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Abstract: The 2006 tsunami, throughout the Pangandaran to Cilacap Coast, resulted in 802 deaths
and 1623 houses being destroyed. At Jetis beach, Cilacap Regency, 12 people died, and hundreds of
houses were damaged. This area is a tourism destination, visited by hundreds of people per week.
Therefore, this study aims to determine a tsunami hazard zone and the most effective evacuation
route based on multiple factors and scenarios. The method of this study includes scoring, weighting,
and overlaying the distance of the Jetis beach from the shoreline and the river, including the elevation
and topography. The study results depict five levels of tsunami hazard zone at the Jetis beach: an area
of high potential impact, moderately high, moderate, moderately low, and low. The southern Jetis
beach is the most vulnerable area with regard to tsunamis, characterized by low elevation, proximity
to the beach and rivers, and gentle slopes. The simulation results show the four fastest evacuation
routes with the distance from the high-risk zone to the safe zone of around 683-1683 m. This study
infers that the southern part of the Jetis beach, in the moderate to high impact zone, needs greater
attention as it would suffer worst impact from a tsunami.
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1. Introduction
1.1. Study Background

In 2006, a tsunami wave with a height of 5-7 m surged along the southern coast of
Java. There was a >7 Mw (moment magnitude) earthquake before the tsunami waves hit
the southern coast of Java [1,2]. As a consequence of this tragedy, 664 people died, 498 were
injured, 1623 houses were damaged, and economic loss reached 55 million US dollars [3].
Earthquakes and tsunamis are the most endangering disaster on the southern coast of Java,
because of its location close to the subduction megathrust between the Eurasian continental
plate and the Indo-Australian ocean plate [4,5]. Additionally, the Cilacap-Pamanukan-
Lematang large fault complex has the potential to induce earthquakes of a magnitude of
7-9 Mw [6,7]. Therefore, there is a need to study tsunami-prone zones throughout southern
Java so that people in this area are more alert to avoid vulnerable zones when an earthquake
occurs above 7 Mw.

Studies on tsunami wave modeling in southern Java based on 2006 earthquake data
have been conducted [8]. This study shows that the height of the tsunami wave in Cilacap
was around 3-6 m, and the inundation distance was 400-600 m from the shoreline. Another
study on active tectonic deformation in Java using GPS from 2008-2013 found a strain rate
of more than one microstrain/year, with an extensional strain of five microstrains/year
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associated with post-seismic deformation of the Java earthquake in 2006 [9]. The mapping
of potential tsunamis on the southern coast of Java has been carried out in specific areas
such as Pangandaran, Gunung Kidul, Pacitan, and Banyuwangi [10-12]. There are still
other areas on the southern coast of Java Island that have not been studied, especially
Central Java Province. The considerations of the tsunami hazard mapping study is the
availability of vital national infrastructure, such as ports and airports [13-15]. The In-
donesian government’s long-term program is to map the tsunami hazard zones across the
southern coast of Java [16-18]. Recently, tsunami research in southern Java has focused
on the recurrence interval and the height of the tsunami waves. Meanwhile, the study of
mapping the tsunami hazard zone and the simulation of the fastest evacuation route has
not been performed comprehensively. Mapping of the large-scale tsunami hazard zone in
southern Java has never been undertaken. Currently, the scale of the study area is only at
the district level. In contrast, the tsunami hazard zone from one location to another varies
depending on elevation, wave height, and tsunami distance [19-21]. As a solution to this
problem, mapping the tsunami hazard zone in this study will be conducted on a large scale
at the sub-district level. The case study in this research is Jetis beach.

