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Abstract: The southern coast of Java Island, especially in the Sumbermanjing Wetan District,
Malang Regency, is included in the tsunami-prone geological disaster area. Sumbermanjing Wetan
District is directly adjacent to Indian Ocean where the seismic gap zone produces geological
processes and high-intensity seismic activity can trigger tsunami waves along the southern coast of
Java Island. Based on disaster risk assessment documents of Malang Regency in 2013-2017,
Sumbermanjing Wetan District has the highest potential exposed population, compared to other
Districts in Malang Regency. This research focuses on evacuation plans for coastal areas from the
threat of the tsunami in the post-pandemic period. The research sub-variables are related to the
analysis of temporary shelters such as building area, building type, ease of access, building
construction and building capacity. Meanwhile, the evacuation routes that become sub-variables are
road class, road pavement type, road quality and road width. Meanwhile, the sub variable for life in
the new normal era is the implementation of health protocols while still filling the basic needs of
refugees. Implementation of the health protocol in evacuation activities will have an impact on
reducing the capacity of each available shelter. In this research, additional distribution of shelters
took the form of using fields as temporary shelters that could optimize the implementation of health
protocols. With this addition, it has an impact on the travel time from residential areas that are at risk
of being affected by the tsunami to temporary shelters. There are two villages that are not served,
when viewed from the travel time of about 15 minutes from the residential area to the shelter, so it

is necessary to add appropriate shelters as an anticipation of the tsunami disaster.

Keywords: tsunami; post-pandemic period; evacuation; shelter; health protocol

1. Introduction

The pandemic period has had a very significant impact
on all economic sectors, especially the tourism industry.
Society and the government face harsh conditions,
especially in economic activities limited by stringent
health regulations. In these problematic pandemic
conditions, the tourism sector is also faced with the risk of
being affected by natural disasters. Volcanoes are at risk
of eruption; hilly areas are at risk of landslides. At the
same time, coastal regions risk being affected by
hurricanes, tidal floods and the threat of tsunami waves.
Therefore, efforts need to be made to increase
preparedness, both structurally and non-structurally. The
Indonesian archipelago, which stretches from west to east,
is located between the world's main fault lines, such as the
Indo-Australian and Eurasian faults, as well as the Indo-
Pacific fault, so Indonesia's position is often referred to as
the Pacific Ring of Fire!. Indonesia is on three major
active plates, namely the FEurasian Plate, the Indo-

Australian Plate, and the Pacific Plate?, so both the
government and society must always be alert to the risk of
disasters due to shifts in the world's main plates. The
natural conditions at the meeting of these plates certainly
make Indonesia rich in natural products in the form of oil
and other mining minerals. Still, on the other hand,
Indonesia is, of course, faced with the risk of natural
disasters, whether in the form of catastrophe due to
tectonic or volcanic activity?. Tsunami waves can come
suddenly if the faults shift suddenly®. The intensity of the
plate movement is so high that experts say that the
potential for a tsunami event is around 10 to 50 years, with
a wave height of about 3 m or more”. In Indonesia itself,
large-scale seismic activity can occur every two years. In
fact, since the early 1800s or the beginning of the 19th
century, more than 50% of the world's tsunami events
have occurred in Indonesia®. As an archipelagic country,
Indonesia has 17,504 islands with a coastline of 99,093
km, so Indonesia is called the largest archipelagic country
in the world. However, several studies show that tsunami

-1182-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1182-1189, June, 2024

disaster mitigation efforts in coastal areas are rarely
carried out”, because Indonesia not only has the longest
coastline but is also at risk of being affected by tsunami
waves, most often®. Several studies show that more than
40% of coastal areas in Indonesia have a high level of
vulnerability to tsunami waves, starting from the north of
Sumatra, such as Aceh, Padang, Nias, Bengkulu, then the
west of the island of Java, such as Banten, Pangandaran,
Pacitan, Blitar, to Banyuwangi. Of the 273 coastal cities
in Indonesia, it turns out that 150 coastal towns are at high
risk of tsunami disasters.

