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Abstract: Floods are a common hydrometeorological disaster in Teluk Ambon Sub-district ; therefore, 
modeling is necessary as a mitigation measure. To address this challenge, Geographic Information System 
(GIS) and Remote Sensing technologies have proven to be powerful tools in flood disaster analysis and 
modeling. This study uses 10 variables, including elevation, slope, TWI, NDVI, precipitation, land cover, 
soil type, drainage density, distance from roads, and distance from rivers. This study uses the Analytical 
Hierarchy Process (AHP) method. The results show that distance from rivers has the greatest contribution 
(14.08%) to flooding in Teluk Ambon Sub-district . The level of flood vulnerability in Teluk Ambon Sub-
district  is divided into three classes, namely low risk, covering an area of 8,642.26 ha or 64.71%; medium 
risk, covering an area of 4,066.79 ha or 30.45%; and high risk, covering an area of 646.44 ha or 4.84%. 
Settlements predicted to be affected by flooding in the low class cover an area of 130.36 ha, or 11.59%; the 
medium class covers an area of 649.29 ha, or 57.73%; and the high class covers an area of 345.07 ha, or 
30.68%. The results of this study are very important in providing a more precise flood risk map to support 
spatial planning and disaster mitigation in the affected areas. 
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1. Introduction 

Floods are one of the most common hydrometeor-
ological disasters that often cause significant economic, 
social, and environmental damage [1]. The frequency and 
intensity of flooding tend to increase in line with global 
and anthropogenic climate change, such as rapid 
urbanization and land use change [2]. In archipelagic 
regions such as Indonesia, the threat of flooding is 
exacerbated by vulnerable geographical conditions, 
varied topography, and high rainfall, making it a crucial 
issue in sustainable development planning and disaster 
mitigation [3]. Therefore, a thorough understanding of 
the characteristics and triggering factors of flooding is 
crucial for developing efficient risk governance 
approaches [4]. 

Teluk Ambon sub-district , Ambon City,  Indonesia, 
is among the regions vulnerable to flooding [5]. Located 
in a coastal area with hilly and valley topography, and 
influenced by monsoon rainfall patterns, this area often 
experiences flooding that disrupts community activities 

and infrastructure [6]. Unplanned urbanization along 
riverbanks and low-lying areas, coupled with a lack of 
adequate drainage systems, further exacerbates this 
vulnerability [7-8]. Recurring flooding in Teluk Ambon 
not only causes damage to property and infrastructure, 
but also impacts the local economy and the quality of life 
of residents [9]. 

In 2024, the Ambon City National Disaster 
Management Agency recorded a total of 140 disaster 
events, including fallen trees, landslides, and floods, in 
Ambon City in June 2024 [10]. Moderate to heavy rainfall 
caused flooding and landslides accompanied by strong 
winds that knocked down trees in Ambon City on June 3-
24 June 2024, increasing to 140 incidents in Ambon City 
covering 5 sub-district s, namely Baguala sub-district , 
Teluk Ambon sub-district , South Leitimur sub-district , 
Sirimau sub-district  and Nusaniwe sub-district , which 
were dominated by landslides (93%). The victims affected 
by the disaster were 147 households, 284 men and 307 
women, with 2 fatalities and 14 houses suffering minor to 
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moderate damage. In August 2025, floods again hit Teluk 
Ambon sub-district  and its surroundings, affecting 61 
units [10]. 

To address these challenges, Geographic 
Information System (GIS) and Remote Sensing 
technologies have proven to be powerful tools in flood 
disaster analysis and modeling [9]. GIS enables the 
integration of various spatial data such as elevation, 
rainfall, land use, soil type, and drainage networks to 
identify flood-prone areas [8]. Meanwhile, Remote 
Sensing provides accurate temporal and spatial data from 
the earth's surface, including the detection of post-flood 
waterlogging and updates to land use data relevant to 
modeling [11]. 