1.2. Significance of the Research Location, Purpose, and Contribution of This Study

The site selection in this study took into account the history of the tsunami events,
the existence of vital national infrastructure, and population density. Jetis beach, one of
the tourism destinations on the southern coast of Cilacap, experienced the impact of the
2006 tsunami [22]. This beach lies at Jetis Village, which has an area of about 6.06 km? and a
population of 6596 people (Figure 1) [23]. Apart from being a tourist attraction, there is also
a fish auction center and vegetable plantations [24]. A steam power plant exists around Jetis
beach. This power plant supplies electricity to the entire southern Central Java and West
Java Provinces [25]. This village is situated on the main route between Cilacap Regency
and Kebumen Regency. The condition of the road that is parallel to the coast, coupled
with a relatively high volume of traffic (more than 7000 vehicles/h; [26]), could hinder the
community’s evacuation during an earthquake or tsunami. This study aimed to define the
tsunami hazard zone at Jetis beach based on slope, the distance from the coastline and river,
and elevation parameters, using the weighing method. Furthermore, we determine the
fastest evacuation route from the high-risk location to the safe area, built upon the tsunami
hazard map and road capacity. This study will contribute to the long-term program of
the Indonesian government to map areas that have yet to be assessed. This study will
also be the first to map the tsunami hazard zone in southern Java on a large scale at the
sub-district level.
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Figure 1. Jetis beach lies in Nusawungu District, Cilacap Regency, Central Java Province. This beach
is a tourism destination in Cilacap. The study area in the image is shown in pink.
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2. Literature Review
2.1. Geo-Tectonic Setting

Jetis beach is situated around 50 km from the shallow earthquake zone and 120 km
from the deep megathrust earthquake zone of South Java [27]. The recurrence period for
shallow earthquakes ranges from 10-50 years, while the recurrence period for deep earth-
quakes is not yet known [28]. There is a seismic gap in the medium earthquake zone, where
the earthquake’s potential magnitude and recurrence period are currently unknown [29]. If
we observe the megathrust zone of west Sumatra, the recurrence period for the medium
and deep earthquake zones is more extensive than the shallow earthquake zone, and the
amount of energy released is more significant and can generate tsunami waves [30,31]. In
2009, an earthquake in Tasikmalaya impacted Jetis Beach, which was 150 km away [32].
This earthquake was generated by the Cilacap-Pamanukan-Lematang active fault zone [33].
Based on USGS data, from 1900 to 2020, there were more than 203 shallow seismic activities
with a magnitude of >4.5 Mw [34]. Approximately 80 medium and deep earthquakes
occurred in the south of Central Java from 1900 to 2020 with a magnitude greater than
7 Mw [35]. Table 1 summarizes previous studies on the potential for earthquakes and
tsunamis in Cilacap.

Table 1. Previous studies on the potential for earthquakes and tsunamis in Cilacap. Based on the
tectonic setting, Cilacap has a medium earthquake vulnerability, which is dominated by shallow
earthquakes. The last earthquake and tsunami in Cilacap occurred in 2006.

Summary References

Based on the peak ground acceleration at the surface (PGA)) using the
probabilistic method, the entirety of Cilacap is classified as having [36]
moderate earthquake vulnerability.

Compilation of fault mechanisms, historical seismograms, calculation of
mantle surface waves, and numerical simulations of the tsunami shows
that the 1921 earthquake in Cilacap originated from a depth of 30 km.
The earthquake mechanism configuration is strike-slip, showing the
tensional stress parallel to the direction of convergence with a moment of
5 x 10% dyn cm.

[37,38]

The 2006 earthquake and tsunami in Java had two different rupture
stages. The first stage lasted 65 s with a rupture speed of 1.2 km/s. The [39]
second stage lasted from 65 to 150 s with a rupture speed of 2.7 km/s.

There were three primary waves during the 2006 tsunami in West
Java—Central Java. The maximum flow depth was up to 5 m, and the
maximum run-up height was 15.7 m. Both occurred in Pangandaran,

West Java.

[40]

2.2. Tsunami Wave and Evacuation Route Simulation

In regards to the study of the potential for earthquakes and tsunamis in Cilacap,
research on the tsunami hazard was carried out by [41]. The tsunami hazard probabilistic
analysis (PTHA) provides a structured way to integrate multiple sources, including un-
certainty due to natural variability and limited knowledge. PTHA-based outcomes are
related to average return periods (ARPs). The PTHA composite map provides information
on the source of the earthquake, the travel time, and the inundation distance of the tsunami
waves on the coast. The earthquake risk map takes into account the integration method of
geographic information system (GIS) and field observation data, which have been applied
to reduce the risk of earthquakes and tsunamis in Padang and Yogyakarta, Indonesia.
The earthquake source in Padang is the Mentawai Islands megathrust. Meanwhile, the
trigger of earthquakes and tsunamis in Yogyakarta is the Sunda megathrust along the
south of Java. The use of the scoring method in determining the tsunami hazard zone
in Padang and Yogyakarta takes into account elevation, slope, and the distance from the
coastline [42,43]. The tsunami hazard zone can be determined using a weighting method of
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four parameters, namely the distance of a location from the shoreline (Table 2), the distance
of the river to the study area (Table 3), slope (Table 4), and elevation. (Table 5). In addition
to the weighting method, there are other methods to determine the tsunami hazard zone,
including the method developed by [44]. This method is based on calculating the loss of
tsunami height per 1 m of inundation distance by including the manning roughness and
slope coefficient factors.

