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 Tsunamis are natural hazards that have the potential to cause 
significant damage and losses to the South Coast of Java. As the 
initial foundation for local spatial planning and risk reduction, 
preparing a tsunami susceptibility mapping is imperative to 
minimize the disaster's impact. This study aims to identify the 
spatial distribution of tsunami susceptibility in Watukarung 
Village, Pacitan Regency, using the Spatial Multi-Criteria 
Evaluation (SMCE) method. The variables involved in the 
modeling include landform, elevation, slope, distance from the 
shoreline, and distance from the river. The value and weight of 
each factor were determined using the pairwise technique in the 
SMCE framework. The research results indicated that the 
tsunami susceptibility in Watukarung comprises four classes: 
safe (598.40 ha), low (9.68 ha), moderate (23.92 ha), and high 
(25.13 ha). The areas most prone to tsunamis are generally 
identified in the southern part of Watukarung, which is 
generally associated with beach or alluvial plain landforms, very 
close to shore, and low land elevation. Ironically, human 
settlements and coastal tourism are overgrowing in the tsunami-
prone zone, highlighting that risk reduction measures must be 
implemented optimally to anticipate tsunami hazards. As a 
recommendation, further research must be carried out to 
comprehensively represent the tsunami risk in the Watukarung 
coastal region. 
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INTRODUCTION 

Coastal tourism in Indonesia has 
become a development catalyst that affects 
various aspects of life with multi-
dimensional characteristics. Coastal tourism 
development is often supported by 
optimizing planning, management 
directions, and resource utilization to 
improve people's welfare development. 
However, apart from presenting its natural 
beauty, the oceans hold hazards that could 
become catastrophic in an area at any time. 
Geologically, Indonesia is located between 
three major tectonic plates, namely the 
Pacific Plate, the Indo-Australian Plate, and 
the Eurasian Plate, which constantly move, 

creating subduction zones and active faults. 
Widiyantoro et al. (2020) recently found that 
the seismic gaps off Java's southern coast can 
generate large tectonic earthquakes on the 
seabed. These several things indicate the 
potential for a tsunami to endanger residents 
and tourists in coastal areas. Besides causing 
casualties, tsunami disasters often damage 
buildings and cause economic losses. 

Tsunamis are sea waves with long 
periods caused by impulsive disturbances in 
the ocean (Nur, 2010). Tectonic earthquakes, 
underwater volcanic eruptions, and 
landslides in waters are the most common 
triggering factors for tsunamis. The 
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characteristics of the tsunami in Indonesia 
are caused mainly by tectonic earthquakes 
originating in the sea with shallow depths 
and a magnitude of more than 6 Mw. The 
travel time from the tsunami source to the 
mainland is relatively short, less than one 
hour after the earthquake. Two major 
tsunamis off the south coast of Java have 
been recorded in the last three decades. A 
tectonic earthquake measuring 7.8 Mw 
caused a tsunami with a height of 6-9 meters 
in Banyuwangi, East Java (Harahap et al., 
2019). Another tsunami with a maximum 
height of 20.9 meters devastated 
Pangandaran, West Java, in 2006, initiated 
by a tectonic earthquake of magnitude 7.7 
Mw (Mutaqin et al., 2020). 

Pacitan Regency is considered one of 
the tsunami-prone areas on the south coast 
of Java (Jamilah et al., 2021). Latifah (2022) 
simulated the height and arrival time of a 
tsunami due to an 8.7 Mw megathrust 
earthquake on the south coast of Java using 
ETOPO1 1 arc-minutes bathymetry data and 
a 90-meter resolution SRTM digital elevation 
model in the Community Model Interface 
for Tsunami (ComMIT) software. The results 
confirmed that Pacitan has a high level of 
tsunami hazard. Regional modeling 
scenarios, however, do not provide 
sufficient information for local planning 
purposes. More detailed studies must be 
carried out at the village level to understand 
the natural hazards better. In addition, 
research associated with the tsunami hazard 
has focused more on Pacitan Bay (Pratiwi, 
2016; Hidayah et al., 2022). The study must 
also be carried out in areas with high 
population concentrations in other parts of 
the Pacitan Regency, which are neglected 
from scientific research. Watukarung, one of 
the villages in Pacitan Regency, should be 
prioritized for this purpose; this area also 
has popular coastal tourism attractions. 
Currently, Watukarung has been promoted 
as a surfing destination for foreign tourists, 
and there are many lodging places and food 
stalls around the beach. 