In several decades, tsunami events in Indonesia have
had an extensive impact and even entered the category of
national disasters, such as the earthquake and tsunami in
Flores (1992), Banyuwangi (1994), Biak (1996), Maluku
(1998), Banggai (2000), Aceh (2004), and Nias (2005),
Pangandaran (2006), Bengkulu (2007), Mentawai (2009),
Palu (2018), and Banten (2018).

The Ministry of Public Works has mapped several areas
with high earthquake potential categories which have the
potential to cause tsunami waves. Eight provinces on the
south coast of East Java are at increased risk of tsunami
disaster, including Trenggalek, Banyuwangi, Jember,
Pacitan, Malang, Blitar, Lumajang and Tulungagung. The
tsunami disaster that hit the south coast of East Java
Province on June 2, 1994, in Lampon Village,
Banyuwangi, was a massive tsunami. The tsunami wave
started with an earthquake magnitude of 7.8; the
earthquake point was about 3 km from Pancer Beach in
Banyuwangi, which had a depth of 33 km. The tsunami
also hit Lampon Village around 50 minutes after the
earthquake, destroying more than 1,500 houses and
causing 250 deaths and 400 injuries. The height of the
Banyuwangi tsunami in Lampon Village was 5.4 m7).
Measurement results at another point about one kilometre
from Lampon village showed that the wave height reached
9.1m".

Malang Regency is ranked 31st among 273 coastal
districts in Indonesia, with a disaster probability of 2.5%
of tsunami disasters with wave heights of around 3 m or
more. The maximum tsunami height on the coast is within
the return period: 100 years, 4.7 m wave height; 500 years,
9.1 m wave height; and 2,500 years, 25.8 m wave height,
and the higher the tsunami wave, the longer the return
period?.

Based on documents on the Malang District Disaster
Risk Study for 2013-2017 and studies on spatial planning
of Malang District, the area vulnerable to geo-tsunami
disasters is the entire coast of southern Malang District.
The total area at risk of tsunami in Malang is around
4.63% of the arca of East Java province. The tsunami
disaster in Malang Regency falls into the categories of a
medium threat level, high loss rate, medium response
level, and high disaster risk level.

This research aims to determine the area affected by the
tsunami in Tambakrejo Village, Sumbermanjing Wetan
District, Malang Regency. The research focuses on

distributing potential buildings as shelters and the road
network for evacuation. A study of community
preparedness in Tambakrejo Village is also an essential
parameter in the research!?, it can be used to consider
evacuation efforts if a tsunami occurs. As a coastal tourist
area, Tambakrejo Village is busy with tourists, so it is
necessary to conduct an extensive study of shelter services
in safe locations from the threat of tsunami waves'".

2. Literature Review

Sumbermanjing Wetan District is one of the 33 districts
in Malang Regency. This district is about 30 km from the
capital city of Malang Regency to the southeast. The
government centre is in Argotirto Village, but the
economic centre is in Sumbermanjing Wetan District.

Astronomically, Sumbermanjing Wetan District is
located between 112.4031 to 122.4634 East Longitude
and 8.2411 to 8.1443 South Latitude. The administrative
area of Sumbermanjing Wetan District consists of 15
villages, 40 sub-villages, 113 hamlets and 514
neighbourhoods. The overall area of Sumbermanjing
Wetan District is around 259.25 km2 and is the largest
district or approximately 8.04% of the total area of
Malang Regency. The topography of most of the area is a
hilly plateau with an altitude between 0-650 meters above
sea level and a slope of less than 40%. The central,
northern and eastern parts are valley areas, while the
southernmost tip area stretches the sea, beaches, and coral
islands. The villages of Sitiarjo, Tambakrejo, Tambaksari,
and Sidoasli are four densely populated residential
villages along the coastal area of Malang Regency.
Generally, the soil condition in Sumbermanjing Wetan
District is a latosol type, with most of it being greyish.
This type of soil makes the soil structure in
Sumbermanjing Wetan District fertile so that it is suitable
for agricultural and plantation land. Residents widely use
this land as rice fields of 912.81 Ha and dry land for
settlements, gardens and fields of 4,872.89 Ha. The
amount of land usage affects disaster vulnerability. Using
rice fields, parks, and fields also influences disaster
vulnerability because most villagers work in agriculture.

