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Abstract. Flood disasters pose significant threats to communities, resulting in extensive damage to infrastructure, loss of life, and long-term socio-economic disruption. Effective shelter site selection is a critical component of disaster preparedness and response. This study aims to identify and rank the most suitable flood shelter sites in Kubang Pasu, Kedah, using the Analytic Hierarchy Process (AHP), a structured multi-criteria decision-making method. The evaluation is based on five key criteria: capacity, accessibility, safety, cost of preparation, and the availability of essential facilities. Data were collected through expert interviews, community surveys, and analysis of geographic information sources to ensure a comprehensive understanding of local needs and risks. Among the five criteria, capacity was identified as the top priority, reflecting the importance of accommodating a large number of evacuees during flood events. Out of nine shortlisted shelter alternatives, SMK Bandar Baru Darul Aman was ranked as the most suitable site, particularly due to its high capacity and compliance with safety standards. The findings confirm the effectiveness of the AHP approach in systematically evaluating multiple criteria to support evidence-based decision-making in disaster management. In fact, the findings also offer valuable guidance for local authorities and disaster response agencies in making informed, transparent, and effective shelter site selection decisions during flood emergencies.


INTRODUCTION
Flooding is one of the most frequent and destructive natural disasters, significantly affecting human lives, infrastructure, and ecosystems [1]. Although other disasters such as earthquakes, tornadoes, and tsunamis can also trigger floods, Malaysia, particularly the state of Kedah is especially prone to flooding due to its geographical and climatic characteristics. The monsoon seasons and periods of intense rainfall often result in severe floods, leading to substantial socio-economic and humanitarian losses [2][3].
In recent years, the world has witnessed an increase in both the frequency and severity of flood events, largely driven by climate change. In Malaysia, flood management has become a critical issue, as shown by the recent major floods that displaced thousands of people and damaged homes and infrastructure. According to data from the Department of Statistics Malaysia [4], the states of Kelantan, Terengganu, and Kedah are among the most affected, with total losses in Kedah amounting to RM54.0 million in 2024. These figures underscore the urgent need for effective disaster prevention and management strategies.
Multi-Criteria Decision Making (MCDM) encompasses a variety of methods designed to support complex decision-making processes involving multiple, often conflicting criteria [5]. Among the most widely used techniques are scoring models, which assign numerical values to options based on predefined criteria; the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), which ranks alternatives based on their distance from an ideal solution; and the Analytic Hierarchy Process (AHP), which structures decision problems into a hierarchy and uses pairwise comparisons to derive priority scales. These methods have been successfully applied across diverse fields, particularly in disaster management [6]. Several studies have highlighted the effectiveness of MCDM approaches in evaluating land use suitability in flood-prone areas [7] and enhancing flood response strategies [8].
A crucial component of disaster response is the identification of appropriate shelter sites. Effective shelters should be strategically located, easily accessible, and equipped with essential facilities such as water, sanitation, and healthcare services [9]. However, in many flood-prone regions, including parts of Kedah, Malaysia, the process of selecting suitable shelter locations often lacks a systematic and data-driven approach. Decisions are frequently made based on limited information or subjective judgment, which can lead to inefficient resource allocation and inadequate protection for affected populations. To address this gap, this study employs the Analytic Hierarchy Process (AHP), a structured Multi-Criteria Decision-Making (MCDM) technique developed by Thomas L. Saaty [10]. By applying AHP, this research systematically evaluates and prioritizes potential shelter locations in Kubang Pasu, Kedah, Malaysia, with the goal of supporting more informed, transparent, and effective disaster management planning during flood emergencies. 
The rest of this paper is organized as follows; the next section presents the methodology followed by the analysis outcomes. The final section concludes this study and prescribes some recommendations for future study.

METHODOLOGY
Data Collection
In this research, both primary and secondary data were utilized to ensure the completeness and reliability of the dataset for analysis. Secondary data was obtained from various existing sources, including topographical maps, online platforms, and digital directories. Tools such as Google Map Viewer and the APAC Directory were used to gather up-to-date information on potential shelter sites and flood-prone areas. These sources provided essential spatial and contextual information to support the selection and evaluation of potential shelter locations. 
Primary data were collected through direct engagement with stakeholders within the Kubang Pasu district. Two main approaches were employed: online surveys and expert interviews. An online questionnaire was distributed via Google Forms and shared through social media platforms such as WhatsApp and Facebook to reach members of the Kubang Pasu community. Respondents were asked to provide their opinions and assessments of shelter site selection criteria using a 1–9 scale, as illustrated in Table 1.