Tsunami susceptibility mapping is 
crucial for supporting disaster risk reduction 

planning. Susceptibility is related to the 
spatial aspect of hazards without 
considering the timing or potential victims 
and economic losses (Domínguez-Cuesta, 
2013). It is worth noting that susceptibility 
assessment differs from hazard assessment, 
where the latter addresses not only spatial 
aspects but also magnitude, frequency, and 
other characteristics (Nadim, 2013). 
Susceptibility assessment also differs from 
vulnerability assessment as vulnerability 
examines the potential for harm at the place 
as a function of the intersection between the 
built environment and infrastructure, social 
and economic systems, and physical systems 
(Cutter, 2013). 

The National Disaster Management 
Agency (BNPB) has established particular 
standards for creating tsunami hazard maps 
in Indonesia. The distribution of the 
impacted area due to tsunami inundation is 
estimated through mathematical 
calculations formulated by (Berryman, 
2006). These calculations consider the 
reduction in tsunami height for every 1-
meter increase in inundation distance (water 
level), considering the distance values about 
slope and surface roughness (BNPB, 2018). 
However, the spatial information generated 
by the disaster management authority is 
typically designed for a regional scale. 
Meanwhile, if applied to smaller planning 
units, the results may be insufficient for 
further utilization in creating local plans. 
Thus, adjustments and alternative 
approaches are necessary to ensure planning 
effectiveness. 

This research aims to estimate the 
tsunami susceptibility level in the 
Watukarung region using the Spatial Multi-
Criteria Evaluation (SMCE) module. This 
method can produce a reliable tsunami 
susceptibility map at the village level 
(Waskita et al., 2020; Alwi & Mutaqin, 2022). 
The main advantage of SMCE is that 
qualitative data can be involved in the 
modeling in addition to quantitative data. 
Compared with the traditional overlay 
method, the subjectivity of experts in the 
weighting process can be controlled to 
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reduce bias. The development of this 
research has the benefit of providing 
information about the hazard and increasing 
the preparedness of local communities 
regarding the tsunami disaster in 
Watukarung. 
RESEARCH METHODS 
Study Area 
 Watukarung is a village in 
Pringkuku Sub-district, Pacitan Regency, 
East Java Province (Figure 1). Dersono 
Village borders this area to the north and 
west, Jlubang Village to the east, the Indian 
Ocean to the south, and Sendang Village 
borders a small part of its territory to the 
west. The position of Watukarung Village is 
about 22 km from the capital of Pacitan 
Regency. The area of Watukarung is about 
7.4 km2, with a population of around 1,569 in 
2021 (BPS Kabupaten Pacitan, 2022).  

Watukarung region has a relatively 
heterogeneous topography because it is part 
of the Southern Mountains Zone, mainly 
composed of carbonate rocks (van 

Bemmelen, 1949). Karst hills are the most 
dominant landform found in the area. The 
maximum elevation in this village is about 
164 meters above sea level. Meanwhile, the 
plains in this village are relatively narrow 
and are most dominantly found in coastal 
areas. Due to these terrain conditions, 
settlement areas are clustered in several 
locations, especially in the coastal areas 
(which are the most densely populated) and 
in the valleys between hills.  

 Watukarung coastal area offers an 
exotic view with its uniqueness in the 
presence of coastal cliffs, white sand 
beaches, and waves suitable for surfing 
activities (Figure 2). Not surprisingly, this 
area has become one of the leading tourism 
destinations in the Pacitan Regency. Many 
homestays and inns have been established to 
accommodate visitors who want to stay 
overnight. Nonetheless, coastal hazards 
must be considered and studied further to 
achieve sustainable tourism development. 

 

 
Figure 1. Study Area Map (Source: Data Analysis, 2023) 
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Figure 2. Coastal Landscapes in Watukarung (Source: Field Documentation, 2022) 

 
Data Collection Technique 

This study used five variables for the 
tsunami susceptibility analysis: landform, 
elevation, slope, distance from the shoreline, 
and river. These five variables were selected 
based on recent literature reviews 
(Oktaviana et al., 2020; Waskita et al., 2020; 

Alwi & Mutaqin, 2022). The spatial data 
used in this study were collected from 
various sources (Table 1). Field observations 
were carried out in October 2022 to collect 
the additional required data for validation. 