In the context of flood vulnerability and hazard 
modeling, the Analytical Hierarchy Process (AHP) serves 
as a commonly applied multi-criteria decision-making 
(MCDM) approach for weighting flood-causing factors 
based on expert assessments [12]. AHP allows 
researchers to quantify subjective assessments into 
objective numerical weights, so that they can be 
integrated with spatial data in a GIS environment [13]. 
This approach is particularly relevant because flood 
trigger factors have varying degrees of influence, and 
accurate weighting will result in a more precise risk 
model [14]. The application of AHP in flood modeling 
has been widely used in various case studies, 
demonstrating its effectiveness in producing reliable 
flood vulnerability maps [15]. 

Although there have been many studies on flood 
modeling in Indonesia, studies that focus specifically on 
Teluk Ambon sub-district  using a combination of GIS, 
remote sensing, and AHP are still limited. Most studies 
often rely on only one or two methods, or are conducted 
on a broader scale without sufficient local details. The 
limitations of specific field data and optimal use of 
technology are often obstacles [16]. Based on the above 
issues, this research aims to fill the gap by developing an 
accurate, locally-based flood model in Teluk Ambon sub-
district , utilizing the power of GIS and Remote 
Sensing integration based on factor weighting using AHP. 

Therefore, this research aims to provide valuable 
support for flood disaster reduction and adaptation 
initiatives in Teluk Ambon sub-district , Ambon City. The 
modeling results in the form of flood vulnerability maps 
will provide important information for local 
governments, disaster mitigation agencies, and 
communities in formulating better spatial planning 
policies, developing early warning systems, and 
increasing community adaptation capacity to future flood 
risks. The results of this research are expected to serve as 
a reference for similar studies in other island regions with 
similar geographical characteristics and hydrometeorolo-
gical challenges. 

2. Literature Review  
2.1. Flood 

Floods are one of the environmental disasters that 
commonly occur due to water overflowing onto land that 
is usually dry [17]. The causes of flooding are varied, 
including very high rainfall that lasts for a long time, 
causing rivers and waterways to be unable to contain the 
water, leading to river water levels overflowing [16]. 
Additionally, rapid snowmelt, high tides (especially in 
coastal areas), and dam or levee failures can also be 
factors contributing to flooding [18]. Climate change, 
which leads to an increase in the frequency and intensity 
of extreme rainfall and rising sea levels, also exacerbates 
flood risk [19]. 

In addition to natural factors, human actions also 
have a considerable impact on the occurrence of floods. 
[13, 20]. Deforestation reduces the soil's ability to absorb 
rainwater, while development in water catchment areas 
narrows the space for water to seep in. Indiscriminate 
waste disposal that clogs waterways and poor spatial 
planning also exacerbate the impact of floods [21]. These 
things show that poor environmental management can 
further increase the risk and damage caused by floods 
[14]. 

The impact of floods is very widespread, ranging 
from property damage and economic losses to threats to 
human safety [17]. Damage to infrastructure and public 
facilities causes significant social and economic 
disruption [16]. Therefore, understanding the causes and 
risk factors of floods is crucial for designing effective 
mitigation and disaster management efforts, including 
strengthening spatial planning systems, improving 
drainage capacity, and involving communities in 
sustainable environmental management [22]. 

 
2.2. Spatial Modeling 

Spatial modelling is an analytical technique used to 
understand and represent phenomena in geographic 
space by linking data and variables that have a location 
component [23]. Spatial data is data that has positional 
values such as coordinates that reference locations on the 
Earth's surface. This spatial data can be in raster or vector 
format and is often used in Geographic Information 
Systems (GIS) to comprehensively integrate, visualise, 
and analyse spatial phenomena [24]. 

The use of spatial models is very important in 
various fields, including spatial planning, environmental 
monitoring, and disaster mitigation [25]. This method 
allows for the exploration of relationships between 
geographical and temporal variables to model the 
dynamics of regional change. For example, spatial 
interpolation is one of the main techniques in spatial 
modelling, used to estimate values at unmeasured 
locations based on existing data points. Interpolation 
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methods can be categorised as deterministic and 
stochastic, with the choice of application depending on 
the nature of the data and the analysis objectives [26]. 

