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INTRODUCTION

Indonesia, situated in a tropical region
characterized by alternating dry and rainy
seasons [1], is marked by the presence of
numerous large rivers and low-lying areas
that are susceptible to hydrometeorological
disasters, particularly flooding. Natural
disasters, based on their causative factors,
can be classified into three categories:
geological, climatological, and
extraterrestrial disasters [2]. Geological
disasters result from processes such as
earthquakes, volcanic eruptions, and
landslides, while extraterrestrial disasters
stem from events outside Earth’s
atmosphere, including meteoroid or comet
collisions [3]. In Indonesia, climatological
disasters—particularly floods—are the most
frequent. Excessive rainfall, river overflow,
and inadequate drainage often cause
inundation, damaging the environment,
infrastructure, and livelihoods [4]. Due to
their significant economic and social impact,
floods require urgent attention and
collaborative efforts for effective risk
mitigation.

Bandung Regency, situated in West Java
Province, exhibits a significant susceptibility
to flooding, attributable to its elevated levels
of rainfall. This wvulnerability is further
intensified by its geographical attributes,
characterized as a lowland area and a natural
basin [5]. Geographically, Bandung Regency is
located at coordinates 107.6° - 107.9° East
Longitude and 6°24' - 7°10' South Latitude.
The region functions as the upstream area of
the Citarum River Basin, recognized as one of
the longest rivers in West Java [6]. According
to data from the Regional Disaster
Management Agency (BPBD) of Bandung
Regency, there were 111 recorded flood
events in 2021, 95 events in 2022, and 71
events in 2023, with 2021 reflecting the
highest incidence of flooding over the past
three years [7]. Between 2021 and 2023,
Dayeuhkolot, Bojongsoang, and Baleendah
were the sub-districts with the highest flood
frequency in Bandung Regency. Flood

disasters cause material losses, infrastructure
damage, reduced natural resources,
agricultural disruptions, and public health
issues [8]. Effective flood management has
therefore become urgent. Disaster logistics—
covering supply chain, distribution, and
logistical support—is a key component of
disaster response [9]. Identifying flood-prone
areas and determining the optimal number
and locations of evacuation points are crucial,
considering vulnerability levels, the number
of affected individuals, and the adequacy of
evacuation facilities [3], [10]. However,
current evacuation planning in the region
remains suboptimal, with many existing
centers located too far from high-risk
communities, lacking adequate road access,
and often situated without considering
environmental sustainability or long-term
logistical efficiency. The research problem,
therefore, focuses on how to ascertain the
optimal number and locations of evacuation
points to effectively mitigate the impacts of
flood disasters in these regions.

Prior research conducted [11] employed
Geographic Information  System  (GIS)
applications utilizing the Weighted Product
approach to classify flood vulnerability in
Bandung Regency. This analysis considered
five principal criteria: rainfall, elevation,
slope, land cover, and river runoff. However,
this study did not integrate the most recent
relevant data available at the time of the
research. Conversely, other studies analyze
flood vulnerability through a scoring method,
which merely categorized regions based on
their vulnerability levels.

These findings highlight a significant issue in
flood disaster management: the necessity for
more specific strategic measures, including
victim rescue, property protection,
evacuation procedures, and the provision of
appropriate shelters [12], [13]. Therefore, the
objective of this study is to determine the
optimal number and locations of evacuation
points within disaster logistics for Bandung
Regency, utilizing the Set Covering Problem
method.
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The main contribution of this research is that
the Set Covering Problem method offers a
significant advantage by providing an optimal
solution for determining both the number
and locations of evacuation points [11]. This
methodology incorporates several critical
factors, including geographical conditions,
population density, accessibility, and
available resource capacity, to identify the
most effective evacuation points and their
corresponding numbers [15], [16]. The
application of this method is anticipated to
enhance the accuracy and efficiency of
determining evacuation quantities and
locations. Furthermore, the application of
spatial multi-criteria evaluation techniques
has demonstrated efficacy in identifying
shelter locations and quantifying requisite
resources, as supported by decision support
systems that incorporate multiple
parameters for optimal shelter siting [17],
[18]. Consequently, this improvement is
expected to facilitate better-organized
disaster logistics in Bandung Regency,
thereby enhancing responsiveness in
addressing flood disasters in a timely and
targeted manner.

Disaster logistics management serves a
critical function in disaster mitigation and
emergency response initiatives. A significant
challenge  within this field involves
ascertaining the optimal number and
strategic locations of evacuation command
posts to facilitate prompt and efficient access
for affected populations [19]. Prior research
has investigated a variety of optimization
techniques to tackle this challenge,
encompassing linear programming,
algorithmic approaches, and meta-heuristic
methods [20], [21]. Nevertheless, many of
these studies predominantly focus on a
singular objective—such as minimizing
distance or travel time—while neglecting
other pertinent factors.

This study advocates for the application of
the Set Covering Problem (SCP) model to
ascertain the optimal number and strategic
locations of evacuation posts within Bandung
Regency. The SCP serves as a combinatorial
optimization framework aimed at covering all
elements within a specified set utilizing the
least number of available subsets [22].
Through the implementation of the SCP
methodology, this research endeavors to
determine the minimum requisite number
and strategically advantageous placement of
evacuation posts necessary to adequately
serve all residential areas in Bandung
Regency, while also considering constraints
such as capacity limitations, maximum
permissible distances, and the availability of
resources.

This study advances the development of a
more comprehensive optimization model for
disaster logistics by integrating the Set
Covering Problem (SCP) with additional
factors, including infrastructure availability,
accessibility, and population  density.
Furthermore, it examines the application of
metaheuristic techniques, such as genetic
algorithms [23]. Consequently, this research
provides valuable insights into the
optimization of disaster logistics systems and
the enhancement of community resilience in
the face of disasters.

