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This study aimed to analyze seismic data, which is then made into an infographic 

to map the level of tsunami hazard in the Sikka District. The research was carried 

out in Sikka District, East Nusa Tenggara, located between 12155'40''-12241'30'' 

east longitude and 0822'-0850' south latitude. The data source comes from the 

IRIS Earthquake Browser, and the analysis stage was carried out in two phases. 

The first analysis used seismic data analysis, and EQ Energy used IRIS 

(Incorporated Research Institutions for Seismology) data. Meanwhile, the second 

analysis maps the tsunami risk by determining the tsunami hazard in areas with the 

potential for a tsunami. Based on the analysis of seismicity data showed that Sikka 

District has the potential for an earthquake accompanied by a tsunami. In contrast, 

the results of the EQ Energy analysis caused by the December 14, 2021 earthquake 

were known as the value of Ehf = 6.46 × 1014 J  and EBB = 5.48 × 1015 J. The analysis 

of the level of tsunami susceptibility based on the tsunami run-up height in Sikka 

District showed that the northern coastal area of Flores had various potentials, 

where the highest vulnerability level was in the Alok subdistrict and parts of 

Talibura. Meanwhile, the area with the lowest potential was the Kewapante 

subdistrict. 

This is an open-access article under the CC–BY-SA license. 
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I. Introduction  

Eastern Indonesia has a very dynamic region in its 

geological setting. It is caused by the eastern part of 

Indonesia being dominated by many islands separated by 

the deep sea. Another factor is the influence of the 

interaction of the three Indo-Australian, Eurasian and 

Pacific plates [1]. This geological location is the reason 

why Eastern Indonesia has many sources of seismic and 

non-seismic tsunamis [2], [3]. However, this differs from 

the region's seismic research [4], where the study mainly 

exposes western Indonesia [2], [5], [6]. 

Flores Island, located in East Nusa Tenggara, is one 

of the islands in Eastern Indonesia included in the Pacific 

Ring of Fire which shows high tectonic activity. It is due 

to the Flores thrust zone, which extends from northern 

Flores past Bali to West Nusa Tenggara [7], [8]. It is in line 

with a study conducted by Maneno et al. [4] revealed that 

the Flores region has the potential for tectonic earthquakes 

and generates tsunamis. The earthquake catalog noted that 

Flores was hit by an earthquake and tsunami with Mw > 7 

in 1992 [9]. Okal [10] explains that the 1992 Flores 

earthquake and tsunami were caused by an underwater 

landslide and resulted in an extreme run-up as high as 26 

m. Pranantyo and Cummins [11] added that this 

phenomenon causes a change in ground level with a lift of 

1.1 m and a drop of -1.6 m. The results of field 

observations explained that after the tsunami occurred, 

there were no traces of buildings found on Babi Island, 

Flores [12], and the destruction of most of the north coast 

of Flores. This phenomenon also caused 1,952 dead and 
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500 people to go missing [13]. Other findings revealed that 

the damage caused by tsunami waves came from two 

directions with different magnitudes and deposited sand on 

the North and South coast [14]. 

The disaster that occurred in 1992 was destructive. 

Progress in tsunami research is that there has been a 

decrease in the number of victims affected [15]. However, 

the tsunami warning system has not been able to reduce 

the number of victims affected by the tsunami. Therefore, 

carrying out a tsunami risk assessment is crucial, 

especially in coastal areas [16]. A tsunami risk assessment 

can be in the form of conducting a tsunami risk mapping. 

Sengaji and Nababan [17] conducted tsunami risk 

mapping using earthquake distribution data from 1900 to 

2007. However, on December 14, 2021, BMKG (Badan 

Meteorology, Climatology, and Geophysics) noted that an 

earthquake with an earthquake of Mw 7.4 scale occurred, 

which resulted in a small tsunami with a height of 7 cm 

[18]. Due to the Flores area's significant potential for 

earthquakes and tsunamis, it is necessary to update the 

analysis of the vulnerability level. The current results are 

expected to be used as a reference input for stakeholders in 

disaster mitigation. Based on the description above, the 

purpose of this study is to analyze seismic data, which is 

then made into an infographic to map the level of tsunami 

hazard in Sikka District. 

