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Abstract - Way Lima District is one of the areas in Pesawaran Regency that regularly experiences flooding every year. This study aims to 
identify the level of flood vulnerability and to map the spatial distribution of areas potentially affected by flooding in Way Lima District. 
The method used in this research is a quantitative approach with a descriptive design. Data were collected through field observations and 
documentation. The data were then analyzed using scoring and overlay techniques based on a Geographic Information System (GIS). 
The results of the study, presented in the form of a map, indicate that flood vulnerability in the area is classified into four categories. Non-
prone areas cover 168.22 hectares (3.09%), less-prone areas 2,874.03 hectares (52.86%), prone areas 2,220.8 hectares (40.85%), and highly 
prone areas 173.95 hectares (3.20%). Spatially, vulnerable areas are generally concentrated in the central to northern parts of Way Lima 
District, particularly in villages located along riverbanks. 
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I.  INTRODUCTION 

Indonesia is among the countries most prone to natural disasters. This is influenced by its geographical location along the 
equator, which results in a tropical climate with high rainfall [1;2]. Disasters occur due to environmental imbalances triggered by 
both natural factors and human activities. In addition, geological, geomorphological, meteorological, and climatological conditions 
that interact with one another further increase the frequency of disasters [3]. Climate change, including unpredictable rainfall 
patterns, extreme temperatures, and erratic weather, also heightens disaster risks in Indonesia. 

According to Law Number 24 of 2007 on Disaster Management, a disaster is defined as an event that threatens human life, 
caused by natural or non natural factors, which can result in losses, disrupt the balance of life, and endanger public safety. Its impacts 
are not limited to physical damage but also affect social and economic conditions. One of the most frequently occurring disasters 
in Indonesia is flooding, which is the overflow of water exceeding the drainage capacity of an area, causing inundation and resulting 
in various losses. 

Data from the National Disaster Management Agency (NDMA) indicate that over the past ten years (2016-2025), there 
have been 7,718 flood events across Indonesia. This high number shows that flooding is one of the most frequent and impactful 
disasters affecting communities. Lampung Province is one of the regions that frequently experiences flooding, with a total of 170 
incidents during the same period. One of the vulnerable areas in the province is Pesawaran Regency, particularly in regions located 
within river basin (watershed) areas. The following is data on flood events in Pesawaran Regency from 2020 to 2024, as shown in 
the table. 
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Table 1. Number of Flood Events in Pesawaran Regency from 2020-2024. 

No District Number of Flood Disaster Incidents in Pesawaran Regency from 2020-2024 
  2020 2021 2022 2023 2024 Number 
1. Punduh Pedada 2  - 2 - - 4 
2. Marga Punduh - 1 1 - 1 3 
3. Padang Cermin 3 1 3 - 2 9 
4. Teluk Pandan 1 2 - - 1 4 
5. Way Ratai 1 1 1 - 1 4 
6. Kedondong - 1 1 - 1 3 
7. Way Khilau 1 1 2 1 - 5  
8. Way Lima 2 2 1 1 1 7 
9. Gedong Tataan 4 3 1 1 2 11 
10. Negeri Katon 3 - - - - 3 
11. Tegineneng - - - - - - 
 Total 17 12 12 3 9 53 

Source: Regional Disaster Management Agency (BPBD) of Pesawaran Regency, 2020-2024 

Table 1 shows the number of flood disaster events in each district of Pesawaran Regency during the period from 2020 to 
2024. These flood events occurred in several districts with varying frequencies each year. Gedong Tataan District recorded the 
highest number of incidents, totaling 11 events, with a peak of four events occurring in 2020. This is followed by Padang Cermin 
District with nine events. Meanwhile, Way Lima District experienced seven flood events over the past five years. Overall, the 
distribution of flood occurrences in Pesawaran Regency during this period indicates an uneven pattern across districts. Areas such 
as Gedong Tataan, Padang Cermin, and Way Lima show higher flood frequencies compared to other regions. 

Way Lima District is one of the areas that experiences flooding every year, reflecting a relatively high level of vulnerability. 
The types of floods occurring in this area include flash floods and overflow floods. Flash floods are events where water flows very 
rapidly, carrying materials such as soil, rocks, and vegetation from upstream to downstream. In contrast, overflow floods occur 
when river water exceeds its capacity due to increased discharge, often caused by reduced water infiltration areas [4]. Prolonged 
and heavy rainfall has caused the Way Padang Ratu River and Way Awi River to overflow, inundating residential areas in Way Lima 
District. 

In addition to natural factors, human activities also contribute to flooding. Land use changes that reduce watershed areas 
and deforestation that increases erosion are among the main causes. This erosion process carries soil into river flows, altering the 
river’s shape and depth [5;6]. As a result, during heavy rainfall, rivers that have experienced sedimentation are unable to 
accommodate the increased water volume, causing overflow into surrounding areas. Furthermore, the lack of flood control 
infrastructure, such as levees, gabions, and retaining walls, increases the risk of floodwaters entering residential areas, especially 
during periods of high rainfall or increased river discharge. Irresponsible practices, such as dumping waste into rivers and 
constructing houses along riverbanks, also contribute significantly to flooding [7]. 