The development of GIS technology and spatial 
modelling methods now allows for the combination of 
multiple datasets from different origins, such as field 
surveys, satellite imagery, and remote sensing sensors, to 
produce adaptive and accurate spatial models [27]. 
Spatial modelling can also utilise dynamic systems that 
combine time series data and cross-sectional data, 
providing a more complete and detailed picture of spatial 
changes and trends [28]. This approach is important for 
supporting evidence-based decision making within the 
framework of sustainable development and resource 
management [29]. 
 
2.3. Analytical Hierarchy Process for flood modeling 

AHP has become a widely used method in flood 
modeling worldwide [30]. AHP allows for the 
decomposition of complex problems into simpler 
hierarchies, enabling the systematic evaluation of flood-
causing factors and related risks through pairwise 
comparisons [31]. In the context of flood modelling, AHP 
is typically used to combine various criteria such as land 
slope, soil type, rainfall, land use, and population density, 
all of which influence the level of vulnerability and flood 
risk in a region. By determining relative weights 
calculated from expert preferences or field data, accurate 
flood risk maps can be generated to support disaster 
mitigation planning [32]. 

The main advantage of AHP in flood modelling is its 
flexibility and ability to adjust factor weights according to 
local priorities and desired policies [33]. The consistency 
ratio verification process also ensures that the decision-
makers' assessments are within acceptable tolerance 
limits, making the model results more reliable 
[34].  Additionally, AHP can be integrated with GIS for 
spatial mapping and with other techniques such as 
machine learning to improve modelling accuracy [30]. 
This approach makes it easier for policymakers to 
understand flood risk conditions while formulating 
appropriate adaptation strategies at the local and 
regional levels [35]. 

Various recent studies have proven the effectiveness 
of AHP in the context of flood risk modelling, 
particularly in urban and river basin contexts [36]. AHP 
helps identify areas most vulnerable to flooding without 
relying on complex and expensive hydrodynamic 
modelling [37]. Thus, this method is very suitable for 
managing flood risk in areas with limited data and 
resources [38]. Furthermore, the research also proposes 
developing a combination of AHP with fuzzy logic and 
other approaches to improve the accuracy of dynamic 
flood risk analysis in the future [38]. 

3. Research Method 
3.1. Study Area and Data Collection 

This research was conducted in Teluk Ambon sub-
district , Ambon City, Maluku Province. Geographically, 
Teluk Ambon sub-district  is located on Ambon Island. 
Teluk Ambon District consists of eight villages, including 
Laha, Poka, Tawiri, Hunuth, Tihu, Wayame, Rumah Tiga, 
and Hativer Besar. The research location, Teluk Ambon 
District, can be seen in Figure 1. 

This study used 10 variables consisting of elevation, 
slope, topography, wetness index, NDVI, precipitation, 
land cover, soil type, drainage density, distance from 
roads, and distance from rivers. The selection of variables 
causing flooding in Teluk Ambon sub-district  was 
obtained from a literature review of previous studies and 
initial field observations. The research data was obtained 
from official Indonesian government agencies and 
international institutions that provide geospatial data. All 
data was processed using Arc GIS Pro and Microsoft 
Office 365 software. The complete sources of data for this 
study can be seen in Table 1. 

 
2.2. Data Classification 

All variable data was then classified and scored 
based on its level of influence on flood disasters using the 
Analytical Hierarchy Process (AHP). First introduced by 
Thomas L. Saaty in the 1970s, AHP is a structured multi-
criteria decision-making method that breaks down 
complex problems into a hierarchy of more manageable 
parts [38]. Each part is evaluated separately, and the 
results are then integrated to support well-informed 
decisions [39]. The core of AHP lies in the use of pairwise 
comparisons to measure relative preferences between 
criteria and alternatives, which are then converted into 
priority weights through matrix calculations [39]. This 
process not only allows for the systematic weighting of 
factors based on subjective or expert assessments, but 
also provides a mechanism for checking the consistency 
of these assessments, resulting in more rational and 
structured decisions.  