Table 2. Weights and scores for the distance of a location from the shoreline [45].

No. Distance (m) Score Weight Total Score
1 <556 1 20 20
2 557-1400 2 20 40
3 1401-2404 3 20 60
4 2405-3528 4 20 80
5 >3528 5 20 100

Table 3. Weights and scores for the distance of a location from the river [46].

No. Distance (m) Score Weight Total Score
1 0-450 1 10 10
2 451-900 2 10 20
3 901-1350 3 10 30
4 1351-1800 4 10 40
5 1801-2250 5 10 50
6 >2250 6 10 60

Table 4. Weight, scores, and the type of slope based on the percentage of slope [45].

No. Percentage of Slope Type of Slope Score Weight  Total Score
1 0-2 Flat 1 10 10
2 2-6 Flat-Gentle 2 10 20
3 6-13 Gentle-Tilt 3 10 30
4 13-20 Tilt 4 10 40
5 20-55 Tilt-Steep 5 10 50
6 >55 Steep—Very Steep 6 10 60

Table 5. Weights and scores for the elevation parameter [45,47].

No. Elevation (m) Score Weight Total Score
1 0-5 1 25 25
2 6-10 2 25 50
3 11-15 3 25 75
4 16-20 4 25 100
5 >20 5 25 125

The method used to create the fastest evacuation route is Dijkstra’s algorithm. This
algorithm requires data to be coordinates of each evacuation point, coordinates of each
intersection point, and the number of intersections to be passed. Dijkstra’s algorithm can
solve the search for the shortest path between two vertices in a weighted graph with the
most negligible total weight [48,49]. The concept of the Dijkstra algorithm is to find the
shortest distance of a path between two points. The Dijkstra method is not limited to finding
the shortest route for tsunami evacuation; it can be applied for other purposes, such as
evacuation routes out of buildings during an earthquake or fire [50]. Matlab programming
language can function to determine the shortest route for tsunami evacuation using the
Dijkstra algorithm. Other parameters besides distance can also be added to determine the
best evacuation route: road width, population density, and road conditions. The level of
preference determination can adopt the fuzzy logic method [51].
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3. Materials and Methods

In this study, we used the earthquake and tsunami history in southern Java and the
regional geology of Banyumas to determine whether our study area is earthquake and
tsunami vulnerable. We collected IFSAR DEM data with a resolution of 5 m, an Indonesian
earth map, an Indonesian administrative map, and an Indonesian shoreline map. We used
ArcGIS 10.8.1 software to define the boundary of the case study area and the shoreline of
Jetis Beach, Cilacap. Spatial data extraction was carried out to obtain a tsunami hazard map
based on the specified parameter classification. parameter selection refers to the dominant
factors that affect the distribution of tsunami waves on land. In this study, we used four
parameters: distance from the shoreline (Table 2), distance from the river (Table 3), slope
(Table 4), and elevation (Table 5). Each of these maps has tsunami hazard classes connected
to the parameters that have the highest to lowest scores: the distance from the shoreline,
elevation, slope, and the distance from the river [52]. Subsequently, we overlay all of them
to obtain the final tsunami hazard zone map (Figure 2).

