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Abstract. A strong earthquake with M 6.4 in 14 km shallow depth occurs in the Eastern of 

Taiwan. To clarify the land deformation model and area damage covered, the SAR data of 

Sentinel-1A/B in ascending and descending orbit extracted. The data is collected from co-
seismic and post-seismic. In processing SAR data, Differential Interferometry Synthetic 

Aperture Radar (D-InSAR) technique applied. The result presents significant deformation 

reach to 250 millimeters in line of sight (LOS) for ascending and descending orbit.   

1. Introduction 

Taiwan is located on the western circum-Pacific seismic belt. A strong earthquake with M. 6.4 with 17 

km shallow depth in the Eastern of Taiwan (Hualien City) on February 6, 2018. The epicenter of the 

earthquake is 24.1310N and 121.6590E[1]. The earthquake impacted serious damage to the building 
and 117 fatalities. In the last decade, the earthquake events appear on the area with an average 50 

times per day that most of them in shallow depth.    

Measuring the crustal deformation caused by the earthquake is necessary to analyze its impact. In 

observation, we used satellite technology of C-band synthetic aperture radar (SAR) of Sentinel-1A/B 
data provided by the European Space Agency (ESA). The satellite data has a resolution 5 x 20 meters 

in range and azimuth[2],[3] with vertical transmit and vertical receive (VV) electromagnetic waves. In 

processing, differential Interferometric synthetic aperture radar (D-InSAR) technique was applied.  
The technique calculates phase difference before and after an earthquake occurs[4],[5]. Based on 

the phase difference and another factor that contributes to the phase removed, the displacement 

obtained.  
The aim of the research is to measure crustal deformation on Hualien City of Taiwan due to the 

earthquake M.6.4 on February 19, 2018. The result projected and geocode into an optical layer of 

google earth. Hopefully, the result can be beneficial as scientific information about the damage level 

in the area. 

2. Study area and satellite data set 

The study area is in Hualien city of Taiwan that locate at 230 58’N and 1210 37’E Figure 1. In 

observation is using ascending and descending C-band SAR data of Sentinel-1A/B before and after 
earthquake acquired. The data in a single look complex (SLC) format with Interferometry Wide (IW) 
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mode. The SAR data has a range and azimuth resolution 5m x 20 m with VV polarization. The 

satellite dataset of Sentinel-1A/B listed in Table 1. 

 

 

Figure 1. Map of Taiwan in hillshade, covered area observation with ascending orbit (black square) 

and descending orbit (yellow square) and an epicenter of the earthquake in the last decade. 

Table 1. Satellite dataset of Sentinel-1A and Sentinel-1B ascending orbit (part:143, frame: 1189) and 

descending orbit (part:62, frame:581). 

Satellite 
mission 

Acquisition 
time 

 

(cm) 
 

 

(GHz) 

orbit Beam 
mode 

Pol. Incidence 
angle (0) 

Sentinel-1A 03/02/2018 5.5 5.4 Ascending IW2 VV 39.4 

Sentinel-1B 09/02/2018 5.5 5.4 Ascending IW2 VV 39.4 

Sentinel-1A 05/02/2018 5.5 5.4 Descending IW1 VV 33.8 
Sentinel-1B 11/02/2018 5.5 5.4 Descending IW1 VV 33.8 

        

3. Methodology 

In processing SAR data for measuring the deformation in the Hualien earthquake, Differential 
Interferometry Synthetic Aperture Radar (D-InSAR) technique employed. The Principe of technique is 

comparing phase difference between two-time observations[6].  The phase difference generates to the 

interferogram of the phase in wrap form. Base on the interferogram, the phase in wrap form is 
unwrapped to obtain the real value of the phase[7].  Five parameters that contributes to the phase 

difference, it’s come from the curvature of the Earth, topographic, surface deformation, atmospheric 

disturbance, and noise. A simple mathematical formula can be expressed as[8] 
 

        (1) 
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Phase component due to the earth curvature estimated and removed from orbit and metadata of SAR 

images[9]. The topographic phase calculated based on the digital elevation model (DEM). The 

atmospheric disturbance is estimated and removed using filtering and multi looking[10].    

4. Result and Discussion 

Land deformation and the covered area measurement of the Hualien earthquake carried out by 

extracting c-band SAR data of Sentinel-1A/B. The area observed from ascending and descending orbit 
of SAR satellite before and after the event. The pair of SAR data for both ascending and descending 

orbit has a six-day temporal difference. In processing, the D-InSAR technique was applied to calculate 

the flat earth phase, the topographic phase, displacement phase atmospheric phase, and noise. The 

topographic phase component that contributes to deformation is calculated and removed based on the 
SRTM and orbital data[11]. Maintaining high interferometric coherence, the SAR data is multi look 3 

x 3 in range and azimuth. The coherence map of SAR data shown in Figure 2. 

 

 
Figure 2. Interferometric coherence of SAR data in ascending orbit 

 

The area observation has high coherence with 0.6-0.8 value. It is a fine value to obtain a reasonable 
interferometric phase. Obtaining the level of deformation due to the Hualien earthquake carried out a 

multiplication complex phase difference of two SAR data observations before and after an earthquake. 

The reduction phase due to the atmospheric and noise was carried out by applying the filtering and 
multi looking. The interferometric phase of both ascending and descending orbit shown in Figure 3 

 

 

Figure 3. The interferometric phase of Hualien Earthquake pairs of 03/02/2018-09/02/2018 and 

05/02/2018 in ascending and descending orbit, respectively.  
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Unwrapping is required to obtain a real phase of phase interferogram because the phase contains 

ambiguity measurement of terrain altitude. Unwrap phase interferometry presented in Figure 4 

  
Figure 4. Unwrap phase interferometry of accusation time 03/02/2018-09/02/2018 and 05/02/2018-
11/02/2018 pairs for ascending and descending orbit, respectively. 

 

 

 
Figure 5. Displacement map and value for both pairs in ascending and descending orbit, respectively 

 

Figure 5 presents the level of ground deformation in millimeters unit. The maximum of land 
displacement is 250 millimeters in line of sight (LOS). The area in blue color has a higher value of 

deformation than others. 

5. Conclusion  

In this study, the Author successfully applied the D-InSAR technique is for modeling the crustal 

deformation of the Hualien City of Taiwan due to the earthquake M.6.4. The deformation range is 10-

25 cm uplift. Also, based on the co-seismic and post-seismic data founded the fault location in the 

area. According to the level of deformation, the building and area on the blue color have high-level 
damage than another. The local authority should be given more attention in the development 

settlement in the area.  
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