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and the other derived from historical flood occurrences in high and very high vulnerability areas
(scenario-2). Seven parameters, including elevation, slope, precipitation, geologic, soil type, land
al use, and distance to streams were weighted substantially different between the two scenarios. The
study validated the flood vulnerability scenarios by contrasting them with historical flood data.
Scenario-2 exhibited a closer agreement with the historical flood points during validation,
particularly in very high vulnerability areas. Elevation and slope are identified as pivotal factors
influencing flood vulnerability: low elevations and gentle slopes increased vulnerability, while higher
slopes decreased flood susceptibility.

Introduction

The ignoring principle of land conservation on land use change and agricultural land processes is one of the
drivers of decreasing watershed hydrology function. The reduction is shown by the inability of the watershed
to control water fluctuations due to large surface runoff during high precipitation or water supply during the
dry season [1]. This means that land-use change and its transformation over time are the most influential
factors in the hydrological budget, such as evaporation, surface runoff, infiltration, and groundwater recharge
[2]. This condition can worsen when climate extremes (e.g., high precipitation) occur.

Extreme climates lead to heavy rainfall, which, along with land use change, is one of the factors that influence
flood occurrence in a watershed region. Although floods are natural phenomena caused by natural events
and human activities [3], their occurrence could potentially cause injury to humans and environmental
damage. Hence, mapping and assessing flood potential areas is crucial, as they provide essential information
for setting up priority actions to control flood occurrence in watershed areas [4]. Furthermore, the map and
assessment can contribute to mitigating the impacts of floods on people, property, and the environment. The
maps produced can also be used by policymakers for effective management plans targeting prevention and
reduction measures [5].

Flood occurrences in the Ciliman and Cilemer Watersheds, as part of the Pandeglang and Lebak Regencies of
Banten Province, are becoming more frequent. Data from the National Agency for Disaster Management/
Badan Nasional Penanggulangan Bencana (BNPB) showed that there were thirty-one locations of flood
occurrences between 2010 and 2020 [6] in the Ciliman and Cilemer Watersheds, with a frequency of
occurrence of at least once a year. The Regional Agency for Disaster Management/Badan Penanggulangan
Bencana Daerah (BPBD) of Serang City stated that flooding in the Ciliman Watershed was caused by the
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overflow of the Ciliman tributaries. The overflow was caused by high precipitation and the inability of the
ground to absorb rainwater properly, which caused the overflow to go directly into runoff [7]. Therefore, a
map of the potential spatial flooding areas is necessary.

Many studies have developed a spatial multi-criteria-integrated approach of potential flood area mapping
using geospatial techniques at the local scale [5,8,9], and they used the Analytical Hierarchy Process (AHP)
calculation as one of the Multi-criteria decision-making (MCDM) Methods. In the AHP calculation, the weight
priority parameters are estimated from a pairwise comparison according to nine level scales [10]. The
comparison requires expert judgment, and in practical cases, experts might not be able to determine
numerical values because of their limited understanding or capability [11].

This study was undertaken to compare two potential flood-vulnerable areas of the Ciliman and Cilemer
Watersheds in the Pandeglang and Lebak Regencies of Banten Province. In comparing the two scenarios of
potential flood-vulnerable areas within the Ciliman and Cilemer Watersheds of Pandeglang and Lebak
Regencies in Banten Province, several aspects were examined. First, the methodology employed in each
scenario, particularly the differences between using pair-wise comparison based on expert judgment found
in earlier studies by BNPB [12] and Ramadhani et al. [13] versus data-driven comparison based on historical
flood points during validation, particularly in highly vulnerable areas of the flood vulnerability parameter, will
be assessed. This includes the evaluation of the reliability, accuracy, and robustness of the AHP method in
both scenarios. Second, the resulting flood vulnerability maps generated from each scenario were compared
in terms of spatial extent, severity of vulnerability, and identification of high-risk areas. Additionally, the
factors considered in the pair-wise comparison, such as elevation, slope, precipitation, geologic, soil type,
land use, and distance to stream variables, were analyzed to understand their influence on the differences
observed between the two scenarios.

Materials and Methods

Study Area

The study areas, the Ciliman and Cilemer Watersheds, are located in Banten Province, Java Island. The Ciliman
Watershed has an area of 527 km? and a length of 55 km [7], while the Cilemer Watershed has an area of
577.2 km? and a length of 22.8 km [14]. These two watersheds are in Pandeglang and Lebak Regencies in the
western part of Banten Province, as illustrated in Figure 1.