Table 1 compares prior studies on evacuation
planning and disaster logistics, highlighting
their objectives, constraints, spatial criteria,
and solution methods. Most prior works
focus on specific aspects such as evacuation
success rates [24], shelter classification based
on service level [25], logistics efficiency and
cost reduction [26], or hazard and risk
assessment  without  spatial shelter
optimization [27]. Other research determines
shelter suitability using GIS and multi-criteria
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approaches [28], yet does not integrate

optimization to determine the minimum or

number of shelters. Furthermore, although
optimization models exist, many emphasize a

Table 1. Literature review

single objective, such as minimizing distance
ensuring facility coverage,
incorporating accessibility, infrastructure, or
capacity constraints.
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RESEARCH METHOD

Study design

This study aims to determine the optimal
number and locations of evacuation points
in response to flood disasters in Bandung
Regency, utilizing the Set Covering Problem
method. The primary focus of this research
is on the three sub-districts most frequently
affected by floods: Dayeuhkolot,
Bojongsoang, and Baleendah. This method
incorporates geospatial factors, population
density, accessibility, and the capacity of
evacuation facilities to identify strategic
evacuation points. Consequently, this study
is anticipated to provide an optimal solution
for enhancing disaster preparedness and
response in Bandung Regency.

Research Duration: This research is designed
as a cross-sectional or incidental study,
wherein data will be collected at a specific
point in time. The study will be conducted in
the three sub-districts of Bandung
Regency—Baleendah, Bojongsoang, and
Dayeuhkolot—from February to June 2024.

Research Location: This  study  will
concentrate on the three sub-districts within
Bandung Regency that are frequently
impacted by flood disasters: Dayeuhkolot,
Bojongsoang, and Baleendah. These areas
have been selected due to their recurrent
and significant flood impacts, thus
prioritizing them for disaster management
and mitigation efforts.

Criteria Determination: The identification of
candidate evacuation point criteria will be
based on interviews with the Disaster
Management Agency (BPBD) of West Java
Province and Bandung Regency.
Furthermore, transportation principles will
be employed to delineate relevant criteria
such as accessibility, facility capacity, and

geographical  factors that influence

evacuation efficiency. The criteria to be

considered include:

1. Population density: to identify areas with
high populations necessitating adequate
evacuation facilities. In this study,
demand points  represent  static
residential populations from census and
BPBD data, as evacuation planning
prioritizes where residents are typically
located during flood events.

2. Accessibility: ensuring evacuation locations
are reachable during emergencies, measured
here by a 1,000-meter service distance along
the road network (not Euclidean). Sensitivity
tests at 800, 1,200, and 1,500 meters show
effects on optimal shelter sets, while an
equity variant of 400-800 meters addresses
accessibility for elderly and disabled
populations [29].

3. Facility capacity: evaluating the number
of available shelters and their capacity to
accommodate the affected population.

4. Geography and infrastructure: assessing
factors such as slope, river depth, and
existing transportation systems to
determine the optimal evacuation points.

Conceptual framework

The conceptual framework in research
functions as a theoretical model that
elucidates the relationships among concepts
or variables examined to elucidate a specific
phenomenon [30]. Characterized as an
abstract construct that elucidates the
interrelationships among variables, this
approach is essential for the formulation of
research problems and is integral to studies
necessitating a systematic analysis of
complex disaster dynamics [31]. In the
context of identifying evacuation points for
flood disasters in Bandung Regency, this
conceptual framework is essential for
ensuring precise calculations, thereby not
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only mitigating the impacts of disasters but
also enhancing disaster logistics

Determination of Disaster
Level Status

v

Emergency Response:
® First Aid
® Humanitarian Aid
® Evacuation

v

Determination of
Evacuation Points Without
Theoretical Calculations

Floods —

management. The conceptual framework of
this study is depicted in Figure 1.

® Number of Refugees

® Number of Evacuation
Points

® Location of Evacuation
Points

® Water Surface
Elevation Data

I

I

® Presence of Illegal Points

® Presence of Hard-to-Reach
Points

Location Determination
Using the Set Covering
Problem Method

Flood Simulation Map
Using Arc-GIS10.2.1

Proposed Number
and Locations of
Evacuation Points

?

® Spatial Data
® Non-Spatial Data

Figure 1. Conceptual Framework

The diagram illustrates a systematic
process for managing evacuation sites
during flood emergencies. It begins with
the assessment of disaster conditions,
including  flood intensity, affected
population, and accessibility of critical
infrastructure. Once emergency status is
confirmed, response protocols are
activated, such as administering first aid,
coordinating  humanitarian support,
deploying rescue teams, and directing
evacuees to designated shelters. One
major challenge often encountered in the
field is the emergence of spontaneous or
unauthorized evacuation points that are
not included in official plans. Another issue
is limited accessibility due to blocked or
narrow roads, which can delay the delivery
of relief supplies and the movement of
affected residents. To address these
obstacles, the Set Covering Problem (SCP)
methodology is applied to identify the

minimum number of shelters required
while ensuring that all affected areas
remain within an acceptable service radius.

The SCP approach relies on multiple data
layers, including the estimated number of
evacuees, geospatial coordinates of
candidate evacuation sites, flood depth or
water elevation, and road accessibility.
Both spatial and non-spatial data are
processed using ArcGIS 10.2.1 to generate
flood simulation maps and evaluate the
feasibility of each location. Through
overlay and proximity analysis, the system
determines shelter options that meet
service-distance constraints and capacity
requirements.  This  integration  of
mathematical optimization and geospatial
analytics  enhances  decision-making
accuracy, reduces logistical inefficiencies,
and supports a faster, more targeted
disaster response.
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Set Covering Problem

The Set Covering Problem (SCP) model is
employed to ascertain the minimal
number of service facility locations
required to adequately serve all demand
points. Therefore, the objective function of
the SCP model is to minimize the number
of service facility locations [32].
Simultaneously, the constraint function
guarantees that the selected service
facility locations must encompass all
demand points. The Set Covering Problem
model can be articulated as follows [33]:
Objective function:
n
Minimize Z = chxj D
j=1
Constraint function:
n
Zaijszl fori=1,....m 2)
j=1
Restrict the decision variables to be binary
x; €{0,1} forj=1,...,n (3)

This model is designed to identify the
minimum number of (Xj) facilities from the
candidate locations j that can serve all
demand points i. The objective function
minimizes the number of facilities, while
the constraints ensure that all demand
points are adequately covered. SCP is
commonly applied in the design of service
networks such as hospitals, fire stations, or
logistics distribution centers.

