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ABSTRACT - The Malaysian construction industry faces escalating challenges from flash 
floods, exacerbated by rapid urbanization and climate change. While geographic and 
infrastructural vulnerabilities are well-researched, a critical gap exists in understanding how 
construction-phase activities contribute to flood risks. This study addresses this gap by 
systematically identifying flash flood risks associated with the pre-construction and 
construction phases, offering industry professionals and policymakers actionable insights. 
Through semi-structured interviews with 29 key stakeholders, including project managers, 
engineers, and public authorities, this study applies thematic analysis to uncover three primary 
risk categories: (1) location risks, including inadequate stormwater management and 
topographic challenges, (2) pre-construction risks, such as project scale, site location, and 
offsite impacts, and (3) construction-phase risks, particularly poor scheduling, and failure to 
implement best management practices. The findings highlight that insufficient planning and 
mitigation during construction significantly heighten flood vulnerabilities, yet these factors are 
often overlooked in current practice. To address these challenges, this research proposes a 
comprehensive framework for integrating flood risk management into construction project 
planning and execution. Key recommendations include using sustainable construction 
techniques, such as permeable surfaces, bio-retention ponds, detention ponds, silt fences, 
and green infrastructure. For policymakers, the study calls for updated regulatory guidelines 
to enforce stricter flood resilience measures in construction projects. Through targeted 
solutions for industry experts and policymakers, this research strengthens Malaysia's 
construction industry, enabling safer, more sustainable growth in flood-prone areas. 
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1. INTRODUCTION 

Flash floods are a major global hazard characterized by their sudden onset, rapid rise in water levels, and severe 

consequences for human life, property, and infrastructure. Several factors, including intense convective rainfall, sudden 

releases from natural blockages, glacial lake outbursts, and structural failures of dams and embankments, can trigger these 

events [1]. Climate change, urban expansion, and inadequate land management have significantly exacerbated the 

frequency and severity of flash floods in many regions [2]. For instance, rapid urbanization and industrial expansion into 

floodplains have heightened Egypt's vulnerability to flash floods, necessitating comprehensive risk management strategies 

incorporating hydrological models and GIS for mitigation [3]. Similarly, Romania's Valea Rea catchment area, prone to 

slope flash floods, underscores the need for spatial analysis and risk assessment models to predict and manage these 

events in built-up areas [4]. Despite advances in hydrology, meteorology, and engineering, real-time flash flood 

forecasting remains a significant challenge, highlighting the importance of community-based participatory approaches to 

early warning systems and risk reduction [5]. Addressing the multifaceted challenges of flash floods requires an integrated 

approach that enhances risk assessment and management practices. 

The construction industry is particularly vulnerable to flash floods. Unfinished structures, open excavation sites, and 

the absence of permanent drainage systems during early construction stages intensify this risk. Flash floods can cause 

project delays, cost overruns, and safety hazards. For example, waterlogged construction sites may halt work for extended 

periods, and damaged materials may require replacement, while the structural integrity of partially completed buildings 

can be compromised. Additionally, construction workers face serious safety risks, including drowning, electrocution, and 

injuries from debris [6], [7]. The rapid onset of flash floods, driven by factors such as intense rainfall, topography, and 

land use/land cover (LULC), results in significant financial losses and infrastructure destruction, particularly in urban 

areas where impermeable surfaces exacerbate runoff [8]. In highly urbanized regions, developing river valleys and 

constructing embankments may impede natural water flow, leading to elevated flood wave levels and intensifying their 

destructive impact on buildings and structures [9]. Additionally, flash floods can disrupt sewer systems, undermining 

transport infrastructure, especially in areas with complex underground water patterns, thereby complicating construction 

activities and urban sustainability. Therefore, a comprehensive and adaptive approach is essential to ensure the resilience 
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and sustainability of infrastructure in flood-prone areas. However, many regions lack such strategies, hindering effective 

flood risk management in the construction sector. 

In Malaysia, current flood risk management strategies face several challenges that limit their effectiveness in 

mitigating the impacts of flash floods. Although some progress has been made, critical gaps remain. Flash floods, often 

caused by short-term heavy precipitation worsened by climate change, pose severe threats to densely populated urban 

areas such as Kuala Lumpur and Kajang, leading to substantial economic losses [10–12]. For example, in Kajang City, 

the estimated average loss per shop due to flash floods in 2014 was RM4,510.07, emphasizing the financial strain on local 

businesses [10]. Vulnerable populations, especially the urban poor in flood-prone areas, demonstrate resilience by 

prioritizing safety, health, and food supply, but they remain highly susceptible to the recurring effects of flash floods [13]. 

Malaysia lacks a robust legislative framework tailored to flood control, relying instead on general disaster management 

directives that do not sufficiently engage citizens or address flood-specific needs [14]. However, innovative infrastructure 

solutions like Kuala Lumpur's SMART tunnel, which serves as both a motorway and floodwater channel, have 

successfully mitigated flood impacts. Such projects underscore the need for similar solutions to protect urban areas and 

support sustainable development [12, 15]. Furthermore, advanced predictive modelling techniques, such as the Ensemble 

FR-AHP method, can help local authorities plan land use and enhance drainage systems, thus reducing flash flood 

susceptibility [16]. Integrating these strategies into a comprehensive flood risk reduction framework is essential to 

safeguard economic stability and promote resilient urban development in Malaysia. 

The Malaysian construction industry faces several unique challenges in managing flash flood risks, which must be 

addressed to ensure long-term sustainability. The absence of adequate infrastructure, such as proper drainage systems 

capable of handling heavy rainfall, contributes to water accumulation and flooding, increasing the vulnerability of 

construction projects. Moreover, outdated regulations and guidelines often fail to account for current or future flood risks, 

leaving the industry unprepared for evolving threats. Financial constraints, particularly for small and medium-sized 

construction firms, further complicate these challenges, as many lack the resources to implement advanced flood 

mitigation measures. This is compounded by a skills gap among construction professionals, who may lack the technical 

expertise to apply advanced flood risk management techniques effectively. Overcoming these challenges will require a 

coordinated effort to update regulatory frameworks, enhance infrastructure, and improve financial and technical capacity 

to manage flash flood risks better.  

Given flash floods' increasing frequency and severity, Malaysia's construction industry urgently needs a 

comprehensive risk management approach. Such an approach should incorporate diverse stakeholder perspectives, 

including government agencies, developers, engineers, contractors, and local communities. Stakeholder engagement is 

crucial for developing sustainable and effective risk management strategies that address the unique challenges of the 

construction sector in the context of flash floods. By incorporating these diverse viewpoints, the construction industry 

can enhance its resilience to flash floods, ensuring project safety, efficiency, and sustainability [17, 18]. Regularly 

monitoring and maintaining drainage systems and flood-prone areas are also essential for reducing flood risks. Continuous 

surveillance helps identify emerging vulnerabilities, allowing timely interventions to prevent minor issues from escalating 

into major flood events. Proactive maintenance ensures that infrastructure remains resilient and functional against flood 

risks. By integrating comprehensive risk assessments, sustainable practices, and regular maintenance, the Malaysian 

construction industry can better manage flash flood risks, thereby enhancing the safety and sustainability of infrastructure 

development. 

One of the key challenges facing the Malaysian construction industry is the inadequacy of current flood risk 

assessment methods. Traditional approaches, which rely heavily on historical data and probabilistic models, often fail to 

accurately predict flash floods' impact, particularly under changing climatic conditions [90,91]. These methods do not 

account for the increased variability and intensity of rainfall patterns associated with climate change, leading to under-

preparedness and ineffective risk management [19]. Additionally, many construction firms, particularly small and 

medium-sized enterprises (SMEs), lack the financial and technical resources to implement comprehensive flood 

mitigation measures. Resource constraints limit their ability to invest in advanced technologies and infrastructure 

improvements that could reduce flood risks. Moreover, access to specialized knowledge and expertise needed to design 

and implement effective flood risk management strategies is often lacking [20]. The regulatory framework for flood risk 

management in Malaysia remains fragmented. Existing regulations do not adequately address the specific needs and 

challenges posed by flash floods in the construction industry [91, 90]. This highlights the urgent need for updated 

guidelines that incorporate the latest scientific insights and best practices. Moreover, enforcement of these regulations is 

inconsistent, leading to gaps in compliance and implementation [21]. Inconsistencies in regulatory enforcement expose 

the industry to significant risks, underscoring the need for a cohesive and robust regulatory framework that can address 

evolving flash flood challenges. Coordination among local authorities, urban planners, developers, and construction firms 

is crucial for effective flood risk management [12, 21, 22]. Strengthening the capacity of these authorities is essential to 

improve flood preparedness and response [3, 23]. 

Another pressing issue is the lack of public awareness regarding flood risks and preparedness measures. Educating 

communities on flood risk reduction can significantly mitigate damage during flood events. Community engagement is a 

crucial component of effective flood risk management [12]. Additionally, local authorities often lack the power to 

implement flood management plans fully. Strengthening the role of local authorities and improving enforcement 
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capabilities are critical for effective risk mitigation. Without proper enforcement, compliance with flood management 

regulations remains weak, exacerbating flood risks [24]. Despite progress in Malaysia's flood management efforts, 

implementation gaps continue to result in significant losses and damages during flood events. Addressing these gaps is 

vital to mitigating the impact of flash floods on the construction industry and broader society. Effective flash flood risk 

management requires coordination among government agencies, construction firms, consultants, and local communities. 