Literature review and data collection
. Earthquake and tsunami history
. Regional geology of Banyumas
. IFSAR DEM 5 m resolution
. Indonesian earth map
. Indonesian administrative map
. Indonesian shoreline map

Extraction of spatial data
. The distance from the shoreline
. The distance from the river
. Slope
. Elevation

v

\’

Tsunami hazard
map based on
distance from the
river
Input the class of
distance from the

river

Tsunami hazard map

Tsunami hazard map Tsunami hazard map based on the distance
from the coastline
Input the class of

distance from the

based on elevation
Input the class of
elevation

based on slope
Input the class of the
slope
shoreline

v

Tsunami hazard map multiple
factors

Figure 2. Flowchart of tsunami hazard zone mapping at Jetis beach, Cilacap. The final result of this
process is determining tsunami hazard map multiple factors.
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The tsunami evacuation route at Jetis Beach applies the Dijkstra algorithm using
Matlab programming language. The data needed in this case are geographic location,
number of inhabitants, transportation path, and evacuation building. We observed the
study area to collect them. The starting point and ending point were determined based
on the tsunami hazard map at Jetis Beach. The starting point was in the most vulnerable
zone of the tsunami, and the endpoint was in the safest zone. The next step was to create
a road network that connects the starting and ending points. Clusters and convergence
points are represented as a vertex. Meanwhile, road segments are revealed as edges.
Then each road network is given a weight based on the fuzzy method by considering the
distance traveled, road conditions, population density, and the availability of evacuation
buildings. Afterward, we made an m-file using the MATLAB application based on the
Dijkstra algorithm. The flow chart of this research can be seen in Figures 3 and Al. The
available tsunami evacuation routes were validated built upon actual conditions in the case
study area. We conducted field observations to interview residents about whether they
were familiar with the available evacuation routes. Community knowledge on evacuation
routes will determine the success of the evacuation process [53]. In addition, we also
re-checked the road capacity and the availability of evacuation buildings to accommodate
the existing population.

Collecting data
* Geographlc. location > Road network graph design
. Road capacity : .
o ; The road network graph is designed based on
. The number of inhabitants S AR RCIRE i e mas
u ] ints, and er ints.
. Evacuation building availability &F F

Determination of evacuation route

Road network weighting based on fuzzy method

Fabrication of m-file on Matlab based on Weighting considerations include distance, road
Dijkstra algorithm conditions, population density, and the availability of
evacuation buildings.
A4
Evacuation route of tsunami S Evacuation route validation

Figure 3. Flowchart of establishing tsunami evacuation routes at Jetis Beach using Dijkstra algorithm.

4. Results

The level of tsunami susceptibility is based on four parameters, including elevation,
distance from shoreline, slope, and distance from rivers. The farther an area is from the
coastline; the less likely a tsunami wave can reach that area. This can be seen in Figure 4,
where the Jetis area and its surroundings are divided into four classes. The first class is an
area that is less than 1400 m from the coastline, shown in red on the map. The second class
is the area that is 1401-2404 m from the coastline, displayed in yellow on the map. The
third class is an area that has a distance of 2404-3528 m from the Jetis coastline, described
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in light green on the map. The fourth class is the area with a distance of more than 3528 m
from the coastline, illustrated in dark green on the map.
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Figure 4. The tsunami hazard zone map of Jetis beach based on the distance from the coastline,
divided into four classes: less than 1400 m, 1401-2404 m, 2405-3528 m, and more than 3528 m.

The higher the elevation of an area, the lower the possibility that tsunami waves will
inundate that area. The elevation map of the Jetis area and its surroundings in Figure 5 consists
of four classes. The first class is an area that has an altitude of 0-5 m above sea level, which is
depicted in red on the map. The second class is an area that has a height of 5-10 m above sea
level, indicated in yellow on the map. The third class is an area that has a height of 1020 m
above sea level, which is exhibited in light green on the map. The fourth class is an area that is
at an elevation of more than 20 m, represented in dark green on the map.

In Figure 6, the slopes of the Jetis area and its surroundings are divided into four
classes, namely 0-6%, 6-13%, 13-20%, and more than 20%. Based on the correlation analysis
between the slope and the level of tsunami hazard, we infer that most of the Jetis area has
a slope of 0% to 6%. This indicates that most of the Jetis area and its surroundings have
flat slopes. The flat slopes are not adequate to withstand the waves of seawater because
there are no barriers used as natural breakwaters to reduce the transportation energy of the
tsunami wave. Therefore, the tsunami waves have the potential to flood landward with
high transportation energy and strong currents.
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Figure 5. Based on elevation, the tsunami hazard zone at Jetis beach consists of four classes: 0-5 m,
5-10 m, 10-20 m, and more than 20 m.
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Figure 6. Based on the slope, the tsunami hazard zone at Jetis beach is divided into four classes:
flat-gentle, gentle—tilt, tilt-steep, and steep—very steep.