Earthquakes and tsunamis are tricky to handle regularly,
mainly if a disaster occurs during a pandemic with strict
health protocols. So, paying attention to parameters often
used when disasters occur during the pandemic is deemed
necessary'?'¥. When a disaster occurs during a pandemic,
the community will face two simultaneous disasters,
namely the natural disaster itself and strict regulations
during the pandemic. The government needs to organize
society to minimize loss of life after natural disasters and
survive the spread of disease during a pandemic'®!?.
Figure 1 shows an analysis of tsunami evacuation in the
new normal era. Of course, people's behaviour and
activities will be very different, especially regarding
preparedness and emergency response activities'®). This
research uses GIS to delineate the affected areas when a
tsunami occurs. The extent of shelter service coverage is
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the leading study in the research, the aim of which is to
determine the travel time and extent of service coverage

of each available shelter

Shelter Plan Analysis

Building type

Distance from the beach
Number of floors
Building capacity
Building construction
Distance from main road
Building area

Distance from people

17-19)

Shelter Plan Analysis

Access Road Analysis

Class of road
Quality of road
Wide of road

Service area of shelter
Network Analyst

._)

Weighting method of
accessroad

Network Analyst

Shelter Plan Analysis
Against tsunami disaster
in the new normal life

Distance from houses
Road material
Distance from river

New Normal Life

Disaster management
Health protocol (wear Y| during pandemic and the
mask, temperature new normal life
check, rapid test, etc.)
Social distancing
Special treatment for
symptomatic refugees

Fig. 1: Research flowchart

When a disaster occurs, and at the same time as a
pandemic, it will impact shelter capacity due to the
implementation of health protocols with applicable social
distance rules. Using data analysis in a spatial format
makes it easier for people to reach shelters based on the
distance and travel time to reach the shelter. Shelter plan
analysis assesses, selects, designs, and evaluates public
buildings that may be used as shelters during disasters'”)
20, Calculation of classification in the analysis of
temporary shelters using the scoring technique with the
Sturgess method?! 22, The technical approach used in this
research is to assess the distribution of buildings based on
the indicators in Table 1. The total scoring results from all
parameters will indicate the most suitable temporary
shelters so that they can eliminate buildings that are not
suitable for temporary shelters® 2. Potential temporary
shelters with very suitable and sufficient classifications
will be chosen as temporary shelters when a disaster
occurs in the new normal era.

Optimizing the use of spatial data and GIS in
evacuation analysis has been described in several
studies? 329, Figure 1 is a flowchart of the study
implementation in research. The primary analysis
involved deciding on evacuation centres, evaluating the
feasibility of evacuation routes, and considering the
implementation of new daily routine routes of
evacuation??).

3. Result and Discussion

3.1 Temporary Evacuation Shelter

Researchers analyse potential buildings' distribution as
shelters and refer to the tsunami possible area map
published by the Japan Meteorological Agency?®?”,
Several criteria are used when evaluating building such as

type of building, distance to the beach, number of floors,
building capacity, building structure, distance to the main
road, outside the building's garden, and distance to the
village

NPITIVE NFIE MTIFI0E 112°400°E MZPAS0E  VZPAMDE N2A2ICE NZTAZE

14)

>20m [ 15-20m [ 10-15m

05-10m <05m

HZITI0E 12°3820°F N2 WOE 12°400°F 1 0 HZAT40E N2423I0°E 12°4320°F

Fig 2: Location of Tambakrejo Village, Sumbermanjing
Wetan District, Malang Regency

Table 1. Assessment of potential buildings as shelters in

Tambakrejo Village
No Building Types 1 2 3 4 5 6 7 8 Score
1 Sendangbiru Flat 3 5 5 5 5 5 5 1 34
Tambakrejo Village Hall S 5 1 5 5 5 3 5 34
3 GPdI (Pentecostal Church in 3 5 1 1 3 s 1 s 24

