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mobilisation to disaster area

@ CrossMark

Background: The fulfilment of the emergency response to the disaster area not only
prioritises foods or medicines but also helps in mobilisation of equipment, facilities, and
infrastructures in the form of logistics. The suitable warehouses will be able to provide
every logistic needed and this will have a positive impact on the government as one of the
relief institutions that is responsible for helping the refugees as quickly as possible.

Objectives: The objectives of the study are to determine the logistic needs from disaster
area, analyse and evaluate all assets from the 35 warehouses, identify the key indicators to
generate the parameter, and to generate several mathematical formulas to be used in the
simulation case.

Method: Euclidean-based methodology is applied to calculate every fitness distance as a gap
value of each parameter. All stock quantity from 35 warehouses will be the source of the data,
with the logistic needs play role as the initial input for the calculation processes.

Results: The logistic needs and the distance resulted in this study became the key indicators to
determine the criteria. The study also generates seven equations for the disaster’s case
simulation.

Conclusion: To conclude, the outcomes resulted from the simulation indicate that from 35
warehouses alternatives, the fitness gap calculation completed at the 31st warehouse and the
public hydrant became the fastest logistic, which completed all demand by two warehouses.

Contribution: The study will be useful for the decision makers as the recommendation and
guideline to improve the acceleration of emergency response of the logistic mobilisation from
selected and prioritised warehouses.

Keywords: emergency response; warehouse; disaster; logistic; relief; refugees; decision
model; Euclidean.

Introduction

Natural hazards such as landslides, volcano eruptions, earthquakes, hurricanes, tsunami, and
floods bring about tremendous effects on people and demolish the infrastructures. These
situations have exacerbated the negative impacts by elevating the number of deaths and damaging
facilities, which can lead to the social and economic instability thus inflicting a demand-supply
imbalance (Zhou et al. 2018:567-576). When a destructive disaster strikes an area, the number of
victims grows rapidly followed by the escalating number of disaster refugees. As the number of
refugees increases, the demand of emergency supplies such as medical equipment, medicines,
food, and water would immediately surge (He et al. 2017). Therefore, the response to the situation
should be quicker than for a small-scale disaster.

The important thing that always happens in every response process is about the distribution of
logistics. Logistics in the form of food, water, medicine, clothing and other essential necessities
play a significant role of a refugee camp.

During the initial stages of emergency situations, the collaboration of governments, institutions,
groups, and individuals becomes critical in assisting disaster refugees (Pradipta et al. 2017:95-102).
This collaboration, commonly known as disaster relief operations (DROs), encompasses a range
of general disaster operations aimed at alleviating adverse situations that hinder the satisfactory
distribution of essential relief supplies to disaster refugees by allocating the temporary disaster
response facilities (Cavdur, Kose-Kucuk & Sebatli 2016). In emergency situations, logistics
planning involves rapidly dispatching commodities to distribution centres in affected areas, thus
accelerating relief operations (Ozdamar, Ekinci & Kiigiikyazici 2004:217-245).
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The issues of logistic readiness of warehouse inventory and
the shortage of human resources with expertise in logistics
management pose a significant threat to the quick decision-
making of the emergency disaster response teams. To
facilitate effective decision-making for logistic mobilisation,
the assessment of various influencing factors is required to
enhance the efficiency of decision-making processes.

A warehouse assumes a fundamental role in disaster response,
serving as an essential storage facility for relief supplies. The
significance of warehousing lies in its direct contribution to
easing the distress of affected individuals, by reducing the
time taken to reach them. In addition, it fosters synergy and
coordination among a wide array of governmental,
non-governmental, national, and international organisations
engaged in disaster management (Maharjan & Hanaoka
2017:1151-1163). While these worldwide catastrophes have
notably heightened humanitarian assistance for the distribution
of relief supplies, the importance of emergency logistics
persists both during and after such calamities. Therefore,
ensuring the establishment of a capable and streamlined
emergency logistics management system becomes critical
to address any unforeseen circumstances (Kundu, Sheu &
Kuo 2022).