Based on Jetis beach’s distance from the river, there are four levels of the tsunami
hazard zone, namely less than 900 m, 900-1800 m, 1800-2250 m, and more than 2250 m
(Figure 7). Rivers are considered a medium for spreading the inundation of tsunami waves.
When the river’s capacity is unable to accommodate the water volume, the area around
the river will be inundated. The increasing water discharge will increase the possibility of
overflowing around the riverbanks. Therefore, we can assume that the farther an area is
from the river, the less likely that area will be flooded by the tsunami waves.
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Figure 7. Based on the distance of Jetis beach to the river, the tsunami hazard zone is categorized into
four levels: less than 900 m, 900-1800 m, 1800-2250 m, and more than 2250 m.

5. Discussion

Based on the scoring and weighting of the elevation, Jetis beach’s distance to the river
and sea, and the topographic map (Figure 8), the tsunami hazard map consists of five
zones, ranging from high to low tsunami impact potential zones. The red area has the
most significant potential when a tsunami occurs. The orange area has a relatively high
potential, and the area with yellow color is classified as medium potential. The light green
color represents a low impact of tsunami waves. The darker green colored areas have the
lowest impact from tsunami waves.

The tsunami hazard map on Jetis beach comprises five levels. The southernmost area
of the beach has a high vulnerability, with typical low elevation, close to the coast and
the river, and a relatively gentle slope. Meanwhile, the northern part of Jetis beach has a
medium risk from tsunamis, characterized by a medium elevation, far distance from the
coastline, close proximity to the river, and medium slopes. The low-risk tsunami hazard
zone is in the eastern part of Jetis beach, with high elevations, close proximity to the river,
and steep slopes (Figure 8).

Jetis Village, Banjarsari Village, and Karangpakis Village have a high risk of tsunami
vulnerability. These areas are adjacent to the coastline and have a low elevation. Purwodadi
Village, Karangsembung Village, Klumprit Village, Banjareja Village, Kedungbenda Village,
Candirenggo Village, Wangunweni, and Ayah Village are at moderate-risk of tsunami
hazards. Their distance is somewhat far to the coastline, and they have a relatively high
elevation. Meanwhile, Tlogosari Village, Argopeni Village, and Kalipoh Village have a
low risk of tsunami hazard because these villages have a high elevation, a steep slope,
and are far from the coast. The high-risk to medium-risk zones need more attention
in disaster mitigation efforts to reduce the impact of tsunami waves. The solution to
mitigate the worst impact of the tsunami in these areas is undertaking an evacuation route
simulation that considers the distance from the starting point to the end point and the
public road’s capacity compared to the number of people who will be evacuated. Moreover,
the familiarization of the evacuation route for inhabitants is necessary. Breakwaters such as
sea walls and mangrove planting can be relied on to reduce the energy of tsunami waves.
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The classification of the level of tsunami vulnerability in this study supports the theory
proposed by [54], which uses coastal shape and slope parameters to determine the tsunami
hazard zone in an area. This study has mapped the tsunami hazard zone in more detail due
to a large scale and a focus on a narrow area, namely the sub-district level, which has never
been studied before. Ref. [43] mapped the tsunami vulnerability zone on the southern
coast of Java, in the Special Region of Yogyakarta Province. According to [54], each area
has its vulnerability zone due to different topographic conditions, population density, and
shoreline shape. This study succeeded in revealing the tsunami vulnerability zone in an
area that has so far been uncharted. However, this study is lacks total accuracy because
the use of reference simulations for the height and inundation distance of the tsunami
waves only considers the earthquake in 2006. In fact, according to [2], in the south of Java,
many seismic gaps could cause a larger moment magnitude of earthquakes as compared to
2006. The results of this research include a preliminary study that needs to be supported by
analysis of paleo-tsunami depositional data and simulations of tsunami waves before 2006.