Indonesia) Nazaret
GKJW (East Java Christian

3 5] 1 5] 5 5 3 5]
¢ Church) Jemaat 2
5  GKIJW Sendangbiru Seru 3 5 1 1 3 3 1 3 20
6 :-JK'I‘W Sendangbiru Kali 3 5 1 1 3 5 1 5 24
7  GKJW Tambakrejo 2 5] 1 3 5 3 5 5 30

GPT (Tabernacle Pentecostal

. . 5 1 1 3 5 1 3 21
Church) Victory Tambakrejo

9 Baiturrohman Mosque S 5 3 3 S 5 3 5 34
1o feume Zamzam Murtado s 1 3 3 3 5 3 3 25
11 Al Ikhlas Mosque S| 5] 1 1 5 5 5 1 28
12 Miir Mosque 5 3 1 1 5 5 1 3 24
13 Nurul Falah Mosque 5 3 3 3 3 5 1 3 26
14 Al Falah Mosque 5 1 3 5 5 5 5 5 34
15 Cheng Ho Mosque 5 5 1 5 5 5 5 1 32

SDS TPN (Elementary School)

16 1 1 5 3 3 3 5 24

Sendangbiru
17  Sendangbiru Health Center 3 1 1 1 3 3 1 5 18
18 Baitul Muttaqin Mosque 5 5 1 5 5 5 5 1 32
Description:

1. Building type: public buildings (5), semi-public buildings (3),
private buildings (1)

2. Distance from the beach: Far (5), medium (3) and, near (1)

3. Number of floors: more than 2 floors (5), 2 floors (3) and, 1
floor (1)

4. Building capacity: more than 200 (5), between 100-200 (3)
and, less than 100 (1)

5. Construction conditions: concrete structures (5), brick walls
(3) and, without concrete structures (1)

6. Distance from the main road: near (5), medium (3) and, far
Q)]

7. Area of the building yard: more than 1000 m2 (5), between
250 — 1000 m2 (3) and, less than 250 m2 (1)

8. Distance from settlements: near (5), medium (3) and, far (1)
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As shown in Fig. 2, the green color is the boundary of
the area with the potential to be inundated by a tsunami
while the red color is an area at high risk of being exposed
to tsunami waves with an inundation depth of more than 2
meters. The assessment is conducted based on certain
criteria in accordance with the conditions of each
assessment variable as previously described. Meanwhile,
the values used are: 1 (low), 3 (medium) and 5 (high). For
example, the distance from the coast, the farther from the
coast means the farther from the reach of the tsunami
waves, so the value is high or 5. Another example is the
distance from residential areas, considering that the goal of
a tsunami evacuation is to reach a temporary shelter
immediately so that the closer with settlements, the higher
the value’®3h,

In this study, there are 18 potential buildings consisting
of schools, health centers, mosques, prayer rooms,
churches, village halls, and there are also government
buildings that are rented out, such as minimalist rental flats
(See table 1). Buildings with high assessment scores can
be recommended as temporary evacuation shelters. In this
study, there are 9 buildings that have high scores, in the
form of mosques, churches, village halls, and also flats?".
The Cheng Ho Mosque, which is synonymous with
Chinese ethnic culture and after being assessed, was in the
selected category. This is due to the good structure of the
building, adequate yard area and easy access because it is
on the main road. When a disaster occurs, a temporary
evacuation site really needs a large yard. This aims to build
public kitchens and provide logistical needs needed by
refugees such as food, medical equipment, and others.