Public awareness of the importance of complying with river buffer zone regulations must be improved [8]. The Secretary 
of the Regional Disaster Management Agency  Pesawaran stated that low compliance with regulations regarding the minimum 
construction distance from riverbanks at least 75 meters has become one of the contributing factors to flooding. Additionally, based 
on the Regulation of the Minister of Public Works and Public Housing No. 28 of 2015 concerning the determination of river and 
lake buffer zones, the minimum distance from a river is 100 meters. Therefore, active community participation in preserving river 
ecosystems, including through river normalization efforts to restore optimal river functions, is essential in reducing the impact of 
flood disasters in surrounding areas. The following is data on flood incidents in Way Lima District, Pesawaran Regency from 2020-
2024, which can be seen in the table.  
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Table 2. Number of Flood Incidents in Way Lima District Pesawaran Regency, Years 2020-2024. 

No Village Number of Flood Disaster Incidents in Way Lima District  
from 2022-2024 

  2020 2021 2022 2023 2024 Jumlah 

1. Padang Manis - - - 1 - 1 
2. Banjar Negeri - - - 1 - 1 
3. Pekondoh Gedung - - - 1 1 2 
4. Pekondoh - - - - - - 
5. Gedung Dalam - - - 1 1 2 
6. Kota Dalam - - - 1 1 2 
7. Tanjung Agung - 1 - 1 1 3 
8. Baturaja 1 1 - 1 1 4 
9. Paguyuban - - - - - - 
10. Way Harong - - - - - - 
11. Cimanuk - - - - - - 
12. Sidodadi - - - - - - 
13. Sindang Garut 1 1 1 1 1 5 
14. Sukamandi - - - - - - 
15. Margodadi - - - - - - 
16. Gunung Rejo - - - - - - 

Total 2 3 1 8 6 20 
Source: Regional Disaster Management Agency (RDMA) of Pesawaran Regency, year 2025. 

Table 2 shows that Way Lima District experienced flood events over a five year period, from 2020 to 2024. Flooding 
occurred most frequently in Sindang Garut Village, with a total of five events. Tanjung Agung and Baturaja Villages each 
experienced three flood events. Meanwhile, Pekondoh Gedung, Gedung Dalam, and Kota Dalam Villages each recorded two flood 
events during this period. According to the Secretary of the Regional Disaster Management Agency of Pesawaran, Way Lima 
District has several watersheds  that flow into the area. The most influential rivers are the Way Padang Ratu River and the Way Awi 
River. 

The most severe flood disaster in Way Lima District occurred on February 21, 2017. The event resulted in one fatality, a 
nine year old boy. In addition, the flood caused damage to infrastructure such as roads and bridges and inundated agricultural land. 
A total of 368 houses were affected, with 10 houses severely damaged or swept away. The flood also resulted in the loss of livestock, 
including 10 goats, three cattle, and one motorcycle. Therefore, well planned and sustainable flood mitigation and risk management 
efforts are necessary to minimize the impacts on communities, the economy, and the environment [9;10]. 

Development planning in vulnerable areas such as Way Lima District is essential for disaster mitigation. The initial step 
that needs to be taken is mapping vulnerable areas based on their level of vulnerability to identify affected regions. This mapping 
serves as the basis for formulating development policies, such as land management, settlement planning, construction of 
embankments, and other mitigation measures [11;12]. Geographic Information Systems (GIS) are technologies used to process and 
present geographic data. GIS can help identify flood vulnerability levels quickly through scoring and overlay methods using several 
parameters, including rainfall, slope, land use, soil type, distance from rivers, and elevation [13;14]. 

II. RESEARCH METHOD 

2.1.  Research Method  

Research methods are scientific ways used to obtain data according to specific purposes and uses. This research uses a 
quantitative method with a descriptive approach. The descriptive quantitative method aims to systematically and objectively 
describe a phenomenon. In this study, the quantitative method is used to identify vulnerable areas in Way Lima District, Pesawaran 
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Regency, through scoring techniques on each parameter. Meanwhile, the descriptive approach is used to explain and present 
information about vulnerable areas in Way Lima District, Pesawaran Regency in 2025. 

2.2. Variables and Operational Definitions of Variables 

1. Research Variables 

Variables are something that becomes the object of research observation, often also referred to as factors that play a role 
in the research or phenomena to be studied. Variables can be interpreted as characteristics of individuals, objects, phenomena, or 
events that can be measured quantitatively or qualitatively [15]. The variable in this study is vulnerable areas that occur in Way 
Lima District, Pesawaran Regency. 

2. Operational Definition of Variables 

The operational definition is a research element that informs how to measure a variable, or in other words, it is a kind of 
guideline on how to measure a variable [16]. In this study, there are five indicators used as references in determining vulnerable 
areas, namely rainfall, slope inclination, soil type, land use, and distance from rivers (river buffer).  

2.3. Data Collection Techniques 

1. Observation 

Observation is an activity that involves systematically recording events, behaviors, objects that are seen, and other 
necessary matters to support the research being conducted [17]. This technique is used to observe and collect important data about 
natural conditions in the observed area and areas frequently affected by floods in Way Lima District. Observation in this study was 
conducted to obtain information regarding the primary data of the research. Primary data was obtained by direct observation in the 
field. 