316109 317109 318109 319109 320109 321109 322109 323109 324109
1 | 1 1 | 1 1 1 1

9146992 9147992 9148992

9145992

Indian
Ocean

9144992

) I I 1 I 1 I I 1
316109 317109 318109 319109 320109 321109 322109 323109 324109

0 075 15 3
s Kilometers

Legends :

N
A - High-risk zone
- Moderate to high-risk zone

Moderate zone

- Low-risk to moderate zone

- Low-risk zone

Figure 8. Five groups of the tsunami hazard zone based on overlaying Jetis beach’s distance from
the river and shoreline as well as its elevation and slope: high risk, medium to high risk, medium,
medium to low risk, and low risk.

We compared the results of this study with the results of field observations after the
2006 tsunami by [40], which was then supported by simulations of the height and distance
of the tsunami wave inundation using COMCOT [8]. The two previous studies stated that
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the maximum height of the tsunami waves at Cilacap Beach was only 6 m; this was due to
a natural barrier in the form of Nusakambangan Island, so that the height and speed of the
tsunami waves were significantly reduced. The inundation distance of the 2006 tsunami
was not more than 1 km. The results of interviews with five residents conducted on 19 June
2021 also indicated that the height of the tsunami waves was no higher than a coconut tree,
which has a height of about 8-10 m, and the furthest distance from the coastline was no
more than 600 m. The five residents are living witnesses of the 2006 tsunami disaster in
Cilacap. This comparison indicates that the simulation results using the weighting method
are still reliable, especially to describe the distance of the tsunami wave inundation. The
high-risk zone in this study is about 1 km, which means it is still accurate and follows the
results of field observations by [40] and the 2006 tsunami wave simulation using COMCOT
by [8]. However, further studies are needed because the source of the earthquake in Cilacap
has not been mapped in detail. It is still possible that there are sources of earthquakes that
have the potential to generate tsunamis like the 2004 Aceh tsunami tragedy. The earthquake
and tsunami tragedy on Lombok Island and Palu City in 2018 showed that uncharted faults
release much greater energy and have high-risk seismicity.

Other methods such as calculation of the tsunami height loss, as developed by [44],
can also be used to assess the most appropriate method in describing the tsunami hazard
risk in Cilacap. The method developed by [44] uses the Manning roughness coefficient
parameter, which affects the height and speed of tsunami waves when they reach the
mainland. The higher the Manning roughness coefficient, the lower the height and speed of
the tsunami waves. The reduced speed and height of the waves will reduce the propagation
of these waves on land. The type of land cover strongly influences the Manning roughness
coefficient. For example, an area covered by plantations will have a Manning roughness
coefficient greater than that of an open area [44].

Based on the simulation of the fastest route using the MATLAB application, four paths
are available to reach the safe point from the emergency point. The four lanes were
reviewed by looking at the available road capacity. We considered the condition and the
width of the road, because if the road is in bad condition, the community evacuation
process will be hampered. The determination of the emergency gathering point considers
the maximum capacity to accommodate victims. In the study area, the starting point is
at each beach entrance. There are three entrances symbolized as point 1, point 13, and
point 16. Meanwhile, the closest emergency gathering point that can accommodate the
public and tourists is the At-Tagqwa Mosque, symbolized by point 8 and a red triangle, and
the Jetis Village football court, which is symbolized by point 19 and the red triangle on
the map.

The first route is a route that starts from point 1 to point 8. Based on calculations in
the MATLAB application, the fastest route to point 8 from point 1 should go through point
1—+4—5—6—7—8, with 1683 m of distance (Figures 9 and A2). The second route is the
route from point 1 to point 19. Based on calculations in the MATLAB application, the fastest
route to get to point 19 from point 1 must go through point 1—2—23—219, with a distance
of approximately 998 m (Figures 10 and A3). The third route is the route from point 13 to
point 19. Based on calculations in the MATLAB application, the fastest route to get to point
19 from point 13 must go through point 13—14—15—19, with a distance of approximately
683 m (Figures 11 and A4). The fourth route is the route from point 16 to point 19. Based
on calculations in the MATLAB application, the fastest route to get to point 19 from point
16 must go through point 16—17—14—15—19, with a distance of approximately 1125 m
(Figures 12 and A5).
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Figure 9. The first evacuation route from point 1, a vulnerable zone, to point 8, a safe zone, is 1683 m.
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Figure 10. The second evacuation route from point 1, a vulnerable zone, to point 19, a safe zone, is
998 m.
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Figure 11. The third evacuation route from point 13, a vulnerable zone, to point 19, a safe zone, is 683 m.
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Figure 12. The fourth evacuation route from point 16, a vulnerable zone, to point 19, a safe zone, is
1125 m.
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We made observations at the research site to validate the evacuation route that we
developed. Evacuation route validation encompasses the distance from the evacuation
center location to the temporary shelter, shelter capacity, road capacity, population density,
and residents’ knowledge of evacuation routes. The validation results show that the four
evacuation routes we developed have adequate road capacity and adequate temporary
shelters. Residents are also familiar with the evacuation route that we developed because
the route passes through the village road, which residents often use to go to work and
school. Observations were made on 20 June 2021. In the future, we need to publicize this
evacuation route to local society and tourists so that fatalities due tsunamis tragedy can be
minimized.