 
Table 1. Variables and Data Sources 

No  Variables Data Sources 

1. Landform DEMNAS and geological map 

2. Elevation DEMNAS  

3. Slope DEMNAS  

4. Distance from shoreline Peta Rupa Bumi Indonesia (Scale 1:25.000) 

5. Distance from river Peta Rupa Bumi Indonesia (Scale 1:25.000) 

(Source: Data Analysis, 2023) 
 
DEM Nasional (DEMNAS) is the 

finest free digital elevation model (DEM) in 
Indonesia provided by the Geospatial 
Information Agency 
(https://tanahair.indonesia.go.id/demnas). 
The spatial resolution of this DEM is 0.27-
arcsecond. Aside from being a source of 
elevation data, DEMNAS acted as critical 
spatial data in delineating landforms and 
deriving slope information. For landform 
variables, the delineation process was 
assisted by the Topographic Position Index 
(TPI) Based Landform Classification, which 
was automated in SAGA GIS software. TPI 
is very suitable for delineating landforms in 
areas with heterogeneous topographical 
conditions, where it is based on the 
difference between the area's height at a 
certain point and the average height at a 

specific radius (De Reu et al., 2013). The 
classification results subsequently were 
reclassified in the QGIS software based on 
physiographic information and lithological 
characteristics of the constituents with the 
primary reference from geological maps 
(Surono et al., 1992). Meanwhile, the degree 
of slope was calculated directly in the ILWIS 
software with a specific formula. 

The shoreline and river shapefiles 
were obtained from a topographic map (Peta 
Rupa Bumi Indonesia) digitized at a scale of 
1:25,000. The vector data has been made 
available free of charge by the Geospatial 
Information Agency 
(https://tanahair.indonesia.go.id/portal-
web/download/perregion). Proximity 
analysis for the two variables was done 
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using the calculate distance tool in the ILWIS 
environment. 

The five variables were grouped into 
several classes (Figure 3). Five landform 
types have been identified in Watukarung, 
namely karst hill, karst depression, alluvial 
plain, beach, and river. Landform types can 
be categorized as nominal data, where any 
quantitative value does not represent them. 
When dealing with continuous quantitative 
data (other than landforms), the 
categorization process employed the slicing 
technique within the ILWIS environment. 
The class domains were modified or referred 
directly to several references (Oktaviana et 

al., 2020; Waskita et al., 2020; Alwi & 
Mutaqin, 2022). Elevation (in meters above 
sea level/masl) consisted of five classes: ≤5.0 
masl, 5.1-10.0 masl, 10.1-15.0 masl, 15.1-20.0 
masl, and >20.0 masl. Slope consisted of six 
classes: flat (≤2.0°), gentle (2.1°-4.0°), more 
gentle (4.1°-8.0°), slightly steep (8.1°-16,0°), 
steep (16.1°-35.0°), and very steep (>35.0°). 
Distance from the shoreline was ≤300.0 
meters, 300.1-700.0 meters, 700.1-1200.0 
meters, and >1200.0 meters. Lastly, the 
distance from the river was divided into five 
classes: ≤100.0 meters, 100.1-200.0 meters, 
200.1-300.0 meters, 300.1-500.0 meters, and 
>500.0 meters.

 

 
Figure 3. Tsunami Susceptibility Variable Maps: (a) Landform, (b) Elevation, (c) Slope,  
(d) Distance from the Shoreline, and (e) Distance from the River (Source: Data Analysis, 2023) 
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Spatial Multi-Criteria Evaluation Model 
SMCE is a semi-quantitative approach 

used in the decision-making process where the 
analysis considers several criteria in spatial 
data. A set of variable maps is grouped, 
standardized, and weighted in a criteria tree 
(Biswas & Sil, 2023). This model was evaluated 
using ILWIS software. The variables and each 
of their classes used in this study were given a 
rating based on their relative contribution to 
tsunami susceptibility. The pairwise technique 
has been implemented in rating determination. 
For each variable, the higher a class's 
normalized priorities values (NPV), the higher 
the influence on tsunami susceptibility is 
assumed. The weights for the five variables 
were also determined based on the pairwise 
comparison. Inconsistency ratio tests 
accompanied all these rating procedures to 
reduce subjectivity. Pairwise results were 
considered feasible if the inconsistency ratio 
was less than 0.1. Finally, a tsunami 
susceptibility map was generated and 
classified into four classes: safe, low, moderate, 
and high. 
 
RESULTS AND DISCUSSION 
NPV and Weight of Physical Factors 
 Table 2 shows the scoring results for 
each class of physical factor of tsunami 
susceptibility in Watukarung. The score has 
a range of 0 to 1. The higher the NPV, the 
higher the assumed level of susceptibility. 
The inconsistency ratio of the pairwise 
technique on all variables is less than 0.1, 
proving that the degree of (in)consistency is 
acceptable and feasible to generate the 
expected output. 