Logistics preparedness needs to be established at warehouses
located in close proximity to ensure swift handling of
distributions. In certain countries, the government
maintains its own warehouses to store logistic assets, which
are strategically positioned in each province. This set-up
facilitates the rapid mobilisation of the logistics to the
nearest disaster area. Selecting the right warehouse locations
for disaster response is a critical decision that can impact
the success of the relief effort. Preparedness enhances the
capacity of relief institutions to efficiently mobilise relief
supplies and deliver aid promptly. The oversight of logistic
performance during a disaster is referred to as disaster
logistics rescue operations. Emergency logistics is defined
as the supportive role that guarantees the timely delivery of
emergency resources and rescue services to impacted areas,
thus facilitating rescue activities (Adiguzel 2019:212-224).

Governing various types of logistics across different
warehouses is important for conducting swift calculations
and immediate decision-making to accommodate all
necessary requirements. Numerous studies have been
conducted in the field of logistics and warehousing, with a
particular focus on the selection of warehouse locations.
These studies propose various frameworks, including one
based on three categories: infrastructure, government and
market (Singh, Chaudhary & Saxena 2018:323-356). In
addition, researchers have proposed a framework for a
strategic Decision Support System (DSS) that combines
elements of the strategic management process and the
Strategic Information Systems Planning (SISP) process
(Kamariotou et al. 2017). Furthermore, researchers have
explored the issue of selecting warehouse processes by
employing different strategies, applying decision-making
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tree with probabilities to guide warehouse strategy selection
(Ktodawski et al. 2017:451-457).

Based on previous studies mentioned in this article, it is
evident that a common challenge in the logistic distribution
process is ensuring a rapid response. Swift deliveries and
increased speed of logistics mobilisation require support
from nearby warehouses. Therefore, the implementation of a
DSS is crucial for decision makers (DMs) to determine
warehouses based on several factors. In this article, we will
delve into the process of warehouse selection, identifying the
key factors that must be taken into account while making
decisions, and creating a decision model as a part of a DSS.
This will involve generating multiple formulas to ascertain
the necessity and how warehouses can satisfy all demands
through logistic availability, as well as how the proximity of
a warehouse influences the efficiency of the calculation.

The objective of the proposed decision in this study is to
meet the requirements of disaster shelters. The formula
presented in this research systematically guides the
calculation process until it reaches a value of zero (0),
signifying the fulfilment of demand.

The article is organised into the following sections: The
literature review which conducts a literature review of
relevant studies to support better understanding of the case.
The research methods and design section which describes
the methodology used in this research. The analysis and
findings section provides the analysis and findings of the
study by parameterising, designed calculation formulas, and
the test case. The discussion section presents the discussion
of the research and the conclusion section defines the
conclusion of the study.

Literature review

The objective of the study was to identify the most suitable
warehouse for supply distribution based on specific
parameters, aiming to address the uncertain demands of the
disaster situation. Related domains are discussed in this
section.

Warehousing selection has emerged as a pivotal logistical
challenge within the realm of logistic operations, requiring
a systematic approach to evaluate and compare various
alternatives. A comprehensive study was conducted,
proposing a warehouse location model to determine the most
suitable site for stock mobilisation in relief distribution
utilising the Analytic Hierarchy Process (AHP) model,
leveraging six criteria and assessing three alternative locations
for a relief warehouse (Hakim & Kusumastuti 2018:1405-1414).
In some cases, certain criteria often differ with each other and
hold varying degrees of importance, making it challenging for
decision-makers to reach an optimal choice.

To convey these challenges, various multicriteria decision
making (MCDM) methods have been implemented in
numerous studies to integrate multiple criteria into a
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streamlined decision-making framework. Such a study
performed by researchers aimed to find solutions in
warehouse selection problem, utilising MCDM processes
with AHP and technique for others preference by similarity
to ideal solution (TOPSIS) methods to identify the optimal
warehouses for a garment industry with a few models,
resulting in the successful calculation and selection of the
best fit among three available options (Al Amin et al. 2019).