2. Documentation 

Documentation is a means that assists researchers in collecting data or information by reading letters, announcements, 
meeting summaries, written statements of certain policies, and other written materials [18]. The documentation technique is used 
to obtain secondary research data. This secondary data includes flood data, administrative maps, rainfall data, soil type maps, slope 
gradient data, land use data, as well as data on distances from rivers. 

3. Questionnaire 

A questionnaire is a data collection tool that contains a series of questions or statements given to respondents to obtain 
specific information. It is usually used in research, surveys, evaluations, or decision making [19]. 

2.4. Data Analysis Techniques 

Data analysis techniques are the process of simplifying data into a form that is easier to read and interpret [20]. Data 
analysis is a procedure that includes techniques for analyzing data, interpreting the results of analysis, and is supported by the 
process of data collection to facilitate, improve accuracy, and enhance the precision of the analysis. In this study, the data analysis 
techniques used are scoring and overlay [21]. 

III. RESULTS AND DISCUSSION 

3.1. Research results 

1. Analysis of Flood Risk Levels and Distribution of Vulnerable Areas in Way Lima District  

Based on the scoring and overlay process of all parameters affecting floods, the results of flood vulnerability levels in Way 
Lima District were obtained. Each parameter was given a score according to its level of influence on flood potential, and then 
summed to determine the vulnerability level of each area. Flood vulnerability levels are divided into four categories: non vulnerable, 
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less vulnerable, vulnerable, and highly vulnerable [22]. The following are the results of the flood vulnerability analysis in Way Lima 
District, Pesawaran Regency. 

Table 3. Flood Vulnerability Levels in Way Lima District 

No Flood Vulnerability Levels Area (ha) (%) 
1. Non vulnerable 168.22 ha 3.09% 
2. less vulnerable 2874.03 ha 52.86% 
3. vulnerable 2220.8 ha 40.85% 
4. highly vulnerable 173,95 ha 3.2% 
 Total 5437  100% 

Source: Research results, year 2025 

Table 3 shows that less vulnerable areas dominate with an area of 2,874.03 ha (52.86%), followed by vulnerable areas with 
an area of 2,220.8 ha (40.85%), non vulnerable areas with an area of 168.22 ha (3.09%), and highly vulnerable areas with an area 
of 173.95 ha (3.2%). 

1). Non vulnerable class 

Areas classified as Non vulnerable class to flooding cover an area of approximately 168.22 hectares or 3.09% of the total 
area of Way Lima District. These areas are generally located at an elevation of >200 meters above sea level with slopes ranging 
from steep to very steep (25->45%). The high and sloping topography allows rainwater to quickly flow to lower areas, preventing 
water accumulation. In addition, these areas are dominated by land use in the form of forests and dense vegetation, which have a 
high capacity to absorb water through infiltration. The dominant soil type in this area is Andosol, which has good infiltration 
capacity.  

2). less vulnerable class 

The class less vulnerable to flooding is the class with the largest area, reaching 2,874.03 ha or about 52.86% of the total 
area of Way Lima District. This area is generally located at an elevation of 100 to over 200 meters above sea level with slopes 
ranging from flat to steep, 0 to more than 45%. Land use in this class is dominated by plantations, which have moderate vegetation, 
still allowing rainwater infiltration into the soil. The dominant soil type in this class is latosol, which has moderate infiltration 
capability. These factors make the area relatively safe from waterlogging, although there is still potential for surface runoff during 
heavy rainfall. 

3). vulnerable class 

Vulnerable class areas cover approximately 2,220.8 hectares or 40.85% of the total area of Way Lima District. These areas 
are generally situated at elevations of 50 to 150 meters above sea level, with flat slopes of 0 to 25% and located near rivers less than 
100 meters away. The flat topography and proximity to river bodies increase the likelihood of flooding when river discharge rises 
due to heavy rainfall. Land use in this area is mostly rice fields and settlements, where the rate of water infiltration into the soil is 
relatively low due to impermeable layers and surfaces covered by buildings. The type of soil commonly found in this area is gray 
hydromorphic soil, which has low water absorption during heavy rain.  

4). highly vulnerable class 

The highly vulnerable class category occupies an area of approximately 173.95 ha or 3.2% of the total area of Way Lima 
District. This area is located in a flat zone with an elevation of 50-100 meters above sea level and is very close to the river (0-25 
meters). Most of the area in this class consists of densely populated settlements and rice fields that have very low water absorption 
capacity. When heavy rainfall occurs, water from higher areas flows and accumulates in this region, causing flooding and even river 
overflow. The dominant soil type in this area is gray hydromorphic soil, which has low infiltration, thus exacerbating the flood risk. 
In addition to physical factors, human activities such as development on riverbanks, reduction of natural vegetation, and poor 
drainage systems also increase the likelihood of flooding in this area.  
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Based on the results of the classification, it can be seen that the distribution of vulnerable areas in Way Lima District is 
uneven and influenced by the physical conditions of the region. Areas with flat topography, low elevation, and proximity to river 
flows tend to have a higher level of flood vulnerability. In addition, land use such as settlements and rice fields, which have low 
infiltration capacity, also contributes to the increased potential for waterlogging. Conversely, areas with higher elevation, steep 
slopes, and dominated by vegetation such as forests and plantations tend to have lower flood vulnerability because rainwater can 
more easily seep into the ground or flow to lower areas The following is a map of vulnerable areas in Way Lima District, Pesawaran 
Regency. to see the distribution of vulnerable areas, it can be seen in figure 1. 