 

II. Theory 

Flores Earthquake Review 
Based on geological data, Handayani [9] explained 

that Flores Island is in an active tectonic area, where 

several plate boundaries bound the region. The plate 

boundary in the area is the eastern end of the subduction 

of the Indo-Australian plate towards Eurasia, with the plate 

length extending from Java to Sumatra. The Australian 

continental plate and the Banda plate collide at the western 

boundary. The northern coastal area of Flores Island (as 

per Figure 1) is the Flores back thrust that extends along 

the island and is connected to the Wetar Thrust in the east. 

 
 

 
 

Figure 1. Active fault in Flores Island 

(https://geologi.esdm.go.id/geomap/) 

Based on the study of earthquake history over 30 

years, two earthquakes had Mw > 7. On December 12, 

1992, an earthquake with an Mw of 7.8 occurred near Babi 

Island. People in the eastern half of Flores Island and the 

surrounding islands can feel the earthquake. In addition to 

an earthquake with a large magnitude, this earthquake 

caused a tsunami with inundation reaching a distance of 30 

m to the west, a depth of 20.4 km, and a run-up measured 

at Ilepadung – East Flores of 11 m, Babi Island, Sikka 

District 5.5 m, and Wuring - Sikka 2.4 m [13]. The next 

earthquake occurred on December 14, 2021, in Flores with 

a strike-slip mechanism causing a new fault [19]. If tracing 

the past earthquake (50 years) in the area, there was an 

earthquake in 1997 with Mw 8.3 and 1995 with Mw 6.5. 

Based on the previous description, Wiens [20] 

explained that a giant earthquake that occurs will be 

accompanied by aftershocks, which are related to changes 

in the polarity of the displacement waveform. Meanwhile, 

another explanation was put forward by Goes et al. [21] 

the fault mechanism changes in the mainshock and 

aftershock, caused by the strike-slip component of the 

mainshock consistent with the clockwise rotation of the 

slab material in an east-west direction to north-south.  

The study's results follow the surface structure 

modeling in Figure 2 [22]. The modeling in Figure 3 

corresponds to Setiadi [23]. The relocation results showed 

a significant decrease in the hypocenter to the north of 

about 640 km. He found a gap of earthquake activity along 

the subduction plate at the hypocenter of 300 - 400 km due 

to the partial melting of rocks in the mantle layer. 

 
 

 
 

Figure 2. 3D modeling of subsurface structures in the region 

[22] 

 

 
 

Figure 3. Image of a three-dimensional model of the relocation 

of Teletomo DD [23] 

Tsunami 
A tsunami is a series of ocean waves with a large 

wavelength. Tsunamis occur due to the movement of a 

substantial volume of water. This event can be caused by 

an earthquake or ground shaking in the sea [24]. In 

addition, a tsunami can be characterized by a sudden drop 

http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526275227&1&&
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526650381&1&&
https://geologi.esdm.go.id/geomap/pages/preview/peta-patahan-aktif-indonesia


Indonesian Review of Physics (IRIP) 
Vol.5, No.2, December 2022, pp. 66 - 72 

68 

 

Khusnani, et al. Utilization of Seismic Data as a Tsunami Vulnerability Review  p-ISSN: 2621-3761  

e-ISSN: 2621-2889 

 

in sea level followed by a substantial increase in seawater 

volume towards the coast and a vertical tsunami [25]. 

Tsunami disasters can sometimes be global, 

originating from one place and destructive at a distance of 

thousands of kilometers from the source. If you trace the 

history of the tsunami that occurred, it can be seen that the 

process of tsunami occurrence has different events based 

on the cause of its occurrence. 

 

Tsunami Run-up 
Tsunami run-up is the height of sea water waves 

calculated from the absolute limit of tsunami wave 

inundation from the zero point of sea level or mean sea 

level. The run-up height and tsunami height depend on the 

earthquake magnitude, seafloor morphology, and the 

shape of the coast. The magnitude of an earthquake affects 

the energy that causes a tsunami. Therefore, the upper run-

up limit is an important parameter to determine the beach 

profile. Difficulties that are often encountered when 

predicting run-up are sea wave transformation and wave 

reflection. Land run-up speed can reach 25-100 km/h. The 

return of water to the sea after reaching the wave crest (run 

down) is also destructive because it drags everything back 

into the sea [26]. 

