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Abstract 
 
Coastal areas play a strategic role in the economy, 
ecosystems, and habitats of high socio-cultural value. 
However, coastal areas also face serious dangers from 
natural disasters, such as floods. Flood events often disrupt 
community activities, make roads impassable, displace 
residents, damage infrastructure, and negatively impact the 
social and economic well-being of communities, cause 
property losses, and, in severe cases, loss of life. Addressing 
these issues requires effective strategies for coastal area 
management. This paper presents an analysis of the level of 
hazard and resilience of coastal areas to flood hazards. This 
study was conducted in the coastal area of Pasuruan, which 
frequently experiences seasonal flooding. The indicators 
used to analyze flood hazard and regional resilience are 
based on regulations established by relevant authorities and 
findings from previous related studies. Several parameters 
were measured, including flood-inundation height, 
frequency of occurrence, and rainfall intensity (both high 
and low). Meanwhile, regional resilience was assessed using 
several indicators, including disaster risk management 
(DRM) policies and institutions, preparation of disaster risk 
assessments and documentation, development of early 
warning systems, mitigation efforts, and disaster education 
programs. The results revealed that flood hazard in the 
Pasuruan coastal area ranges from moderate to high, with 
four areas classified as high risk and three as moderate. 
Conversely, the resilience level of all areas is categorized as 
moderate. Furthermore, the findings of this study are 
expected to be taken into consideration in policymaking for 
coastal area management, particularly in reducing flood 
disaster risk. 
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INTRODUCTION 
Coastal areas play a strategic role in economic, environmental, social, and 

geopolitical aspects. Economically, these areas serve as centers for fisheries, tourism, 

trade through major ports, and contribute to national food security. However, coastal 

areas face significant challenges related to disaster risks, such as rising sea levels, which 

often cause tidal flooding. Flooding often disrupts community activities, makes roads 

impassable, displaces residents, damages infrastructure, and impacts the social and 

economic well-being of communities. These disasters also result in property losses and, 

in severe cases, loss of life (Allaire, 2018; Bubeck et al., 2017; Hammond et al., 2015; 

Pregnolato et al., 2017). 

The coastal area of Pasuruan is one of the areas facing this challenge. Flooding 

occurs almost every year in several areas of Pasuruan. Data shows that climate change, 

characterized by prolonged heavy rainfall, often causes flooding in the region. For 

example, in 2021, reports indicated that flooding inundated 80 homes with water levels 

ranging from 10 to 95 cm, forcing some residents to evacuate their homes. Furthermore, 

6,379 families in the Pasuruan area were reportedly affected by flooding (Faruq, 2021). 

In 2022, flooding affected more than 7,000 residents (M, 2022). Research on the 

vulnerability/potential losses in the Pasuruan coastal area due to flooding was also 

conducted. Noverma et al. (2024) highlight the vulnerability/potential losses in social, 

economic, physical, and environmental aspects. Based on the social aspect, measurement 

indicators include population density, age ratio, sex ratio, and poverty ratio. The results 

of the study Emil (2021) show that 6 out of 7 coastal villages are in the moderate to high 

vulnerability category. Then, using potential for economic losses/vulnerability as 

measured by indicators such as regional income and productive land area, the results of 

the study show a low to high classification. Based on physical vulnerability and potential 

physical losses, as measured by indicators such as building density and the number of 

public facilities, the results of the study reveal that the potential losses experienced are 

classified in moderate to high. Furthermore, based on environmental vulnerability, the 

Pasuruan coastal area is classified in low, with assessment indicators related to the 

availability of mangrove forests, shrubs, and swamps. 

Figure 1 shows the coastal area of Pasuruan, which consists of seven zones: 

Tambaan Village, Gadingrejo Village, Ngemplakrejo Village, Panggungrejo Village, 

Mandaranrejo Village, Kepel Village, and Blandongan Village. These areas directly border 

the Java Sea, making them more vulnerable to sea level rise than other areas. 

Furthermore, the Pasuruan coastal area is crucial for the region's economic activities. 
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Figure 1. Map of the Pasuruan coastal area (Pasuruan - Google Maps, 2023) 

 
Given the history and impact of flood disasters and the importance of the Pasuruan 

coastal area in supporting economic activities, analyzing flood hazard levels is an 

important initial step in disaster risk reduction efforts. This analysis can also form the 

basis for effective spatial planning and disaster management strategies. The purpose of 

this study is to assess and map the potential flood hazard into low, medium, and high 

classifications across the Pasuruan coastal area based on its zonation. Furthermore, this 

study aims to evaluate the resilience strategies currently implemented in coastal areas. 

