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Abstract 
 

Modeling of flood-prone areas is needed to provide information as an initial 

step in future flood disaster mitigation efforts. This research aims to spatially 

analyze the level of flood vulnerability and affected settlements in the Hunimual 

Sub-district. The method used is Multi-Criteria Analysis (MCA) by weighting 

the value of each variable. The variables that influence flooding in this study 

consist of land elevation, slope, land cover, distance from the river, geology, 

and rainfall. The determination of weights and scores in this study is an expert 

judgment. The weighting results are then overlaid to obtain a flood vulnerability 

map. The results show that the level of flood vulnerability is dominated by the 

very low vulnerability level of 69.09%, low vulnerability of 22.50%, and high 

vulnerability of 8.41% of the total area of the research location. The area of 

settlements affected by flooding is 556.47 ha. The results of this study are 

expected to be used as a basis for future flood disaster mitigation efforts to 

minimize losses, both casualties and physical damage in Hunimual District. 
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Abstrak 
 
Pemodelan daerah rawan banjir diperlukan untuk memberikan informasi 

sebagai langkah awal dalam upaya mitigasi bencana banjir di masa yang akan 

datang. Penelitian ini bertujuan untuk menganalisis secara spasial tingkat 

kerentanan banjir dan permukiman yang terdampak di Kecamatan Hunimual. 

Metode yang digunakan adalah Multi-Criteria Analysis (MCA) dengan 

melakukan pembobotan terhadap nilai pada setiap variabel. Variabel yang 

mempengaruhi terjadinya banjir dalam penelitian ini terdiri dari ketinggian 

lahan, kemiringan lereng, tutupan lahan, jarak dari sungai, geologi dan curah 

hujan. Penentuan bobot dan skor pada penelitian ini bersifat expertise 

judgement. Hasil pembobotan kemudian ditumpangsusunkan untuk 

mendapatkan peta kerentanan banjir. Hasil penelitian menunjukkan bahwa 

tingkat kerentanan banjir didominasi oleh tingkat kerentanan sangat rendah 

sebesar 69,09%, kerentanan rendah sebesar 22,50% dan kerentanan tinggi 

sebesar 8,41% dari total luas wilayah lokasi penelitian. Luas permukiman yang 

terdampak banjir adalah 556,47 ha. Hasil penelitian ini diharapkan dapat 

digunakan sebagai dasar dalam upaya mitigasi bencana banjir di masa yang 

akan datang untuk meminimalisir kerugian, baik korban jiwa maupun 

kerusakan fisik di Distrik Hunimual. 
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INTRODUCTION 
Climate change has increased the 

frequency of hydrometeorological disasters in 

Indonesia, one of which is flooding (Klipper et 

al., 2021). Floods are water runoff that exceeds 

the normal water level, so that it overflows from 

the riverbed causing inundation of low land on 

the side of the river (Cabrera & Lee 2020). 

Flooding is simply defined as the event or state 

of inundation of an area or land due to increased 

water volume in the rainy season (Muin & 

Rakuasa, 2023). In general, floods that occur in 

Indonesia are caused by high rainfall causing 

water drainage systems including rivers, natural 

tributaries and artificial channel systems to be 

unable to accommodate the accumulation of 

rainwater that comes so that it overflows and 

causes flooding (Tambunan et al., 2017; 

Sugandhi & Rakuasa, 2023). 

The causes of flooding generally consist 

of two, the first is caused by nature itself which 

consists of erosion, sedimentation, and the 

influence of river physiography/geophysics, and 

the second is caused by humans, namely 

inadequate river/drainage capacity and also land 

use change/inappropriate land use change in 

riverbank areas that greatly contribute to surface 

flow (Tambunan 2018; Rakuasa et al., 2022). 

Floods can cause significant losses, such as 

infrastructure damage, economic losses, and 

even loss of human life (Piadeh et al., 2022). 