In the domain of sustainable warehousing, researchers
carried out a study to determine the ideal warehouse for
solar transformation by ranking 10 alternative warehouses
through the application of TOPSIS and comparing the results
with the payback period method, revealing the same top
choice of the two methods, while the remaining options in
the two lists differ as were expected (Boztepe & Cetin
2020:97-110). The selection of warehouse requires a decision-
making tool that can take the form of a framework or even a
machine. A study performed by researchers aimed to create a
decision support framework to identify the most appropriate
warehouse based on five criteria, which integrated fuzzy
AHP method to rank the warehouses, fuzzy TOPSIS method
to evaluate the criteria, and a sensitive analysis to overcome
the issue of variation in judgement from different person
(Roh, Shin & Seo 2018:297-307).

In the context of disaster response, emergency logistics refers
to the logistical operations driven by critical situations,
encompassing the emergency allocation, transportation, and
distribution of necessities to meet exigent requirements in
disaster area, aiming the time efficiency and decreasing the
impacts of disasters (Xu, Fang & Jin 2018). The objectives and
decision factors for emergency logistics should focus on
saving lives, alleviating human suffering, and reducing
property damage. The main objective involves gathering
and dispensing of emergency resources to the disaster area
even though several interrelated tasks arise because a variety
of decision issues need to be simultaneously factored in
(Jiang & Yuan 2019).

To reduce the loss of lives caused by disasters, timely aid
should be provided shortly after a disaster occurs, given the
consistently significant need for a wide range of relief
supplies (Olanrewaju, Dong & Hu 2020), as the action of
preparedness stage. One of the factors to be considered in the
preparedness phase is the availability of logistics, which
needs to align with the requirements of the disaster area.

Some challenges that need to be addressed in emergency
logistics of relief supplies include demand estimation,
which is difficult because of uncertain and fluctuating
reports, as well as the lack of stock asset management in
both using existing regional logistic infrastructure and
prepositioning stock (Negi 2022). A study was conducted by
researchers aimed at predicting the logistic needs based on
age and gender categories, which serve as guidance for
governments or organisations in managing logistic support
(Handayani et al. 2019).

Page 3 of 9 . Original Research

http://www.jtscm.co.za . Open Access

A warehouse, functioning as logistic storage facility, is crucial
for evaluating decisions from various perspectives, including
proximity to the disaster area, which can enhance and refine
the performance of DROs. Significant research has been
performed on decision modelling, location optimisation, and
simulation based on distance measurement. Researchers
conducted a study to optimise medical supply using the
Fuzzy C-Means (FCM) method, considering factors such as
helicopter travel time, transfer time, and vehicle delivery
time, thereby providing methodological and operational
support in responding to large-scale disasters (Ruan et al.
2016:1-19).

In the context of emergency supplies, vehicle route
management becomes a pressing challenge, aiming to
calculate distance as the function for selecting the shortest
path between origin and destination to ensure efficient
distribution performance (Safeer et al. 2014:2248-2258).
A literature review and research on determining decision
factors in logistics distribution has been conducted,
involving the spatial layout of the cargo transportation and
warehousing system (Onstein, Tavasszy & Van Damme
2019:243-260). On the other hand, researchers have
presented a distance matrix approach for routing
optimisation, demonstrating that the solution model
results in the least amount of travel time and significantly
outperforms other routing method (Shetty, Sah & Chung
2020). While implementing the concept of humanitarian
logistics and disaster relief supply chain, a framework was
developed for managing risks in the context of disaster
relief supply chain and providing a decision-making tool
(Raillani et al. 2020:181-193).

In this research, warehouses are regarded as essential
facilities for storing and assisting the emergency response
equipment and the infrastructure. The strategic selection of
suitable warehouses situated near the disaster area can
profoundly impact the speed and effectiveness of relief
efforts. The chosen warehouses are assumed to possess the
capacity to fulfil all demands related to the disaster. Several
crucial factors are considered in logistic distribution
decisions, including the quantity of logistic needs driven by
total refugees and the proximity to the disaster area. The
study aims to integrate warehouse selection decisions into a
cohesive decision-making framework.