 

Figure 1. Map of Vulnerable Areas in Way Lima District  

2. Analysis of Vulnerable Area  

Distribution Based on the vulnerable area map in Way Lima District, which was obtained from the distribution map of 
vulnerable areas resulting from the overlay of six parameters, namely rainfall, slope gradient, soil type, land use, distance from the 
river (river buffer), and elevation (Figure 1), the distribution of vulnerable areas in Way Lima District varies in each village. This 
difference is mainly caused by the physical conditions of the area, such as slope, soil water absorption capacity, land conversion 
into settlements, and the proximity of an area to river channels that can overflow during heavy rain. 

In addition, the distribution pattern of vulnerable areas in Way Lima District also appears to follow the pattern of the rivers 
that pass through the area. Areas located along riverbanks or on land traversed by river flows tend to have a higher flood risk. This 
occurs because when rainfall increases, the rivers water discharge also rises, causing water to overflow and inundate the surrounding 
areas. 

This condition indicates that the floods occurring in Way Lima District generally belong to the type of river overflow 
floods. These floods occur when the rivers capacity is unable to hold the increasing water volume caused by heavy rainfall, resulting 
in water overflowing from the riverbed and flooding the surrounding areas. Therefore, areas located near river flows have a greater 
potential flood risk compared to areas situated farther from the river. 

Based on the results of that analysis, the flood risk area distribution map can provide information about regions that have potential 
flood risks from not at risk to very high risk. This information shows how flood vulnerability conditions are distributed across each 
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part of the Way Lima District, so it can be known which areas have a greater potential for flooding compared to other regions.The 
following is the area distribution of vulnerable areas in Way Lima District. 

Table 4. Area Distribution of Vulnerable Areas in Way Lima District in 2025 

No Village Vulnerable Area Extent 
  Non 

Vulnerable 
(ha) 

 (%) Less  
Vulnerable 

(ha) 

 (%) Vulnerable 
(ha) 

 (%) Higly 
Vulnerable 

(ha)  

 (%) 

1. Padang 
Manis 

  56.46 1.04% 68.78 1.26% 2.76 0.06% 

2. Banjar 
Negeri 

  130.37 2.4% 150.32 2.77% 14.31 0.26% 

3. Pekondoh 
Gedung 

  0.28 0.01% 57.45 1.06% 16.27 0.29% 

4. Pekondoh   0.08 0.00% 91.4 1.68% 5.52 0.1% 
5. Gedung 

Dalam 
  0.03 0,00% 148.09 2.73% 12.88 0.24% 

6. Kota Dalam   146.02 2.68% 71.34 1.32% 1.64 0.03% 
7. Tanjung 

Agung 
135 2.48% 581.53 10.7% 76.47 1.4%    

8. Baturaja   27.87 0.51% 263.89 4.85% 34.24 0.64% 
9. Paguyuban   32.04 0.59% 149.92 2.75% 5.04 0.09% 
10. Way Harong   477.42 8.78% 84.58 1.55%    
11. Cimanuk   74.38 1.37% 139.21 2.56% 22.41 0.41% 
12. Sidodadi   9.57 0.18% 375.69 6.9% 0.74 0.01% 
13. Sindang 

Garut 
  203.54 3.74% 169.6 3.12% 24.86 0.46% 

14. Sukamandi   319.66 5.88% 53.34 0.98%    
15. Margodadi 32.96 0.6% 557.92 10.26% 13.12 0.25%    
16. Gunung 

Rejo 
0.26 0.01% 256.86 4.72% 307.6 5.66% 33.28 0.61% 

 Total 168.22  3.09% 2874.03  52.86% 2220.8  40.84% 173.95  3.20% 

Source: Research results, year 2025 

Table 4 and Figure 1 show that the most dominant vulnerability category is the less vulnerable class, indicated by light 
green on the map. Although the flood potential is not very high, this area is still at risk of being affected in the event of heavy 
rainfall. Next is the vulnerable class marked with yellow on the map. Most of the vulnerable areas have a fairly high potential for 
flooding, especially in areas close to river flows. This is followed by the highly vulnerable classification, marked in red on the map, 
scattered in certain locations that have physical conditions or land use that increase flood potential. Meanwhile, areas in the not 
vulnerable category are much smaller compared to the other categories, indicating that areas truly safe from flood impacts are very 
limited. to see the distribution of flood incident points can be seen in figure 2. 
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Figure 2. Map of the Distribution of Flood Incident Points in Way Lima District 

Figure 2 shows that areas with a low flood risk classification dominate the Way Lima District and are marked with light 
green, followed by vulnerableareas which are marked with yellow. Furthermore, areas with a very high flood risk classification are 
shown in red, while areas that are not prone to flooding have the smallest extent and are marked with dark green. The main factors 
that play a role in determining the level of flood risk include rainfall, elevation, slope, land use, soil type, and proximity to rivers. 
The interaction of these parameters forms different flood risk patterns in each area, ranging from relatively safe zones to areas that 
are highly susceptible to flooding. 