Therefore, mapping and identification of flood-

prone areas is very important in disaster 

mitigation and management efforts (Rakuasa & 

Latue, 2023). Huamual sub-district, located in 

Seram Bagian Barat Regency, Indonesia, is one 

of the areas prone to flooding. The area is 

located on Seram Island, which has 

geographical characteristics that are prone to 

natural phenomena such as flooding. Factors 

such as high rainfall, flat or gently sloping 

topography, and poor drainage patterns, 

contribute to the risk of flooding in this sub-

district (Muin & Rakuasa, 2023). 

Huamual District is located in Seram 

Bagian Barat Regency which has an annual 

flood cycle caused by high rain intensity and 

poor river conditions and is not balanced with 

good water absorption so water overflows 

causing flood disasters (Idfi et al., 2023). When 

the rainy season occurs, the Huamual Sub-

district becomes an area that often causes flood 

disasters, this is certainly greatly influenced by 

hydrometeorological factors and the physical 

condition of the existing area. Heavy rainfall in 

the last three months has caused flooding in 

several villages in Huamual Sub-district. In May, 

five houses in Laala Sub-Village, Loki Village, 

Huamual Sub-District, West Seram Regency, 

Maluku were washed away by floods and 

around 200 families had to evacuate after 

hundreds of houses were reportedly submerged 

in floods as high as one meter. In May, floods 

caused by heavy rains also hit Temi and 

Limboro Hamlets, Luhu Village, and Huamual 

Sub-district, causing damage to buildings such 

as houses, kindergartens, and bridges that were 

damaged and around 120 families had to 

evacuate to safe places (BNPB, 2023). 

Floods that often occur in Huamual 

District can cause damage to buildings and 

environmental damage. Flood damage and its 

impacts are very detrimental to the community, 

thus flood disaster mitigation efforts are needed 

to minimize the impact that occurs (Monger et 

al., 2022). Densely populated areas are more 

likely to experience flooding, and the impact 

will be greater than in other areas (Bajracharya 

et al., 2021; Rakuasa et al., 2022). To mitigate 

flood risks and reduce their impacts, it is 

important to have a good understanding of the 

areas that are vulnerable to flooding (Rokaya et 

al. 2022; Muin & Rakuasa, 2023). One approach 

used to conduct this mapping and analysis is 

spatial modeling. Spatial models utilize 

geographic mapping and spatial analysis 

technologies to identify and visualize areas that 

are potentially subject to flooding (Latue et al., 

2023).  

The research aims to provide more 

detailed information on flood-prone areas in the 

Hunimual sub-district. The information 

provided by the model will assist the 

government and relevant stakeholders in making 

better decisions in terms of spatial planning, 

disaster risk mitigation, and emergency 

management. The development of the model 

involved the collection of spatial data, such as 

rainfall data, surface elevation, soil type, and 

drainage patterns (Idfi et al., 2023). This data 

was then integrated and analyzed using spatial 

modeling and geographic mapping techniques. 

The results of this modeling are expected to 

enable the government and related parties to 

identify areas most vulnerable to flooding in 

Huamual Sub-district. This information can be 

used to direct mitigation efforts, including better 

drainage planning, maintenance of waterways, 
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infrastructure improvements, and public 

awareness of flood risks. Thus, it is expected to 

reduce losses caused by flooding and increase 

preparedness in the face of flood disasters in 

Huamual Sub-district, Seram Bagian Barat 

Regency. 

 

METHOD  
This research was conducted in Huamual 

District, Seram Bagian Barat Regency which is 

geographically located at 3°28'20'' - 3°5'0'' 

South latitude and 128°11'40'' - 128°16'40 East 

longitude. Huamual District administratively 

consists of Ariate, Iha, Lokki, and Luhu villages 

with an area of 39,533, 22 ha. The software used 

for data processing and analysis in this research 

is Microsoft Office 365 and ArcGIS 10.8. The 

variables that affect the occurrence of flooding 

in this study consist of land elevation, slope, 

land cover, distance from the river, geology, and 

rainfall, the complete research variables, data 

used, and their sources can be seen in Table 1. 