However, the lack of structured mechanisms for stakeholder engagement often leads to fragmented efforts and missed 

opportunities for synergistic solutions. Meaningful stakeholder engagement is essential to integrate diverse perspectives 

into comprehensive risk management strategies [25]. Environmental degradation and poor land-use planning further 

exacerbate flash flood risks. Rapid urbanization has transformed natural landscapes into built environments, reducing the 

land's capacity to absorb rainfall and increasing runoff [26]. Insufficient attention to environmental factors during 

construction planning and design stages can lead to greater vulnerability to flash floods [27]. Sustainable land-use 

planning and environmental management are therefore critical for mitigating these risks. 

The Malaysian construction industry faces several critical challenges in managing flash flood risks, including 

inadequate risk assessment methods, resource constraints, regulatory gaps, lack of stakeholder coordination, and poor 

environmental planning. These challenges often lead to project delays, increased costs, and significant safety risks for 

workers and nearby communities. Additionally, gaps in regulations and enforcement result in non-compliance, exposing 

the industry to legal and financial risks. To mitigate the impact of flash floods, a comprehensive and integrated approach 

is necessary one that combines improved risk assessment, adequate resource allocation, stronger regulatory frameworks, 

and collaborative stakeholder efforts. This study aims to identify key flash flood risks in Malaysian construction projects, 

analyze stakeholder perspectives, for integrating flood resilience strategies into construction planning and execution. By 

addressing these issues, the study provides practical recommendations to strengthen policy enforcement and sustainable 

construction practices, ensuring safer and more resilient development in flood-prone areas.  

2. FLASH FLOOD AND RESELIENCE IN CONSTRUCTION 

2.1  Flash Flood Risks in Construction 

Flash floods, driven by rapid water accumulation following intense rainfall, are among the most destructive natural 

disasters. Climate change has exacerbated the frequency and intensity of these events, leading to more frequent extreme 

rainfall. Due to its exposed nature and lack of permanent structures during project phases, the construction industry is 

particularly vulnerable. As temperatures rise globally, the construction sector faces increasing risks, from halted 

operations to costly damage to infrastructure and materials [28]. This vulnerability underscores the need for enhanced 

flood risk management strategies. Key risks include significant delays in project timelines, financial losses, and serious 

safety concerns for workers. Flash floods can halt operations for weeks, waterlogging sites and damaging equipment, 

necessitating costly repairs. Safety risks, such as drowning, injuries from debris, and electrical hazards, further complicate 

recovery efforts [30]. Moreover, partially completed structures are particularly prone to damage, with floodwaters 

weakening foundations and causing soil erosion, leading to structural instability. 

Urbanization trends have worsened flash flood risks, particularly through the conversion of natural landscapes into 

impervious surfaces like roads and buildings. These surfaces increase surface runoff, heightening flood risks in urban 

areas already lacking adequate drainage systems [31–33]. The construction sector is particularly impacted in rapidly 

growing cities, where poor planning and inadequate drainage exacerbate the vulnerability of construction sites to flash 

floods. Mitigating these risks requires integrating flood risk assessments into project planning. This includes using flood-

resistant materials, constructing robust drainage systems, and implementing stormwater management solutions, such as 

retention basins and permeable surfaces [34, 35]. Real-time monitoring systems, capable of predicting and responding to 

flash floods, can also enhance preparedness [36]. These proactive measures are essential for protecting construction sites 

and workers from the destructive impacts of flash floods. 

Global case studies, such as Hurricane Harvey's impact on Houston's construction industry and the 2018 Kerala floods, 

underscore the critical need for resilient construction practices [37]. In both cases, construction sites suffered significant 

losses due to inadequate flood mitigation measures. These events highlight the importance of incorporating flood-resistant 

design, better planning, and stronger regulatory frameworks to manage flash flood risks effectively [39]. The construction 

industry can reduce vulnerabilities and improve long-term resilience by adopting comprehensive flood risk management 

strategies. 

2.2  Malaysia Context 

Malaysia’s geographical location and tropical climate make it highly susceptible to flash floods, particularly during 

the Southwest Monsoon (May- September) and Northeast Monsoon (November-March). These seasonal rainfalls, 

combined with Malaysia’s complex topography of mountainous regions and river networks, frequently result in severe 

flash floods [40]. The heavy rainfall and storms during monsoon seasons exacerbate the country’s vulnerability, posing 

significant risks to the construction sector, which often lacks protective infrastructure during early project phases. Rapid 

urbanization has further increased flash flood risks. The transformation of permeable surfaces like forests into impervious 

areas such as roads and buildings has reduced the land's ability to absorb rainfall, leading to higher runoff levels. 

Inadequate urban planning and drainage systems in cities like Kuala Lumpur, Penang, and Johor Bahru compound these 
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risks, causing frequent disruptions due to flash floods [41, 42]. While driving urban development, construction activities 

can disturb natural drainage and increase soil erosion, worsening flood risks. However, the industry can potentially 

mitigate these risks by incorporating green infrastructure and improving drainage. 

Flash floods profoundly impact construction projects, causing extensive delays, escalating costs, and creating 

hazardous conditions for workers. [43] and [44] reported that several major infrastructure projects in Malaysia were 

delayed by weeks or months due to flooding, increasing costs through damage to materials and equipment. Moreover, the 

Malaysian construction sector faces millions of dollars in annual losses as prolonged delays heighten labour and 

administrative expenses [45]. Safety risks, including electrical hazards, structural failures, and debris-related injuries, 

necessitate stricter safety protocols and emergency response plans to protect workers [46]. The current regulatory 

framework for flood risk management in Malaysia is sufficient, but more monitoring is needed to address climate change 

and urbanization realities. Updated regulations must incorporate modern flood resilience measures in construction 

standards and building codes [17]. Enforcement remains weak, with inconsistent compliance monitoring posing 

significant challenges. Strengthening regulatory agencies and ensuring effective enforcement are essential to improving 

the construction sector’s response to flood risks [47]. 

A comprehensive, integrated approach to urban planning and flood risk management is essential. This requires 

coordination across urban planning, environmental management, and construction sectors. Collaborative planning and 

community engagement can help incorporate flood risk reduction measures into land use strategies, ensuring sustainable 

solutions. By leveraging technological innovations, updating regulations, and fostering stakeholder collaboration, the 

Malaysian construction industry can enhance its resilience to flash floods and ensure the safety, sustainability, and 

efficiency of future projects [13, 48] 

2.3 Resilience in Construction Projects 

Resilience in construction has become a critical focus due to the increasing frequency of natural disasters, particularly 

in the context of climate change. Resilience refers to the ability of construction projects to withstand, adapt to, and recover 

from adverse events such as flash floods. This concept involves not only the physical robustness of infrastructure but also 

the operational capacity to maintain functionality during disruptions and the preparedness of communities involved in 

these projects [49, 50]. As natural disasters intensify globally, integrating resilience into construction practices is essential 

for sustainability and long-term project viability. 

In construction, resilience is multi-dimensional: structural resilience refers to the physical strength of buildings to 

resist natural hazards, operational resilience involves ensuring construction processes can continue despite disruptions, 

and social resilience emphasizes the readiness of stakeholders and communities to adapt and recover [51–53]. Projects 

that embody resilience are better equipped to minimize downtime, protect workers, and reduce long-term costs by 

avoiding extensive repairs and replacements. Additionally, resilient construction contributes to sustainable development 

by promoting environmental stewardship and reducing vulnerability to climate-related risks [54]. Achieving resilience in 

construction involves several key strategies. Projects must be designed to withstand environmental challenges using 

durable materials and advanced engineering techniques [51, 55]. Site selection is crucial in mitigating risks, with planners 

integrating risk assessments early in the planning phase to avoid hazard-prone areas [56]. Operational continuity plans, 

emergency protocols, and resilient supply chains are vital to ensure construction progress even during adverse conditions. 

Collaboration with local communities and stakeholders enhances social resilience and ensures that diverse perspectives 

are integrated into risk management [57]. 

Technological advancements further bolster resilience. Geographic Information Systems (GIS) are instrumental in 

mapping flood-prone areas and informing design decisions. Building Information Modeling (BIM) can enhance 

stakeholder coordination and improve risk visualization [58, 59]. Green infrastructure, such as permeable pavements and 

green roofs, reduces runoff and mitigates flash flood impacts while preserving natural barriers like wetlands and 

mangroves, strengthening ecological defenses [60]. Policy alignment and regulatory reform are essential to fostering 

resilience in construction. National and local building codes should be updated to reflect the latest disaster risk reduction 

strategies, and incentive programs can encourage firms to adopt resilient practices [61]. Continuous education and training 

for professionals, along with public awareness campaigns, are crucial for building a culture of resilience in the 

construction industry and society at large [51]. 

3. METHODOLOGY 

This study focuses on industrial practitioners in Peninsular Malaysia who have experience managing construction 

projects, including Project Managers, Site Engineers, Planners, Resident Engineers, Local Authorities, and Directors of 

Public Work Departments. Data was collected through semi-structured interviews, allowing for in-depth insights into the 

challenges and strategies related to flash flood risk management during the pre-construction and construction phases. By 

capturing diverse perspectives from key stakeholders, this study provides a comprehensive understanding of industry 

practices and policy gaps in mitigating flood-related risks.  

The methodology of this study demonstrates significant strengths, particularly through its use of semi-structured 

interviews, purposeful sampling, and thematic analysis. The semi-structured interviews enable in-depth exploration of 

participants' experiences, allowing for the collection of rich, nuanced data that is essential in qualitative research [62]. 
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Purposeful sampling ensures that the insights are highly relevant and credible, as they are drawn from experts with direct 

experience in managing construction projects. The thematic analysis further enhances the study by systematically 

identifying patterns and themes within the data, providing a comprehensive and well-organized interpretation of the 

complex issues. These methodological choices collectively contribute to the rigor and impact of the research findings. 