Three landforms are considered the 
most susceptible to tsunamis: rivers, 
beaches, and alluvial plains. As a type of 
water body, the river often acts as a free 
passage for tsunami waves to reach inland 
farther. This situation is strongly supported 
by the relatively small level of surface 
roughness (BNPB, 2018). As it is directly 
adjacent to the shoreline, the beach is one of 
the landforms most likely to be exposed to 
tsunami waves for the first time, especially 
those with low-lying flat areas (Waskita et 
al., 2020). The alluvial plain on the backshore 

also has a relatively high NPV due to 
morphological conditions that increase 
tsunami susceptibility. The dominating 
geomorphological process in this plain is 
sedimentation from solutional and marine 
activities. Scores on karst hills and 
depressions are the lowest compared to 
other landforms. Due to the terrain 
conditions, it is estimated that the tsunami 
did not significantly impact the karst hill, 
even though the location is directly adjacent 
to the sea (e.g., coastal cliff). The same 
applies to the karst depression because the 
surrounding hills protect the area. 

Elevation is an attribute related to the 
difference in the vertical distance of a point 
to sea level. Tsunami easily inundates low-
elevation areas. This study shows that the 
NPV for elevation ≤5.0 m is the highest 
compared to other elevation classes. At 
higher elevation classes, the NPV tends to 
decrease exponentially.  

As one of the morphometric features, 
slope angle also has a crucial role in 
assessing tsunami susceptibility. According 
to (Safira et al., 2022), tsunami waves can hit 
land farther up to thousands of meters in 
areas with a low slope level. Meanwhile, the 
steep coast resists and reflects the waves 
from the sea. This scenario is applied to the 
acquisition of NPV slope, where the flat area 
is associated with the highest susceptibility. 
The score for each class decreases as the 
slope level increases. 

Distance from the shoreline is a 
variable that is often considered in tsunami 
susceptibility modeling. In general, tsunami 
intensity is determined by the wave height 
scenario. However, it has been agreed by 
consensus that the closer an area is to the 
shoreline, the higher the level of tsunami 
susceptibility. Based on pairwise results, the 
highest NPV is found at a distance of ≤300.0 
m from the shoreline. NPV tends to decrease 
with increasing distance to the shoreline.  
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The last variable considered in this 
study is the distance from the river. Two 
rivers are identified in Watukarung: Kali 
Maron on the west side and Kali Cokel on 
the east side. Tsunami flows can easily 
infiltrate river bodies. When the river's 
capacity cannot accommodate the volume of 
water, the area around the river is estimated 
to be inundated with water overflow 
(Laksono et al., 2022). Therefore, the farther 
the distance from the river, the smaller the 
possibility of an area being affected by river 
overflow. Based on pairwise results, the 
highest NPV was found at a distance of 

≤100.0 m from the river, while the lowest 
NPV was found at a distance of >500.0 m. 

This study assumed that the 
importance of each tsunami susceptibility 
variable is not equal (Table 3). Of the five 
variables, landform has the highest weight 
(0.51), followed by distance from shoreline 
(0.23) and elevation (0.13). These results are 
consistent with the method design 
developed by (Hoppe and Spahn, 2008), 
where these three variables are critical 
parameters in village-level tsunami hazard 
zoning.  

 
 

Table 2. NPV Resulted from Pairwise Comparison 

Variable Class NPV Inconsistency Ratio 

Landform 

1. Karst Hill 0.111 

0.001 

2. Alluvial Plain 0.953 

3. Karst Depression 0.117 

4. Beach 1.000 

5. River 1.000 

Elevation 

1. ≤5.0 m 1.000 

0.060 

2. 5.1 – 10.0 m 0.538 

3. 10.1 – 15.0 m 0.273 

4. 15.1 – 20.0 m 0.090 

5. >20 m 0.074 

Slope 

1. Flat 1.000 

0.043 

2. Gentle 0.562 

3. More Gentle 0.304 

4. Slightly Steep 0.097 

5. Steep 0.080 

6. Very Steep 0.075 

Distance from 

shoreline 

1. ≤300.0 m 1.000 

0.052 
2. 300.1 – 700.0 m 0.721 

3. 700.1 – 1200.0 m 0.232 

4. >1200.0 m 0.116 

Distance from river 

1. ≤100.0 m 1.000 

0.081 

2. 100.1 – 200.0 m 0.529 

3. 200.1 – 300.0 m 0.267 

4. 300.1 – 500.0 m 0.139 

5. >500 m 0.054 

(Source: Data Analysis, 2023) 
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Table 3. Tsunami Susceptibility Variables Weights 