Research methods and designs

The study primarily focuses on addressing fundamental
post-disaster infrastructure needs, specifically highlighting
clean water and sanitation supplies, within the realm of
humanitarian logistics. To develop our proposed research
methodology for studying a disaster case, we have adopted
the Decision Support Model (DSM) Wheel approach as
the foundational methodology (Utama 2021), illustrated
in Figure 1. The DSM Wheel stages provide a thorough
understanding of the decision-making process. While
constructing the model, various constraints are applied as
limitations among entities.
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According to Figure 1, Utama (2021) outlines the stages one by
one. The initial stage encompasses the process of analysing the
case. During the development of the decision-making concept,
it is imperative to establish a clear definition of the research
object’s issue. Achieving a high-level interpretation of the
object is essential, requiring a thorough grasp of all pertinent
aspects. Employing methodologies such as observing recent
cases and conducting interviews with DMs throughout the
supply handling procedure proves invaluable in analysing
information and attaining a comprehensive understanding of
the case, thereby identifying the underlying issues. The
outcome of this stage is determining the most suitable
warehouse selection. In the second stage of the decision
analysing process, it is necessary to ascertain the decision
value through the proposed alternatives. The decisions made
in this research should accommodate considerations and
measurements regarding whether all or some warehouses
could fulfil the logistic needs of the disaster area, or if none of
them could. Following several interviews with the DMs,
observations, and a review of previous research, the conclusions
drawn for the alternative warehouse selections are categorised
as either ‘fit’ or ‘not fit'. The third stage in this methodology
involves parameterisation. This entails analysing various
potential indicators, understanding the role of each indicator
in relation to the case, identifying their origins, and exploring
the interrelationships between criteria. The determination of
the final criteria suitable for this research is informed by
interviews, observations with the DMs, and a review of
relevant previous works for references. A common approach of
this phase involves exploiting deep learning or influenced
diagram. The fourth stage includes data collecting or
generating, which can pose significant challenges within the
realm of DSM. Some researchers may lack available data and
may need to generate it directly in the field. Once all parameters
are established, data from various sources and in a different
format must be generated. These data then need to undergo
processes such as collection, cleaning, merging, and
normalisation. During this stage, we gathered the data and
information through interview sessions with the DMs. Dataset
was generated from the 35 warehouses, including proximity,
the stock availability, and total refugees. The collected data
should encompass all criteria and be relevant to the model’s
simulation. The fifth stage entails the process of constructing
the DSM, which involves creating the model simulation. It is
crucial to establish a clear scheme of input, process, and output
within the model. This phase includes the employment of in-
depth analysis and mathematical logic methods for
implementation. The sixth stage involves the process of
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decision proposition. The DSM explicitly puts forward one or
multiple decision alternatives, selecting the most optimal
among them. The outcomes tested and analysed during the
second stage are identified and suggested by the model.
However, the ultimate determination rests upon the DMs’
judgement. The seventh stage entails model verification and
validation. This marks the ultimate phase of research
methodology. Model verification and validation are two
distinct concepts aimed at assessing the dependability of a
model’s outcomes and the quality of its solutions (Zamanifar &
Hartmann 2020). Verification involves evaluating the formula,
number of the parameters, data types, logical functions, and
calculations, based on theoretical references. On the other
hand, validation encompasses assessing whether all model-
generated values remain within specified limits. Additionally,
a Euclidean method was applied to the calculation of gap
analysis by calculating the distance between original value and
destination value. The formula is described in Equation (7).

Ethical considerations

Ethical clearance to conduct this study was obtained from the
Binus University (No. 031/Dir.BGP/II1/2023).

Analysis and findings

A comprehensive set of criteria, parameters, and
mathematical formula as the contextual framework for the
analysis was developed. In this specific case, we have
identified the essential necessities through extensive
dialogues and interviews with DMs representing the
observed institution. These discussions have encompassed
all pertinent assets housed within each warehouse (W),
which play a significant role in addressing the challenges
posed by disaster situations.

To deal with these challenges identified within the institution,
we have defined criteria and parameters, which are outlined
in Table 1. Additionally, various attributes have been generated
where the codes: MTA represents water tank wheel, HU refers

TABLE 1: Criteria of parameters.
No  Criteria (P)

Logistic Item (L) Measurement  Code

il Logistic needs (P1) Water tank wheel (L1) Unit MTA
Public hydrant (L2) Unit HU
Emergency toilet (L3) Unit ET
Faeces vacuum vehicle (L4) Unit VT
Operator (L5) Unit PO
2 Distance (P2) Proximity Kilometre (km) d

Case Decision - Data collection DSM Decisions M?dEI
. . Parameterising . . . verifying and
analysing analysing or generating constructing proposing validating

Source: Utama, D., 2021, Logika Fuzzy untuk Model Penunjang Keputusan, Dilengkapi dengan Penerapan Contoh Kasus, Garudhawaca, Yogyakarta

DSM, Decision support model.
FIGURE 1: Decision support model wheel.
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to public hydrant, ET refers to emergency toilet , VT signifies
faeces vacuum vehicle, and PO stands for the operator.