Figure 1 provides an overview of the methodology employed. The following subsections present the methods employed 

for collecting and analyzing the identification of flash flood risk in Malaysia and for enhancing construction resilience in 

the pre-construction and construction phases. 

 

Figure 1. Overview of the research methodology 

3.1  Interview Preparation 

This study gathers qualitative data through semi-structured interviews with construction professionals. This method 

has been used to identify dynamics of human behavior in response to flooding, such as changes in risk perception and 

adaptive behaviors [63] and face barriers in providing flood risk advice due to regulatory issues, lack of formal guidance, 

and insufficient training [38]. Semi-structured interviews have been chosen as the data collection method due to their 

effectiveness in enabling the interviewer to clarify, understand, and explore the perspectives and experiences of the 

participants. Interviews serve as a valuable tool for researchers to use existing theories, facilitate the emergence of 

granular knowledge, and validate existing knowledge using data from the specific context being studied [64, 65]. 

Building upon the insights from prior literature, a targeted interview question has been carefully crafted: “What are 

the circumstances of flash flood risks associated with development projects?” This question acts as the cornerstone of the 

interview, guiding the conversation towards a comprehensive exploration of the obstacles encountered in enhancing 

construction resilience. An interview protocol was developed to ensure a structured and productive interview process. 

This protocol acts as a guiding framework, delineating the structure and objectives of the interview session [29]. The 

interview protocol underscores the voluntary nature of participation and the interviewees' autonomy. Additionally, it 

emphasizes the importance of open communication by encouraging interviewees to express any queries or reservations 

before commencing the interview. 

3.2 Data Collection Method 

The data collection process involves conducting semi-structured interviews with construction experts. Construction 

experts are individuals who possess hands-on experience and expertise in managing development projects within the 

construction industry and must possess knowledge about flood risks in development projects. By selecting construction 

experts as participants, the research ensures that the insights gathered stem from individuals with direct experience and 

specialized knowledge in construction projects. Moreover, prior research has selected construction experts as their target 

population (e.g., [66–68]). Open-ended questions were employed to extract the maximum information from the 

END

Output : Identification of flash flood risk in construction projects in enhancing resilient in development projects in Malaysia.

Data Analysis

Interview data were analysed using thematic analysis

Data Collection
Semi-structured interview were conducted with 29 Construction 

Expert in Flood Risk
Interview Summaries were sent to participants for validation

Interview Preparation 

Interview question: What are the circumstances of flash flood risks associated with development projects?

Objectives : To identify of flash flood risk in construction projects for enhancing resilience in development projects in Malaysia.

START
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participants. The sampling method used was purposive, a non-random technique that does not stipulate a specific 

minimum or maximum number of participants. Instead, it empowers the researcher to gather data by interviewing 

individuals who can offer insights pertinent to the study [69, 70]. 

The interview process was initiated with an introduction outlining the motivations behind the interview and the topics 

to be addressed. Following this, the primary interview question was presented to the participants. Subsequent questions 

were posed based on the participants’ responses. These follow-up questions aimed to confirm the correct understanding 

of the information provided and to attain a deeper understanding of the statements shared. In cases where a direct response 

or additional information was not forthcoming, the interviewer endeavored to rephrase the question and allowed the 

participants ample time to respond. Participants were encouraged to continue if they commenced their responses but did 

not complete them. Subsequently, a summary of each interview was prepared and shared with the participants for 

validation. 

In this study, data saturation was achieved after interviewing the twenty-nine participants. Data saturation refers to 

the point in qualitative research where further data collection is unlikely to provide new or additional insights [71], [72]. 

It is a common method used to assess the sufficiency of data sample sizes when no further data points are needed and the 

data becomes redundant [73]. Thus, the data collected was considered saturated, indicating that additional interviews 

would not have contributed substantially to new information or insights. Table 1 shows the list of participants, which 

includes 29 construction experts. 

Table 1. Participant’s profile 

Participant Gender Highest Academic Qualification Designation 
Experience in 

Construction (years) 

P1 Female Doctoral (Civil Engineering) Resident Engineer 15 

P2 Male Doctoral (Civil Engineering) PE Resident Engineer 18 

P3 Female Bachelor of Civil Engineering Civil Engineer (DID 14 

P4 Male Bachelor of Civil Engineering Engineer 12 

P5 Female Bachelor of Civil Engineering Engineer PWD 9 

P6 Female Doctoral (Civil Engineering) PE Deputy Director PWD 14 

P7 Male Bachelor of Civil Engineering Site Engineer 9 

P8 Male Bachelor of Civil Engineering Project Manager 14 

P9 Male Bachelor of Civil Engineering Design Engineer 12 

P10 Male Bachelor of Urban Planning and 

Regional Planning 

Senior Planner 20 

P11 Male Bachelor of Civil Engineering Site Engineer 12 

P12 Male Bachelor of Architecture Senior Architecture 20 

P13 Female Bachelor of Civil Engineering Planning Engineer 9 

P14 Male Master of Science  

(Construction Project Management) 
Senior Projects Manager 25 

P15 Male Bachelor of Civil Engineering (PE) Director PWD 18 

P16 Male Bachelor of Civil Engineering Design Engineer 8 

P17 Male Bachelor of Civil Engineering (PE) Senior Civil Engineer 14 

P18 Male Bachelor of Civil Engineering Project Manager 9 

P19 Male Doctoral (Civil Engineering) Senior Civil Engineer 15 

P20 Male Bachelor of Civil Engineering (PE) Resident Engineer 20 

P21 Male Bachelor of Civil Engineering Resident Engineer 18 

P22 Female Bachelor of Civil Engineering (PE) Senior Civil Engineer (PWD) 12 

P23 Female Bachelor of Civil Engineering Planning Engineer 9 

P24 Male Bachelor of Civil Engineering (PE) Resident Engineer 18 

P25 Female Bachelor of Civil Engineering Civil Engineer (DID) 11 

P26 Male Bachelor of Civil Engineering Project Manager 8 

P27 Male Bachelor of Civil Engineering (PE) Consultant Engineer 20 

P28 Female Bachelor of Urban Planning and 

Regional Planning 

Senior Planner 15 

P29 Male Bachelor of Architecture Senior Architecture 12 

3.3 Data Analysis 

The data analysis involved conducting a thematic analysis to identify the risks posed by construction activities at 

different stages of construction projects. Thematic analysis was chosen as a suitable approach for making sense of 

qualitative data [74]. Other construction management research has also used this method to analyze qualitative data 
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(e.g.,[75]; [21]; [76]). Thematic analysis is exploratory as it aims to discover and understand the rich complexity of the 

data without imposing preconceived ideas or frameworks. Theme development in thematic analysis is flexible as it can 

depend on the experience and expertise of the researcher to unveil underlying meanings [77]. The process of thematic 

analysis followed the six phases described by [74]. In the initial phase, the authors familiarized themselves with the 

interview data by reading and taking notes to capture initial ideas and insights. The second phase involved generating 

initial codes to encompass potential themes and patterns observed in the data. These codes were continuously reviewed, 

discussed, and modified as necessary. The authors identified themes based on the initial codes during the third phase. The 

process involved frequently referring to the codes and original data. The themes were thoroughly reviewed in the fourth 

phase to ensure comprehensive data coverage. The authors refined and defined the themes and cross-referenced them 

with coded extracts and the entire dataset. Additional themes that emerged were also considered at this stage. The authors 

described and named the themes in the fifth phase, ensuring alignment with independently coded responses. This process 

involved constant cross-referencing with codes and interview transcriptions to maintain consistency. Finally, in the sixth 

and final phase, the analysis findings were reported, presenting the identified themes for the specific risks posed by 

construction activities at different stages of construction projects. 

4. RESULTS 

4.1 Identification of Flash Flood Risks in Malaysian Construction 

Table 2 and Table 3 summarize the themes and sub-themes of the identified flash flood risk in the construction sector 

by analyzing the interview data. This study has identified three main themes of flash flood risk in the Malaysian 

construction sector. The first theme is existing location risk, including geography, topography, infrastructure /existing 

location storage capacity, stormwater management, and land use land cover. In contrast, the second theme is pre-

construction phases, including project size/type, location, development phases, offsite impact, and waterway and 

floodplain. Meanwhile, the third theme is construction phases, which are concise in scheduling, best management 

practices, and construction practices. 