Variable Weight Inconsistency Ratio 

Landform 0.51 

0.044 

Elevation 0.13 

Slope 0.07 

Distance from shoreline 0.23 

Distance from river 0.06 

(Source: Data Analysis, 2023) 
 
Landforms have been referred to as 

the most critical indicators in ecoregion-
based tsunami susceptibility assessments 
because they can provide susceptibility 
information based on morphological aspects 
and the formation process (Husein et al., 
2017). Distance from the shoreline plays a 
significant role in constructing the spatial 
distribution of coastal inundation since the 
tsunami waves first reached the area closest 
to the sea. Land elevation also directly 
influences the estimation of the impact of the 
tsunami hazard at a particular location 
(Lessy and Sabar, 2021). 

 
Spatial Distribution of Tsunami-Prone 
Areas 
 Based on the results of the tsunami 
susceptibility assessment using SMCE, it can 
be seen that around 25.13 ha (3.83% of the 
total area of Watukarung mainland) is 
classified as high susceptibility, 23.92 ha 
(3.64% of the total area of Watukarung 
mainland) is classified as moderate 
susceptibility, 9.68 ha (1.47% of the total area 
of Watukarung mainland) is classified as 
low susceptibility and 598.40 ha (91.06% of 
the total area of Watukarung mainland) is 
included in the safe zone. The tsunami 
susceptibility map is illustrated in Figure 4. 

The high susceptibility zone is identified in 
the southern part of Watukarung. This area 
is dominated by alluvial plains landforms 
with low elevation and close to the shoreline. 
In addition, areas.  

Areas with moderate and low 
susceptibility levels are dominated by land 
characteristics in the form of alluvial plains 
with elevations between 5-10 meters above 
sea level and within 300-700 meters of the 
shoreline. This area is located on the north 
side of the high susceptibility zone. The safe 
zone generally includes hills with steeper 
slopes and areas over 20 meters above sea 
level. Apart from inland, these hills can be 
found on the east, central, and west sides of 
the Watukarung coast so that they can act as 
natural tsunami barriers. On the one hand, 
the condition of the Watukarung area, which 
is dominated by karst hills, provides a 
distinct advantage because areas with the 
potential for a tsunami hazard only 
represent <10% of the total village area. On 
the other hand, the zone with higher 
susceptibility is an area that functions as a 
settlement center in Watukarung. In 
addition, this area also functions as a tourist 
spot, both beach and river tourism (in Kali 
Maron and Kali Cokel).  

That is close to rivers with low elevations 
and gentle slopes also have a high potential 
for tsunami hazards. 
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Figure 4. Tsunami Susceptibility Map (Source: Data Analysis, 2023) 
 

Using the SMCE module for disaster 
susceptibility mapping has several 
advantages and disadvantages. According 
to (Waskita et al., 2020), the SMCE model can 
be used if there is limited data related to 
disaster history. SMCE is made based on 
experts' involvement to assess the study 
area's susceptibility. Although expert 
opinion is often subjective, inconsistency 
ratio measurements are believed to mitigate 
this issue. The results built using SMCE 
cannot produce a model based on variations 
in tsunami run-up, so this study 
recommends the need for comparison with 
other approaches. 

Another issue relates to the inputs 
used in the susceptibility assessment, 
particularly the digital elevation model. The 
quality of geospatial data will influence the 
outcomes of the modeling process. 

DEMNAS is formed from several data: 
IFSAR, TerraSAR-X, ALOS-PALSAR, and 
mass point. One might argue that DEMNAS 
does not fully represent the actual terrain 
height in an area, thus, confident handling is 
needed to improve the accuracy of the model 
built (Julzarika & Harintaka, 2019). The use 
of a digital elevation model based on Light 
Detection and Ranging (LiDAR) or 
Unmanned Aerial Vehicle (UAV) is expected 
to provide better mapping results (Alwi & 
Mutaqin, 2022). Despite these limitations, 
higher-resolution data is much better for 
generating village-scale susceptibility maps 
than global elevation datasets. In addition, 
these results are similar to the regional 
tsunami hazard maps visualized in the 
disaster mapping portal developed by BNPB 
(i.e., InaRISK). Still, the spatial resolution is 
more adequate for local planning objectives. 
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Figure 5. Major Element At-Risk in Tsunami-Prone Areas of Watukarung 
(Source: Data Analysis, 2023) 