Areas prone to flooding with a classification of not vulnerableare spread across Tanjung Agung Village and Margodadi 
Village, and slightly spread in Gunung Rejo Village. Furthermore, the classification of less vulnerableand vulnerableare spread 
throughout the Way Lima District but dominate in certain areas. Next, the classification of very vulnerableis spread along the river 
course and several tributaries in the Way Lima District. This classification is spread across parts of Gedung Dalom, Baturaja, Banjar 
Negeri, Gunung Rejo, Pekondoh Gedung, Cimanuk, Sindnag Garut villages, and around Padang Manis. 

The flood that occurred in the Way Lima District has impacts on the social and economic conditions of the community, 
particularly in the agricultural and residential sectors. The Way Lima District, which is dominated by rice fields and plantations, 
makes flooding a serious threat to the livelihoods of the people. Water accumulation due to river overflow during heavy rainfall 
causes crop damage and decreases agricultural productivity in several locations. These conditions directly affect farmers incomes 
and household economic resilience. Therefore, floods in the Way Lima District are not only an environmental problem but also a 
social and economic problem for the local community. 

3.2. Discussion 

The analysis of flood vulnerability levels and their spatial distribution in Way Lima District was conducted to identify 
which areas are most at risk of flooding. Each area has different physical conditions, and these factors influence the likelihood of 
flood occurrence. According to the Flood Disaster Risk Assessment (Preparation Technical Module, 2019), vulnerableareas are 
regions that frequently experience or have the potential to experience flooding, based on the frequency of events or physical 
parameters related to the characteristics of floodplain areas within a region. 
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In this study, the physical parameters used include slope gradient, soil type, rainfall, elevation, land use type, and distance 
from rivers. This study is consistent with the research conducted by [23], which also employed six parameters to determine flood 
vulnerability levels and their distribution. Based on that study, vulnerablemapping was carried out using an overlay and scoring 
method on six parameters: slope gradient, land use, rainfall, soil type, elevation, and river buffer. The results indicate that the 
combination of these six parameters is capable of representing flood vulnerability, as each parameter contributes differently to 
increasing or reducing flood risk. 

The physical parameters influencing vulnerableareas include rainfall, which is the amount of water that falls onto the 
ground surface over a certain period, usually measured in millimeters (mm). The magnitude of rainfall indicates how much water 
is received by a particular area. According to [24], rainfall is a major factor causing flood disasters. The higher the rainfall intensity 
in a region, the greater its potential for flooding. In this study, rainfall is considered an important parameter in determining flood 
vulnerability in Way Lima District. 

Based on the analysis of the 2025 rainfall map of Way Lima District, Pesawaran Regency, it is known that the area receives 
annual rainfall ranging from 2000 to 2500 mm per year. This amount is relatively high, meaning the region frequently experiences 
significant rainfall each year. This condition is an important factor influencing the potential occurrence of flooding in the area. 
High rainfall in Way Lima District is one of the main causes of flooding. When heavy rainfall occurs over a prolonged period, the 
soil cannot fully absorb the water. The excess water then flows into rivers, increasing river discharge. If rainfall continues, the 
rivers overflow and inundate surrounding areas. 

In addition to rainfall, slope gradient is also an important factor influencing the rate of surface runoff and land use 
dynamics. On gentle slopes, surface water flows more slowly, which can lead to water accumulation and flooding. Conversely, 
steep slopes allow water to flow more rapidly downhill, reducing the likelihood of ponding or flooding. The slope gradient map of 
Way Lima District was derived from DEM data using slope analysis techniques. Variations in slope gradient are influenced by 
differences in surface topography. Based on the slope map, Way Lima District is divided into five slope classifications and is 
predominantly characterized by the 0-8% class, indicating flat terrain. This largely flat condition has the potential to cause water 
accumulation, thereby increasing the likelihood of flooding. However, slope gradient does not always result in high surface runoff 
if the soil has good absorption capacity, as high infiltration can reduce the volume of surface flow.  

Soils with high absorption capacity are able to channel rainwater into deeper layers, thereby reducing flood risk. 
Conversely, soils with low absorption capacity tend to allow water to remain on the surface, creating ponding that ultimately 
increases the likelihood of flooding [25]. The results of this study show that the dominant soil types in Way Lima District are 
andosol, latosol, and gray hydromorphic soils. Andosol soils are typically grayish brown to black, loose, and rich in organic matter, 
giving them very high water absorption capacity. However, in areas with relatively steep slopes, rainwater is not well absorbed and 
instead flows downward as surface runoff. 

Latosol soils are formed in humid climates with high rainfall. They have a clayey texture and a clumped structure, resulting 
in moderate water absorption capacity. Rainwater can infiltrate, but it requires more time compared to andosol soils. Therefore, 
latosol soils are considered moderately susceptible to flooding, particularly during prolonged heavy rainfall or when drainage 
systems function poorly [26]. Meanwhile, gray hydromorphic soils are typically found in lowland or basin areas that are frequently 
inundated. These soils have thick clay layers that hinder water infiltration, causing the surface to remain wet for extended periods 
[27]. Despite their low infiltration capacity, these soils are considered less sensitive to flooding. In other words, the differences 
among andosol, latosol, and gray hydromorphic soils significantly influence flood vulnerability in Way Lima District, depending 
on each soil’s ability to absorb and retain rainwater. 