When the tsunami approaches the shoreline/land, the 

shallow part of the seabed serves to break or reduce the 

bottom wave propagation speed. Therefore, the closer you 

get to the beach, the slower the speed of the lower sea 

waves, while the speed of the upper waves is still high, the 

higher the sea wave height or amplitude and the shorter the 

wavelength. Likewise, the faster the friction between the 

waves and the beach bottom, the slower the bottom wave 

propagation speed, but the higher the maximum wave 

amplitude (run-up) will be greater.  

 

III. Method 

The research was carried out in Sikka District, East 

Nusa Tenggara, which is located between 12155'40''-

12241'30'' east longitude and 0822'-0850' south latitude. 

The earthquake data was used on December 14, 2021, 

using data from the IRIS (Incorporated Research 

Institutions for Seismology) Earthquake Browser 

(https://ds.iris.edu/ieb/).  

In the analysis stage, two stages are carried out. The 

first stage analyzes seismic data, and the second is EQ 

Energy. EQ Energy is the cumulative seismic energy 

released by an earthquake. The EQ Energy value was 

obtained using IRIS data. This analysis will focus on the 

cumulative energy growth of the earthquake impact. The 

following analysis is tsunami risk mapping by determining 

tsunami hazards in areas with the potential for a tsunami to 

occur. Tsunami-prone areas are mapped by mapping 

tsunami height point data or run-up analysis based on the 

data for the tsunami in Flores on December 14, 2021. The 

tsunami run-up analysis is beneficial to determine the 

area's vulnerability to the potential for a tsunami, with the 

criteria for exposure according to Table 1 [17]. 

IV. Results and Discussion 

Seismic analysis of the Flores area 
The Flores Sea area is seismically active, following 

Figure 4 shows seismicity data from 1970-2022 with Mw 

5.0. Based on the earthquake's depth analysis during this 

period, the depth values varied from 0-33 km in purple to 

800 km in red (Figure 4b). Seismicity studies say that the 

zone classification in the Flores region is divided into five 

parts. The category is the Flores back arc thrust zone in the 

north of the island with shallow to medium thrust, shallow 

and medium thrust zones in Timor Through, and 

intermediate depth thrusts in the Sawu Basin and normal 

in the east, between Sumbawa Island and Flores with 

strike-slip and subduction earthquakes [9], [27]. The new 

findings suggest that the Flores back arc thrust has 

extended along the southern boundary of the Java Sea from 

Alor in the east to East Java in the western Java Sea [11], 

[28]. 

Pranantyo et al. [2] pointed out that, in the Flores 

region, there had been a tsunami phenomenon in the pre-

instrumental period (in 1815, 1818, 1820, and 1836) and 

the period after the 1992 pre-instrumental with Mw 7.8. 

This phenomenon relates to Flore's back arc thrust tectonic 

activity [2], [13]. 

In the earthquake phenomenon, the magnitude of the 

magneto plays a significant role in tsunami generation. It 

is because the emergence of an earthquake can be followed 

by other phenomena [29]. The reappearance of the 

December 14, 2021, earthquake has great potential to 

release energy. Based on BMKG data, the spectral 

acceleration analysis noted that the ground acceleration 

value based on the accelerograph sensor showed a variable 

value between 0.16 to 74.44 gals. The study results from 

the nearest station (LFTI), about 91.99 km from the 

earthquake's epicenter, recorded a maximum ground 

acceleration of 24.45 gals. However, compared with the 

IBTI seismic station, the ground acceleration of 74.44 gals 

can be felt in Ile Boleng, East Flores, with a distance from 

the epicenter of about 120.6 km. So, based on this analysis, 

it will impact the cumulative energy if it is reviewed based 

on the arrival time of the P wave (Figure 2). 

Table 1. Relationship of tsunami run-up height, tsunami risk, 

and level of damage 

Run-up 

height (m) 
Damage Risk level (R) Scale 

> 16 Very big Very high risk 5 

6-16 Big Hight risk 4 

2-6 Intermediate Medium risk 3 

0.75-2 Small Low risk 2 

< 0.75 Very small Very low risk 1 

 

The earthquake on December 14, 2021, with Mw 7.4, 

resulted in a small tsunami with a height of 7 cm [18]. 

When viewed based on the energy generated. 