Fig. 3: Service area using ArcGIS network analyst

Figure 3 is a shelter service area based on the assessment
in table 1 while the delineation of areas at risk of being
affected or vulnerable areas (red blocks in the picture)
refers to Fig. 3 and the 20 m elevation topographic terrain
from Google Map. Also based on the picture above, it can
be seen that the distribution of the available shelters is not
sufficient enough to accommodate the affected population
to the available shelters'>3>3%, Several shalters are located
in areas that are prone to being affected by the tsunami,
such as Tambakrejo Village Hall, GKJW (East Java

Christian Church) Tambakrejo, GKJW Sendang Biru,
Sendang Biru Flat, and Baitul Muttagien Mosque. Tamban
Village and Kampungbaru Village (blue arrow in Fig. 3)
are residential areas that are in a disaster-prone zone and it
takes more than 15 minutes to reach the shelter. In this
study, the speed of walking time is 1 m/s so that 10 minutes
will cover 900 meters and 15 minutes can cover 1200
meters.

3.2 Evacuation Road to Shelter

Tambakrejo Village is one of the villages located on the
south coast of Java Island which was inaugurated in 1897.
Most of Tambakrejo Village people work as fishermen and
some as farmers. Tamabkrejo Village is divided into two
hamlets, Tamban Hamlet and Sendang Biru Hamlet.
Because the distance between the two hamlets was quite
far, the village goverentment built offices into two
sections, Tambakrejo Village Hall in Tamban Village and
Sendang Biru Village Hall in Sendang Biru Village.
Tamabakrejo Village is directly adjacent to Sitiarjo
Village to the west, Tambaksari Village to the east,
Kedung Banteng Village to the north, and the Indian
Ocean to the south. The distance from the village to the
capital city of Sumbermanjing Wetan District is 28.4 km
and has a distance of 69 km to the capital city of Malang
Regency. The area of Tambakrejo Village is 2,700 ha with
a total residential area of 146 ha. Land area with a mild
erosion rate of 45 ha and a moderate erosion rate of 65 ha
with a slope of 15 degrees. Tambakrejo Village area
consists of two parts, the area on Java Island and the area
on Sempu Island. Similar to the temporary evacuation site,
the evacuation route to the shelter must be considered
carefully. Several important considerations in determining
the evacuation route are moving the affected population as
soon as possible to the evacuation site’. Referring to Fig.
4 above, there are several buildings which are still in the
yellow zone, which means they can still be reached by the
tsunami waves. This is due to the consideration that the
capacity of the building is quite large with good structural
conditions and buildings that have two floors or are not
buildings with one floor. Meanwhile, for other evacuation
sites, they are indeed quite far from the shoreline and also
quite far from settlements but still close to the main
vehicle routes®”.

There are six parameters that are taken into
consideration for conducting an assessment of the
observed object including the road as accessibility to the
shelter. The six parameters are: (1) road class, (2) road
quality, (3) road width, (4) road material, (5) distance from
settlements, and (6) distance from the river. Meanwhile,
the roads to be assessed are all roads in Tambakrejo
Village, Malang Regency. Table 2 is an assessment of
several roads in Tambakrejo Village. In contrast to the
designation of buildings as temporary evacuation sites or
shelters, the assessment of the road network does not aim
to ecliminate these road sections but to provide
recommendations to the local government if it turns out
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that the road sections are of poor quality with limited
width so they can be improved. Improving the quality of
roads will certainly have an impact on the travel time
when evacuating to a safe place for refugees.

Table 2. Assessment of road in Tambakrejo

Road Section
No  Accessibilityy X 3 4 5 6 Score

JLS (Southern Route)