Like threats, resilience is also closely related to disaster risk. The level of disaster risk will 

depend heavily on the hazard and the area's resilience. According to the BNPB regulation 

on General Guidelines for Disaster Risk Assessment, in general, the magnitude of disaster 

risk is directly proportional to the level of hazard and vulnerability/potential loss, and 

inversely proportional to the area's resilience or capacity. 

This research seeks to provide practical, science-based recommendations for 

sustainable coastal management. Effective spatial planning requires careful 

consideration of disaster risks to reduce potential losses and support long-term 

development goals. Identifying flood hazard zones enables planners and decision-makers 

to develop more effective and strategic land-use policies. For example, planners can 

designate areas with high flood potential as restricted development zones or allocate 

them for land uses that help reduce flood impacts, such as green open spaces and water 

catchment areas. This research methodology uses a quantitative, descriptive approach, 

complemented by spatial visualization in ArcGIS. The indicators used to measure flood 

hazard and regional resilience are based on regulations established by authorized 

agencies and relevant previous (Clark-Ginsberg et al., 2020; Giardino et al., 2018; Gornitz, 

1991; Latief et al., 2018; Mukhopadhyay et al., 2012a; Murshed et al., 2022; Peraturan 

Kepala Badan Nasional Penanggulangan Bencana No 02 Tahun 2012 tentang Pedoman 

Umum Pengkajian Risiko Bencana, 2012; Tariq et al., 2021; Zander et al., 2023). 
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Previous studies have emphasized disaster hazards and the importance of coastal 

resilience, measured using various approaches. For example, a study by Latief et al. 

(2018) highlighted flood hazards based on oceanographic parameters. Similarly, 

Murshed et al. (2022) developed a geospatial framework for assessing coastal disaster 

hazards by integrating environmental and anthropogenic parameters; this framework 

informs the selection of both physical and socio-economic variables in the present study. 

Another study by Utami et al. (2024) conducted disaster hazard mapping based on 

disaster characteristics, using hydrological and topographical analyses of the region with 

HEC-RAS software. Meanwhile, Wakhidatus et al. (2021) highlighted disaster hazards 

using Geographic Information System (GIS) methods with indicators of rainfall, land 

cover, regional topography, and flood history. These indicators are directly applied in this 

study’s GIS-based hazard analysis to ensure comparability with established approaches. 

Research on coastal resilience has also been widely conducted. Yoon et al. (2016) 

measured community resilience to disasters by considering social, economic, 

environmental, and institutional factors. Tariq et al. (2021) reviewed the features and 

characteristics of community resilience measurements tailored to stakeholder needs and 

identified six dimensions of resilience: Physical, Health, Economic, Environmental, Social, 

and Governance. This classification is adopted in this study to provide a comprehensive 

resilience profile for the coastal area of Pasuruan. 

This study contributes to the development of science by providing a detailed 

analysis of flood hazards in the Pasuruan coastal area and by integrating disaster hazards 

with regional resilience to produce a comprehensive risk profile. This integration 

supports evidence-based disaster risk reduction strategies and informs local policy-

making for sustainable coastal management. In the context of disaster management, a 

threat is defined as an event that can cause a disaster and result in damage and loss. In 

contrast, regional resilience/capacity to disasters is defined as the level of a region's 

ability to respond to disasters or take action to reduce disaster risk. This means that 

regional resilience plays a crucial role in reducing disaster risk. Based on Law of the 

Republic of Indonesia Number 24 of 2007 concerning Disaster Management, 

measurements were made of parameters that could potentially cause flooding, including 

average annual rainfall, flood history, and inundation height. These variables were 

selected for specific reasons. Rainfall, for example, was chosen because high and 

prolonged rainfall has the potential to increase the risk of flooding in an area. The event 

history variable was included on the assumption that floods tend to recur in the same 

location; therefore, if an area has experienced frequent flooding in the past, it is more 

likely to flood again. Meanwhile, the inundation height variable was chosen because 

higher flood levels in an area are estimated to result in greater potential losses for the 

affected community. Furthermore, an evaluation of the resilience strategies implemented 

was conducted. The urgency of this research lies in the need to identify potential flood 

hazards in the Pasuruan coastal area and analyze the optimization of resilience strategies 

implemented to address annual flooding. 
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METHODS  
Guided by laws and regulations on disaster risk assessment, as well as various 

relevant studies (Giardino et al., 2018; Klein et al., 2003; Latief et al., 2018; Tariq et al., 