Based on the data presented, the Matrix of Variable 
Weighting Results Using AHP represents the weighting 
results of each variable used in flood modeling. This 
weighting was carried out using the AHP method, a 
multi-criteria decision-making technique used to 
determine the relative priorities of a number of factors or 
criteria [40]. The normalized principal eigenvector values 
in Figure 2 show the relative weight or influence of each 
variable on flooding in Teluk Ambon  sub-district. The 
highest values, such as TWI (Topographic Wetness Index) 
at 13.78% and Precipitation at 13.48%, indicate that these 
two factors play the most dominant role in determining 
an area's vulnerability to flooding. Conversely, variables 
with the lowest weights, such as Distance from Road
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Figure 1. Research Location: Teluk Ambon sub-district , Ambon City. 
 
 
Table 1. Research Data Sources. 

No Variable Data 
Type 

Scale/ 
Resolution Unit Source 

1 Elevation Raster 8 m m DEMNAS- Geospatial Information Agency 
https://tanahair.indonesia.go.id/portal-
web/unduh/demnas   

2 Slope Raster 8 m % DEMNAS- Geospatial Information Agency 
https://tanahair.indonesia.go.id/portal-
web/unduh/demnas  

3 Topographic Wetness  
Index (TWI) 

Raster 8 m level DEMNAS- Geospatial Information Agency 
https://tanahair.indonesia.go.id/portal-
web/unduh/demnas  

4 Normalized Difference 
Vegetation Index (NDVI) 

Raster 3 m level Planet Scope satellite imagery. 
Planet Labs https://www.planet.com 

5 Preciptation  Vector 1: 50.000 mm/year Meteorology, Climatology, and  
Geophysical Agency 

6 Land Cover  Raster 3 m level Planet Scope satellite imagery. 
Planet Labs https://www.planet.com  

7 Soil Type Vector 1: 50.000 level Soil classification-FAO  
https://www.fao.org/soils-portal/data-hub/soil-
classification/en/  

8 Drainage Density Vector 1: 50.000 m/km2 Geospatial Information Agency 
https://tanahair.indonesia.go.id 

9 Distance from Road Vector 1: 50.000 m Geospatial Information Agency 
https://tanahair.indonesia.go.id 

10 Distance from River  Vector 1: 50.000 m Geospatial Information Agency 
https://tanahair.indonesia.go.id  

 
(5.59%) and NDVI (5.87%), have relatively little influence 
in the model. 

This weighting is crucial because it forms the basis 
for integrating spatial data from each variable in the 
Geographic Information System (GIS), which is then used 
to map and predict flood-prone areas with greater 
accuracy [41]. In other words, the AHP results provide a 
hierarchical picture of the importance of each factor in 

flood vulnerability analysis [42]. After assigning overall 
scores to the variables, an overlay process was conducted, 
followed by a simple classification into three flood 
vulnerability classes: low, moderate, and high. 

 
2.3. Steps for processing AHP data 

The Analytical Hierarchy Process (AHP) data 
processing begins with the collection of primary and sec- 

https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://tanahair.indonesia.go.id/portal-web/unduh/demnas
https://www.planet.com/
https://www.planet.com/
https://www.fao.org/soils-portal/data-hub/soil-classification/en/
https://www.fao.org/soils-portal/data-hub/soil-classification/en/
https://tanahair.indonesia.go.id/
https://tanahair.indonesia.go.id/
https://tanahair.indonesia.go.id/
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Table 2. Environmental variables that influence flooding. 