5 5 5 4 1 5 25
to Blitar regency

JLS toLumajang
regency
3 Clungup Tambakrejo 3 3 3 3 3 5 20

5 5 5 4 1 5 25

Tambakrejo village

4 hall road 2 3 3 3 5 3 19
Sendangbiru village

5 hall road 2 3 2 3 5 3 18

6 Sendangbiru yard 5 3 3 3 5 5 21
street

7 Pondokrejo to Marine 3 s 3 3 3 5 2

Station FPIK UB

8  Pondokrejo to Sitiarjo 3 5 4 3 3 5 23
Sendangbiru,

o Perlimaan JLS 4 > 4 3 3 ! 20

jo Sendangbiru, 303 4 3 5 1 19
Kampungbaru

11 Sendangbiru, Harbour 3 3 3 3 3 1 16

12 Pelabuhan road 2 3 3 2 3 1 14

13 Makam road 1 1 1 2 5 5 15

14 Kondangbajulto 3 03 3 3 5 5 >
Sendangbiru

15 Kondangbajul to 3 03 3 3 5 5 2
Tamban

1 Kondang Buntung 1 1 2 2 1 5 12
beach road

17 Sendangbiru beach 2 3 3 5 3 5 18
road

18 Tamban beach road 2 3 3 2 3 5 18

18  Sendiki beach road 2 3 3 5 3 5 21

20 Sendiki parking area 2 3 3 5 1 5 19
beach road

Description:

1. Road class: national or provincial (5), district (4), arterial (3),
collector (2), and local (1)

2. Road quality: good (5), moderate (3) and, bad (1)

3. Road width: more than 12 m (5), 6-12 m (4), 4-6 m (3), 2-4
m (2) and, less than 2 meters (1)

4. Road material: concrete castings (5), smooth asphalt (4),
stones with rough asphalt (3), cobbles (2), and soil (1)

5. Distance from settlements: near (5), moderate (3), and far (1)

6. Distance from the river: far (5), moderate (3), and near (1)

Poor quality roads, narrow, hollow, bumpy, will
certainly become an obstacle and reduce the walking
speed of the evacuees. This will certainly have an impact
on the travel time for refugees from residential areas to
temporary evacuation sites. Regarding the consideration
of the distance from the road to the river, this refers to
some literature which states that tsunami waves entering
land via rivers will come faster than those passing through
the coast, so this must be watched out for*® 37,

Fig. 4: The road network in Tambakrejo Village

In table 2, several roads have a very limited width, even
less than 2 meters and this of course makes it difficult for
refugees to move to a safe place. However, there are also
roads with a width of more than 12 m which are national
roads such as the southern causeway that connects Malang
Regency with Blitar Regency to the west or with
Lumajang Regency to the east. Figure 4 shown a photo
mapping of the street in Tambakrejo Village.

Referring to the results of the assessment of several
road sections that can be used as evacuation routes,
several road sections can be used as the main road network
leading to the shelter, but most of them are local level
access roads and neighborhoods in densely populated
residential areas. If you refer to Fig. 3 about the safe zone
from the risk of being exposed to tsunami waves, the safe
zone boundary has a distance of more than 1 to 2 km from
the shoreline.

Sitiardjo

Sempu Islana

Fig. 5: Availability of main accessibility in Tambakrejo

It is necessary to conduct a study using a network
analyst so that the distance traveled from residential areas
to the shelter can be known with certainty. The farthest
reach of a temporary shelter can also be calculated using
geographic information system software using the
network analyst extension®.

Figure 5 shown a photo mapping of the main evacuation
routes in Tambakrejo Village. Roads with codes 1 and 3
are main roads while roads with codes 2 and 4 are roads
that are in densely populated residential areas.

-1186-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1182-1189, June, 2024

3.3 Additional Shelter Evacuation and Optimization
in Post Pandemic Period

Important points in emergency response activities when
a disaster occurs during a pandemic such as conducting
health protocols by using masks, washing hands, checking
body temperature, conducting rapid tests and antigen
checks. Meanwhile, activities related to social restrictions
or social distancing such as keeping a distance of 1 meter
or more from other people, not crowding or in groups.
Meanwhile, preventive measures related to refugees who
are infected with mild, moderate and severe symptoms
require special treatment according to the conditions they
are experiencing. Of course, it is very different from
normal conditions such as pre-pandemic conditions.
During a pandemic, they put forward strict health
protocols and regulations that are not simple, such as
social distancing, using masks, washing hands, and so
on®?,

Table 3. Field assessment as temporal shelter

No Building Types 1 2 3 4 5 6 7 8 Score
1 Sendangbiru yard 5 5 1 5 5 5 5 3 34
SMP (Junior High
School) 4 yard