Over time, land use often changes or undergoes conversion to meet various needs. According to [28], land use change in a 
region is driven by increasing human activities. Essentially, such changes are influenced by the growing intensity of human 
utilization of land, which encourages land conversion. Although land conversion can provide benefits, it may also have negative 
environmental impacts. If not properly managed, it can reduce the environment’s ability to maintain balance, damage ecosystems, 
and even increase the risk of disasters such as flooding. 
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Land use is one of the key parameters affecting the volume of surface runoff. Intensive land use increases flood risk because 
such areas require greater water supply or already have water sources, resulting in faster runoff and higher water volume [30]. In 
contrast, greener land such as forests has a natural ability to absorb rainwater, thereby slowing surface flow and reducing flood 
risk. Which show that the conversion of non built land into residential areas reduces soil infiltration capacity and increases the 
extent of flood inundation. Conversely, green areas such as forests enhance infiltration, slowing surface runoff and reducing flood 
risk [30]. 

Land use in Way Lima District tends to increase flood potential, as it is dominated by plantations, rice fields, and residential 
areas. Certain types of plantation crops are generally less effective at retaining surface runoff compared to forested areas, thereby 
increasing the likelihood of water flow. Rice fields located in lowland areas are also prone to inundation, especially during periods 
of high rainfall or river overflow. Meanwhile, densely populated residential areas reduce soil infiltration capacity due to surfaces 
being covered by buildings and infrastructure, causing water to flow more rapidly across the surface [31]. The combination of 
these land use conditions makes Way Lima District vulnerable to flooding, particularly in areas near river channels and where 
drainage systems are inadequate. 

In addition to affecting the agricultural sector, flooding in Way Lima District is also influenced by human activities that do 
not comply with spatial planning regulations. The continued presence of settlements built along riverbanks indicates low adherence 
to existing rules. The construction of houses along riverbanks leads to the narrowing of the river channel and a reduction in water 
flow space, so when river discharge increases, water more easily overflows and inundates surrounding areas [32]. This condition 
increases flood vulnerability, especially in areas located near river channels. Flooding issues in Way Lima District are also 
exacerbated by community behavior, particularly the practice of disposing of waste into rivers. Garbage that accumulates in river 
channels and drainage systems obstructs water flow, causing rivers to overflow. This habit shows that behavioral and environmental 
awareness aspects of the community remain a challenge in flood risk reduction efforts. If this situation continues, flooding events 
will become more frequent and their impacts more widespread. 

Flood mitigation efforts in Way Lima District need to be carried out in an integrated manner through both structural and 
non structural approaches. Structural measures can be implemented through the construction and strengthening of river 
infrastructure, such as river normalization, riverbank reinforcement with concrete, and improvement of drainage systems [33]. These 
infrastructures function to increase the rivers capacity to contain and channel water, thereby reducing the risk of overflow during 
periods of high discharge. However, structural measures alone are insufficient without proper environmental management. Non 
structural measures are essential in reducing flood impacts in Way Lima District. Public outreach and education by the Regional 
Disaster Management Agency (RDMA) and local government regarding flood hazards, the importance of maintaining river 
cleanliness, and the prohibition of construction along riverbanks must be conducted continuously. Increasing public awareness is 
expected to change behaviors that have contributed to worsening flood risks. In addition, enforcement of spatial planning regulations 
and supervision of land use around rivers must be strengthened to preserve the natural function of rivers. 

To support these non structural efforts, clear and accurate spatial information is needed to identify the distribution of flood 
vulnerability areas. This information is important for both government and communities to understand the level of flood 
vulnerability in a region and to determine appropriate mitigation measures. Therefore, the development of flood hazard maps plays 
an important role in disaster risk reduction efforts. Flood hazard maps are part of an early warning system for flood hazards and 
risks, as they help predict potential flood events so that their impacts can be minimized. These maps are produced using Geographic 
Information Systems (GIS) with scoring and overlay techniques. This method has advantages in terms of processing speed, ease of 
presentation, and greater effectiveness and efficiency. Thus, the existence of flood vulnerability maps not only helps identify hazard 
zones but also serves as an essential basis for evacuation planning, land use regulation, and mitigation actions to reduce the impact 
of recurring flash floods in Way Lima District. 

IV.  CONCLUSIONS 

Based on the research findings and the discussion presented, it can be concluded that the level of flood vulnerability in 
Way Lima District is classified into four categories: not prone, covering 168.22 hectares (3.09%); slightly prone, covering 2,874.03 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2026 Scholar AI LLC. 
        https://ijpsat.org/                                                            Vol. 57 No. 2 June 2026, pp. 756-768 

 
 
Vol. 57 No. 2 June 2026               ISSN: 2509-0119 766 

hectares (52.86%); prone, covering 2,220.8 hectares (40.85%); and highly prone, covering 173.95 hectares (3.20%). Areas classified 
as not prone are generally located at higher elevations with steep slopes, land use in the form of forests or dense vegetation, and 
soil types with good infiltration capacity, resulting in relatively low inundation potential. 