Following the guidelines of the National Disaster Mitigation
Agency (Badan Nasional Penanggulangan Bencana [BNPB])
No. 7 (2008) regarding the procedure for providing
necessities during emergency response to a disaster
occurrence and aligning with the standardisation of the
researched institution we have derived certain standard
measurements as the basis for evaluating the disaster
condition, as outlined in Table 2.

The complete mathematical model computation of this
research is depicted in the algorithm diagram, illustrating the
sequence of all procedures. The definition of algorithm is
approached from an intuitive and practical perspective,
informed by philosophical methodology rather than formal
computation (Hill 2016:35-59).

An algorithm is a systematic step-by-step procedure used
to solve mathematical problems in a specific order. To
comprehend the entire calculation processes employed in
this research, the algorithm diagram is presented in Figure 2,
accompanied by the detailed procedure given below. In
addition, Table 1 functions as a guide for the associated
codes, offering an overview of the subsequent steps:

e Step 1: Read disaster area.
This step involves receiving input data for the location
of the disaster.

e Step 2: Input total number of refugees (JW).
After a disaster occurs, the current data from the
government or BNPB about the approximate number of
refugees is collected.

e Step 3: Calculate total water demand.
The calculation of the total demand for clean water (CL)
based on the total number of refugees, using standard
values from Table 2 for water needs per day and Equation 1.

e Step 4: Calculate MTA demand.
The calculation of demand for MTA based on the water
tank capacity of 4000 litres per tank from Table 2 and
Equation 2.

e Step 5: Calculate HU demand.
The calculation of demand for HU based on the total
number of MTA. Each MTA requires two units of HU, as
indicated by the capacity of each HU (2000 litres) in Table
2 and Equation 3.

e Step 6: Calculate ET demand.

TABLE 2: Standard values of the research.

No Parameter standard Amount capacity

il Water needs 15 litre/person per day
2 Water tank wheel 4000 litre

3 Public hydrant 2000 litre

4 Emergency toilet 20 person/unit

5 Faeces vacuum vehicle 2000 litre

6 Faeces capacity 100 litre/toilet

7 Operator 6 persons/unit
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The calculation of demand for ET based on the standard
capacity of 20 persons per toilet from Table 2 and
Equation 4.

e Step 7: Calculate VT demand.
The calculation of demand for VT based on the capacity
of each VT to accommodate a maximum of 100 litres of
faeces and the vacuum tank capacity of 2000 litres to
service one toilet, using Table 2 and Equation 5.

e Step 8: Calculate PO demand.
The calculation of demand for operators required to
handle the infrastructure. Based on interviews conducted

Read
disaster area

Calculate
> CL=Y JW*IS5 litre

!

Calculate demand of L1 (MTA)
> MTA =3 CL /4000

Calculate demand of L2 (HU)
Y HU=) MTA *2

!

Calculate demand of L3 (ET)
>ET=3%IW/20

Calculate demand of L4 (VT)
> VT = (X ET *100) / 2000

Calculate demand of L5 (PO)
Y PO=(XMTA+Y HU+ —> Sety demand
YET+Y VT)/4

v

Calculate proximity of
warehouse using
Euclidean distance

l

Calculate fitness distance
Li — pLi _ gLi >
GWn D, SWn

n

l

Read condition
No If S, > D, thenG, =0 /¢

W T

Adding
warehouse

v

YES

Warehouse
mobilisation

JW, total number of refugees; CL, clean water; MTA, water tank wheel; HU, public hydrant;
ET, emergency toilet; VT, faeces vacuum vehicle; PO, operator.

FIGURE 2: Algorithm diagram.
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in this research, the approximation of six people to handle
one logistic is used, as shown in Table 2 and Equation 6.

e Step 9: Set Total demand.
Resulting from calculations in step 3 to 8.