 

Table 1. Research Data 

No Variables Data Source 

1 
Village Administration 

Boundary 

Administrative Boundaries of Indonesian 

Villages 

Geospatial Information 

Agency 

2 Slope 

National Digital Elevation Model (DEMNAS) 

Seram Island sheets 2612_42, 2612_44, 

2612_51, 2612_53  

Spatial resolution: 0.27-arcsecond or 8 meters 

Geospatial Information 

Agency 

3 Land Elevation 

National Digital Elevation Model (DEMNAS) 

Seram Island sheets 2612_42, 2612_44, 

2612_51, 2612_53 

Spatial resolution: 0.27-arcsecond or 8 meters 

Geospatial Information 

Agency 

4 Land Cover 
Worldview -2 satellite image of 2023, with a 

spatial resolution of 50 cm. 
Maxar Technologies 

5 Jarak dari Sungai 
Topographical map, Indonesia (RBI) of West 

Seram Regency, Scale: 1: 50.000 

Geospatial Information 

Agency 

6 Geology 
Geologic Map System, Indonesia  

Sheet:  Ambon 2612-2613 Scale: 1.250.000 

Indonesian Geological 

Agency 

7 Rainfall Monthly Rainfall Data 
Meteorology Climatology 

and Geophysics Agency 

 

Based on the data obtained, is then 

processed into variables that affect the level of 

flood hazard and the level of exposure to 

residential areas in Teluk Ambon Baguala Sub-

district which are referred to from previous 

studies (Haryani et al., 2012; Kusumo & Nursari, 

2016; Aziza et al., 2021; Rakuasa et al., 2023). 

These variables were then subjected to 

spatial analysis using weighting and scoring 

methods that refer to previous studies. The 

method used is Multi-Criteria Analysis (MCA) 

by weighting the values in each variable. The 

determination of weights and scores in this 

research is expertise judgment, which takes the 

opinion of experts or previous research. The 

research variables consist of land elevation, 

slope, distance from the river, geology, land 

cover, and rainfall. The greater the score on each 

variable means the greater the level of influence 

on flooding in the Hunimual District area. 

Details of the scores and weights in this study 

can be seen in Table 2. 

Source: (Lianxiao & Morimoto 2019; 

Rakuasa et al., 2023). The weighting of flood 

vulnerability in Huamual Sub-district is 

calculated using an arithmetic formula modified 

from the research of (Aziza et al., 2021; Rakuasa 

et al., 2022)  as follows: 
 

𝐹𝑙𝑜𝑜𝑑 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  10 ×  𝑆𝑙𝑜𝑝𝑒 +  20 ×

𝑙𝑎𝑛𝑑 𝑐𝑜𝑣𝑒𝑟 +  20 ×  𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 +  10 ×

𝐺𝑒𝑜𝑙𝑜𝑔𝑦 +  20 ×  𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 +  20 ×

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑅𝑖𝑣𝑒𝑟          (1)                    

 

The interval of flood vulnerability level in 

Teluk Ambon Baguala Sub-district is classified 

using the formula from Aziza et al. (2021) as 

follows: 

𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙: 
𝑎

𝑏
 (2) 

where 𝑎 : range or the difference between the 

highest data value minus the lowest data, and 𝑏: 

number of class interval.                                                                                               
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Table 2. Flood vulnerability variables 
No Variables Class Score Weight 

1 Slope 

0- 8 % 5 

10 

8-15 % 4 

15-25 % 3 

25-40 % 2 

>40 % 1 

2 Elevation 

0-20 masl 5 

20 

21-50 masl 4 

51-100 masl 3 

101-300 masl 2 

>300 masl 1 

3 Land Cover 

Built-up Land 3 

20 

Open field 4 

Agricultural land 2 

Forest 1 

Waterbody 5 

4 Distance from the River 

0 -25 m 5 

20 

25-50 m 4 

50-75 m 3 

75-100 m 2 

>100 m 1 

5 Geology 

Alluvium 5 

10 

Coral Limestone 4 

Ultramafic Rocks 3 

Taumusa Complex 2 

Ambon Volcano Rocks 1 

6 Rainfall >3000mm/month 5 20 

The level of flood vulnerability in the 

Huamual Sub-district is classified into 3 classes 

consisting of low, medium, and high. The 

existing flood-prone area map was then overlaid 

with built-up land/settlement data obtained from 

land cover data to determine the distribution of 

built-up land/settlement in the three flood-prone 

classes. 