Slightly prone areas represent transitional zones with moderate elevation and slope, plantation land use, and soil types with 
moderate absorption capacity, meaning they still have flood potential during periods of high rainfall. Areas categorized as prone to 
highly prone to flooding are generally located on flat to gently sloping topography, at low to moderate elevations, and are situated 
close to river channels. The dominance of land use in the form of settlements and rice fields, soil types with low infiltration capacity, 
as well as human activities such as construction along riverbanks and inadequate drainage systems, contribute to higher levels of 
flood vulnerability in these areas. Overall, Way Lima District is dominated by slightly prone and prone categories, indicating that 
most of the area still has the potential for flooding. 

ANKNOWLEGMENT  

Thank you to the Institute for Research and Community Service, University of Lampung, Pesawaran Regency 
Government, and all the stakeholders involved in this research.  

REFERENCES 

[1]. Kurniadi, A., Weller, E., Min, S. K., & Seong, M. G. (2021). Independent ENSO and IOD Impacts on Rainfall Extremes over 
Indonesia. International Journal of Climatology, 41(6), 3640-3656. 

[2]. Dwirahmadi, F. (2026). Disaster Management Strategies in Response to Climate Change: A Focus on Climate-Vulnerable 
Coastal Areas in Indonesia. In Climate Change, Labour and Migration in Indonesia: Impacts on Women and Children (pp. 149-
170). Cham: Springer Nature Switzerland. 

[3]. Tsatsaris, A., Kalogeropoulos, K., Stathopoulos, N., Louka, P., Tsanakas, K., Tsesmelis, D. E., ... & Chalkias, C. (2021). 
Geoinformation technologies in support of environmental hazards monitoring under climate change: An extensive review. 
ISPRS International Journal of Geo-Information, 10(2), 94. 

[4]. Javadinejad, S. (2022). Causes and consequences of floods: flash floods, urban floods, river floods and coastal floods. Resources 
Environment and Information Engineering, 4(1), 173-183. 

[5]. Tola, S. Y., & Shetty, A. (2021). Land cover change and its implication to hydrological regimes and soil erosion in Awash River 
basin, Ethiopia: a systematic review. Environmental Monitoring and Assessment, 193(12), 836. 

[6]. Das, P., Kumar, A., Gautam, V. K., & Agrawal, A. (2025). Impact of Land Use and Land Cover Changes on Soil Erosion. In 
Erosion Measurement, Modeling, and Management (pp. 1-33). Apple Academic Press. 

[7]. Hosseinipoor, M., Mollaei Rudsary, A., Danesh-Yazdi, M., Kazempour, Z., & Yeganeh, Y. (2025). Why structural solutions for 
flood control should be adapted to climate change?. Natural Hazards, 121(4), 4657-4682. 

[8]. Biliyitorb Liwur, S., Takyi, S. A., Amponsah, O., & Kwesi Quagraine, V. (2024). Spatio-temporal analysis and level of awareness 
of Ghana’s buffer regulations on ecologically sensitive areas: lessons from the Kumasi Metropolis. African Geographical 
Review, 43(6), 791-812. 

[9]. Khan, I., Lei, H., Shah, A. A., Khan, I., & Muhammad, I. (2021). Climate change impact assessment, flood management, and 
mitigation strategies in Pakistan for sustainable future. Environmental Science and Pollution Research, 28(23), 29720-29731. 

[10]. Alshaikh, R. Z., Abdulmunem, S. A., & Alkinani, A. S. (2023). A review on urban planning and its role in managing flood 
risks. Urban Planning and Construction, 1(1), 1-8. 

[11]. Delladetsimas, P. M., & Katsigianni, X. (2023). Land policy in resilience building: The case of the Evros River Basin in 
Northern Greece. Canadian Journal of Regional Science, 46(2), 52-61. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2026 Scholar AI LLC. 
        https://ijpsat.org/                                                            Vol. 57 No. 2 June 2026, pp. 756-768 

 
 
Vol. 57 No. 2 June 2026               ISSN: 2509-0119 767 

[12]. Safabakhshpachehkenari, M., & Tonooka, H. (2024). Modeling land use transformations and flood hazard on Ibaraki’s 
coastal in 2030: A scenario-based approach amid population fluctuations. Remote Sensing, 16(5), 898. 

[13]. Vignesh, K. S., Anandakumar, I., Ranjan, R., & Borah, D. (2021). Flood vulnerability assessment using an integrated 
approach of multi criteria decision making model and geospatial techniques. Modeling Earth Systems and Environment, 7(2), 
767-781. 

[14]. Gahalod, N. S. S., Rajeev, K., Pant, P. K., Binjola, S., Yadav, R. L., & Meena, R. L. (2024). Spatial assessment of flood 
vulnerability and waterlogging extent in agricultural lands using RS-GIS and AHP technique—a case study of Patan district 
Gujarat, India. Environmental Monitoring and Assessment, 196(4), 338. 

[15]. Putri, N. A. A. (2025). The Conceptual of Theoretical and Operational Definitions of Variables. Quantitative Research in 
English Language Teaching: Concepts and Applications, 74. 

[16]. Andrade, C. (2021). A Student’s Guide to the Classification and Operationalization of Variables in the Conceptualization 
and Design of a Clinical Study: Part 1. Indian Journal of Psychological Medicine, 43(2), 177-179. 