Geographic Information System (GIS)

GIS can be defined as a comprehensive
system encompassing hardware, software,
geographic data, and human resources
employed to manage and present data
within an information system [34]. The
primary distinguishing characteristic of
GIS, in contrast to other information
systems, lies in its capacity to integrate
spatial data and perform analyses utilizing

a database management system [35]. The
spatial analysis capabilities of GIS can be
categorized as follows [36]:

1. Query: In GIS, the query function is
employed to retrieve data or attribute
tables without altering or editing the
associated data.

2. Measurement: This refers to the
determination of the distance between
two selected points, which can be
executed interactively using a mouse or
through a query.

3. Proximity function: This function
assesses the proximity of a spatial
element to other spatial elements,
serving as a fundamental aspect of
spatial analysis.

RESULT AND DISCUSSION

Data processing was conducted to address
the research objectives, beginning with an
analysis of the flood vulnerability index to
identify the most flood-prone areas using
spatial and non-spatial data. This step
highlighted key risk factors and provided a
basis for decision-making. The research
then mapped flood distribution points to
delineate affected areas and guide
mitigation planning. Finally, the optimal
number and locations of evacuation
shelters were determined using the Set
Covering Problem (SCP), considering
accessibility and proximity to vulnerable
areas. Flood point data were obtained
through field observations and secondary
data from the Bandung Regency BPBD.

Within ArcGlIS, the flood vulnerability map
was created by overlaying thematic maps
of slope, rainfall, land use, soil type, and
river buffer. Each parameter received
scores and weights based on expert
judgment from West Java BPBD and
literature benchmarks, with normalized
weights totaling 1. These weights were
applied in the overlay analysis to generate
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a composite vulnerability index. The final
scores indicate varying flood vulnerability
levels, as shown in Table 2.

Table 2. The flood vulnerability scores for each subdistrict.

Subdistrict Score Flood Vulnerability
Dayeuhkolot 4,715 Highly Vulnerable
Baleendah 4.719 Highly Vulnerable
Bojongsoang 4.675 Highly Vulnerable

The identification of the number and
strategic locations of evacuation points
was performed utilizing the Set Covering
Problem (SCP) model. The primary
objective of this model is to minimize the
number of evacuation points to be
established while ensuring comprehensive
coverage of all necessary areas. A total of
25 candidate locations for evacuation
points were identified that meet the
established criteria, with the
corresponding syntax for Lingo 13.0:
Min=@sum(sheltersthatmeettherequirem
ents (j) : x (j)); (i) : x (i));

For each x; the value is either O or 1. If
value x; = O, the corresponding candidate
shelter is not selected. Conversely, if x;=1,
the candidate shelter is selected.

The constraints in this study are employed
to optimize the allocation of limitations
within the objective function, ensuring
that each demand point is serviced by at

least one shelter. The 1,000-meter
distance and 6-meter road width
thresholds were encoded as binary

parameters in the constraint matrix, where
shelters not meeting these criteria were
assigned a value of 0. This allowed the
Lingo objective function to minimize the
number of shelters while automatically
excluding infeasible locations, ensuring
alignment between spatial criteria and the
mathematical model. The identification of
shelters is governed by several criteria,
including a maximum distance of 1,000

meters between the demand point and the
shelter, as well as road classifications that
are accessible to the operational vehicles
of BPBD Kabupaten Bandung, specifically
Class lIB and IIIC roads, which must have a
minimum width of six meters to guarantee
adequate accessibility. This level of
accessibility is essential for the efficient
distribution of disaster logistics. The model
is processed using Lingo 13.0 software,
represented in the form of a binary matrix,
wherein a value of 1 indicates that a
candidate meets the specified criteria,

while a value of 0 indicates non-
compliance.

dxy ,dx; 3. dx;s 39 < 1000 (1)
WX1,WXq 3 WXps 39 = 6 (2)
The mathematical model for these
constraints is as follows:

1) Req.land2:x; + x, = 1; (1)
2) Req.3:x;+ x3=1; (2)
3) Req.4:x,+ x3=>1; (3)
4) Req.5and6:xy + x5 +x5=>1; (4)
5) Req.7:x4+ x5=1; (5)
6) Req.8: x5+ x¢g+x,=>1; (6)
7) Req.9: xg+x;,2>1; (7)
8) Req.10: x; + xg = 1; (8)
9) Req.1l:xg+x9 = 1; 9)
10) Req.12:xg = 1; (10)

11) Req.13and 14:xg + x,0=>1; (11)
12) Req.15and 16:x9 + x1; = 1; (12)
13) Req.17and 18: xq35 + xy4 = 1;(13)
14) Req.19and 20: x;5 + x4 = 1; (14)
15) Req.21:x;5 = 1; (15)
16) Req.22: x5 + x4 = 1; (16)
17) Req.23,24and25: x4 =>1; (17)
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18) Req. 26 and 27:x;5 = 1; (18)
19) Req. 28 and 29: x;9 + x50 = 1; (19)
20) Req.30:x,, = 1; (20)
21) Req.31:x,; > 1; (21)
22) Req.32:Xp; + X5 = 1; (22)
23) Req.33: X5, +Xp3 = 1; (23)
24) Req.34:x,, > 1; (24)
25) Req.35: x,3 > 1; (25)
26) Req.36:x,, = 1; (26)
27) Req. 37:x55 = 1; (27)

28) Req.38and 39:x,, +x,5 =1 (28)
Note : Req = Requirements.