 

RESULT AND DISCUSSION 
Flood Vulnerability Variables 

Flood vulnerability variables refer to 

factors that are used to measure or determine the 

extent to which an area or population is 

vulnerable to flooding (Lianxiao & Morimoto 

2019; Rakuasa et al., 2023). In this context, 

flood vulnerability variables refer to aspects that 

can increase the potential for damage or 

negative impacts caused by flooding. One of the 

variables that affect flooding in the Hunimual 

Sub-district is land elevation.  Land height or 

elevation in Hunimual Sub-district at an altitude 

of 100-300 meters above sea level has the largest 

area, namely 19,697.55 ha or 58%, elevation > 

300 masl has an area of 7,198.93 or 21.50%, 

elevation 51 - 100 masl has an area of 2,635.06 

ha or 7.87%, elevation 21 - 50 masl has an area 

of 1,862.43 ha or 5.56% and elevation with an 

altitude of 0 - 20 masl has an area of 2,093.36 or 

6.25%. Low elevation greatly affects flood 

overflow in an area. The low elevation of an area 

can affect water flow and drainage capacity, 

which in turn contributes to flood risk. The 

complete six variables that cause flooding in the 

Hunimual Sub-district can be seen in Figure 1. 

The variable slope of the Hunimual sub-

district is classified into five classes, namely 

slopes with a slope of 0-8% covering 3,046.05 

ha or 9.10%, slopes of 8-15% covering 1,602.53 

ha or 4.79%, slopes of 15-25% covering 

3,484.29 ha or 10.40%, and slopes of >40% 

covering 13,089.07 ha or 39.09%. Areas with 

steep slopes tend to have faster water flow 

during heavy rains (Abass et al., 2022). 

Rainwater flows directly from slopes to 

lowlands or rivers, increasing the risk of 

flooding as natural drainage capacity may not be 

able to accommodate high water flows 

(Sugandhi et al., 2023) The variable distance 

from the river is classified into five classes, 

namely areas that are 0-25 m from the river have 

an area of 1,362, 49 ha or 4.07%, areas that are 
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21-50 m from the river have an area of 1,378, 06 

ha or 4. 12 %, the area within 51 - 75 m from the 

river has an area of 2,776.88 ha or 8.29 %, the 

area within 76 - 100 m from the river has an area 

of 10,441, 72 ha or 31.18 % and the area >100 

m from the river has an area of 17,527.41 ha or 

52.34 %. Areas close to rivers are the most 

potential areas for flooding (Motta et al., 2021; 

Latue & Rakuasa, 2023). One of the factors that 

cause flooding in Huamual Sub-district is 

frequent flooding, namely high rainfall which 

causes the existing watershed to forget, and 

based on field observations it is known that 

many settlements located close to the river are 

flooded. 

 

 

Figure 1. Research Variables: (a) Elevation, (b) Slope, (c) Distance from River, (d) Land Cover, (e) 
Rainfall, and (f) Geology.

Land cover in Hunimual Sub-district is 

classified into five classes consisting of forests 

covering 14,016.42 ha or 35.45%, agricultural 

land covering 24,342.81 ha or 61.58%, built-up 

land covering 656.98 ha or 1.66%, open land 

covering 369.49 ha or 0.93% and water bodies 

covering 147.51 ha or 0.37%. Land cover has a 

significant relationship with flooding (Letedara 

et al., 2023). Changes in land cover can affect 

the hydrological cycle of an area and cause 

changes in water flow, water absorption, and the 

ability of the soil to hold water (Gibson & 

Shelley, 2020). 
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The rainfall map of the Hunimual Sub-

district is made based on average rainfall data 

and Isohyet maps from BMKG Kairatu Station, 

the results show that the rainfall of the Hunimual 

Sub-district is evenly distributed. The average 

rainfall in Hunimual Sub-district in 2023 is 3018 

mm/month, causing this area to fall into the 

category of very prone to flooding. Rainfall is 

one of the main factors that have a major 

influence on the occurrence of flooding in an 

area (Rakuasa & Rinaldi, 2023). The amount 

and intensity of rainfall can affect the volume 

and speed of water flow, drainage capacity, and 

groundwater storage (Marasabessy et al., 2020). 