105°45'0"E 105°54'0"E 106°3"0"E 106°12'0"E

® Historical floods

— Rivers
% %
o =)
© # + 1)
5 =
) )
Watershed -

v Cilemer v
o o
gt + N
o o
o o
(o] (=
n n
o =)

+ + 5
< ]
& o

Watershed
Ciliman
v A v
o o
in . + in
S I 10 0 10 20 km I S
et [ — | 0
I

105°45'0"E 105°54'0"E 106°3'0"E 106°12'0"E

Figure 1. Study area with spatial distribution of historical floods (red dots on the map).
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Most of the Cilemer Watershed is lowland (0—-25 m) (77.38% of the total area) [15]. This factor and the
different capacity between upstream and downstream watersheds, as well as increased water discharge of
the river tributaries area, are some of the reasons why flooding occurs in the area [16]. Meanwhile, in the
Ciliman Watershed, overflow of the Ciliman tributaries is caused by land use conversion upstream of Ciliman
[7]. In our research, 30 flood occurrences were identified in these watersheds (red dots in Figure 1), based
on historical data from Indonesia’s disaster data information (https://gis.bnpb.go.id accessed on 26 August
2024) and the BNPB. The flood occurrence data were collected between 2010 and 2020.

Dataset and Sources

This study used seven parameters related to flooding for the calculation and analysis process: elevation,
slope, precipitation, geologic and soil type, land use, and distance to streams. These parameters were
suggested by Ramadhani et al. [13] and were selected by considering the natural characteristics of the regions
[15]. Cagla and Leyla [17] indicated variability in the number of parameters used in mapping potential floods,
ranging from a maximum of 21 to a minimum of five preferred parameters. Despite this variability, certain
parameters were found to be predominant across studies. The parameters used in this study were among
the dominant parameters used in many studies. The data were collected from several sources, and are
presented in Table 1. Thematic and geometric editing, spatial manipulations, and simple basic calculations
(e.g., buffer zones around streams and interpolation of precipitation data) were applied to the selected
parameters when preparing them for integration in the spatial dataset. All parameters were processed in the
Geographic Information System (GIS) environment as vector layers with the lowest scale map of 1: 250,000.

Table 1. Data used and source.

Parameter Scale/resolution  Data format  Data source
Elevation (%) 0.27-arcsecond Raster Digital Elevation Model National (DEMNAS) and Geospatial
Information Agency/Badan Informasi Geospasial (BIG)
Precipitation 0.05° Vector The Climate Hazards Group Infrared Precipitation with Stations
(mm) (points) (CHIRPS)
Geologic map 1: 100,000 Vector Geological Research and Development Centre
(polygon)
Soil type 1: 250,000 Vector Digital Soil Map of the World-ESRI
(polygon)
Land use 10 m Raster Sentinel-2 10 m Land Use/Land Cover Time Series
Distance to 1: 25,000 Vector BIG
stream (m) (lines)
Flooding Vector BNPB
occurrences (points)

Method Data Processing and Analysis

The workflow illustrated in our study (Figure 2) consists of the following major steps: 1) data collection and
storage, 2) data processing, 3) assessment of vulnerability parameters according to the vulnerability rank
(Table 2), 4) applying the AHP framework, and 5) calculation and mapping of flooding vulnerability. In step 4,
the AHP framework calculation process revealed three important parts: hierarchy development, pairwise
components, and synthesis of priority [18,19]. There are two scenarios in the calculation and mapping of
Steps 4 and 5 (black dashed lines in Figure 1). The scenario differs within step 4 (blue dashed lines in Figure
2), with the hierarchy development in scenario 1 being based on earlier study/expert judgment, while
scenario 2 was based on a comparison between each parameter’s vulnerability and flooding occurrences.
The parameter with the highest number of flooding occurrences has the highest priority compared to the
other parameters. Each scenario generated its own priority list of flooding parameters; hence, each
parameter weight had a different value in each scenario.

First, we collected and stored data (Table 1). Second, the parameters were preprocessed. Third, each
parameter was ranked into five categories on a scale of 1 to 5 (low risk to high risk) (see Table 2). The process
is then divided into two scenarios. This scenario differs from the AHP framework assessment. Each scenario
has a different process for developing the parameter hierarchy. Then, pair-wise comparisons were
performed, with each scenario producing different results. Although the matrix process (pairwise) was the
same, the scores were based on their relative importance for each scenario. In the construction of the matrix,
each parameter was rated against every other factor by assigning a relative dominant value between one and
nine (Table 3).
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Figure 2. Flowchart methodology.

Table 2. Vulnerability scoring of parameters.