Table 2. Identification of flash flood risk in Malaysia's construction sector 

 Themes Subtheme 

Identification of Flash Flood Risks 

in Malaysian Construction 

Existing Location Geography 

 Topography 

 Infrastructure/Existing Storage Capacity 

 Stormwater Management 

 Land Use Land Cover 

Pre-Construction Phases Projects Size/Type 

 Location 

 Development Phases 

 Offsite Impact 

 Waterway and Floodplain 

Construction Phases Scheduling 

 Best Management Practices 

 Construction Practice 

 

Table 3. Interview-derived themes and subthemes 

Code Subthemes Themes Participants 

FR1 Geography EL P1, P6, P11, P15, P24, P27, P28 

FR2 Topography EL P6, P11, P5, P4, P7, P8 

FR3 Infrastructure/Existing Storage Capacity EL P1, P3, P7, P6, P17, P18 

FR4 Stormwater Management EL P4, P12, P14, P23, P21, P17, P29 

FR5 Land Use Land Cover EL P7, P9, P18, P10, P22, P25 

FR6 Project Size/Type PCP P2, P1, P4, P7 

FR7 Location PCP P9, P5, P3, P9, P21 

FR8 Development Phases PCP P8, P12, P18, P19 

FR9 Offsite Impact PCP P2, P14, P22, P14 

FR10 Waterway and Floodplain PCP P13, P23, P10 

FR11 Scheduling CP P1, P19, P21, P25, P27 

FR12 Best Management Practices CP P1, P16, P17, P25 

FR13 Construction Practice CP P20, P26, P29 

*Notes: EL=Existing Location; PCP = Pre-Construction Phases; CP = Construction Phases 
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4.2 Flood Risk Discovery in Pre-Construction and Construction Phases 

Table 4 presents a comprehensive overview of the key factors contributing to the eight identified flood risk factors 

during development projects' pre-construction and construction phases. These factors, which significantly impact the 

construction project cycle, are classified as follows: in the pre-construction phase, they include project size/type, site 

location, development stages, offsite impacts, and waterway and floodplain considerations. In the construction phase, the 

identified factors encompass scheduling, best management practices (BMPs), and construction methodologies. Each of 

these factors represents distinct challenges to effectively executing construction projects. The subsequent subsections 

provide an in-depth analysis of these flood risk factors, focusing on their specific impacts on project execution and 

implementation in the construction industry. This structured analysis highlights the complexities inherent in both pre-

construction and construction phases and offers insights into potential strategies for mitigating these risks and enhancing 

project outcomes. 

Table 4. Supporting statements 

Subthemes Supporting statements 

Project Size/Type “Large infrastructure projects such as highways significantly impact stormwater runoff, increasing 

flood risks.” (P1) 

“High-rise buildings create impervious surfaces, contributing to urban flooding.” (P4) 

“Residential developments lack sufficient stormwater controls in flood-prone areas, worsening flood 

risks.” (P7) 

Location “Construction near rivers worsens flooding by disrupting natural water flow.” (P5) 

“In coastal areas like Penang, the combination of construction activities and heavy rainfall worsens 

flooding.” (P3) 

“Urban projects near drainage systems contribute to flash floods due to increased runoff.” (P9) 

Development 

Phases 

“During the design phase, it’s crucial to integrate flood risk assessments early on. Many developers 

overlook this, which leads to serious problems later” (P8) 

“Feasibility studies should always consider local flood history to avoid future issues with runoff and 

drainage.” (P12) 

“Each construction phase has unique flood risks that need careful management.” (P18) 

Offsite Impact “Construction projects significantly impact neighbouring communities, especially when proper 

drainage systems aren't considered. We’ve seen flash floods even in areas that were historically 

flood-free.” (P2) 

“Projects near urban centres overload the local drainage systems, impacting surrounding areas.” 

(P14) 

“Flash floods from large construction projects often impact neighbouring communities.” (P22) 

Waterway and 

Floodplain 

“Construction near floodplains disrupts natural water absorption, causing severe floods.” (P13) 

“Encroaching on floodplains heightens flood risks for the surrounding area.” (P23) 

“Large projects near rivers reduce the floodplain’s ability to manage heavy rainfall.” (P10) 

Scheduling “Timing construction activities during dry seasons can mitigate flood risks.” (P19) 

“Scheduling construction during the monsoon season was a mistake. We had severe runoff and soil 

erosion issues that could have been avoided.” (P21) 

“Proper scheduling can mitigate flood risks, but most developers don’t consider the local rainy 

seasons.” (P25) 

Best Management 

Practices 

“Silt fences and temporary drainage systems have been useful in minimizing runoff, but they are not 

always used.” (P16) 

“Implementing BMPs like detention ponds and permeable pavements during the planning phase 

could have prevented a lot of the flooding issues we faced.” (P17) 

“Retention ponds help manage stormwater and reduce flash flood risks on site.” (P25) 

Construction 

Practices 

“Preserving natural vegetation during construction has proven effective in reducing runoff and 

preventing flash floods.” (P20) 

“Integrating permeable surfaces into the construction design helps mitigate flash floods.” (P29) 

“Low-impact development techniques reduce the impact of construction on flood risks.” (P26) 
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4.2.1 Projects size/type  

Large-scale construction projects, such as high-rise buildings or infrastructure developments (e.g., highways, 

railways), significantly impact stormwater runoff. These projects often involve extensive land clearing, alterations to 

topography, and the creation of vast impervious surfaces, all of which exacerbate the risk of flash flooding. Impervious 

surfaces hinder water infiltration into the soil, increasing runoff volumes that can overwhelm local drainage systems. For 

instance, the construction of highways in Malaysia has been shown to exacerbate downstream flooding by altering natural 

water flows and increasing runoff velocity. This highlights the critical need to integrate advanced stormwater management 

systems, such as retention ponds and permeable pavements, into the planning stages of such projects to mitigate flood 

risks. 

Residential developments and industrial parks similarly pose substantial flood risks, particularly in flood-prone areas 

or lacking adequate stormwater controls. The development of residential complexes often entails significant alterations 

to the natural landscape, including vegetation removal, which would otherwise serve to absorb rainfall. Inadequate green 

spaces or stormwater infrastructure provision in such projects can intensify urban flooding, as observed in many rapidly 

urbanizing Southeast Asian cities [78]. Likewise, industrial parks characterized by large warehouses and expansive 

parking lots substantially increase the impervious surface area, contributing to on-site and off-site flood risks. 

The cumulative impact of these developments on regional hydrology is profound. Large-scale projects can disrupt 

watershed dynamics, increasing the risk of flash floods in upstream and downstream areas. To mitigate these adverse 

effects, developers must comply with local environmental regulations and integrate sustainable practices into their 

designs. The long-term flood risks associated with large construction projects can be significantly reduced by 

incorporating strategies such as rainwater harvesting systems, green roofs, and bio-retention swales. While large-scale 

construction is often a vital driver of economic growth, balancing development with responsible water management 

practices is crucial to avoid exacerbating flood risks in surrounding communities. 

4.2.2 Location 

Construction activities in or near natural floodplains, rivers, or coastal areas significantly increase the risk of flash 

floods. These areas are inherently prone to flooding during heavy rainfall events, and construction can exacerbate these 

risks by altering the natural water flow. For instance, floodplain developments often reduce the region’s capacity to absorb 

excess rainwater, displacing floodwaters and increasing flood depths and velocities in nearby areas. In Malaysia, where 

tropical storms and monsoons are frequent, the problem is especially acute. Coastal areas, such as Johor and Penang, are 

particularly vulnerable due to their low elevation and proximity to the sea. In these regions, tidal influences combined 

with heavy rainfall can overwhelm drainage systems, especially when construction activities reduce the landscape’s 

natural permeability, contributing to flash floods, coastal erosion, and sedimentation issues [79]. 

Riverside construction also poses substantial flood risks. By altering floodplains and reducing rivers’ ability to 

naturally accommodate and disperse floodwaters, construction projects near rivers often intensify flooding during peak 

storm events. Flash floods in these areas are sudden and highly intense, threatening construction projects and surrounding 

communities. Effective planning must consider the river’s flood history, local water table levels, and the capacity of 

nearby drainage systems to handle sudden increases in water flow [80]. Similarly, the proximity of construction sites to 

major urban drainage systems must be carefully evaluated. Urban drainage networks are often overburdened in cities like 

Kuala Lumpur due to rapid urbanization and aging infrastructure. Runoff from construction sites can exacerbate flooding, 

especially in older cities where drainage systems were not designed to handle large-scale urban development. Poorly 

planned developments in areas like the Klang Valley have frequently led to localized flash floods, disrupting construction 

activities and urban infrastructure [81]. 

Beyond the immediate risks, construction in flood-prone areas has long-term implications for the built environment 

and local ecosystems. Disrupting wetlands or mangrove ecosystems, for example, reduces natural flood barriers, leaving 

coastal regions more vulnerable to storm surges and rising sea levels. Therefore, construction in sensitive locations 

requires comprehensive flood mitigation strategies, such as implementing flood detention basins, green infrastructure, 

and elevated construction designs that minimize disruption to natural hydrological cycles. Balancing development needs 

with responsible water management is crucial to reduce long-term flood risks and protect surrounding communities 

4.2.3 Development phases 

The risk of flash floods varies significantly across the different phases of development, requiring the integration of 

strategic planning, engineering, and environmental considerations. From the initial feasibility study to the design and 

documentation phases, flood risk mitigation plays a critical role in ensuring the resilience of development projects, 

particularly in flood-prone regions like Malaysia. Comprehensive flood risk assessments are essential during the 

feasibility study, including analyzing historical flood data and climate change projections. Environmental Impact 

Assessments (EIA), mandated by regulations such as Malaysia’s Environmental Quality Act 1974, further evaluate how 

a proposed development might disrupt hydrological systems. These early assessments are especially vital in regions prone 

to monsoonal rains and rapid urbanization, where poorly planned projects can exacerbate flash flood risks. 

The zoning and land-use regulation phase is equally important in aligning development projects with flood 

management strategies. In Malaysia, zoning laws influenced by the National Physical Plan and State Structure Plans guide 
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the sustainable use of land, especially in floodplains or areas with inadequate drainage infrastructure. Zoning approvals 

often come with conditions requiring the implementation of stormwater management systems and other flood mitigation 

measures. These decisions are not merely technical; they involve political and community considerations, ensuring that 

changes to land use, such as converting natural floodplains into industrial areas, do not increase flood risks. Poor zoning 

decisions that result in increased impervious surfaces can disrupt natural water flows and contribute to more frequent and 

severe flooding downstream [82]. 