Based on the Geological Map of 

Indonesia, sheet: Ambon 2612-2613, the 

geology of Hunimual Sub-district consists of 

Ultramafic Rocks with an area of 3,061.25 ha or 

9.14%, Taunusa Complex covering 23,882.26 

ha or 71.32%, Coral Limestone covering 

1,396.75 ha or 4.17%, Alluvium covering 

2,786.51 ha or 8.32% and Ambon Volcano 

Rocks covering 2,360.58 ha or 7.05%.  
 

Flood Vulnerability Level 
Flood vulnerability is defined as a 

measure or indicator of how vulnerable an area 

is to flood. It reflects the potential for the area to 

experience flooding, how often flooding occurs, 

and the level of impact on people, animals, the 

environment, and property. The six parameters 

are then overlaid to classify the total score with 

a formula to divide into three flood vulnerability 

classes, namely high vulnerability class, 

medium vulnerability class, and high 

vulnerability class.  Based on the results of the 

classification of flood disaster vulnerability 

areas in Hunimual Sub-district, the area in the 

low vulnerability class has an area of 23,137.38 

ha or 69.09%, this is because this area has a hilly 

topography, Ambon volcanic rocks, and 

dominating land cover, namely agricultural and 

forest areas, and a long distance from the river 

makes flood runoff difficult to inundate this 

area. The spatial map of flood disaster 

vulnerability in Huamual Sub-district can be 

seen in Figure 2. 

 

 
Figure 2. Flood vulnerability map 
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Table 3. Per-Village Flood Vulnerability Level 

Village Vulnerability Level 
Area 

Ha Percentage (%) 

Ariata 

Low 3.437,65 61,16 

Medium 1.709,29 30,41 

High 474,01 8.43 

Total area 5.620,95 100,00 

Iha 

Low 798,98 43,37 

Medium 874,20 47,46 

High 1.68,89 9,17 

Total area 1842.08 100,00 

Lokki 

Low 8.400,47 75,68 

Medium 1.573,78 14,18 

High 1.125,27 10,14 

Total area 11.099.52 100,00 

Lohu 

Low 10.500,28 70,35 

Medium 3.375,81 22,62 

High 1.048,70 7,03 

Total area 14.924,79 100,00 

The medium vulnerability class has an 

area of 7,533.08 ha or 22.50%. This is because 

this area is located in the lowlands and the 

dominating land cover is open land and 

settlements, the slope and height of the land are 

flat and gentle, and the geological structure is 

ambon volcanic rock and taumusa complex rock 

with slow infiltration making this area flooded 

for a long time. The area with high vulnerability 

is 2,816.88 ha or 8.41%. Most of these areas are 

located in coastal areas that have sloping and flat 

landforms and elevations and are very close to 

watersheds. The type of land cover in this area is 

also dominated by residential land and open 

land, and the type of rock is dominated by 

alluvium and coral limestone, which influence 

flood conditions in this area.  

Based on Table 3, the level of flood 

vulnerability in Hunimual Sub-district, Lokki 

village has the largest area at the high 

vulnerability level, which is 1,125.27 ha, 

followed by Lohu village with an area of 

1,048.70 ha, Iha village with an area of 1,68.89 

ha and Ariata village with an area of 474.01 ha. 

At the moderate level of vulnerability, Lohu 

village has the largest area of 3,375.81 ha, 

followed by Ariata village with an area of 

1,709.29 ha, Lokki village with an area of 

1,573.78 ha, and Iha village with an area of 

874.20. At the low-moderate flood vulnerability 

level, Lohu village has the largest area of 

10,500.28 ha, followed by Lokki village of 

8,400.47 ha, Ariata village of 3,437.65 ha, and 

Iha village of 798.98 ha. Based on data obtained 

from BNPB, Lokki Village and Lohu Village are 

the two villages in the Hunimual Sub-district that 

have had a very high percentage of flooding in 

the last five years. 