No Variable Class Score 

1 Elevation <10 5 
10 - 50 4 
50 - 100 3 
100 - 200 2 

>200 1 
2 Slope 0-8 5 

8-15 4 
15-25 3 
25-40 2 
>40 1 

3 Topographic 
Wetness Index 
(TWI) 

-4.33 - -1.44 1 
-1.43 - -0.08 2 
-0.07 - 1.39 3 
1.4 - 3.57 4 
3.58 - 10.7 5 

4 NDVI <-0.02 5 
-0.02 - 0.30 4 
0.31 - 0.40 3 
0.41 - 0.50 2 

0.51 - 1 1 
5 Precipitation >3000 5 

2500-3000 4 
2000-2500 3 
1500-2000 2 

>3000 5 
6 Land Cover Built-up Area 3 

Open Area 4 
Low 

Vegetation 
2 

Agricultural 
Land 

3 

River 5 
Mixed Forest 1 

7 Soil Type Rendzinas 2 
Orthic 

Acrisols 
4 

8 Drainage Density 0-150 1 
151 - 210 2 
211 - 250 3 
251 - 300 4 

>300 5 
9 Distance from 

Road 
0 - 25 5 
26 - 50 4 
51 - 100 3 
101 - 150 2 

>150 1 
10 Distance from 

River 
0 - 50 5 

51 - 100 4 
101 - 250 3 
251 - 500 2 

>5000 1 
Source: [5, 38, 43, 44]. 

ondary data, including Digital Elevation Models (DEMs), 
Planet Scope satellite imagery, river networks, road net-
works, soil types, and rainfall data. DEM data were pro-
cessed to generate derived variables such as slope, eleva-
tion, and the Topographic Wetness Index (TWI), which 
reflects the potential for waterlogging. PlanetScope image 
data were used to generate the Normalised Difference 
Vegetation Index (NDVI) and land cover classification 
variables. River network data was processed into the var-
iables of distance from river and drainage density, while 
road data was processed into the variable of distance 
from road. Soil type and rainfall variables were also pre-
pared as important inputs for further analysis. The full 
process is illustrated in Figure 3. 

After these environmental variables are classified, 
the next step is to assign weights to each variable using 
the AHP method.  This process involves creating a 
comparison matrix between variables to evaluate the 
significance of each factor influencing flood vulnerability. 
This weight assessment is conducted systematically and 
quantitatively based on empirical experience and 
relevant literature, while also considering the local 
context in the study area. The results of the AHP analysis, 
which are variable weights, were then applied in spatial 
overlay using GIS software to produce a flood 
vulnerability map. This map was then classified into 
three vulnerability classes: low, medium, and high. It will 
later be overlaid with built-up land data from 2025 to 
identify built-up areas affected by flooding, thus 
supporting the development of future policies for flood 
disaster mitigation. This method combines the strengths 
of the multi-criteria AHP analysis to consider various 
environmental factors with the capabilities of GIS in 
spatial data processing, resulting in a more accurate flood 
risk prediction model. The variables contributing to the 
occurrence of floods are classified based on Table 2. 

3. Results and Discussion 
3.1. Flood-Prone Variables 

The elevation variable was obtained from the 
analysis of DEMNAS data, which was classified into five 
altitude classes, namely <10 m above sea level covering 
an area of 427.80 ha, 10–50 m above sea level covering an 
area of 1,339.42 ha, 50–100 m above sea level covering an 
area of 1,409.32 ha, 100–200 m above sea level covering an 
area of 2,785.02 ha, and >200 m above sea level covering 
an area of 7,376.95 ha. Areas located at an elevation of <10 
m above sea level have the highest vulnerability to flood 
risk in this region [15]. The AHP analysis results show 
that elevation contributes 12.07% to the risk of flooding in 
Teluk Ambon sub-district . The elevation variable can be 
seen in Figure 4 (1).  
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Figure 2. Matrix of variable weighting results using Analytical Hierarchy Process (AHP). 
 
 

 
Figure 3. Research Flow. 
 

The slope variable was also obtained from the 
analysis of DEMNAS data, which was classified into 5 
slope classes (%), including 0-8% covering an area of 
2,044.23 ha, 8-15% covering an area of 1,912.89 ha, 15-25% 
covering an area of 2,880.41 ha, 25-40% covering an area 
of 3,239.88 ha, and >40% covering an area of 3,360.11 ha. 
Areas with a slope <8% have the highest vulnerability to 
flood risk in this region. The results of the AHP analysis 

show that slope contributes 9.90% to flood hazards in 
Teluk Ambon sub-district . The slope variable can be seen 
in Figure 4 (2). 