The results of this study can be used as an initial reference for mapping the tsunami
hazard zone along the southern coast of Central Java. Currently, the tsunami hazard
mapping in the southern coast of Central Java has not been carried out evenly. Meanwhile,
the threat of a tsunami in the future is still considerable. In the south of Java, it is relatively
more difficult to predict when a major earthquake will occur compared to the west coast
of Sumatra Island. This study also contributed significantly to assisting the government’s
program to map all tsunami hazard zones in Indonesia, including Java, due to 60% of
Indonesia’s population living on Java island.

6. Conclusions

The weighting and overlaying distance maps from coastlines and rivers, topographic
maps, and elevation maps show that the Jetis Beach area and its surroundings consist of
five tsunami hazard zones: high-risk zone, moderate to high-risk zone, moderate zone, low
to moderate zone, and low-risk zone. The most vulnerable zone is located in the southern
part of Jetis beach, while the safest zone lies in the northern and eastern parts of Jetis beach.
There are four scenarios of evacuation routes in this case. The distances of each route from
the most vulnerable zone in the southern part of Jetis beach to the safest in the north and
east of Jetis beach are 683 m, 998 m, 1125 m, and 1683 m. Publicization of tsunami hazard
zones and evacuation routes to the community is necessary to minimize casualties and
material losses. Furthermore, the construction of sea walls and planting of mangrove trees
will help reduce the energy and inundation of tsunami waves when they reach inland.
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Appendix A

node=xlsread('NODES.xls");
segment=xlsread('SEGMENT.xls');
figure; plot(node(:,2), node(;,3),'b.");
ax = gca; % axes handle
ax.YAxis.Exponent = 0;
ax.YAxis. TickLabelFormat = '%.0f’;
ax.XAxis.Exponent = 0;
ax.XAxis. TickLabelFormat = '%.0f’;
hold on;
fors=1:29
if (s <=20) text(node(s,2),node(s,3),[' ' num2str(s)]); end
plot(node(segment(s,2:3)',2), node(segment(s,2:3)',3),'’k’);
end
[d,p]=dijkstra(node,segment,16,19)
for n = 2:length(p)
plot(node(p(n-1:n),2),node(p(n-1:n),3),'r-.", linewidth', 2);
end
title(['Shortest Distance from ' num2str(16) 'to ' ...
num?2str(19) ' =" num?2str(d) ' meter ')
hold off;
explanation :
plot=plotting point
xlsread=reads files with .xls format
figure=to display image
node=coordinate at any point
segment=intersection of each intersection
s=sum of segment
num2str=transtorms the number into a line
b.=color point to blue
k=color line to black
linewidth=line
r-=color line of distance to red
a=start point
b=point of purpose
title([Shortest Distance From]) = giving a title “shortest distance from”

Figure A1. The m-file formula of the Dijkstra algorithm was used in the evacuation route map.
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Shortest Distance from 1 to 8 = 1683.0749 meter
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Figure A2. The first evacuation route from points 1 to 8.

Shortest Distance from 1 to 19 = 998.6875 meter
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Figure A3. The second evacuation route from points 13 to 19.
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Shortest Distance from 13 to 19 = 683.8545 meter
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Figure A4. The third evacuation route from points 16 to 19.

Shortest Distance from 16 to 19 = 1125.4066 meter
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Figure A5. The fourth evacuation route from points 16 to 19.
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