TABLE 1. Scale Definition

	Importance
Scale
	Definition of Scale

	1
	Equally Important Preferred

	2
	Equally to Moderately Important Preferred

	3
	Moderately Important Preferred

	4
	Moderately to Strongly Important Preferred

	5
	Strongly Important Preferred 

	6
	Strongly to Very Strongly Important Preferred 

	7
	Very Strongly Important Preferred 

	8
	Very Strongly to Extremely Important Preferred

	9
	Extremely Important Preferred 



In-depth interviews were conducted with the Civil Defense Captain responsible for disaster management in the Kubang Pasu area, who also serves as a key member of the flood disaster relief team. These interviews aimed to obtain expert insights into the criteria for selecting suitable shelter sites and to identify factors influencing flood disaster preparedness. The interview findings were instrumental in defining the main evaluation criteria used in the Analytic Hierarchy Process (AHP).

AHP Modelling Process

The data obtained from literature reviews, surveys, and interviews formed two essential components of the AHP method: the criteria and the alternatives. Table 2 presents the five key criteria, along with their definitions, used in evaluating shelter site selection during flood events. Meanwhile, Table 3 lists the nine alternative shelter sites considered in this study. Initially, more than 30 potential shelters in the Kubang Pasu district were identified through preliminary data collection. These sites were then filtered based on findings from the questionnaires and expert interviews, resulting in a final selection of nine alternatives for AHP evaluation.







TABLE 2. Definition of Criteria

Numbered	Criteria	Definition

C1:	Capacity	To allocate maximum number of victims received and the supply of food
or medicine etc.
C2:	Accessibility	The ability of the victims, including disabled person to access the shelter,
considering the distance from flood site.
C3:	Safety of Shelter	Shelter that is safe from flooding and other hazards
C4:	Cost of Preparation	Expenses incurred in setting up a shelter, including supplies,
infrastructure, and staffing

C5:	Availability of Essential Facilities

The location of the shelter to easily access medical care, social support, electricity, and water supply.




The AHP determines the priority of each criterion based on its relative importance through pairwise comparisons. In this study, pairwise comparison matrices were constructed to represent the relative significance of each criterion. The sum of each row was then calculated to derive the criteria weights, as illustrated in Table 3.

TABLE 3. List of Alternatives


Numbered	Definition
A1:	Sekolah Kebangsaan Bandar Bukit Kayu Hitam A2:	SMK Bandar Baru Sintok
A3:	SK Bandar Baru Sintok
A4:	SMK Hosba
A5:	SK Tunku Bendahara
A6:	SMK Megat Dewa
A7:	Sekolah Kebangsaan Seri Muda
A8:	SMK Bandar Baru Darul Aman
A9:	Sekolah Kebangsaan Bukit Tinggi


Next, the development of decision models to evaluate shelter sites using different identified criteria, namely Capacity, Accessibility, Safety of Shelter, Cost of Preparation, and Availability of Essential Facilities was conducted using AHP, as illustrated in the hierarchy structure in Fig. 1.
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FIGURE 1. AHP Hierarchy Structure

Figure 1 presents the hierarchical structure of the AHP model used in evaluating the shelter site alternatives based on five main criteria. The AHP structure organizes a decision problem into a hierarchical model consisting of three main levels:

Goal:
At the top of the hierarchy is the overall objective of the decision-making process. In this study, the goal is to select the most suitable flood shelter site in Kubang Pasu, Kedah.
Criteria:
The second level comprises the evaluation criteria that influence the decision. Based on literature and expert input, five criteria were selected:
· Capacity (C1) – The shelter's ability to accommodate flood victims and provide adequate supplies.
· Accessibility (C2) – Ease of access for all individuals, including vulnerable populations, and proximity to affected areas.
· Safety of Shelter (C3) – The shelter’s security from flood hazards and other risks.
· Cost of Preparation (C4) – The financial resources required to prepare and operate the shelter.
· Availability of Essential Facilities (C5) – Access to healthcare, electricity, water, and sanitation at the shelter location.
Alternatives:
The bottom level lists the alternative shelter sites (A1 to A9) under consideration. These are potential locations evaluated based on how well they meet the defined criteria.