Based on the calculations performed using
the Set Covering Problem model, the
optimal locations for evacuation points
were identified. The selection from 25
candidate shelters to 16 optimal locations
was made using the SCP model in Lingo
13.0, applying constraints on maximum
service distance, road accessibility, facility
capacity, and full coverage of demand
points. Shelters meeting these criteria
while minimizing the total number of sites

were retained as the optimal
configuration. Subsequent optimization
was conducted utilizing Lingo 13.0,

resulting in the selection of 16 locations
from a pool of 25 candidates. The
outcomes of the optimization, which detail
the identified evacuation point locations,
are presented in Table 3.

Based on Table 3, it is evident that 16
optimal shelter locations have been
identified, capable of serving 39 demand
points representing the affected areas.
These shelters are strategically positioned
to ensure the most efficient coverage of all
impacted zones. The establishment of
these optimal shelters is crucial for
enhancing the efficiency of disaster
logistics distribution, facilitating a more
rapid and organized response during
emergencies. By minimizing the number of
shelters required while still ensuring
comprehensive coverage, the model

streamlines logistical operations, thereby
reducing the complexity associated with
disaster management.

The selected shelter locations have
undergone a rigorous qualification process
based on specific, predetermined criteria.
These criteria encompass factors such as
proximity to affected areas, accessibility,
and the suitability of the infrastructure.
Following the qualification process,
theoretical calculations were conducted
utilizing the Set Covering Problem model
to further refine the shelter selection. The
outcome of these calculations is a set of
locations that satisfies both logistical and
operational requirements. The final shelter
locations are illustrated in Figure 2, which
provides a visual representation of the
optimal configuration for disaster relief
operations.

This study optimizes the determination of
evacuation center locations and quantities
in Bandung Regency, Indonesia, utilizing a
linear programming model and geographic
analysis. The findings illustrate that the
strategic selection of evacuation center
locations, informed by population density,
road infrastructure, and disaster risk, can
enhance the efficiency of resource
distribution and improve response times.
The developed model indicates that
establishing five evacuation centers in
high-density areas with access to major
roadways could decrease travel time for
disaster victims by up to 20% in
comparison to more dispersed locations.
Furthermore, optimizing the number of
evacuation centers also contributes to
reduced response times for rescue teams,
thus augmenting the overall effectiveness
of disaster management [37], [38].

This study aligns with prior research
regarding the optimization of evacuation
center locations and quantities, although
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notable differences exist in the results and
methodologies employed. For instance, a
study employing a similar linear
programming model that incorporates
extensive geographical analysis and
considers local factors, such as population
density and specific disaster risks in
Bandung Regency [39], [40]. The results
suggest that establishing five centralized
evacuation centers with adequate road
infrastructure can significantly mitigate

travel time in contrast to more widely
distributed models. A critical distinction
lies in the application of the model within
the Indonesian context, which encounters
challenges related to infrastructure,
accessibility, and social factors such as
poverty and access inequality—elements
often neglected in international studies.
These findings underscore the necessity of
tailoring optimization models to align with
local and geographic conditions.

Selected Shelter
o Location Map

Legend

’ Selected Shelter
Location

Figure 2. Map of Selected Shelter Locations

The methodology employed in this study,
which integrates a linear programming-
based mathematical model  with
geographic analysis, is deemed
appropriate for the conditions present in
Bandung Regency, despite encountering
challenges in validation. The simulations
demonstrate that the model accurately
represents resource distribution and
response time, with only minor
discrepancies observed between the
optimized evacuation centers and the
corresponding field data. Modifications
incorporating local geographic information
and infrastructure vyield satisfactory
accuracy; however, limitations in road data
pertaining to rural areas have slightly

influenced the results. Validation through
the analysis of historical disaster data
substantiates the model's efficacy in
predicting evacuation flows and resource
requirements. Further refinements may
enhance the model's adaptability for
application in other regions facing similar
challenges [41].

The findings of this study are shaped by
variables including geographic distribution,
transportation infrastructure, and
population density. Urban regions in
Bandung, which are distinguished by high
population density and robust
transportation access, necessitate fewer
evacuation centers.
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Table 3. Selected Shelter Locations

No Selected _Shelter N?ta- Requirements Fulfilled N?ta-
Locations tion tion
. Babakan Sangkuriang RW 01 1
1  Masjid An Nur X2 .
Citeureup RW 01 2
Cilisung RW 03 3
2 Masjid Nurul Falah X
asjia Rurutrala > Cilisung RW 13 4
3 Kantor Desa X Bojongasih RW 04 5
Dayeuhkolot ° Bojongasih RW 14 7
Bojongasih RW 05 6
4  Masjid Baitul Haq Xe Zipur RW 06 8
Gg Toha RW 07 9
Bolero RW 08 10
K RW 09 11
5 Masjid Ash-Shofia Xg oM
Kaum RW 10 12
Kaum RW 11 13
Kaum RW 12 14
6  Masjid An-Nur Sukabirus X112 Depan PT Metro 15
Depan PT Kardinal 16
Babakan Leuwi Bandung RW
17
01
Babakan Leuwi Bandung RW 18
. . 02
7 Masjid Baiturrahman Xaa Babakan Leuwi Bandung RW
19
03
Babakan Leuwi Bandung RW
20
14
8 Kantor Desa Citeureu X Lamajang RW 06 21
P ®  Lamajang RW 07 22
Kaliboson RW 16 23
9 Masjid Al Amanah X1  Kaliboson RW 17 24
Sukabirus RW 13 25
Kantor RW 01 Cangkuang Cisirung RW 02 26
10 Xis .
Wetan Palasari RW 03 27
Parunghalang RW 02 28
11 SDNJati 3 X0  Cibadak RW 05 29
Ciputat RW 06 30
12 Inkanas X Muara RW 07 31
' Kp. UAKRW 08 32
13 SKB X Cigosol RW 09 33
2 Ciputat RW 13 34
14 Masjid Nurul Huda X2z JIn Raya Andir-Katapang 35
. Kp. Cijagra RW 09 36
15 Mad h Bait h X
adrasah Baiturrahman 2 Kp. Cijagra RW 10 37
JIn Cijarga-Bojongsoan 38
16 Gudang Tango X5 J 8 .J 8 g
JIn Cijeruk-Cigebar 39
d http://doi.org/10.30988/imil.v9i2.1627 204

Syafrianita et. al



http://doi.org/10.30988/jmil.vxix.xxxx

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

Conversely, rural areas with inadequate
infrastructure require a greater number of
facilities. Furthermore, external factors
such as climate change and governmental
policies may influence the outcomes;
climate change is associated with an
increased frequency of disasters, while
government policies affect spatial planning
and the distribution of resources [42].