The Topographic Wetness Index (TWI) variable 
was obtained from DEMNAS data analysis, which was 
classified into five classes with the following value ranges 
and area sizes:-4.33 to -1.44 covering an area of 41.40 ha,   
-1.43 to -0.08  covering  an  area  of  419.73 ha, -0.07 to 1.39 
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Figure 4. Flood Vulnerability Variables: (1) Elevation, (2) Slope, (3) TWI, (4) NDVI, (5) Precipitation, (6) Land Cover, (7) Soil Type, (8) 
Drainage Density, (9) Distance from Road, (10) Distance from River. 
 
covering an area of 438.74 ha, 1.40 to 3.57 covering an 
area of 703.23 ha, and 3.58 to 10.7 covering an area of 
7,332.30 ha. Higher TWI values indicate greater water 
accumulation on the ground surface, so that areas with a 
TWI class of 3.58–10.7 have the highest potential risk of 
flooding in Teluk Ambon sub-district . The AHP analysis 
results show that the TWI variable contributes 
significantly to the flood hazard level in the region, 
namely 13.78%, reflecting its important role in GIS-based 

flood risk modeling and remote sensing [45]. The TWI 
variable can be seen in more detail in Figure 4 (3). 

The Normalized Difference Vegetation Index 
(NDVI) variable was obtained from the analysis of 
Sentinel-2 satellite images, which were classified into four 
classes with the following value ranges and area sizes:-
0.02 to 0.30 covering an area of 41.57 ha, 0.31 to 0.40 
covering an area of 318.49 ha, 0.41 to 0.50 covering an 
area  of   623.28   ha,  and  0.51  to   1  covering  an  area  of  
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Figure 5. Flood Vulnerability Level of Teluk Ambon sub-district. 
 
12,372.02 ha. NDVI reflects the level of vegetation cover 
and health, where classes with higher NDVI values 
indicate denser and healthier vegetation, which has the 
potential to reduce flood risk due to the vegetation's 
ability to absorb water and inhibit surface runoff [46]. The 
results of the AHP analysis indicate that the NDVI 
variable makes an important contribution to flood hazard 
modeling in Teluk Ambon sub-district  at 5.87%, with 
areas with high NDVI dominating the study area. The 
NDVI variable can be seen in detail in Figure 4 (4). 

The precipitation variable was obtained from data 
from the Meteorology, Climatology, and Geophysics 
Agency (BMKG), which shows that the entire Teluk 
Ambon sub-district  has a rainfall class of between 1,500 
and 2,000 mm per year. This high level of rainfall is an 
important factor in flood hazard analysis because rainfall 
plays a direct role in determining the volume of 
rainwater that can cause flooding and excessive surface 
runoff [47]. In the results of the Analytical Hierarchy 
Process (AHP) analysis, the rainfall variable contributed 
significantly to 13.45% of the potential flood risk in Teluk 
Ambon sub-district , making it a key parameter in GIS-
based flood modeling and remote sensing [48]. The 
rainfall variable can be seen in detail in Figure 4 (5). 

The land cover variable was obtained from the 
interpretation of PlanetScope satellite images with a 
spatial resolution of 3 meters and classified into several 
classes, namely Built-up Area covering an area of 1,028.00 

ha, Open Area covering an area of 169.14 ha, Rivers 
covering an area of 120.22 ha, Mixed Forest covering an 
area of 5,304.34 ha, Low Vegetation covering an area of 
180.46 ha, and Agricultural Land covering an area of 
6,536.34 ha. This land cover classification is very 
important in flood risk modeling because the type and 
condition of the land affect water infiltration, surface 
runoff, and the potential for flooding in Teluk Ambon 
sub-district [49]. The AHP analysis results reveal that the 
land cover variable contributes 6.62% to determining the 
flood hazard level in the area [50]. Details of land cover 
can be seen in Figure 4 (6). 