After zoning approvals, the design stage is where flood resilience strategies are integrated into the project’s blueprint. 

Adhering to standards like Malaysia’s Urban Stormwater Management Manual (MASMA), developers must ensure that 

their designs incorporate flood control measures, including permeable surfaces, bio-retention systems, and detention 

ponds, which help manage surface runoff and preserve natural water flows. Design proposals submitted to regulatory 

bodies such as the Department of Drainage and Irrigation are reviewed to ensure that flood mitigation strategies are robust 

and in line with local guidelines. At this stage, collaboration between architects, hydrologists, and engineers is essential 

to optimize flood-resilient designs, protect natural water systems, and reduce the long-term risk of flash floods. 

4.2.4 Offsite impact 

Flash floods from construction activities often extend beyond the site, impacting surrounding communities and 

ecosystems. Projects that alter natural drainage patterns or increase runoff volumes, particularly those with impervious 

surfaces like roads and parking lots, can overwhelm local watercourses and drainage systems [83]. This offsite impact is 

especially problematic in urbanized areas with strained stormwater infrastructure. For example, rapid urban development 

in Kuala Lumpur without adequate stormwater management has contributed to recurrent flash floods, damaging local 

infrastructure and affecting nearby communities. Similarly, upstream construction activities that involve land clearing or 

earthworks can lead to significant downstream flooding, as disturbed landscapes lose their ability to absorb water, 

resulting in rapid runoff and sudden flash floods [84]. 

In coastal areas, the offsite impact of construction can be even more severe. Natural flood buffers such as wetlands 

and mangroves are crucial for absorbing floodwaters and mitigating the effects of storm surges. However, when these 

ecosystems are degraded or removed for development, coastal communities become more vulnerable to both inland and 

coastal flooding during extreme weather events. In Penang, for example, large-scale coastal developments have been 

linked to increased flood risks due to the destruction of natural floodplains and insufficient stormwater management 

systems. Developers must account for the broader hydrological context and use tools such as hydrological modelling and 

geospatial analysis to predict the potential offsite impact of construction activities [8, 85]. 

Community involvement is also key in addressing the offsite flood risks associated with construction. Residents, 

especially in downstream or vulnerable areas, should be engaged early in planning to provide insights into historical flood 

patterns and ensure adequate mitigation measures. In Kelantan, Malaysia, for instance, communities have worked with 

local authorities and developers to improve flood defense systems and integrate them with regional stormwater 

management plans. By incorporating technical assessments and community input, developers can minimize offsite 

impacts, protect surrounding ecosystems, and ensure the long-term resilience of construction projects and nearby areas. 

4.2.5 Waterway and floodplain 

Construction near waterways and floodplains is inherently risky due to the potential for sudden water level rises and 

flash floods. These natural systems act as buffers during heavy rainfall, dispersing excess water and reducing flood 

intensity downstream. However, development disrupts this function, increasing the likelihood of flooding at the site and 

in surrounding areas. In Malaysia, where rapid urban expansion frequently encroaches on floodplains, this disruption has 

exacerbated flood risks in regions like the Klang Valley, resulting in more frequent and severe flood events [86, 87]. 

When construction compromises these natural flood control systems, local communities and ecosystems bear the brunt 

of these heightened flood risks. 

Adherence to the principles outlined in the Malaysian Urban Stormwater Management Manual (MASMA) is critical 

to mitigate such risks. MASMA promotes sustainable stormwater management practices, particularly in sensitive areas 

like floodplains. One of its core guidelines is ensuring that developments do not obstruct the natural flow of water, which 

is crucial for preventing downstream flooding. Techniques such as detention ponds, bio-retention systems, and 

constructed wetlands help manage runoff by gradually allowing water to infiltrate the ground rather than overwhelming 

rivers and streams [88]. MASMA also emphasizes preserving natural waterways and discourages using artificial channels, 

which can accelerate water flow and lead to flash floods downstream. 

Moreover, the cumulative impact of multiple developments near floodplains poses a significant challenge. While 

individual projects may seem manageable, their collective effect can severely compromise the floodplain’s capacity to 

manage water. This issue is particularly pronounced in rapidly urbanizing areas of Malaysia, were construction along 

rivers and floodplains compounds flood risks for downstream communities. Therefore, responsible planning and adopting 

MASMA are essential to ensure that development in flood-prone areas balances economic growth with effective flood 

risk management. 
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4.2.6 Scheduling 

Proper scheduling is critical to flood risk mitigation in construction projects, particularly in regions with distinct rainy 

seasons, such as Malaysia. Timing construction activities, especially land clearing, and earthworks, during dry seasons, 

can significantly reduce the likelihood of flash floods. In Malaysia, where monsoonal rains occur from November to 

March and May to September, strategically avoiding these periods can minimize the risk of surface runoff and erosion. 

Land clearing, which exposes soil and removes vegetation, presents a heightened risk, as it can lead to increased surface 

water accumulation even with moderate rainfall. By scheduling such activities during drier months, developers can 

mitigate the potential for flash floods and sediment-laden runoff overwhelming local stormwater systems. 

Coordination with local weather forecasting services and using historical rainfall data are key to effective scheduling. 

Advances in meteorological technologies allow construction managers to make informed decisions by anticipating 

periods of heavy rainfall. Short-term weather forecasts can guide day-to-day project adjustments, reducing the risk of 

weather-related delays and protecting construction sites from water damage. For projects in flood-prone areas, historical 

rainfall patterns should inform long-term scheduling decisions to ensure that high-risk construction phases do not coincide 

with periods of heavy rainfall. This proactive approach helps avoid potential flood risks and safeguards the project and 

nearby ecosystems. 

However, climate change has made weather patterns increasingly unpredictable, requiring more adaptive scheduling 

strategies. Developers can no longer rely solely on traditional seasonal patterns but must remain flexible, incorporating 

adaptive project management techniques. Temporary drainage systems, protective coverings, and rapid scheduling 

adjustments can help mitigate the impact of unforeseen weather events. As extreme weather events become more frequent 

due to climate change, these adaptive strategies are crucial for minimizing flood risks and ensuring construction project 

resilience. 

4.2.7 Best Management practices 

Adopting Best Management Practices (BMPs) during the pre-construction phase is essential for mitigating flood risks 

and minimizing the environmental impact of construction. BMPs manage stormwater runoff, prevent sedimentation, and 

control erosion, reducing the risk of flash floods. Silt fences, a commonly used BMP, act as temporary barriers to capture 

sediment and slow surface water flow, preventing sediment-laden runoff from entering storm drains or waterways. These 

fences, placed strategically around construction sites, protect downstream ecosystems by preventing sediment from 

clogging drainage systems and exacerbating flood risks [34]. 

Other critical BMPs include storm drain inlet protection and erosion control measures. Filters, sediment bags, and 

gravel barriers around storm drain inlets prevent debris and sediment from clogging municipal stormwater systems, 

particularly in urban areas with limited drainage capacity. Erosion control methods, such as mulch, geotextiles, and 

hydroseeding, stabilize exposed soil, reducing the likelihood of erosion and subsequent sediment runoff. Geotextiles 

protect bare soil, while hydroseeding encourages vegetation growth, further stabilizing the site. These BMPs minimize 

downstream flood risks by preventing soil erosion and ensuring water channels can handle runoff. 

Temporary drainage systems, detention basins, and green infrastructure BMPs are equally important in regions prone 

to heavy rainfall, such as Malaysia. Temporary drainage systems direct stormwater away from active construction zones, 

reducing onsite flooding and controlling runoff. Detention basins and retention ponds store stormwater temporarily, 

releasing it slowly to avoid overwhelming drainage systems. At the same time, green infrastructure such as bio-retention 

areas and rain gardens allow water to infiltrate the ground, enhancing flood resilience. Implementing these BMPs 

mitigates the immediate risk of flash floods and contributes to long-term sustainable stormwater management. 

4.2.8 Construction practices 

Construction practices that prioritize minimizing land disturbance and maintaining natural water flow are critical for 

reducing flood risks and enhancing long-term resilience. Preserving vegetation is particularly important, as it acts as a 

natural buffer, absorbing water and slowing runoff, thus preventing flash floods. In regions prone to heavy rainfall, such 

as Malaysia, maintaining tree cover and plant life during construction helps stabilize soil, intercept rainfall, and reduce 

erosion. Vegetation enhances water infiltration into the ground, reducing the amount of surface runoff that could 

overwhelm drainage systems and exacerbate flooding [89]. 

In cases where land disturbance is unavoidable, integrating green infrastructure solutions, such as permeable surfaces 

and rainwater harvesting systems, is essential. Permeable surfaces like porous pavements and grass pavers allow water to 

infiltrate the ground rather than run into storm drains, reducing the volume and speed of stormwater. Rainwater harvesting 

systems further alleviate runoff by capturing rainwater for reuse, which is particularly useful during monsoon seasons. 

These systems reduce the risk of flash floods and support sustainable water use by providing an alternative source for 

irrigation or other non-potable purposes. 

Additionally, bioswales and bio-retention systems are valuable green infrastructure solutions that help manage 

stormwater by mimicking natural drainage processes. These vegetated areas slow down, capture, and filter runoff, 

improving water quality while reducing flood risks. Low-impact development (LID) techniques should also be employed, 

emphasizing the preservation of natural landscapes and hydrological systems. By maintaining the natural flow of water 
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and incorporating features like wetlands and forested areas, LID practices reduce land disturbance and promote 

sustainable stormwater management, mitigating flood risks for both construction sites and downstream communities. 