This study contributes to the theoretical
framework of disaster logistics, with a
particular emphasis on the optimization of
evacuation center locations and capacities.
By integrating linear programming with
geographic  analysis, the findings
underscore the significance of accounting
for factors such as population density,
infrastructure, and disaster risk in logistics
planning [43]. This model enhances
optimization theory by prioritizing time
and cost efficiency, in addition to ensuring
accessibility  for all  communities.
Furthermore, the research presents
opportunities for global applicability by
adapting the model to local conditions,
thereby strengthening disaster resilience
across various regions [44]. The findings
also provide valuable insights for the
Bandung Regency  government in
identifying  optimal  locations  and
guantities of evacuation centers, which
can improve logistical distribution
efficiency and response times, as well as
facilitate inter-agency coordination in
disaster management, particularly in
flood-prone areas such as Dayeuhkolot,
Bojongsoang, and Baleendah.

The results of this study have the potential
to enhance logistics efficiency and supply
chain management in disaster contexts,
particularly in  optimizing resource
distribution to evacuation centers. By
applying the Set Covering Problem (SCP)
model to determine evacuation locations,

logistics distribution can be expedited,
thereby reducing response times during
disasters. Moreover, the involvement of
third parties, such as courier services and
non-governmental organizations (NGOs),
can augment distribution capacity,
particularly in remote areas, ensuring
more rapid and coordinated aid delivery.
This approach facilitates a more responsive
and agile supply chain management
system in disaster situations [45]. The

model’s outcomes are subject to
uncertainty from factors such as
unexpected road inaccessibility during

severe flooding and climate variability that
may alter flood patterns over time.
Incorporating scenario-based simulations
or probabilistic analyses in future studies
could improve the model’s robustness and
adaptability to these changing conditions.

CONCLUSION

This study effectively identifies the optimal
locations and number of evacuation
centers for flood disaster mitigation in
Bandung Regency, Indonesia, utilizing the
Set Covering Problem (SCP) model. The
findings illustrate that the selection of
appropriate evacuation centers, informed
by geographic factors, population density,
and accessibility, can enhance disaster
response times and logistical distribution
efficiency. This research contributes
significantly to disaster logistics theory by
emphasizing the integration of socio-
economic and geospatial factors in disaster
logistics planning. The results also possess
practical implications for government
policy, as they can inform the design of
more effective and responsive evacuation
center planning in anticipation of future
disasters.From a social and ethical
perspective, the findings underscore the
necessity of ensuring evacuation center
accessibility for all segments of society,
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including vulnerable groups, as well as the
environmental sustainability of selected
evacuation sites. Ethical considerations in
shelter  planning include  ensuring
equitable access for all communities,
particularly vulnerable groups such as the
elderly, people with disabilities, and low-
income households. Transparent decision-
making and inclusive engagement with
local stakeholders can enhance social trust,
which is critical for the effective use and
acceptance of designated shelters during
emergencies. These ethical considerations
necessitate that policymakers address
fairness in the distribution of resources
and evacuation facilities. Furthermore, the
study highlights the importance of
collaboration with third-party entities,
such as courier services and non-
governmental organizations (NGOs), in

strengthening logistical systems and aid
distribution. This study has several
limitations. Data gaps in rural road
infrastructure may affect accessibility
accuracy, and the absence of behavioral or
social modeling limits the ability to capture
evacuee decision-making. The
deterministic SCP model also does not
consider stochastic variations in disaster
conditions, reducing adaptability in real
scenarios. These limitations indicate the
need for further research to scale the
model and integrate external factors such
as climate change and government
policies. Future studies may incorporate
dynamic modeling, cost analysis, and
multi-scenario simulations to improve
resource allocation, enhance model
resilience, and strengthen disaster
mitigation and community preparedness.

REFERENCES

[1]

[2]

3]

[4]

[5]

Y. Veronica, Sutoyo, M. |. Rau, and C. Arif, “Range, capacity, and closest evacuation
route analysis to tsunami evacuation shelter in Pandeglang Regency Banten
Indonesia,” IOP Conference Series: Earth and Environmental Science, vol. 622, p.
012042, 2021, doi: https://doi.org/10.1088/1755-1315/622/1/012042.

W. J. W. Botzen, O. Deschenes, and M. Sanders, “The Economic Impacts of Natural
Disasters: A Review of Models and Empirical Studies,” Review of Environmental
Economics and Policy, vol. 13, no. 2, pp. 167-188, 2019. doi:
https://doi.org/10.1093/reep/rez004.

Mathieu Deflem, “Introduction: Disasters and Hazards in Socio-Legal Studies,” Sociology
of crime, law and deviance, pp. ix—xii, 2012, doi: https://doi.org/10.1108/s1521-
6136(2012)0000017003.

S. H. S. Herho, E. Riawan, C. Nugraha, R. Suwarman, |. D. G. A. Junnaedhi, and D. E.
Irawan, "An early development of flood inundation mapping method using free Android
application to support emergency response activities: Case study Baleendah, Bandung,
West Java," arXiv preprint, 2018, https://doi.org/10.48550/arXiv.1812.