2021; Utami et al., 2024; Wakhidatus et al., 2021; Yoon et al., 2016). Flood hazard analysis 

is carried out by first scoring the parameters, then grouping the hazard levels into low, 

medium, and high. Table 1 shows some of the parameters measured for flood hazard, 

including flood-inundation height, occurrence frequency, and high- and low-rainfall 

events. Table 2 presents the indicators used to measure regional resilience levels, 

including Disaster Risk Management (DRR) regulations and institutions, preparation of 

disaster risk studies and documents, development of early warning systems, mitigation 

efforts, and disaster education. Furthermore, the analysis assigns a score (1–3) to each 

answer, as shown in Table 3. To obtain accurate results, the study was conducted through 

in-depth interviews with relevant parties, including stakeholders and the community. 

 

Table 1. Parameters for Flood Hazard Level Analysis  
(Peraturan Kepala Badan Nasional Penanggulangan Bencana No. 02 Tahun 2012 tentang 

Pedoman Umum Pengkajian Risiko Bencana, 2012) 

 
Table 2. Indicators for Measuring Regional Resilience Levels 

(Peraturan Kepala Badan Nasional Penanggulangan Bencana No. 02 Tahun 2012 tentang 
Pedoman Umum Pengkajian Risiko Bencana, 2012) 

No Parameters 
Classification of Hazard Categories 

Weight 
Low (1) Moderate (2) High (3) 

1 Flood inundation height <50 cm 50–150 cm  > 150 cm 35% 
2 Frequency of occurrence < 5x 5x-10x > 10x 30% 

3 High and low rainfall 
<100 
mm/year 

100-300 
mm/year 

>300 
mm/year 

35% 

No Indicators Weight Indicators and Scores for Assessment 

1 
Disaster Risk Reduction 
(DRR) regulations and 
institutions 

20 % 

- If there are no regulations within the 
Disaster Risk Reduction (PRB) 
framework = 1 (low) 

- There is a draft policy = 2 (moderate) 
- Rules and policies have been 

established = 3 (high) 

2 
Preparation of disaster risk 
assessment and 
documentation 

20 % 

- Not yet available = 1 (low) 
- Available, but in draft form= 2 

(moderate) 
- Has been implemented = 3 (high) 

3 
Development of a disaster 
early warning system 

 20 % 

- Not yet available = 1 (low) 
- There are plans for the development of 

an EWS (Early Warning System) = 2 
(moderate) 

- EWS is now available and operational = 
3 (high) 

4 
Mitigation/prevention 
development 

20 % 

- There are plans to implement mitigation 
efforts = 1 (low) 

- Mitigation efforts have begun = 2 
(moderate) 
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Table 3. Classification of Flood Hazard and Resilience Assessment 

 
 
 
 

 
 
RESULTS AND DISCUSSION 
Flood hazard 

The parameters in the potential hazard analysis include rainfall data, processed in 

Figure 2, inundation depth data, and flood frequency in the Pasuruan coastal area in 

Figure 3. 

 
Figure 2. Annual rainfall (mm/year) in the coastal area of Pasuruan (2021-2023)(For 

Medium-Range Weather Forecasts (ECMWF), 2023) 

 

 
Figure 3. Flood Depth and Frequency in the Pasuruan Coastal Area (2021–2023) (Pasuruan, 

2023) 
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5 
Disaster education and 
training 

20 % 

- Never been done = 1 (low) 
- It has been done before = 2 (moderate) 
- Done regularly at certain intervals = 3 

(high) 