Soil type variables were obtained from the 
Geospatial Information Agency, which showed that the 
Teluk Ambon sub-district  consists of two main soil types, 
namely Rendzinas, covering an area of 2,039.79 ha, and 
Orthic Acrisols, covering an area of 11,298.74 ha. The 
physical and chemical characteristics of these two soil 
types affect water infiltration and retention capabilities, 
thereby directly impacting the level of vulnerability to 
flood risk in the area [51, 52]. The results of the Analytical 
Hierarchy Process (AHP) analysis indicate that the soil 
type variable contributes 9.32% to determining the 
potential for flooding in Teluk Ambon sub-district , 
reinforcing the important role of soil aspects in GIS-based 
flood modeling and remote sensing. The soil type 
variable can be seen in Figure 4 (7). 
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Figure 6. Area (ha) of Flood Vulnerability per Village in Teluk Ambon sub-district. 
 

The drainage density variable was obtained from the 
analysis of DEMNAS data, which was classified into five 
classes based on drainage network density, namely 0–150 
m/km covering an area of 33.01 ha, 151–210 m/km 
covering an area of 783.27 ha, 211–250 m/km covering an 
area of 2,425.79 ha, 251–300 m/km covering an area of 
3,622.37 ha, and >300 m/km covering an area of 6,474.07 
ha. Areas with higher drainage density values indicate a 
higher concentration of drainage channels, increasing the 
potential for rapid surface runoff and increasing the risk 
of flooding [53]. The results of the Analytical Hierarchy 
Process (AHP) analysis revealed that the drainage 
density variable contributed 9.32% to determining the 
level of flood hazard in Teluk Ambon Sub-district . This 
variable can be seen in detail in Figure 4 (8). 

The variable Distance from road was obtained from 
distance buffer analysis of the road network and 
classified into five classes, namely 0–25 m covering an 
area of 801.56 ha, 26–50 m covering an area of 633.53 ha, 
51–100 m covering an area of 977.46 ha, 101–150 m 
covering an area of 758.81 ha, and >150 m covering an 
area of 10,167.15 ha. Closer distance classes to the road 
tend to have different flood risks due to the influence of 
surface water flow and changes in hydrological 
conditions triggered by road infrastructure [54]. The 
results of the Analytical Hierarchy Process (AHP) 

analysis show that the Distance from Road variable 
contributes 5.87% to the flood hazard level in Teluk 
Ambon Sub-district , making it one of the important 
variables in flood modeling using GIS and remote 
sensing [55]. The distance from the road variable can be 
seen in detail in Figure 4 (9). 

The variable Distance from the River was obtained 
through buffer analysis, measuring the distance from the 
river and then classifying it into five categories. The first 
category is a distance of 0–50 metres, covering an area of 
3,937.82 hectares. The next is a distance of 51–100 metres, 
covering 3,591.48 hectares, followed by 101–250 metres 
with an area of 4,655.46 hectares. The 251–500 metre 
distance category covers 727.06 hectares, while distances 
over 500 metres cover an area of 426.69 hectares. The 
closer a location is to the river, the higher the potential 
flood risk, due to the possibility of runoff and river 
overflow into the surrounding areas [56]. The results of 
the Analytical Hierarchy Process (AHP) analysis show 
that the Distance from River variable contributes 
significantly to flood hazards in Teluk Ambon sub-
district [57]. This variable is one of the important 
parameters in GIS-based flood risk modeling and remote 
sensing. Details of the distance from river variable can be 
seen in Figure 4 (10). 

 

Laha Poka Tawiri Hunuth Tihu Wayame
Rumah

Tiga
Hativer
Besar

Low 3,355.16 52.20 1,255.17 335.52 0.62 66.62 801.62 2,774.92
Medium 898.24 87.55 787.28 241.57 19.49 109.06 965.30 957.96
High 226.44 43.79 111.95 18.62 16.93 32.48 128.83 67.24
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Figure 7. Built-up land in Teluk Ambon District predicted to be affected by floods. 
 