Figure 5 is the result of EQ Energy for Mw 7.3 Flores 

Sea by IRIS. Based on Figure 5 for the cumulative energy 

plot for earthquake data on December 14, 2021, it is 

determined that this phenomenon is at a high frequency of 
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0.5-2 s and a wideband range of 0.5-70 s. the black vertical 

line (91 s) represents the inflection point determined by the 

crossover between near-constant growth and high-

frequency energy, then marks the approximate burst 

duration [30]. At this point, the cumulative energy is 

determined for high frequency (Ehf = 6.46 × 1014 J) and 

broadband (EBB = 5.48 × 1015 J). The high-frequency 

energy values are equivalent and assume only 1/5 of the 

energy is available in the selected higher pass band. 

 

 

 
 

(a) 
 

 
(b) 

Figure 4. Seismic activity in the Flores region for the period 1970-2022, (a) distribution of seismic activity, and (b) distribution of 

earthquake activity based on depth and magnitude 

 
 

Figure 5. EQ Energy for Mw 7.3 Flores Sea 
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While Figure 6 is a hemispheric visualization event 

that is taken regularly at a distance of 25 degrees to 80 

degrees. It is done to avoid triplication and energy bias 

calculations when there is a dense collection of stations. It 

is taken from the initial station collection using a minimum 

distance between stations of 5 degrees sampled from 

available broadband stations. 

The seismicity data analysis shows that Sikka District 

has the potential for an earthquake accompanied by a 

tsunami; this can be seen in the 1992 Flores earthquake, 

with the most severely affected area in Maumere, Sikka 

District. It is crucial to map tsunami-prone locations. 

Common mistakes include subscripts; for instance, the 

quant. 

 

Analysis of the tsunami hazard level of Sikka 

District 
Determination of the level of tsunami susceptibility 

aims to determine the potential tsunami area. Figure 7 is a 

map of the tsunami hazard area in the Sikka District. The 

area's vulnerability level to possible tsunami is in Table 1, 

where high vulnerability with run-up > 6-16 m is in the 

Alok subdistrict and part of the Talibura subdistrict. 

Furthermore, moderate exposure with run-up height > 2-6 

m covers almost the entire northern coastal area, namely 

the Magepanda subdistrict, Alok subdistrict, Waigete 

subdistrict, and Talibura subdistrict. Meanwhile, the 

lowest vulnerability with run-up > 0.75-2 m is in the 

Kewapante subdistrict. 

The coastal area is an area that is directly nearby the 

sea and has the potential to be affected by a tsunami [31]. 

The high level of vulnerability in Figure 7 indicates that 

the area has a high potential for a tsunami. Based on the 

analysis results, it can be claimed that the overall 

vulnerability level of the Sikka District is low; this is 

because the Sikka District area is dominated by hilly 

regions (Figure 8). However, many people live in coastal 

areas. For example, in the 1992 Flores tsunami 

phenomenon, it was found that most of the victims were in 

the Alok subdistrict, where the population lives in the 

Wuring and Beru areas, which coincide with the coastal 

areas with a very high vulnerability level (Figure 9). 

 

  

(a) (b) 

Figure 6. Hemispheric visualization, (a) BB (0.5-70 sec), and (b) HF (0.5-2 sec) 

 

 
 

Figure 7. Tsunami hazard map based on tsunami run-up data for coastal areas 
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Figure 8. Tsunami hazard map of Sikka District 

 
 

Figure 9. Map of settlements in the coastal area of Alok 

subdistrict (https://www.google.com/maps/) 

 

V. Conclusion 

The seismic data analysis shows that the Flores area 

has the potential for earthquakes with tsunamis, which is 

indicated by the number of earthquakes with a scale of Mw 

5 from 1970-2022. It plays a critical role in tsunami 

generation. In addition, the Flores Sea has a history of 

earthquakes accompanied by tsunamis from the pre-

instrumental period and after the pre-instrumental period. 

Based on the EQ Energy analysis caused by the December 

14, 2021 earthquake, it is known that the value of Ehf = 

6.46 × 1014 J and EBB = 5.48 × 1015 J. Furthermore, the 

analysis of the level of tsunami vulnerability based on the 

tsunami run-up height in Sikka District indicates that the 

coastal area of the northern coast of Flores has diverse 

potential, with the highest level of exposure in the 

subdistrict of Alok and parts of Talibura. Meanwhile, the 

area with the lowest potential is in the Kewapante 

subdistrict. There is a potential for a tsunami on the north 

sea coast of Flores, so research on simulating inundation 

due to a tsunami will be very supportive as a mitigation 

effort. 
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