® Step 10: Calculate warehouse proximity.
The calculation process of proximity of all warehouses in
the database using Equation 7.

e Step 11: Calculate fitness distance.
The calculation of fitness distance using Equation 8.

e Step 12: Condition formula.
Read the condition formula. If the stock in a warehouse is
greater than the demand value, the gap value is set to
Zero.

e Step 13: Decision process.
If the condition in step 12 is met, the calculation process
is completed. Otherwise, proceed to the next calculation
by adding a warehouse.

e Step 14: Warehouse mobilisation.
The phase of mobilising the warehouses for logistic
distribution when all demands are fulfilled by selected
warehouses. The calculation process is conducted at this
stage.

Drawing from the standardised capacity values outlined in
Table 2, we construct a series of mathematical models to
quantitatively assess the demand for various logistic items.
By formulating specific equation codes and translating
parameters into mathematical expressions, we establish a
coherent framework. Understanding the comprehensive
interplay of these codes is crucial for comprehending the
holistic conceptual model.

This study employs distinct codes to represent variables,
which are then translated into summation notations: Y JW
signifies the sum of refugees in disaster area, ) CL represents
the total demand for clean water (CL) in the simulation,
YMTA (or L1) denotes the total demand for water tank
wheels, YHU (or L2) embodies the total demand for public
hydrant, > ET (or L3) encapsulates the total demand for ETs,
> VT (or L4) encompasses the total demand for vacuum tank
vehicles, and Y PO (or L5) corresponds to the total demand
for operators. This extensive approach enables systematic
determination of demand for crucial items within the
simulated disaster scenario.

The numerical value of total refugees in a disaster area serves
as the primary input for the ensuing computational processes,
specifically in determining the demand for clean water
within the disaster shelter. Subsequently, the value is
incorporated into Equation 1 to calculate the overall clean
water requirements of MTA, HU, ET, VT, and PO, using
Equation 2 to Equation 6.

>CL=]JW * 15 Litre [Eqn1]

Y MTA =Y CL / 4000 [Eqn 2]
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Y HU =Y MTA *2 [Eqn 3]
YET=Y]JW /20 [Eqn 4]
¥ VT = (¥ ET *100) / 2000 [Eqn 5]
YPO=(YMTA+YHU + Y ET+Y VT) / 6 [Eqn 6]

To verify and validate the formulas, we conducted a
simulation to address the earthquake disaster scenario that
took place on 25 February 2022, in Pasaman district, West
Sumatera, Indonesia. According to the annual report of
BNPB, the data revealed that approximately 16 000
individuals were impacted by the disaster. This fact marks
the initiation point of our calculation process and yields the
subsequent results outlined within Table 3.

To prioritise the selection of the nearest warehouse for
logistic allocation, we employed the Euclidean distance
methodology to determine the proximity value for each
warehouse location. During this computation, proximity
values for all warehouses are sequentially sorted from
lowest to highest using Equation 7, where (x,, y,) represents
the coordinate of one warehouse, (x,, y,)is the coordinate of
another warehouse, and d signifies the proximity between
(x,, »,) and The stock data of logistics items across 35
warehouses provides the basis for the calculation, facilitating
an analysis of allocation. The sorted distances within the
W code variables are applied for sequential computations,
leading to the establishment of fitness gap values for each
demand. The process is executed through the formulation
of Equation 8 within the mathematical model, using mixed
integers. Where, variable G represents the Gap value; from
S every W variable D represents Demand, variable S
represents Stock, variable n as the number of sorted
warehouses (whilen =1, 2,...,35), variable i as the number of
logistic item (while i =1 to 5), W, represents the quantity of
demand logistic , and L, represents the item of i

d= [ =50+ 0n=27] [Eqn 7]
G, =D, S, [Eqn 8]

. e L
with condition IF SW" > DW" then GW" =0

Several assumptions for this computation are:

¢ The disaster area chosen serves as the case study.
* The total number of refugees is a known quantity.

TABLE 3: Demand results for Pasaman district.