Score Range Hazard Classification 

1.00-1.66 Low (Green) 
1.67-2.32 Moderate (yellow) 
2.33-3.00 High (red) 
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High-intensity and frequent rainfall can lead to waterlogging, which, in turn, can 

cause flooding (Giardino et al., 2018; Klein et al., 2003; Latief et al., 2018; Mukhopadhyay 

et al., 2012b; Murshed et al., 2022; Tariq et al., 2021; Yoon et al., 2016). Often, more severe 

flooding leads to greater damage and losses while disrupting the daily activities of 

affected communities (Allaire, 2018; Bubeck et al., 2017; Hammond et al., 2015; 

Pregnolato et al., 2017). The coastal area of Pasuruan consists of residential settlements 

and productive land that support local livelihoods. The area has a population density of 

approximately 58,462 people/km² and contains around 1,228 hectares of productive 

land, including rice fields, dry fields, and fish ponds. Flood records from 2020 to 2023 

show that flooding has repeatedly affected coastal communities in the area and has 

disrupted the use of productive land (BPS Kota Pasuruan, 2025). Given these conditions, 

understanding the level of flood hazard is important for supporting disaster management 

and mitigation efforts in the Pasuruan coastal area. Table 4 presents the flood hazard 

classification for each coastal zone, Figure 4 shows the R-matrix used in determining the 

hazard categories, and Figure 5 illustrates the spatial distribution of flood hazard levels 

across the study area. 

 

Table 4. Results of the assessment of coastal flood hazard levels in the Pasuruan Coastal 
(Processed by Author, 2023) 

No 
Pasuruan 
coastal area 

Annual 
Rainfall 
(1-3) 

Flood 
Depth 
(1-3) 

Flood 
Frequency 
(1-3) 

Mean 
Score 

Hazard classification 

1 Gadingrejo 3 2 2 2.34 High (red) 

2 Blandongan 3 2 3 2.67 High (red) 

3 Tambaan 3 2 1 2.00 Moderate (Yellow) 
4 Panggungrejo 3 2 1 2.00 Moderate (Yellow) 
5 Ngemplakrejo 3 1 1 1.67 Moderate (Yellow) 

6 Mandaranrejo 3 1 1 1.67 Moderate (Yellow) 

7 Kepel 3 2 2 2.34 High (red) 
Note: Hazard classification is based on the average score of three indicators (annual rainfall, 
flood depth, and flood frequency), with thresholds: Low (≤1.66), Moderate (1.67–2.33), High 
(≥2.34).” 

 
 

Range 
score 

Hazard Classification 

2.34-3.00 X X     X 

1.67-2.33   X X X X  

1.00-1.66        
 Gadingrejo Blandongan Tambaan Panggungrejo Ngemplakrejo Mandaranrejo Kepel 

 Coastal Area of Pasuruan 

Figure 4. R-matrix-based Hazard Level Classification (Processed by Author, 2023) 
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Figure 5. Zoning of Flood-Prone Areas in the Pasuruan Coastal Area (Processed by Author, 

2023) 

 
Based on Table 4, Figure 4, and Figure 5, the coastal areas of Pasuruan have varying 

classifications. Four villages are classified as having a moderate flood hazard level, 

including Tambaan, Panggungrejo, Ngemplakrejo, and Mandanrejo. Meanwhile, three 

villages are classified as having a high flood hazard level: Gadingrejo, Blandongan, and 

Kepel. The hazard level is influenced by parameters such as rainfall, event intensity, and 

inundation depth. The analysis was conducted by classifying these parameters into low, 

medium, and high categories. The high hazard classification in the three villages is largely 

influenced by high rainfall and high intensity of events, with more than seven events in 

one year, accompanied by inundation depths exceeding 60 cm. Furthermore, Pasuruan's 

low topography and elevation, coupled with minimal land cover, contribute to flooding 

during high-rainfall events. This is in line with research by Noverma et al. (2019), which 

states that regional geomorphological and elevation factors can make the Pasuruan 

coastal area vulnerable to flooding. Another study by Rizkiyah et al. (2015) on the causes 

of flooding in Manado City identified high rainfall, high-intensity events, and massive 

land-use conversion as the main factors driving waterlogging-related flooding. Similarly, 

Sulaiman et al. (2020) examined the causes of flooding in Samarinda City, revealing that 

high-intensity rainfall, regional topography, and land degradation due to loss of 

vegetation cover were the main causes. A study on major flooding events in Jakarta 

concluded that high rainfall combined with inadequate drainage systems to manage 

surface runoff led to waterlogging and subsequent flooding. Another study by Clement 

(2012) emphasized that the main cause of flooding was high rainfall intensity combined 

with rivers' inability to channel water, leading to waterlogging. This study also 

highlighted several factors contributing to flooding, including low relief, high 

groundwater levels, urbanization, and human activities. 