TPI Sendangbiru parking
area

Sendiki beach parking

5 1 5 5 5 3 5 34

area

5 Makam three junctions 5 5 1 5 5 5 5 3 34
yard

6  Goa Cina parking area 3 5 1 1 3 3 1 3 20

Tambakrejo Village
yard

Sendangbiru beach
parking area

5 1 5 5 5 5 3 34

Description:

1. Building type: public buildings (5), semi-public
buildings (3), private buildings (1)

2. Distance from the beach: Far (5), medium (3) and, near
(1

3. Number of floors: more than 2 (5), 2 floors (3) and, 1
floor (1)

4. Building capacity: more than 200 (5), 100-200 (3) and,
less than 100 (1)

5. Construction conditions: concrete structures (5), brick
walls (3) and, without concrete structures (1)

6. Distance from the main road: near (5), medium (3) and,
far (1)

7. Area of the building yard: more than 1000 m2 (5), 250
— 1000 m2 (3) and, less than 250 m2 (1)

8. Distance from settlements: near (5), medium (3) and,
far (1)

If all health protocol regulations are implemented, it
will have an impact on reducing shelter capacity and will
also have a direct impact during the evacuation process
from a place that is at risk of being affected by a disaster
to a place that is safe from the risk of a tsunami wave
disaster. We refer to the implementation of social
distancing and health protocol provisions, the need for
evacuation shelters can double to triple and this is very

inconsistent with the availability of temporary evacuation
shelters. Additional shelters that involve financing, such
as the construction of new buildings specifically for
evacuation sites, improving the quality of existing
buildings, and the others, are always constrained by the
availability of funds, both self-managed and funded by the
government.

Fig. 6: Field distribution as evacuation

The most rational effort is an evacuation site that is in
the field in a safe zone from the reach of the tsunami
waves and not in a particular building. This certainly
makes it easier for the process of setting up tents, public
kitchens, logistical warehouses and others, including an
isolation room for refugees with symptoms and
indications of being infected with the virus. So, it can be
said that the selection of the field as the evacuation site is
the cheapest and most rational for now. Table 3 and Figure
6 show the distribution of fields as evacuation shelters.
Based on the results of the assessment with several
parameters, there are 5 fields that can be used as
temporary evacuation shelters by implementing health
protocols. The selection of fields or open land as a place
of refuge is an option that deserves consideration when the
government's funding priority for coping efforts is still
limited to administrative efforts and not on construction
activities which actually involve multi-stakeholders,
across Regional Apparatus Organizations, and even across
Ministries. Several parking lots were eliminated because
they were too close to the beach and at risk of being
directly affected by the tsunami waves. Meanwhile,
several other field locations were chosen because they
have adequate area and easy access from settlements as
well as from the main road.

4. Conclusion and Future Work

Based on the results of research on Tsunami Disaster
Preparedness in Tambakrejo Village, Sumbermanjing
Wetan, Malang Regency, there are several important
findings as conclusions. There are several potential
buildings that can be used as evacuation sites consisting
of public buildings, semi-public buildings, and possible
private buildings.

In this research, the total of 18 buildings have been
assessed for their feasibility and there are only 9 buildings
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that are feasible and can be used as temporary evacuation
shelters. The research results show that building
parameters, such as the strength of building construction,
distance from the beach, ease of access, land area, and
several other parameters, ultimately reduce the number of
potential buildings as shelters. This will reduce the
number of possible shelters that can be used to evacuate
when a disaster occurs. The reduction in the number of
shelters was also due to implementing health protocols
during the pandemic, thereby drastically reducing
building capacity.

The results of the spatial analysis show that, with a
travel time of 15 minutes, the shelter is too far to be
reached by all residential areas. Tamban Village and
Kampungbaru Village are residential areas that are outside
the service area. This shows that the distribution of
shelters is not sufficient to serve residential areas in
Tambakrejo Village. In future research, numerical analysis
and agent-based simulation can be performed to find out
exactly how long it takes from residential areas to shelters.
Tsunami drills can also be carried out, such as simulating
walking from the area.
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