5.  CONCLUSION 

This study has systematically identified and assessed the flash flood risks associated with construction activities in 

Malaysia, with a particular focus on the pre-construction and construction phases. Through semi-structured interviews 

with 29 industry experts and a thematic analysis, three primary categories of flood risks were identified: location risks, 

including topographical challenges and inadequate stormwater management; pre-construction risks, such as project scale, 

site selection, and offsite impacts; and construction-phase risks, particularly poor scheduling and the failure to implement 

best management practices (BMPs). While previous studies have extensively examined geographic and infrastructural 

vulnerabilities, this research uniquely highlights underexplored risks in project planning and execution, particularly 

interactions with floodplains, urban drainage systems, and regulatory enforcement gaps. The findings emphasize that 

insufficient planning and inadequate mitigation strategies during the construction process significantly heighten flood 

vulnerabilities, yet these factors are frequently overlooked in current industry practices. 

To address these challenges, the study underscores the need for a comprehensive, integrated flood risk management 

framework that aligns industry practices with regulatory guidelines to enhance resilience against flash floods. From an 

industry perspective, adopting sustainable construction techniques is imperative. The implementation of permeable 

surfaces, bio-retention ponds, detention ponds, and silt fences can effectively reduce surface runoff and enhance flood 

resilience. Furthermore, improved construction scheduling and sequencing is essential to minimize land disturbances 

during high-risk monsoon periods, while enhanced flood risk assessment protocols should be integrated into feasibility 

studies and site selection processes. Additionally, the incorporation of on-site erosion and sediment control measures is 

crucial to prevent siltation and blockages in nearby waterways, which are common contributors to urban flash floods. 

From a policy standpoint, strengthening regulatory enforcement is essential to ensuring compliance with flood 

resilience measures in construction projects. Policymakers should prioritize the revision and enforcement of flood 

mitigation guidelines by mandating stormwater retention systems, flood-adaptive building designs, and buffer zones in 

high-risk areas. The integration of flood risk assessments into mandatory Environmental Impact Assessments (EIAs) 

would further enhance regulatory oversight. Additionally, fostering inter-agency collaboration among construction 

regulators, environmental agencies, and local authorities would improve monitoring and compliance with sustainable 

flood mitigation practices. Providing financial incentives and subsidies for developers adopting green infrastructure 

solutions would further promote climate-resilient urban development. 

This study contributes to the broader field of construction risk management by addressing a significant gap in flood 

risk mitigation during pre-construction and construction phases. The insights generated can inform both policy 

development and practical industry applications, particularly in flood-prone regions where urban expansion and climate 

variability intensify flood risks. Future research should explore the long-term effectiveness of sustainable flood mitigation 

techniques, particularly their adaptability to changing climate conditions. Additionally, the development of predictive 

flood risk models that integrate hydrological data, climate change projections, and urban planning strategies would enable 

more effective risk assessment and mitigation planning. Assessing the economic and social trade-offs of flood adaptation 

measures is also critical in ensuring cost-effective and scalable solutions for widespread industry adoption. By integrating 

proactive flood resilience measures into construction planning and execution, the construction industry, policymakers, 

and urban planners can significantly reduce infrastructure vulnerabilities, minimize economic losses, and enhance 

community safety. A strategic, multi-stakeholder approach to flood risk management will be essential in ensuring the 

sustainability and resilience of Malaysia’s construction industry in the face of evolving environmental challenges. 

ACKNOWLEDGEMENTS 

The authors express their gratitude to the Faculty of Civil Engineering Technology at Universiti Malaysia Pahang Al-

Sultan Abdullah and the participants for their valuable time. The authors did not get any financial or logistical help from 

any organization for the work that was submitted.  

FUNDING 

This study was not supported by any grants from funding bodies in the public, private, or not-for-profit sectors.  

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHORS CONTRIBUTION 

Mohammad Syamsyul Hairi Saad: Conceptualization, Writing- Original draft preparation  

Mohamad Idris Ali: Writing- Reviewing  



Saad et al. │ Construction│ Volume 5, Issue 1 (2025) 

journal.ump.edu.my/construction  51 

Putri Zulaiha Razi: Visualization and Editing 

Noram Irwan Ramli: Supervision 

Doh Shu Ing: Methodology and Investigation  

REFERENCES 

[1] S. Eslamian and F. Eslamian (Eds.), Flood handbook: Impacts and management, CRC Press, 2022. 

[2] P. N. Duy, L. Chapman, M. Tight, P. N. Linh, and L. V. Thuong, “Increasing vulnerability to floods in new  

development areas: evidence from Ho Chi Minh City,” International Journal of Climate Change Strategies and 

Management, vol. 10, no. 1, pp. 197–212, 2018. 

[3] R. Bakr, D. Amin, and K. Gaber, “Guideline for Atlas flash floods,” Civil Engineering and Architecture, vol. 10, 

no. 5, pp. 2108–2127, 2022. 

[4] C. Luu, H. X. Tran, B. T. Pham, N. Al-Ansari, T. Q. Tran, N. Q. Duong, et al., “Framework of spatial flood risk 

assessment for a case study in quang binh province, Vietnam,” Sustainability, vol. 12, no. 7, pp. 1–17, 2020. 

[5] P. T. Nastos, N. R. Dalezios, I. N. Faraslis, K. Mitrakopoulos, A. Blanta, M. Spiliotopoulos, et al., “Risk 

management framework of environmental hazards and extremes in Mediterranean ecosystems,” Natural Hazards 

and Earth System Sciences, vol. 21, no. 6, pp. 1935–1954, 2021. 

[6] P. Bhusara, S. Dhivare, K. Patil, S. Chaudhari, P. Yadav, and M. Sharma, “Risk management on construction site,” 

International Research Journal of Modernization in Engineering Technology and Science, vol. 8, pp. 638–645, 

2023. 

[7] S. Iqbal, R. M. Choudhry, K. Holschemacher, A. Ali, and J. Tamošaitienė, “Risk management in construction 

projects,” Technological and Economic Development of Economy, vol. 21, no. 1, pp. 65–78, 2015. 

[8] G. M. Dawod, M. N. Mirza, K. A. Al-Ghamdi, and R. A. Elzahrany, “Projected impacts of land use and road 

network changes on increasing flood hazards using a 4D GIS: A case study in Makkah metropolitan area, Saudi 

Arabia,” Arabian Journal of Geosciences, vol. 7, no. 3, pp. 1139–1156, 2014. 

[9] N. Asselman, J. S. de Jong, D. Kroekenstoel, and S. Folkertsma, “The importance of peak attenuation for flood 

risk management, exemplified on the Meuse River, the Netherlands,” Water Security, vol. 15, p. 100114, 2022. 

[10] M. A. Bari, L. Alam, M. M. Alam, L. F. Rahman, and J. Pereira, “Estimation of losses and damages caused by 

flash floods in the commercial area of Kajang, Selangor, Malaysia,” Arabian Journal of Geosciences, vol. 14, p. 

1-9, 2021. 

[11] N. Samsuri, R. A. Bakar, and T. Unjah, “Flash flood impact in Kuala Lumpur – Approach review and way 

forward,” International Journal of the Malay World and Civilisation, vol. 6, no. 1, pp. 69–76, 2018. 

[12] H. S. Rosmadi, M. F. Ahmed, M. B. Mokhtar, and C. K. Lim, “Reviewing challenges of flood risk management 

in Malaysia,” Water, vol. 15, no. 13, p. 2390, 2023. 

[13] N. Rosedi and M. Y. Ishak, “Evaluation of the vulnerability and resilience towards urban flash floods in Kuala 

Lumpur, Malaysia,” IOP Conference Series: Earth and Environmental Science, vol. 1144, no. 1, p. 012012, 2023. 

[14] M. R. Ridzuan, J. R. Razali, S. Y. Ju, and N. A. S. Abd Rahman, “An Analysis of Malaysian Public Policy in 

Disaster Risk Reduction: An Endeavour of Mitigating the Impacts of Flood in Malaysia,” International Journal 

of Academic Research in Business and Social Sciences, vol. 12, no. 7, pp. 2006–2021, 2022. 

[15] M. B. Mokhtar and M. F. Ahmed, “Managing a road as a river to mitigate the impact of urban flash floods,” 

Journal of Flood Risk Management, vol. 15, no. 4, p. e12849, 2022. 

[16] A. Saleh, A. Yuzir, N. Sabtu, S. K. M. Abujayyab, M. R. Bunmi, and Q. B. Pham, “Flash flood susceptibility 

mapping in urban area using genetic algorithm and ensemble method,” Geocarto International, vol. 37, no. 25, 

pp. 10199–10228, 2022. 

[17] N. Z. A. Norizan, N. Hassan, and M. M. Yusoff, “Strengthening flood resilient development in Malaysia through 

integration of flood risk reduction measures in local plans,” Land Use Policy, vol. 102, p. 105178, 2021. 

[18] M. Nurashikin, E. Rodger, and M. N. Rumaizah, “Reducing flooding impacts to the built environment: A literature 

review,” In MATEC Web of Conferences, vol. 266, p. 02001, 2019. 

[19] M. U. I. Choudhury and C. E. Haque, “‘We are more scared of the power elites than the floods’: Adaptive capacity 

and resilience of wetland community to flash flood disasters in Bangladesh,” International Journal of Disaster 

Risk Reduction, vol. 19, pp. 145–158, 2016. 



Saad et al. │ Construction│ Volume 5, Issue 1 (2025) 

journal.ump.edu.my/construction  52 

[20] M. Mohsin, Y. Hengbin, Z. Luyao, L. Rui, Q. Chong, and A. Mehak, “An application of multiple-criteria decision 

analysis for risk prioritization and management: A case study of the fisheries sector in Pakistan,” Sustainability, 

vol. 14, no. 14, p. 8831, 2022. 