 

Local Resilience 

Capacity is the ability of a region and its communities to take mitigation and 

preparedness measures to reduce disaster risks. To measure local capacity, the study 
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examined various factors, including the existence of disaster management regulations 

and institutions, disaster risk assessments and documentation, mitigation programs, and 

disaster education activities (Peraturan Kepala Badan Nasional Penanggulangan Bencana 

No 02 Tahun 2012 tentang Pedoman Umum Pengkajian Risiko Bencana, 2012). 

The study collected information from various stakeholders, including local 

communities, village governments, the National Disaster Management Agency (BNPB), 

and the Indonesian National Armed Forces and National Police (TNI–Polri). The Hyogo 

Framework for Action (HFA) guided the assessment of local capacity. The indicators 

considered were disaster management regulations and institutions, early warning 

systems, disaster risk assessments, disaster education, mitigation, and preparedness. 

Between 2021 and 2023, the TNI and Polri contributed to a wide range of disaster 

management activities along the Pasuruan coast by supporting evacuation efforts, 

distributing logistics, and maintaining security during flood events. Their engagement 

highlights the role of military and paramilitary assets to enhance regional and community 

resilience to non-military threats, such as natural disasters. This participation is in line 

with the implementation of Military Operations Other Than War (MOOTW) as outlined in 

Indonesian Law No. 34/2004 on TNI. Disaster resilience in Pasuruan depends on effective 

collaboration between civilian institutions and security actors, with the armed forces and 

police playing an important role in supporting disaster management efforts (Kırbıyık, 

2004). 

Field observations and community interviews found that all coastal areas of 

Pasuruan, such as Gadingrejo, Blandongan, Tambaan, Panggungrejo, Ngemplakrejo, 

Mandaranrejo, and Kepel, have an emergency response organization for flood 

management. There are disaster response facilities such as emergency tents and rubber 

boats in the area. Floodgates are operational, and early warning systems and evacuation 

routes are in place in some flood-prone areas. Local government agencies have also 

developed disaster preparedness and public outreach programs for communities and 

schools, focusing in particular on flood hazards. This study assessed the level of resilience 

of the Pasuruan coastal area based on the percentage score for each indicator and its 

category (low, moderate, or high). There were five indicators in the assessment, each 

weighted at 20% of the overall resilience score. Table 5 presents the field observation 

results and the corresponding classification of coastal resilience in the Pasuruan area. 

Table 5.  Classification of the Results of the Measurement of Resilience in Coastal Pasuruan 
(Processed by Author, 2023) 

No Indicator of resilience Indicator score 
Weighted 
Contributions 

1 Disaster management agencies (20 %) Legal = 3 (high) 3 x 20 % = 0.6 
2 Preparation of disaster risk assessments 

and documents (20 %) 
Draft= 2 (Moderate) 2 x 20 % = 0.4 

3 Development of a disaster early warning 
system (20%) 

N/A = 1 (low) 1 x 20 % = 0.2 

4 Mitigation/prevention development (20 
%) 

Process = 2 
(Moderate) 

2 x 20 % = 0.4 

5 Disaster education and training (20 %) Regularly = 3 (high) 3 x 20 % =0.6 
Total scores 2.2 (moderate) 
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Notes:  

1.00-1.66 = low resilience 
1.67-2.32 = moderate resilience 
2.33-3.00 = High resilience 

 
 
 
 

 
Based on field data, disaster management regulations, and institutional 

arrangements across the Pasuruan coastal area, the area falls into the high-capacity 

category. The local government has established and implemented disaster-related 

regulations and institutions, including the Regional Disaster Management Agency 

(BPBD), to support disaster risk reduction and emergency response efforts. In contrast, 

the disaster risk assessment and documentation component remains in the moderate 

category because the relevant assessments and supporting documents are still under 

development. Disaster risk assessments play an important role in informing policy 

decisions and guiding disaster management strategies among stakeholders and relevant 

institutions (Akhirianto et al., 2024). 