A. S. Pambudi, “Problems of Local Floods and Their Relation to Bogor City Drainage
Infrastructure System,” Indonesian Journal of Applied Research (IJAR), vol. 3, no. 1, pp.
10-22, Apr. 2022, doi: https://doi.org/10.30997/ijar.v3i1.178.

Syafrianita et. al d

http://doi.org/10.30988/jmil.v9i2.1627

206


http://doi.org/10.30988/jmil.vxix.xxxx
https://doi.org/10.1088/1755-1315/622/1/012042
https://doi.org/10.48550/arXiv.1812

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

D. Mulyadi and R. R. Maulana, “Government Collaboration Model for Disaster
Management Policy in West Bandung Regency,” Advances in Social Science, Education
and Humanities Research, Jan. 2021, doi:
https://doi.org/10.2991/assehr.k.210629.019.

Darmawan et al. "Analisis Perbandingan Algoritma Decision Tree, Random Forest, dan
Naive Bayes untuk Prediksi Banjir di Desa Dayeuhkolot" Telka - telekomunikasi
elektronika komputasi dan kontrol, 2023, doi:10.15575/telka.v9n1.52-61.

B. C. Picauly and V. J. Sedubun, “Parameter Pengawasan Pemerintah Terhadap
Peraturan Daerah Yang Berciri Khas Daerah,” PATTIMURA Legal Journal, vol. 1, no. 2,
pp. 151-166, Aug. 2022, doi: https://doi.org/10.47268/pela.v1i2.6560.

A. R. Prabowo, A. R. Dwicahyani, W. A. Jauhari, A. Aisyati, and P. W. Laksono,
“Development and application of humanistic logistics models for optimizing location-
allocation problem solutions to volcanic eruption disaster (Case study: Volcanic
eruption of Mount Merapi, Indonesia),” Cogent Engineering, vol. 4, no. 1, Jul. 2017, doi:
https://doi.org/10.1080/23311916.2017.1360541.

E. Nurmalasari, “Nilai Kearifan Lokal Upacara Petik Laut Muncar Sebagai Simbol
Penghargaan Nelayan Terhadap Limpahan Hasil Laut,” Jurnal Artefak, vol. 10, no. 1, pp.
43-43, Apr. 2023, doi: https://doi.org/10.25157/ja.v10i1.9749.

E. Darwiyanto, B. P. Binawan, and D. Junaedi, “Aplikasi GIS Klasifikasi Tingkat Kerawanan
Banjir  Wilayah  Kabupaten Bandung Menggunakan Metode Weighted
Product,” Indonesian Journal on Computing, vol. 2, no. 1, pp. 59-59, Sep. 2017, doi:
https://doi.org/10.21108/ind0jc.2017.2.1.141.

G.Parajuli, S. Neupane, S. Kunwar, R. Adhikari, and T. D. Acharya, “A GIS-Based
Evacuation Route Planning in Flood-Susceptible Area of Siraha Municipality,
Nepal,” ISPRS international journal of geo-information, vol. 12, no. 7, pp. 286—286, Jul.
2023, doi: https://doi.org/10.3390/ijgi12070286.

J. Gonzalez-Villa, A. Cuesta, D. Alvear, and A. Balboa, "Evacuation management system
for major disasters", Applied Sciences, vol. 12, no. 15, p. 7876, 2022,
https://doi.org/10.3390/app12157876

D. Malaiholo, M. A. Kurniawan, and N. Anggraini, “Analisa Pengendalian Biaya Dan
Waktu Pada Pelaksanaan Proyek (Studi Kasus: Jalur Ganda Kereta Api Mojokerto-
Jombang),” Jurnal Talenta Sipil, vol. 5, no. 1, p. 49, Feb. 2022, doi:
https://doi.org/10.33087/talentasipil.v5i1.97.

R. A. Atanga and V. Tankpa, “Geospatial analysis of flood emergency evacuation sites in
Accra,” Jamba Journal of Disaster Risk Studies, vol. 14, no. 1, Dec. 2022, doi:
https://doi.org/10.4102/jamba.v14i1.1172.

Syafrianita et. al d http://doi.org/10.30988/jmil.v9i2.1627

207


http://doi.org/10.30988/jmil.vxix.xxxx
https://doi.org/10.2991/assehr.k.210629.019
https://doi.org/10.4102/jamba.v14i1.1172

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

M. F. Maulana and D. N. Sari, “Network analysis for determining the fastest evacuation
routes in flood-prone areas of the Tuntang Watershed, Indonesia,” IOP conference
series. Earth and environmental science, vol. 1314, no. 1, pp. 012053-012053, Mar.
2024, doi: https://doi.org/10.1088/1755-1315/1314/1/012053.

S. Godschall, V. Smith, J. Hubler, and P. Kremer, “A Decision Process for Optimizing
Multi-Hazard Shelter Location Using Global Data,” Sustainability, vol. 12, no. 15, p.
6252, Jan. 2020, doi: https://doi.org/10.3390/su12156252.

M. A. Rahmawaty and A. F. Hasan, “Mapping The Location of Flood Shelters in Demak
Regency using The Spatial Multi Criteria Evaluation Method,” IOP Conference Series:
Earth and Environmental Science, vol. 1264, no. 1, p. 012010, Nov. 2023, doi:
https://doi.org/10.1088/1755-1315/1264/1/012010.

A. M. Caunhye, X. Nie, and S. Pokharel, “Optimization models in emergency logistics: A
literature review,” Socio-Economic Planning Sciences, vol. 46, no. 1, pp. 4-13, Mar.
2012, doi: https://doi.org/10.1016/j.seps.2011.04.004.

C. Boonmee, M. Arimura, and T. Asada, “Facility location optimization model for
emergency humanitarian logistics,” International Journal of Disaster Risk Reduction, vol.
24, pp. 485-498, Sep. 2017, doi: https://doi.org/10.1016/j.ijdrr.2017.01.017.