Based on data from the National 

Management Agency, Hunimual Sub-district is 

at a high flood hazard intensity, therefore flood 

disaster mitigation must be carried out to 

anticipate the impacts and losses caused, both 

material losses and casualties (BNPB, 2021). 

One form of anticipation is to predict how much 

built-up land/settlements are located in flood-

prone areas. The results of the analysis show that 

settlements affected by the high flood class have 

the highest percentage of the area of 4,65.43 ha 

or 83.64%, a medium class of 80.96 ha or 

14.55%, and low-affected settlements of 10.08 

ha or 1.81%. 

Spatial modeling of flood-prone areas in 

the Hunimual Sub-district has various benefits 

that are important for flood disaster management 

and overall regional development. Some of the 

benefits of spatial modeling of flood-prone areas 

include: 

a) Identification and understanding of flood-

prone areas: Spatial modeling enabled the 

identification and mapping of areas 

vulnerable to flooding (Islam et al., 2016). 

This helps the government and stakeholders 

to better understand the affected areas and 

the level of flood risk in each part of the 

Hunimual sub-district. 

b) Disaster planning and mitigation: 

Information from spatial modeling enables 
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the creation of more effective flood 

mitigation and prevention plans (Yodsuban 

& Nuntaboot, 2021). The government and 

relevant agencies can use this data to 

prioritize actions, such as the construction of 

better drainage systems, levees, or 

appropriate spatial arrangements. 

c) Evaluation of flood infrastructure and 

resilience: Spatial modeling can assist in 

assessing the performance of existing flood 

control infrastructure and facilities (Chen et 

al., 2021). This allows for a better 

understanding of whether existing 

infrastructure is adequate or needs to be 

upgraded to deal with future floods. 

d) Evidence-based decision-making: By having 

accurate spatial modeling, disaster 

management, and regional development 

decisions can be made based on scientific 

data and evidence, making them more 

scalable and based on careful analysis 

(Ponting et al., 2021). 

e) Outreach and education: Information from 

spatial modeling can be used to provide 

flood information to the public, build 

awareness about risks, and educate them on 

actions to take in the face of flooding (Waqas 

et al., 2021). 

f) Flood loss reduction: With proper spatial 

modeling, potential losses due to flooding 

can be minimized. By knowing the flood-

prone areas, people can avoid building 

infrastructure or property in these areas, 

thereby reducing financial and human losses 

(Taufik et al., 2022). 

 

To take advantage of the benefits of spatial 

modeling of flood-prone areas, it is important to 

have accurate and up-to-date data and involve 

various parties such as the government, research 

institutions, and local communities in the 

analysis and decision-making process. 

 

CONCLUSION 
Based on the results of the research of 

flood-prone areas in Hunimual Sub-district using 

the six parameters modified from previous 

researchers, it shows that areas with high 

vulnerability are areas located on flat and gentle 

elevations and slopes, land elevations >20 

meters above sea level, proximity to rivers, 

dominated by alluvium and coral limestone, and 

high rainfall intensity.  Lokki village has the 

largest area at the high vulnerability level and 

settlements affected by the high flood class have 

the highest percentage of area at 83.64%. Areas 

with a high level of vulnerability and settlements 

that are predicted to be affected are evenly 

distributed in coastal areas with flat and sloping 

topography, on the other hand, with medium and 

low levels of vulnerability where farther from the 

river and on a hilly topography it is very unlikely 

to be flooded. The results of the research are 

expected to help the government of Seram 

Bagian Barat Regency and related agencies, 

especially the Hunimual Sub-district 

government in flood disaster mitigation efforts in 

the future and disaster mitigation-based spatial 

planning efforts. The results of this research are 

expected to be useful and become a reference for 

researchers who conduct similar research in the 

future and are expected to add other parameters 

to analyze more flood-prone areas in the future. 
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