RESULTS AND DISCUSSION
The AHP determines the priorities of criteria based on their relative importance through pairwise comparisons. The results of pairwise comparison are depicted in Table 4. After constructing the pairwise comparison matrices, the data were normalized, and the average value of each row was calculated to derive the final weights as presented in Table 5.







TABLE 4. Pairwise comparison matrices

	
Criteria
	
Capacity
	
Accessibility
	Safety of Shelter
	Cost of Preparation
	Availability of Essential Facilities

	Capacity
	1
	1.13592233
	1.017391304
	1.314606742
	1.147058824

	Accessibility
	0.8803418803
	1
	0.8956521739
	1.157303371
	1.009803922

	Safety of Shelter
	0.9829059829
	1.116504854
	1
	1.292134831
	1.12745098

	Cost of Preparation Availability of
	0.7606837607
	0.8640776699
	0.7739130435
	1
	0.8725490196

	Essential Facilities
	0.8717948718 0.9902912621 0.8869565217
	1.146067416
	1

	Sum
	4.495726496  5.106796117  4.573913043
	5.91011236
	5.156862745




TABLE 5. Ranking of criteria

	Criteria
	Average weight
	Ranking

	Capacity
	0.22243
	1

	Accessibility
	0.19581
	3

	Safety of Shelter
	0.21863
	2

	Cost of Preparation
	0.16920
	5

	Availability of
	0.19391
	4


	Essential Facilities	

Table 5 presents the calculated weights and corresponding rankings of each criterion, which reflect their relative importance in the decision-making process for shelter selection. These values provide insight into how each criterion contributes to the overall evaluation and prioritization of potential shelter options. The results indicate that among the evaluated criteria, capacity holds the highest priority in the shelter selection process, followed by the safety of the shelter and accessibility. Subsequently, pairwise comparison matrices were developed for the nine alternatives, following the same normalization and weighting process used for the criteria. Finally, the alternatives were ranked according to their weighted values, with the results summarized in Table 6.

TABLE 6. Ranking of alternative

	Alternative
	Weightage
	Ranking

	A8
	0.1240322791
	1

	A3
	0.1198825908
	2

	A1
	0.1124331223
	3

	A5
	0.1119908711
	4

	A2
	0.1119320477
	5

	A9
	0.1099258021
	6

	A4
	0.1071076621
	7

	A7
	0.1015992381
	8

	A6
	0.1010963865
	9



As shown in Table 6, SMK Bandar Baru Darul Aman (A8) is the most suitable shelter alternative in the event of flooding in Kubang Pasu, Kedah. The weight value of this alternative shows a substantial difference compared to the other alternatives of shelters. The remaining alternatives exhibit only minor differences in their weight values, indicating relatively similar levels of suitability.

In AHP, the Consistency Index (CI) measures the consistency of the pairwise comparisons made by the decision- maker, with an acceptable threshold of less than 0.1. Accordingly, all CI values were checked and confirmed to be within the acceptable range to ensure the validity and reliability of the results.
The proposed solution was also validated through expert consultation and was found to be consistent with the actual practices used during flood disaster response. This alignment with real-world solutions reinforces the reliability and practical applicability of the AHP model in selecting suitable shelter sites.


CONCLUSION AND FUTURE RESEARCH
This study identifies suitable shelter sites for flood disasters in Kubang Pasu, Kedah, using the MCDM method. Key criteria such as capacity, accessibility, safety, cost, and availability of essential facilities were assessed. Findings show that MCDM models, particularly the AHP, offer a systematic and comprehensive framework for shelter site selection. This method enhances disaster preparedness and community resilience by enabling multi-factor evaluation. The findings have practical implications for local governments seeking to improve emergency shelter planning.
The study contributes to disaster management research in Malaysia and offers a structured methodology that can be adopted by local authorities in similar flood-prone regions. Sensitivity analysis is recommended to test the robustness of selected shelters under various scenarios.
Future research could explore the use of other MCDM methods such as TOPSIS or VIKOR, integrate GIS for spatial accuracy, and expand the criteria to include socioeconomic and environmental factors, also comparing with traditional local authority approaches. Incorporating community-based approaches is also essential to ensure decisions align with local needs and priorities.
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