Pasuruan has established an early warning system; however, its coverage remains 

limited to certain areas. Early warning systems help reduce disaster risks by providing 

advanced information that enables residents to take precautionary actions before a 

hazard occurs. Timely warnings can reduce potential losses, including property damage 

and casualties, while improving community preparedness and response capacity (Atika 

et al., 2024; Diandra Cinta Parameswari, 2024). 

The region has implemented both structural and non-structural mitigation 

measures, although several aspects still require further improvement. Structural 

mitigation efforts include constructing coastal protection infrastructure, such as 

retaining walls, and regularly planting coastal vegetation, including mangroves and 

casuarina trees. At the same time, local authorities have promoted non-structural 

mitigation through disaster education programs, public awareness campaigns, and 

community-based initiatives. These efforts aim to strengthen the region's capacity to 

manage disaster risks, particularly flooding, which occurs frequently in the Pasuruan 

coastal area (Urbanus et al., 2021; Wahid, 2023; Wibowo et al., 2019). 

The Regional Disaster Management Agency (BPBD) has also organized disaster 

education and training activities to improve public understanding of disaster 

characteristics and mitigation measures, particularly those related to personal safety and 

property protection. The programs target both community members and schools located 

in coastal areas. Through these activities, local authorities seek to increase public 

awareness of potential hazards and encourage greater community involvement in 

disaster management. Evaluation results reported by the local government indicate that 

these programs have contributed positively to public awareness of disaster risks and self-

evacuation practices (Azmiyati & Jannah, 2023). 

The overall capacity assessment places the Pasuruan coastal area in the moderate 

category. Although local stakeholders have implemented various initiatives to strengthen 

disaster preparedness and response, several aspects of community capacity remain 

underdeveloped. Strengthening local capacity requires continued efforts such as hazard 
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mapping, risk monitoring, information dissemination, community outreach, disaster 

education and training, and the expansion of early warning systems (Abbas et al., 2015; 

Peraturan Kepala Badan Nasional Penanggulangan Bencana Nomor 02 Tahun 2012 

tentang Pedoman Umum Pengkajian Risiko Bencana, 2012). Increasing public awareness 

of disaster threats and risks also plays an important role in improving preparedness and 

resilience. Heinkel et al. (2022) identified several factors that contribute to stronger 

community capacity, including disaster knowledge, effective communication systems, 

volunteer management, the use of religious and public buildings for emergency response, 

and targeted preparedness measures. 

 

CONCLUSIONS, RECOMMENDATIONS, AND LIMITATIONS 

Flooding remains a significant concern in the coastal area of Pasuruan. The hazard 
assessment identified four coastal areas, namely Gadingrejo, Blondongan, Tambaan, and 
Kepel, as high-hazard areas, while the remaining three zones fall into the moderate-
hazard category. While all study areas received a moderate resilience classification, the 
results suggest that existing preparedness and response capacities may not yet be 
sufficient to address the flood hazards faced by several coastal communities. 

The four high-hazard areas require particular attention because they face greater 
flood exposure than other parts of the coastal area. The limited coverage of existing early 
warning systems and the moderate level of resilience observed in the study suggest the 
need to expand warning coverage, strengthen mitigation measures, and enhance disaster 
education programs. Ongoing collaboration among government agencies, local 
organizations, and community groups is crucial, particularly in regions that experience 
frequent flooding. Given the persistent nature of floods along the Pasuruan coast, efforts 
to improve preparedness should be a continuous priority, rather than just a reactive 
measure taken after flood events strike. 

However, several limitations should be considered when interpreting the results 
from the Pasuruan coastal area. The hazard and resilience assessments were based on 
the spatial, environmental, and social data available during the study period. As 
conditions along the coast continue to change, particularly due to climate variability, 
land-use development, and shifts in community livelihoods, the results may not fully 
reflect future flood risk conditions. In addition, the resilience assessment focused on 
indicators that could be measured within the scope of this study. As a result, some aspects 
of resilience, such as informal community support, psychological readiness, and long-
term recovery capacity, were not examined in detail. The findings also reflect the 
characteristics of the Pasuruan coast and should therefore be interpreted carefully when 
applied to other coastal regions with different environmental and socioeconomic 
settings. Further work in the area could track changes in hazard and resilience over time, 
incorporate additional resilience indicators, and consider climate change projections to 
understand better how flood risk may evolve in the future. 
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