Demand Calculation Result

>CL 16 000 * 15 litre/day 240 000 litre per day
YMTA (L1) 240 000 / 4000 60 units

YHU (L2) 60 units * 2 120 units

YET (L3) 16 000/ 20 800 units

SVT (L4) (800 * 100) / 2000 40 units

SPO (L5) 1020/6 170 persons

CL, clean water; MTA, water tank wheel; HU, public hydrant; ET, emergency toilet; VT, faeces
vacuum vehicle; PO, operator.
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e The mileages of 35 warehouse locations have been
determined.

e The proximity of sorted warehouse locations is utilised in
sequential calculations.

* DPriority is assigned to the nearest warehouse locations
during computation.

e Avalue of zero ('0’) resulting from the calculation signifies
complete fulfilment of all demands.

Once all the demands for the Pasaman case were determined,
as listed in Table 3, the next step is to ascertain the number of
warehouses required to support the disaster-stricken area. To
achieve this, we begin by calculating the distances from the
warehouse to disaster area and prioritise the calculations
based on proximity, starting from the nearest distance and
extending to the farthest. The results of the calculations
obtained using Equation 7 for all warehouse distances are
organised and presented in Table 4.

The ensuing step involves the calculation of the fitness gap
starting from the first warehouse. The values presented in
Table 5 are obtained by performing calculation for demands
listed in Table 3. These calculated values function as the
initial inputs to initiate the computation process, with the
sequence of operations determined based on the order of the
sorted warehouses in Table 4, ranging from the lowest
proximity value of W1 (208 km) to the farthest proximity of
W35 (5.975 km).

The initial allocation process, supported by the first warehouse
(W1), is detailed in Table 5. However, this single warehouse
allocation fails to meet any demands. Consequently, the
allocation process advances to the following nearer warehouse.
As can be seen in following allocation process depicted in
Table 6, the fitness gap value of L2 has reached zero. It means
that L2 has completed all demand of the disaster shelter.
Meanwhile, L1, L3, L4 and L5 have not achieved their
respective demand targets, prompting the calculation’s
continuation to the subsequent warehouse. Notably, L2
emerges as the first logistic item to fully satisfy disaster area
demands, aided by two warehouse allocations. Yet, four
logistic items still lack complete allocation fulfilment,
compelling further allocation efforts to nearer warehouses.
Harnessing data from Table 7, L1 becomes the second logistic
item to attain full demand completion, registering a zero value
in the fitness gap. Fulfilling the logistic demands of L1 requires
allocating resources from nine warehouses (W1 to W9).

As only two logistic items have successfully completed all
demands, the subsequent task includes calculating the
logistic requirements from items L3 to L5. The calculation
process, as shown in Table 8, reveals that L5 becomes the
third logistic item to fulfil all demands and attain a fitness
gap value of zero, with support from 12 warehouses (W1 to
W12). Two more logistic items require calculation for demand
allocation. As reported in Table 9, L4 becomes the fourth
logistic item to complete its demand and achieve a fitness gap
value of zero, with the assistance of 21 warehouses (W1 to
W21). Finally, as shown in Table 10, L3 represents the last
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TABLE 4: Sorted warehouses distance.

No Warehouse location Proximity (km) Code variable
i West Sumatera 208 W1
2 Riau 387 W2
3 North Sumatera 620 W3
33 West Papua 5.151 W33
34 North Maluku 5.208 W34
35 Papua 5.975 W35

Note: Only six of the warehouse distances are mentioned in the table.

TABLE 5: The initiation fitness gap with Warehouse 1.

Logistic items Demand Fitness gap Stock W1
L1 60 52 8

L2 120 20 100

L3 800 702 98

L4 40 38 2

L5 170 164 6

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

TABLE 6: The Public hydrant accomplishment.

Logistic items Demand Fitness gap Stock W2
L1 52 46 6

L2 20 0 30

L3 702 701 1

L4 38 37 1

L5 164 158 6

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

TABLE 7: The Water tank wheel accomplishment.

Logistic items Demand Fitness gap Stock W9
L1 6 0 6

L2 0 0 0

L3 701 583 118

L4 37 35 2

L5 58 146 12

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

TABLE 8: The Operator accomplishment.