[21] N. A. Mabahwi and H. Nakamura, “The issues and challenges of flood-related agencies in Malaysia,” 

Environment-Behaviour Proceedings Journal, vol. 5, no. 13, pp. 285–290, 2020. 

[22] H. Nasiri, M. J. Mohd Yusof, and T. A. Mohammad Ali, “An overview to flood vulnerability assessment methods,” 

Sustainable Water Resources Management, vol. 2, no. 3, pp. 331–336, 2016. 

[23] N. A. B. Mabahwi, H. Nakamura, and Y. Bhattacharya, “Flood risk management in Malaysia: The current 

hindrances for flood related agencies,” Asian Journal of Behavioural Studies, vol. 5, no. 19, pp. 11–24, 2020. 

[24] M. Yusup, N. F. Abd Mutalib, M. A. Marzukhi, Y. A. Abdullah, and Z. A. Zaki, “Quality assessment of 

Development Proposal Report (Dpr) case study: Seremban City Council,” Planning Malaysia, vol. 20, no. 4, pp. 

360–373, 2022. 

[25] S. Cotterill and L. J. Bracken, “Assessing the effectiveness of Sustainable Drainage Systems (SuDS): 

Interventions, impacts and challenges,” Water, vol. 12, no. 11, p. 3160, 2020. 

[26] D. Kim, Y. Sun, D. Wendi, Z. Jiang, S. Y. Liong, and P. Gourbesville, “Flood modelling framework for Kuching 

City, Malaysia: Overcoming the lack of data,” In Advances in Hydroinformatics: SimHydro 2017-Choosing The 

Right Model in Applied Hydraulics, Springer Singapore, 2018, pp. 559–568.  

[27] N. A. Mohd Sofberi and R. Zainal, “Decision making process practised at planning phase in Malaysia,” Malaysian 

Journal of Sustainable Environment, vol. 7, no. 2, p. 107, 2020. 

[28] R. de Risi, F. Jalayer, F. De Paola, I. Iervolino, M. Giugni, M. E. Topa, et al., “Flood risk assessment for informal 

settlements,” Natural Hazards, vol. 69, no. 1, pp. 1003–1032, 2013. 

[29] R. Castaño-Rosa, S. Pelsmakers, H. Järventausta, J. Poutanen, L. Tähtinen, A. Rashidfarokhi, et al., “Resilience 

in the built environment: Key characteristics for solutions to multiple crises,” Sustainable Cities and Society, vol. 

87, p. 104259, 2022. 

[30] C. Soranno, “Importance of risk assessment in the packaging industry,” Sick Sensor Intelligent, vol. 1, no. 1, pp. 

1–17, 2018, available: https://cdn.sick.com/media/content/h7a/hbc/9693013049374.pdf. 

[31] L. Bertilsson, K. Wiklund, I. de Moura Tebaldi, O. M. Rezende, A. P. Veról, and M. G. Miguez, “Urban flood 

resilience – A multi-criteria index to integrate flood resilience into urban planning,” Journal of Hydrology, vol. 

573, pp. 970–982, 2019. 

[32] J. P. Leitão, M. D. C. Almeida, N. E. Simões, and A. Martins, “Methodology for qualitative urban flooding risk 

assessment,” Water Science and Technology, vol. 68, no. 4, pp. 829–838, 2013. 

[33] K. Schröter, M. Barendrecht, M. Bertola, A. Ciullo, R. T. da Costa, L. Cumiskey, et al., “Large-scale flood risk 

assessment and management: Prospects of a systems approach,” Water Security, vol. 14, no. p. 100109, 2021. 

[34] B. Russo, M. G. Valentín, and J. Tellez-álvarez, “The relevance of grated inlets within surface drainage systems 

in the field of urban flood resilience. A review of several experimental and numerical simulation approaches,” 

Sustainability, vol. 13, no. 13, p. 7189, 2021. 

[35] Y.-S. Su, “Discourse, strategy, and practice of urban resilience against flooding,” Business and Management 

Studies, vol. 2, no. 1, p. 73, 2016. 

[36] P. Patri, P. Sharma, and S. K. Patra, “Does economic development reduce disaster damage risk from floods in 

India? Empirical evidence using the ZINB model,” International Journal of Disaster Risk Reduction, vol. 79, p. 

103163, 2022. 

[37] A. – M. Manta, C. Dima, and M. N. Păcurari, “Risk management planning in a construction project,” Scientific 

Bulletin of the Politehnica University of Timişoara Transactions on Engineering and Management, vol. 4, no. 2, 

pp. 20–28, 2023. 

[38] N. Bhattacharya-Mis, J. Lamond, B. Montz, H. Kreibich, S. Wilkinson, F. Chan, et al., “Flood risk to commercial 

property: Training and education needs of built environment professionals,” International Journal of Disaster 

Resilience in the Built Environment, vol. 9, no. 4–5, pp. 385–401, 2018. 

[39] F. Klijn, H. Kreibich, H. de Moel, and E. Penning-Rowsell, “Adaptive flood risk management planning based on 

a comprehensive flood risk conceptualisation,” Mitigation and Adaptation Strategies for Global Change, vol. 20, 

no. 6, pp. 845–864, 2015. 



Saad et al. │ Construction│ Volume 5, Issue 1 (2025) 

journal.ump.edu.my/construction  53 

[40] D. L. Y. Chuan and F. C. Ros, “Quantitative assessment of flood vulnerability in Malaysia,” In Community, 

Environment and Disaster Risk Management: Water Management and Sustainability in Asia, vol. 23, pp. 25-32, 

2021.  

[41] T. R. Bhuiyan, M. I. H. Reza, E. A. Choy, and J. J. Pereira, “Facts and trends of urban exposure to flash flood: A 

case of Kuala Lumpur city,” In Community, Environment and Disaster Risk Management: Improving Flood 

Management, Prediction and Monitoring, vol. 20, pp. 79–90, 2018. 

[42] Z. A. Zaki, Y. A. Abdullah, M. Yusup and I. C. Abdullah, “Application of resilience model for flood management 

in local planning context,” Journal of Administrative Science, vol. 18, no. 1, pp. 237–248, 2021. 

[43] P. Mariappan, M. Z. Khairani and M. Chanthiran, “Design and Development Research (DDR) approaches in the 

development of koin-art cooperative learning model for student of inclusive education program,” KUPAS SENI: 

Jurnal Seni dan Pendidikan Seni, vol. 10, pp. 66–77, 2022. 

[44] P. Z. Razi, M. I. Ali, and N. I. Ramli, “Exploring risk associated to public road infrastructure construction 

projects,” IOP Conference Series: Earth and Environmental Science, vol. 682, no. 1, p. 012030, 2021. 

[45] S. A. Ahmad Basri, S. A. Syed Zakaria, T. A. Majid, and Z. Yusop, “Exploring awareness and application of 

disaster risk management cycle (DRMC) from stakeholder’s perspective,” International Journal of Disaster 

Resilience in the Built Environment, vol. 13, no. 4, pp. 470–483, 2022. 

[46] M. A. R. Shah, A. Rahman, and S. H. Chowdhury, “Challenges for achieving sustainable flood risk management,” 

Journal of Flood Risk Management, vol. 11, pp. S352–S358, 2018. 

[47] I. Mohamad Yusoff, A. Ramli, N. A. Mhd Alkasirah, and N. Mohd Nasir, “Exploring the managing of flood 

disaster: A Malaysian perspective,” Malaysian Journal of Society and Space, vol. 14, no. 3, pp. 24–36, 2018. 

[48] H. Nasiri, M. J. M. Yusof, T. A. M. Ali, and M. K. B. Hussein, “District flood vulnerability index: urban decision-

making tool,” International Journal of Environmental Science and Technology, vol. 16, no. 5, pp. 2249–2258, 

2019. 

[49] N. Fitriyati, H. S. Arifin, R. L. Kaswanto, and Marimin, “Flood resiliency approach for urban planning: Critical 

review and future research agenda,” IOP Conference Series: Earth and Environmental Science, vol. 1109, no. 1, 

p. 012009, 2022. 

[50] F. Zhang, Y. Chen, W. Wang, C. Y. Jim, Z. Zhang, M. L. Tan, et al., “Impact of land-use/land-cover and landscape 

pattern on seasonal in-stream water quality in small watersheds,” Journal of Cleaner Production, vol. 357, no. 

November 2021, p. 131907, 2022. 

[51] L. Bosher, A. Dainty, P. Carrillo, J. Glass, and A. Price, “Integrating disaster risk management into construction: 

A UK perspective,” Building Research and Information, vol. 35, no. 2, pp. 163–177, 2007. 

[52] L. Bosher, A. Dainty, P. Carrillo, J. Glass, and A. Price, “Decision support for integrating disaster risk management 

strategies into construction practice,” The Association of Researchers in Construction Management (ARCOM) 

2009, Proceeding of 25th Annual Conference, pp. 793–802, 2009. 

[53] J. Bruen and J. P. Spillane, “Disasters and the built environment,” In Building Surveyor’s Pocket Book, pp. 252-

275, 2021. 

[54] United Nations Office for Disaster Risk Reduction, Disaster Risk Reduction in Malaysia: Status Report 2020, p. 

34, 2020, [Online]. Available: https://www.undrr.org/publication/disaster-risk-reduction-india-status-report-2020 

[55] P. Anthony, R. B. Abdul Majid, and N. I. Binti Tukiman, “A review of decision-making for pre floods resilience 

in housing,” International Journal of Applied Science and Research, vol. 6, no. 1, pp. 116–129, 2022. 