M. Ahmadi, A. Seifi, and B. Tootooni, “A humanitarian logistics model for disaster relief
operation considering network failure and standard relief time: A case study on San
Francisco district,” Transportation Research Part E: Logistics and Transportation Review,
vol. 75, pp. 145-163, Mar. 2015, doi: https://doi.org/10.1016/j.tre.2015.01.008.

A. Hashemi et al., “A New Direct Coefficient-Based Heuristic Algorithm for Set Covering
Problems,” International journal of fuzzy systems, vol. 24, no. 2, pp. 1131-1147, Dec.
2021, doi: https://doi.org/10.1007/s40815-021-01208-5.

S. Agarwal, R. Kant, and R. Shankar, “Humanitarian supply chain management: modeling
the pre and post-disaster relief operations,” International Journal of Disaster Resilience
in the Built Environment, vol. ahead-of-print, no. ahead-of-print, Jun. 2021, doi:
https://doi.org/10.1108/ijdrbe-10-2020-0107.

W. Li, G. Zhai, and W. Chen, “Location-allocation of fixed shelters for the elderly from
the perspective of needs for refuge: A case of Hefei, China,” International journal of
disaster risk reduction, vol. 92, pp. 103717-103717, Jun. 2023, doi:
https://doi.org/10.1016/j.ijdrr.2023.103717.

S. Tang et al., “Evaluation of Emergency Shelter Service Functions and Optimisation
Suggestions—Case Study in the Songyuan City Central Area,” Sustainability, vol. 15, no.
9, pp. 7283-7283, Apr. 2023, doi: https://doi.org/10.3390/su15097283.

Syafrianita et. al d http://doi.org/10.30988/jmil.v9i2.1627

208


http://doi.org/10.30988/jmil.vxix.xxxx
https://doi.org/10.1016/j.seps.2011.04.004
https://doi.org/10.1016/j.ijdrr.2017.01.017
https://doi.org/10.1016/j.tre.2015.01.008
https://doi.org/10.1007/s40815-021-01208-5
https://doi.org/10.3390/su15097283

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

M. Zhang, Y. Zhang, Z. Jiao, and J. Wang, “Improving relief operations via optimizing
shelter location with uncertain covariates,” Transportation research. Part E, Logistics
and transportation review, vol. 176, pp. 103181-103181, Aug. 2023, doi:
https://doi.org/10.1016/j.tre.2023.103181.

Ibrahim, Syamsidik, Azmeri, M. Hasan, A. Irwansyah, and M. D. Al Farizi, “Assessing
tsunami vertical evacuation processes based on probabilistic tsunami hazard
assessment for west coast of Aceh Besar, Indonesia,” Geoenvironmental Disasters, vol.
10, no. 1, Mar. 2023, doi: https://doi.org/10.1186/s40677-023-00238-5.

S. S. Wigati, B. M. Sopha, A. M. S. Asih, and H. Sutanta, “Geographic Information System
Based Suitable Temporary Shelter Location for Mount Merapi Eruption,” Sustainability,
vol. 15, no. 3, p. 2073, Jan. 2023, doi: https://doi.org/10.3390/su15032073.

Badan Nasional Penanggulangan Bencana, “Peraturan Kepala Badan Nasional
Penanggulangan Bencana Nomor 13 Tahun 2010 tentang Pedoman Pencarian,
Pertolongan, dan Evakuasi.” Jakarta: BNPB, 2010.

E. Shahat, C. Hyun, & C. Yeom, "Conceptualizing smart disaster governance: an
integrative conceptual framework", Sustainability, vol. 12, no. 22, p. 9536, 2020,
https://doi.org/10.3390/su12229536.

Guddo, “Conceptualization of Flooding Disaster: A Theoretical Perspective of
Management,” Disaster Advances, vol. 17, no. 2, pp. 40-45, Dec. 2023, doi:
https://doi.org/10.25303/172da040045.

I. D. Argun, “An Overview on Set Covering Problems With a Focus on Military
Applications,” Advances in Logistics, Operations, and Management Science, pp. 54—66,
2019. doi: https://doi.org/10.4018/978-1-5225-5513-1.ch003.

Y. Deng, Y. Zhang, and J. Pan, “Optimization for Locating Emergency Medical Service
Facilities: A Case Study for Health Planning from China,” Risk Management and
Healthcare Policy, vol. 14, pp. 1791-1802, Apr. 2021, doi:
https://doi.org/10.2147/rmhp.s304475.

P. Roy, M. Abdullah, & I. Siddique, "Machine learning empowered geographic
information systems: advancing spatial analysis and decision making", World Journal
of Advanced Research and Reviews, vol. 22, no. 1, p. 1387-1397, 2024,
https://doi.org/10.30574/wjarr.2024.22.1.1200

M. Lindstrom, C. Hebert, H. Miller, S. Moffatt-Bruce, & E. Root, "Network analysis of
intra-hospital transfers and hospital onset clostridium difficile infection", Health
Information & Libraries Journal, wvol. 37, no. 1, p. 26-34, 2019,
https://doi.org/10.1111/hir.12274.

Syafrianita et. al d http://doi.org/10.30988/jmil.v9i2.1627

209


http://doi.org/10.30988/jmil.vxix.xxxx
https://doi.org/10.1016/j.tre.2023.103181
https://doi.org/10.1186/s40677-023-00238-5
https://doi.org/10.3390/su15032073
https://doi.org/10.3390/su12229536
https://doi.org/10.1111/hir.12274

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

K. Akmal, "The role of geographic information systems (gis) in location-based decision
making", jiem, vol. 5, no. 1, p. 26-30, 2023. https://doi.org/10.61992/jiem.v5i1.73.

M. Rahman et al., “Location-allocation modeling for emergency evacuation planning
with GIS and remote sensing: A case study of Northeast Bangladesh,” Geoscience
Frontiers, vol. 12, no. 3, p. 101095, May 2021, doi:
https://doi.org/10.1016/j.gsf.2020.09.022.