 
Exposures of Built-up Land  
 For further discussion, this study 
simulated a simple tsunami exposure 
analysis in a part of the Watukarung coastal 
area through an overlay between the built-
up land and the tsunami-prone zone layer. 
The building site vector data were digitized 
on-screen from the high-resolution imagery 
base map available in the QGIS software. 
Administratively, two hamlets (Dusun) are 
directly adjacent to the shoreline and have a 
relatively high population density in 
Watukarung, namely Ketro and 
Gumulharjo. Both areas are mainly 
positioned in a flat and low-elevation 
alluvial plain environment. 

This study successfully identified at 
least 381 buildings in the coastal areas of 
Ketro and Gumulharjo (Figure 5). Based on 
field observations, land use, according to its 
function, is a mixture of housing, tourist 
accommodations, small shops, restaurants, 
and public facilities. The results of the 
overlay analysis revealed that most of the 

built-up land is situated in a high 
susceptibility zone for tsunamis, indicated 
by 216 structures or approximately 68% of 
the total buildings. There are 141 structures 
located in a moderately susceptible zone, 
while only three structures are found in a 
zone with low susceptibility. The quantity of 
buildings unexposed to tsunami hazards is 
comparatively limited (21 structures), 
predominantly situated at elevated 
locations. This situation calls for promoting 
serious mitigation initiatives to prevent 
future catastrophes. 

Apart from Watukarung, the 
exposure of buildings to tsunamis in other 
parts of Indonesia has also been studied in 
several latest studies. Mardiatno et al. (2020) 
investigated the number of buildings in 
areas that could be inundated by a tsunami 
in Pangandaran (West Java), which 
experienced a significant increase over ten 
years after the 2006 large-scale tsunami. On 
the coast of Bengkulu City and Central 
Bengkulu Regency, (Akbar et al., 2020) also 

https://jurnal.unimed.ac.id/2012/index.php/geo/article/view/41767
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found that many settlements are in the high 
tsunami hazard zone, especially in the 
western part. Amri and Giyarsih (2022) 
evaluated the existing urban physical 
growth in areas affected by the 2004 tsunami 
of Banda Aceh, which occurred again at a 
high rate and intensity. 

Mitigation strategies are essential 
steps to support tsunami risk reduction 
efforts. This study has provided essential 
information to achieve this goal. Subsequent 
studies are needed to investigate the element 
at risk in detail regarding its vulnerability 
and capacity (Amri et al., 2023). On the 
governance side, several aspects of tsunami 
risk reduction should be reviewed, such as 
regional planning, regulations, institutions, 
and preparedness schemes. 

 
CONCLUSION 
 Geographical information systems 
have been widely utilized for disaster risk 
management purposes. This study applied 
the SMCE framework to assess tsunami 
susceptibility patterns in Watukarung 
Village, Pacitan Regency. A multi-criteria 
evaluation approach was chosen because of 
its benefits in integrating qualitative and 
quantitative data. Several physical factors 
that contribute to identifying tsunami-prone 
areas have been included in the modeling, 
such as landform, elevation, slope, distance 
from the shoreline, and distance from the 
river. This article presented 
geomorphological features (i.e., landform) 
as the most influential aspects of tsunami 
susceptibility, followed by distance from 
shoreline and elevation.  

The results indicated that the areas 
with high, moderate, and low levels of 
tsunami susceptibility were 25.13 ha, 23.92 
ha, and 9.68 ha, respectively. Meanwhile, the 
safe zone area covers most of the 
Watukarung area, i.e., 598.40 ha. Regardless 
of this situation, the research found that the 
densest population concentration in 
Watukarung was identified as a tsunami-
prone area. Given the high level of economic 
development (especially for tourism), 
managing coastal resources must be 
integrated with tsunami risk reduction 

measures to mitigate the consequences of 
disasters as much as possible.  

Higher spatial resolution data is 
crucial in providing more reliable coastal 
hazard information. For example, an 
onshore digital elevation model derived 
from LiDAR or UAV is expected to produce 
a more reliable tsunami susceptibility 
mapping. Also, it is essential to compare this 
result with other approaches, such as 
tsunami propagation models, which involve 
bathymetry data and earthquake magnitude 
scenarios. Further research must examine 
coastal community and tourism resilience in 
anticipating tsunami risk. 
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