[56] M. A. R. Shah, A. Rahman, and S. H. Chowdhury, “Assessing sustainable development of flood mitigation projects 

using an innovative sustainability assessment framework,” Sustainable Development, vol. 28, no. 5, pp. 1404–

1417, 2020. 

[57] K. Puzyreva, Z Henning, R Schelwald, H Rassman, E Borgnino, P de Beus, et al., “Professionalization of 

community engagement in flood risk management: Insights from four European countries,” International Journal 

of Disaster Risk Reduction, vol. 71, p. 102811, 2022. 

[58] R. Afsari, S. N. Shorabeh, M. Kouhnavard, M. Homaee, and J. J. Arsanjani, “A spatial decision support approach 

for flood vulnerability analysis in urban areas: A case study of Tehran,” ISPRS International Journal of Geo-

Information, vol. 11, no. 7, p. 380, 2022. 

[59] R. Bunmi Mudashiru, N. Sabtu, R. Abdullah, A. Saleh, and I. Abustan, “Optimality of flood influencing factors 

for flood hazard mapping: An evaluation of two multi-criteria decision-making methods,” Journal of Hydrology, 

vol. 612, p. 128055, 2022. 



Saad et al. │ Construction│ Volume 5, Issue 1 (2025) 

journal.ump.edu.my/construction  54 

[60] K. Reiter, N. Knittel, G. Bachner, and S. Hochrainer-Stigler, “Barriers and ways forward to climate risk 

management against indirect effects of natural disasters: A case study on flood risk in Austria,” Climate Risk 

Management, vol. 36, p. 100431, 2022. 

[61] J. Kryspin-Wattson, “Land use planning for urban flood risk management,” Urban Floods Community of Practice 

Knowledge Notes, p. 28. 2017, [Online]. Available: https://openknowledge.worldbank.org/handle/-

10986/26654%0Ahttps://www.gfdrr.org/sites/default/files/publication/UFCOPKnowledgeNoteMay.pdf 

[62] V. Ahmed, A. Opoku, and Z. Aziz (Eds.), Research methodology in the built environment: A selection of case 

studies, Routledge, 2016. 

[63] P. Bubeck, L. Berghäuser, P. Hudson, and A. H. Thieken, “Using panel data to understand the dynamics of human 

behavior in response to flooding,” Risk Analysis, vol. 40, no. 11, pp. 2340–2359, 2020. 

[64] P. Robinson, “Designing and conducting mixed methods research,” Australian and New Zealand Journal of Public 

Health, vol. 31, no. 4, p. 388, 2007. 

[65] M. Ishtiaq, “Book Review J. W. Creswell, (2014), Research Design: Qualitative, Quantitative and Mixed Methods 

Approaches (4th ed.), Thousand Oaks, CA: Sage,” English Language Teaching, vol. 12, no. 5, p. 40, 2019. 

[66] G. Monyane, Fidelis Emuze, B. Awuzie, and G. Crafford, “Evaluating a collaborative cost management framework 

with lean construction experts,” In The 10th International Conference on Engineering, Project, and Production 

Management pp. 311–320, 2020. 

[67] T. O. Aduloju, “Participation of construction professionals in the environmental impact assessment of heavy 

engineering projects,” The Asian Review of Civil Engineering, vol. 12, no. 2, pp. 8–15, 2023. 

[68] C. Poleacovschi and A. Javernick-Will, “Who are the experts? Assessing expertise in construction and engineering 

organizations,” Journal of Construction Engineering and Management, vol. 143, no. 8, pp. 1–9, 2017. 

[69] I. Etikan, “Comparison of convenience sampling and purposive sampling,” American Journal of Theoretical and 

Applied Statistics, vol. 5, no. 1, p. 1, 2016. 

[70] A. F. Mubarak, R. Amiruddin, and S. Gaus, “The effectiveness of disaster prevention and mitigation training for 

the students in disaster prone areas,” IOP Conference Series: Earth and Environmental Science, vol. 235, no. 1, 

pp. 4–10, 2019. 

[71] F. Fofana, P. Bazeley, and A. Regnault, “Applying a mixed methods design to test saturation for qualitative data 

in health outcomes research,” PLoS One, vol. 15, no. 6, pp. 1–12, 2020. 

[72] S. L. Faulkner and S. P. Trotter, “Theoretical saturation,” The International Encyclopedia of Communication 

Research Methods, vol. 8, no. 1, pp. 137–152, 2017. 

[73] C. O. Moura, Í. R. Silva, T. P. Silva, K. A. Santos, M. C. A. Crespo and M. M. Silva, “Methodological path to 

reach the degree of saturation in qualitative research: Grounded theory,” Revista Brasileira de Enfermagem, vol. 

75, no. 2, pp. 2–9, 2022. 

[74] V. Braun and V. Clarke, “Using thematic analysis in psychology,” Qualitative Research in Psychology, vol. 3, no. 

2, pp. 77-101, 2006. 

[75] N. Chasanah, I. Gunawan, and B. Baroudi, “International development project success: A literature review,” 

Journal of International Development, vol. 36, pp. 1–26, 2023. 

[76] A. A. S. Muthuveeran, O. M. Tahir, M. A. Hassan, and I. Yin, “Investigating the current risk management process 

practice in Malaysian landscape planning projects,” Planning Malaysia, vol. 20, no. 1, pp. 48–63, 2022. 

[77] M. Vaismoradi and S. Snelgrove, “Theme in qualitative content analysis and thematic analysis,” Forum: 

Qualitative Social Research / Forum Qualitative Sozialforschung, vol. 20, no. 3, 2019. 

[78] P. J. Ward, M. C. de Ruiter, J. Mård, K. Schröter, A. Van Loon, T. Veldkamp, et al., “The need to integrate flood 

and drought disaster risk reduction strategies,” Water Security, vol. 11, p. 100070, 2020. 

[79] Q. Lodder and J. Slinger, “The ‘Research for Policy’ cycle in Dutch coastal flood risk management: The Coastal 

Genesis 2 research programme,” Ocean & Coastal Management, vol. 219, p. 106066, 2022. 

[80] F. Taromideh, R. Fazloula, B. Choubin, A. Emadi, and R. Berndtsson, “Urban flood-risk assessment: Integration 

of decision-making and machine learning,” Sustainability, vol. 14, no. 8, p. 4483, 2022. 

[81] U.H. M. Sufiyan and M. R. Mahmud, “44% of the flash flood in Klang Valley occurred coincidentally during the 

typhoon period: A review on 2015,” In IOP Conference Series: Earth and Environmental Science, vol. 1135, no. 

1, p. 012016, 2023. 



Saad et al. │ Construction│ Volume 5, Issue 1 (2025) 

journal.ump.edu.my/construction  55 

[82] P. Hudson, P. Raška, J. Macháč, and L. Slavíková, “Balancing the interaction between urban regeneration and 

flood risk management – A cost benefit approach in Ústí nad Labem,” Land Use Policy, vol. 120, p. 106276, 2022. 

[83] F. K. S. Chan, Z. Wang, J. Chen, X. Lu, T. Nafea, B. Montz, et al., “Selected global flood preparation and response 

lessons: implications for more resilient Chinese Cities,” Natural Hazards, vol. 118, no. 3, pp. 1767–1796, 2023. 

[84] A. B. Hipeny, N. A. Ramli and N. B. I. Rasli, “Procedural effects on controlling natural disasters (landslides and 

flash floods) based on environmental degradation from development in Malaysia,” International Journal of 

Engineering and Management Research, vol. 12, no. 5, pp. 189–196, 2022. 

[85] I. U. Kaoje, M. Z. Abdul Rahman, N. H. Idris, K. A. Razak, W. N. M. Wan Mohd Rani, T. H. Tam, et al., “Physical 

flood vulnerability assessment using geospatial indicator‐based approach and participatory analytical hierarchy 

process: A case study in Kota Bharu, Malaysia,” Water (Switzerland), vol. 13, no. 13, pp. 1–22, 2021. 

[86] U.H. M. Sufiyan and M. R. Mahmud, “44% of the flash flood in Klang Valley occurred coincidentally during the 

typhoon period: A review on 2015,” In IOP Conference Series: Earth and Environmental Science, vol. 1135, no. 

1, p. 012016, 2023. 

[87] S. N. A. Mohamad Zulkifli, A. A. Kadar Hamsa, N. M. Noor, and M. Ibrahim, “Evaluation of land use density, 

diversity and ridership of rail based public transportation system,” Transportation Research Procedia, vol. 25, pp. 

5266–5281, 2017. 

[88] N. A. Zakaria, A. A. Ghani, R. Abdullah, L. M. Sidek, A. H. Kassim and A. Ainan, “MSMA- A new urban 

stormwater management manual for Malaysia,” Advances in Hydroscience, vol. 6, pp. 1–10, 2014. 

[89] N. A. Zulhisham and E. S. S. Sadek, “Employing the Flash Flood Potential Index (FFPI) with physical 

environmental factors in Baling, Kedah through GIS analysis,” International Journal of Geoinformatics, vol. 19, 

no. 5, pp. 19–29, 2023. 

[90] Construction Research Institute of Malaysia (CREAM), Manual for flood risk assessment and flood vulnerability 

index for critical infrastructure (Ci) in Malaysia, 2021. 

[91] Construction Research Institute of Malaysia (CREAM), Development of flood risk vulnerability index (FVI) for 

critical infrastructure in Malaysia, 2022. 

 