[17]. Kumar, A., & Sharma, A. (2023). Observation method: A review study. Library Philosophy and Practice (e-journal), 7820, 
1-14. 

[18]. Alam, M. K. (2021). A systematic qualitative case study: questions, data collection, NVivo analysis and saturation. 
Qualitative research in organizations and management: an international journal, 16(1), 1-31. 

[19]. Cohen, J., & Chambaere, K. (2025). Survey research: design, methods of data collection, questionnaire design, and 
conduct. In Research Methods in Palliative, Supportive, and End-of-Life Care (pp. 54-81). Oxford University PressOxford. 

[20]. Terrell, S. R. (2021). Statistics translated: A step-by-step guide to analyzing and interpreting data. Guilford Publications. 

[21]. Wiraatmaja, M. F., Kusumaningrum, L., Herdiansyah, G., Mujiyo, M., Anggita, A., Romadhon, M. R., & Irmawati, V. 
(2024, March). Flood vulnerability assessment trough overlay-scoring data method based on Geographical Information System 
(GIS) in Giriwoyo, Wonogiri, Indonesia. In IOP Conference Series: Earth and Environmental Science (Vol. 1314, No. 1, p. 
012109). IOP Publishing. 

[22]. Suni, M. A., Rahmawati, A., Muis, H., Maarif, F., & Baharuddin, R. F. (2024). Flood vulnerability analysis using 
geographic information system in the core zone of the Lore Lindu biosphere reserve, Indonesia. Journal of Degraded and Mining 
Lands Management, 12(1), 6887-6897. 

[23]. Ajtai, I., Ștefănie, H., Maloș, C., Botezan, C., Radovici, A., Bizău-Cârstea, M., & Baciu, C. (2023). Mapping social 
vulnerability to floods. A comprehensive framework using a vulnerability index approach and PCA analysis. Ecological 
Indicators, 154, 110838. 

[24]. Dos Santos Alvalá, R. C., Ribeiro, D. F., Marengo, J. A., Seluchi, M. E., Gonçalves, D. A., da Silva, L. A., ... & Saito, S. 
M. (2024). Analysis of the hydrological disaster occurred in the state of Rio Grande do Sul, Brazil in September 2023: 
Vulnerabilities and risk management capabilities. International Journal of Disaster Risk Reduction, 110, 104645. 

[25]. Naharuddin, N., Massiri, S. D., Pribadi, H., Maiwa, A., & Ihsan, M. (2024). Evaluation of rainwater harvesting and biopore 
infiltration holes for flood mitigation and soil conservation. Journal of Civil and Hydraulic Engineering, 2(3), 142-151. 

[26]. Safriani, M., Silvia, C. S., Salena, I. Y., Amin, M. A. R., & Hardiansyah, B. D. (2025, April). The Mapping of Flood-Prone 
Areas in Meureubo Sub-District, West Aceh Regency, Aceh Province, Using Geographic Information Systems (GIS). In IOP 
Conference Series: Earth and Environmental Science (Vol. 1479, No. 1, p. 012017). IOP Publishing. 

[27]. Fenguia, S. N. D., Nkouathio, D. G., Nguemezi, C., & Kopa, A. N. (2022). Influence of the physico-chemical properties 
of soils on floods recurrence: case of the Mbo plain (West Cameroon). Arabian Journal of Geosciences, 15(18), 1505. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2026 Scholar AI LLC. 
        https://ijpsat.org/                                                            Vol. 57 No. 2 June 2026, pp. 756-768 

 
 
Vol. 57 No. 2 June 2026               ISSN: 2509-0119 768 

[28]. Miswar, D., Suyatna, A., Zakaria, W. A., Wahono, E. P., Salsabilla, A., Mubarak, R. A., & Saleh, Y. (2023). Land cover 
changes in Bandar Lampung City, Indonesia 2016-2021. Geografia, 19(4), 30-43. 

[29]. Kurniawan, T. A., Meidiana, C., Goh, H. H., Zhang, D., Jiang, M., Othman, M. H. D., ... & Goh, K. C. (2024). Social 
dimensions of climate‐induced flooding in Jakarta (Indonesia): The role of non‐point source pollution. Water Environment 
Research, 96(9), e11129. 

[30]. Tang, J., Liu, D., Shang, C., & Niu, J. (2024). Impacts of land use change on surface infiltration capacity and urban flood 
risk in a representative karst mountain city over the last two decades. Journal of Cleaner Production, 454, 142196. 

[31]. Rosenberger, L., Leandro, J., Pauleit, S., & Erlwein, S. (2021). Sustainable stormwater management under the impact of 
climate change and urban densification. Journal of Hydrology, 596, 126137. 

[32]. [Ahmad, D., Afzal, M., & Ishaq, M. (2024). Impacts of riverbank erosion and flooding on communities along the Indus 
River, Pakistan. Natural Hazards, 120(1), 131-152. 

[33]. Lousada, S., Gómez, J. M. N., Vilčekova, S., & Delehan, S. (2025). Integrating resilient water infrastructure and 
environmental impact assessment in borderland river basins. Water, 17(8), 1205. 

 