Logistic items Demand Fitness gap Stock W12
L1 0 0 0

L2 0 0 0

L3 505 388 117

L4 24 14 10

Ii5 20 0 21

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

TABLE 9: The Faeces vacuum vehicle accomplishment.

Logistic items Demand Fitness gap Stock W21
L1 0 0 0
L2 0 0 0
L3 237 228 9
L4 1 0 1
L5 0 0 0

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

logistic item to fulfil the allocation and gain a fitness gap
value of zero with the assistance of 31 warehouses (W1 to
W31). This outcome also signifies the completion of the entire
requirements for L1 to L5 in the disaster, and indicates the
conclusion of the calculation processes.
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TABLE 10: The Emergency toilet accomplishment.

Logistic items Demand Fitness gap Stock W31
L1 0 0 0
L2 0 0 0
L3 1 0 20
L4 0 0 0
L5 0 0 0

L1, water tank wheel; L2, public hydrant; L3, emergency toilet; L4, faeces vacuum vehicle; L5,
operator; W, warehouse.

Discussion

The mathematical model generated in this study is capable of
accurately computing the demand requirements for disaster
occurrence in Indonesia, aligning comprehensively with
the guidelines set forth by BNPB. Simultaneously, the
standardisation adopted serves as a guiding framework,
ensuring that the process remains well-suited to the
institution under investigation. The chosen logistics types
harmonise seamlessly with the supportive functions of the
researched institute, catering to the essential needs of clean
water and sanitation. Through interviews with the DMs, it
was revealed that each warehouse should ideally encompass
five distinct categories of logistics: water tank wheel, public
hydrant, ET, faeces vacuum tank, and skilled operator. It is
important to notice that these categories set the scope and
constraints of the research.

The 35 warehouses employed in this study encompass a
variety of logistic assets and exhibit variations in terms of
stock availability. These warehouses are under the ownership
and management of the researched institute, serving as pivotal
basecamps for disaster emergency response operations. In
practice, the computation spans multiple phases and requires
the mobilisation of nearly all warehouses within the network.
For the purpose of warehouse ranking, a Euclidean approach
was applied as a fundamental method for proximity
computation. The selected disaster scenario originates from
the Pasaman district incident, involving around 16 000
refugees, thereby qualifying as a large-scale disaster. Thus,
the calculation necessitates an extended timeframe and
nearly comprehensive warehouse mobilisation.

Future research could delve deeper into refining the
mathematical model presented in this study, aligning it with
alternatives guidelines or standards to assess its adaptability
across various disaster scenarios. Further exploration might
emphasise the integration of real-time data streams and
dynamic variables, enriching the existing model’s
responsiveness and accuracy. In addition, extending the
current methodology to embrace multiobjective optimisation
of advanced technologies to integrate proximity-based
warehouse selection with broader considerations.

Conclusion

Logistic mobilisation stands as a paramount factor in
swiftly determining emergency response, bearing significant
consequences for overall warehouse operations. This study
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offers a resolution to the optimisation challenge of warehouse
selection by generating eight new mathematical formulas
and employing the fitness distance calculation through
Euclidean approach, aligned with the standardisation set by
BNPB and the researched institution. The primary aim of
this study is to introduce a decision formula and ascertain
the total demand of a disaster’s refugees. In summary,
applying a simulation based on a real earthquake disaster
scenario that occurred on 25 February 2022, in the Pasaman
district of West Sumatera Province, Indonesia, and drawing
insights from BNPB'’s annual reports, it can be deduced that
a disaster involving 16 000 refugees requires 240 000 litres of
water supplies daily to meet their fundamental needs. This
requirement calls for the implementation of 60 MTA, 120
HU, 800 ET, and 40 VT for waste extraction from each toilet.
To effectively manage these infrastructures, a workforce of
170 individuals is essential.

Based on the fitness distance calculation conducted in this
research, the outcomes reveal distinct patterns in the
allocation of logistic resources. Notably, fulfilling the entire
demand of HU necessitates the mobilisation of just two
nearby warehouses. A particularly noteworthy finding is
that meeting the demand for ET calls for the mobilisation of
31 warehouses. The distribution of resources for MTA and
OP falls between these extremes, with 9 and 12 warehouses,
respectively, being enlisted for their fulfilment.
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