C. Boonmee, M. Arimura, and T. Asada, “Facility location optimization model for
emergency humanitarian logistics,” International Journal of Disaster Risk Reduction, vol.
24, pp. 485-498, Sep. 2017, doi: https://doi.org/10.1016/j.ijdrr.2017.01.017.

Y. Yin, X. Xu, D. Wang, Y. Yu, and T. C. E. Cheng, “Two-stage recoverable robust
optimization for an integrated location—allocation and evacuation planning
problem,” Transportation Research Part B Methodological, vol. 182, pp. 102906—
102906, Apr. 2024. doi: https://doi.org/10.1016/j.trb.2024.10290.

M. Rossana, A. Kester, A. A. N. P. Redi, R. R. Maaliw, and G. G. Lagrazon, “Multi-Objective
Location-Routing Network Optimization for Pre-Disaster Planning: A Case Study in the
Philippines,” pp. 1-5, Jun. 2024, doi: https://doi.org/10.1109/times-
icon61890.2024.10630716.

L. Tanti, S. Efendi, M. S. Lydia, and H. Mawengkang, “Model Dynamic Facility Location
in Post-Disaster Areas in Uncertainty,” Matrik Jurnal Manajemen Teknik Informatika
dan Rekayasa Komputer, vol. 22, no. 1, pp. 105-116, Nov. 2022, doi:
https://doi.org/10.30812/matrik.v22i1.2095.

N. Purnawan and E. Kharisma, “Prediction of shelter needs based on simulation results
of evacuees choosing evacuation facilities due to a potential tsunami earthquake in
Padang, Indonesia,” IOP Conference Series Earth and Environmental Science, vol. 1173,
no. 1, pp. 012018-012018, May 2023, doi: https://doi.org/10.1088/1755-
1315/1173/1/012018.

B. Ozinger and |. Zavrski, “Methodology for selecting emergency shelter locations in
natural disasters,” pp. 61-70, Sep. 2024, doi:
https://doi.org/10.5592/co/phdsym.2024.7.

X. Ma, Y. Liu, and X. Bai, “Globalised robust bilevel model for multi-commodity
distribution and vehicle assignment in post-disaster rescue,” International Journal of
Systems Science Operations & Logistics, vol. 10, no. 1, Jun. 2023, doi:
https://doi.org/10.1080/23302674.2023.2225113.

H. Yao and W. Wu, “Research and Application of Emergency Logistics Resource
Allocation Algorithm based on Supply Chain Network,” Scalable Computing: Practice
and Experience, vol. 25, no. 6, Oct. 2024. doi:
https://doi.org/10.12694/scpe.v25i6.3289.

Syafrianita et. al d http://doi.org/10.30988/jmil.v9i2.1627

210


http://doi.org/10.30988/jmil.vxix.xxxx

Jurnal Manajemen Industri dan Logistik Vol. 9 No. 2 November, 2025, 193-211

BIOGRAPHIES OF AUTHORS

Author 1

I. \\\f

Syafrianita ©© E1E3 12 is a lecturer in the Department of Transportation Management
at Universitas Logistik dan Bisnis Internasional (ULBI). Her research interests include
the application of fuzzy numbers in the selection of bonded logistics center locations.
She obtained her Ph.D. in Transportation from Institut Teknologi Bandung in 2023.
She received her Master's degree from the Department of Transportation at Institut
Teknologi Bandung, and her Bachelor's degree in Industrial Engineering from
Universitas Pasundan, Bandung, in 2000. She can be contacted via email at:
syafrianita@ulbi.ac.id.

Author 2
T—

Agus Purnomo 0 EJ B3 12 s a full-time Professor in the Master's Program in Logistics
Management at the Universitas Logistik dan Bisnis Internasional (ULBI). His research
interests lie in the fields of Logistics and Supply Chain Management. He obtained his
Doctoral degree in Operations Management from Universitas Padjadjaran, Bandung,
in 2009. He earned his Master’s degree in Industrial Engineering from Institut
Teknologi Bandung in 1997, and his Bachelor's degree in Industrial Engineering from
Universitas Pasundan, Bandung, in 1989. He can be reached via email at:
aguspurnomo@ulbi.ac.id.

Mohamed Ibrahim Abdul Mutalib © Ed graduated from University of New South
Wales, Sydney, Australia with a Bachelor of Engineering in Chemical Engineering. At
Universiti Teknologi PETRONAS (UTP), YBhg Prof Dato' Ts. Dr Mohamed lbrahim
Abdul Mutalib was appointed as Lecturer Il and became the founding Head of
Programme for Chemical Engineering in 1998. He designed the curriculum for the
Chemical Engineering programme and developed necessary support resources. In
2000, he was appointed as the Director of Research and Consultancy. Among his
immediate responsibilities included development of the Research & Development
(R&D) and Consultancy master plan for UTP. In view of his past experience and
contributions in management positions, he was reappointed to the university
management position as the Dean of Faculty of Engineering in 2013. During his
tenure, the faculty of engineering continued to progress strongly and has improved
its QS World University ranking to the world s top 300. YBhg Prof Dato' Ts. Dr
Mohamed Ibrahim Abdul Mutalib is currently the Vice Chancellor, Universiti
Teknologi PETRONAS. He can be reached via email at: ibrahmat@utp.edu.my

Syafrianita et. al

d http://doi.org/10.30988/jmil.v9i2.1627

211


http://doi.org/10.30988/jmil.vxix.xxxx
mailto:ibrahmat@utp.edu.my
https://orcid.org/0000-0003-3603-5822
https://scholar.google.co.id/citations?user=eyEBuO4AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57977095800
http://www.webofscience.com/wos/author/record/HSF-4484-2023
https://orcid.org/0000-0002-3260-0268
https://scholar.google.com/citations?user=MAeDmBcAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=37102526900
https://www.webofscience.com/wos/author/record/IUP-1292-2023
https://orcid.org/0000-0002-3877-9086
https://scholar.google.com.my/citations?user=SGeSxzEAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24438446100

