 10 Unwrapped phase interferometric of the 
significant earthquake occurrence on Lombok 
Island on August 19, 2018. 

Fig. 10 shown the land deformation area for the 
third significant earthquake on August 19, 2018, In 
Lombok Island. Similar explanation with two 
Figures above (Fig. 8 and Fig. 9). The maximum 
value of land deformation due to the third 
earthquake is 28 cm uplift. However, the location is 
moved about 17.5 km to the East side of Northern 
of Lombok Island.    

Based on the optical airborne image identify 
the damage of building in the North of Lombok 
island.  

    
Fig. 11 Ground survey data observation using 
airborne [13] in North of Lombok Island 

Fig. 11 shows the result of the airborne 
photoshoot in the North of Lombok Island. The 
most of building in square line (A) 8°21'0.53"S and 
116°11'19.01"E, (B) 8°21'10.12"S and 116°11' 
34.27"E, 8°21'14.50"S and 116°11'40.77"E is 
collapse. This area is located between two 
epicenters of the earthquake that occurs on August 
5, 2018, with M. 7.0 and M 6.2 on August 9, 2018, 
in 15 km depth.  

Based on the unwrapped value, the land 
deformation on the Northern of Lombok Island 
calculated. For each period of earthquake impact to 
the deformation, 25 cm uplift in a different location. 
However, all events located on the Flores backarc 
thrust line. The fact ensures that the backarc thrust 
of Flores causes the earthquake. Based on the 
ground survey data, the area on the Northern of 
Lombok Island has significant damage to others.  

 
5. CONCLUSION 

The D-InSAR technique was successfully 
detected the land deformation during the earthquake 
event on Lombok Island. The observation of land 
deformation is using three pairs of Sentinel-1A/B 
data provided by ESA. The significant earthquake 
from the end of July until August 2018 leads to the 
land deformation on the Northern of Lombok Island. 
The deformation caused by M.6.4 mainshock in 
July 2018 leads to uplift approximately 16 cm in the 
line of sight (LOS) for Zone A. The second 
significant earthquake event caused by the M.7.0, 
on August 5, 2018, 25.2 cm Zone B uplift in LOS. 
However, some area in South of Mt. Rinjani is 
subsidence with a maximum of 20 cm. The last 
significant event on August 19, 2018, leads to a 28 
cm area in Zone C uplift in the line of sight (LOS). 
The result was correlated with the level of damage 
area base on the airborne observation. The area that 
closes to the epicenter of the earthquake has a 
significant number of building collapse than others. 
The level of vulnerability shocks in this area also 
influenced by soil structure composed of tuff stone, 
lava, and lava breccias.    
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The landslide also confirmed in some locations 
particular in peak and North-East of Mt. Rinjani, it 
seems in the interferometric phase in the second 
earthquake event that triggered by M. 7.0 in 15 km 
depth. Also, the result of this research shows that 
based on the fringe in the interferometric phase on 
the third earthquake event, it seems the main fault 
of Lombok Island that spread from South to North. 
However, the fault line is not straight as published 
on the geological map [14] but is slightly curved 
eastward in the northern part of the MT. Rinjani. 
Furthermore, for local fault in Eastern of Lombok 
that spread from east to the center of Lombok also 
detected based on the interferometric phase on the 
third earthquake.   

Then it can be concluded that 1). D-InSAR 
technique can be an alternative technique for 
mapping land deformation in a wide area at a low 
cost. 2). D-InSAR technique has a high accuracy of 
result measurement until the millimeter unit. 3). The 
interferometric phase of radar SAR can be used to 
detect the fault and landslide location accurately. 4).    
The level of infrastructure damage is associated 
with the level of land deformation.  
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