3.2. Flood Vulnerability Level of Teluk Ambon sub-
district 

The susceptibility to flooding in Teluk Ambon sub-
district  is categorized into three tiers: low risk, which 
encompasses 8,642.26 hectares or 64.71% of the area; 
moderate risk, covering 4,066.79 hectares or 30.45%; and 
high risk, accounting for 646.44 hectares or 4.84%. This 
vulnerability level is complexly influenced by various 
environmental variables analyzed through the AHP 
method, which produced the following variable 
contributions: Elevation (12.07%), Slope (9.90%), TWI 
(13.78%), NDVI (5.87%), Rainfall (13.45%), Land Cover 
(6.62%), Soil Type (9.32%), Drainage Density (9.32%), 
Distance from Roads (5.59%), and Distance from Rivers 
(14.08%). Variables with the largest weights, such as 
Distance from River, TWI, and Precipitation, play a 
central role in increasing flood risk, particularly in 
regulating the volume and rate of surface water flow and 
the potential for flooding. A study by Khoeun confirms 
that the integration of topography, hydrology, and 
surface condition variables through AHP and GIS can 
provide a comprehensive picture of flood risk levels in 
tropical regions, making the results of this modeling 
highly relevant to support mitigation policies and spatial 
planning in Ambon City and its surroundings [58]. 

The level of flood vulnerability shows variation 
between sub-districts, with the highest concentration at 
low to moderate levels of vulnerability, and several areas 

with high levels of vulnerability (Figure 5). Figure 6 
shows that the largest areas with low flood vulnerability 
are in Laha (3,355.16 ha) and Tawiri (1,255.17 ha), while 
the largest areas with moderate vulnerability are in 
Rumah Tiga (965.30 ha) and Laha (898.24 ha). High 
vulnerability is relatively smaller but significant, 
especially in Laha, Tawiri, and Rumah Tiga. This 
vulnerability occurs due to a combination of 
environmental factors such as topography, land use, high 
rainfall, and proximity to rivers and densely populated 
residential areas, which cause a high risk of flooding in 
Teluk Ambon [59]. This study is in line with other studies 
that state that Ambon City generally has a moderate level 
of flood vulnerability, with areas of high and very high 
vulnerability concentrated around Ambon Bay, which is 
an area with a complex accumulation of flood risk factors 
such as low elevation and high population density [60]. 
 
3.3. Prediction of Flood-Affected SeOlements 

The results of the flood vulnerability analysis were 
then overlaid with built-up land to identify the affected 
areas (Figure 7). The results of the study show that the 
affected settlement areas have varying levels of 
vulnerability, ranging from low, moderate, and high, 
with a significant area at the moderate level (649.29 ha) 
and high level (345.07 ha). These settlements with 
moderate and high vulnerability levels are generally 
located in areas near rivers and lowlands that are prone 
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to flooding, according to spatial modeling results that 
incorporate factors such as topography, distance from 
rivers, rainfall, and land use [61]. 

This approach is important for providing more 
accurate flood risk maps to support spatial planning and 
disaster mitigation in affected areas [29]. Similar research 
integrating GIS and AHP in Ambon also shows that 
detailed wet risk mapping is very helpful in decision-
making for disaster risk management, especially in urban 
areas with complex vulnerability characteristics [62]. 

4. Conclusion 
The findings of this study indicate that flood 

vulnerability in Teluk Ambon sub-district  is categorized 
into three primary classes: low risk (64.71%), medium 
risk (30.45%), and high risk (4.84%). These risk levels are 

shaped by a range of complex environmental factors 
analyzed through the application of AHP and GIS 
techniques. The dominant factors contributing to flood 
vulnerability are distance from rivers (14.08%), TWI 
(13.78%), and rainfall (13.45%), which significantly 
regulate the potential for flooding and surface runoff. 
This vulnerability varies between subdistricts, with high-
risk areas concentrated in areas with low topography and 
high settlement density, such as Laha and Rumah Tiga. 
Overlaying this with settlement data shows that areas 
with moderate and high risk are vulnerable to flooding, 
confirming the need to utilize precise flood risk maps as 
an important tool in spatial planning and disaster 
mitigation in this region. 
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