Vulnerability rank (score)

Parameters 1 (Very low) 2 (Low) 3 (Moderate) 4 (High) 5 (Very high)
Elevation (m) >200 101-200 51-100 20-50 0-20
Slope (%) >45 25-45 15-25 8-15 0-8
Precipitation < 1,000 1,000-1,500 1,500-2,000 2,000-2,500 > 2,500
(mm year?)
Geologic Andesite, basalt, clay rock, Sandstone, Limestone, coral, Bojong Alluvium (Qa)
Badui formation (Tmd), quaternary Cihowe formation formation
Cipacar formation (Tpc), volcanicrocks  (Tmc) (Qpb),
Genteng formation (Tpg), Bojongmanik
lava volcano rock formation (Tmb)
Soil type Regosol, lithosol, organosol, Podzolic, Brunisolic, alfisol Lathosol Alluvial
rendzina podzol,
andosol,
grumosol
Land use Forest Swamp, lake, Open landscape Agriculture land  Built-up area
fishpond
Distance to > 600 600 450 300 150

streams (m)

Source: Adapted from Ramadhani et al. [13].
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Table 3. Analytical Hierarchy Process (AHP) rating scale.

Scale importance

Definition

Explanation

1
3

2,4,6,8

Equal importance

Somewhat more important/moderate importance
of one over another

Much more/essential important

Very much more important

Extreme importance

Intermediate values between the two

Two parameters contribute equally to the object
Experience and judgement slightly favour one over
the other

Experience and judgement strongly favour one
over the other

Experience and judgement very strongly favour
one over the other

The evidence favouring one over the other is of the
highest possible validity

When compromise is needed

(reciprocals)

Source: Handiani et al. [18].

Each matrix in the scenario was examined for consistency by calculating a consistency index. This index is
known as the consistency ratio (CR) and is used in the AHP synthesis process [18]. The CR was computed
using Equation (1). When CR is > 0.10 (10%), the comparison matrix indicates inconsistency, and the matrix
needs to be readjusted with different pairwise comparisons according to [18].

CR = (%) <10% (1)

where Cl is the consistency index, and Rl is a random index for different values of n (see Equation 2). The
random index (Rl) depends on the number of components in the comparison matrix. When the number of
parameters was seven, the Rl value was 1.32.

Cl = Apax —n)/(n—1) (2)
where Amax is the largest or principal eigenvalue of the matrix and n is the order of the matrix. In this study,

if the CR value was < 0.10, the computation was accepted, indicating reasonable accuracy for the pairwise
comparison matrix.

In the later phase, the flooding vulnerability map was visualized based on the calculation of flooding
vulnerability. The calculation is the integration of all the parameter ranks and their weights, which was
formulated as (Equation 3):

FVI =7 o(ri xwy) (3)

where FVI is the flood vulnerability index, ri is the rank of the parameters, w; is the weight value of each
parameter, and n is the number of factors. All processes and calculations were performed using GIS. The
calculated FVI was ranked into five categories: very low, low, moderate, high, and very high vulnerability.
These categories were represented by equal count (quantile) FVI percentile ranges of 0—-20%, 20-40%, 40—
60%, 60—80%, and 80—-100%. The two scenarios led to a vulnerability map as the final output of the flooding
vulnerability assessment.

Results and Discussion

Flooding Parameters Vulnerabilities

In this study, multi-source geospatial parameters were used to prepare a flood vulnerability map: elevation,
slope, precipitation (rainfall), geologic, soil type, land use, and distance to streams. The parameters were
ranked from 1 to 5 according to the classifications in Table 2. The results of this classification showed how
each parameter within the spatial area could potentially contribute to the flood. The higher the value (or
rank), the higher is the contribution of the parameter to flood occurrence in the area. Finally, each parameter
was classified into five ranks: very low, low, moderate, high, and very high. The overall visualization is shown
in Figures 3.

Water flows from higher elevations to lower flat lowland areas. This means that flat lowlands may flood faster
than areas with higher elevations [20—22]. The elevation map in Figure 3a shows that the highest potential
flood area is in a flat area west of the study area (estuary), and the flood potential continues at a lower risk
to the east side of the study area. The flooding history also showed that most flooding occurrences were
related to the parameter with the highest rank (30 locations from a total of 31 locations). Furthermore, the
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slope of an area plays a fundamental role in regulating surface discharge, and it becomes a very important
topographic factor [23]. The stiff slope can be correlated to an area of high surface flow velocity [24]. In Figure
3b, the slope is dominant at very low values in almost all study areas, whereas the highest and highest values
are in the western part of the study area. Hence, comparing the flooding history with this parameter showed
that only three locations out of a total of 31 locations are in high and highest flooding potential areas.

Figure 3c shows the rainfall parameter classification for flood potential mapping. There are only two
representations of the values: high and very high. This means that rainfall had a value of more than 2,000
mm yr! in the study area. This rainfall map was prepared based on point rainfall data for one year (Figure
3c). Numerous studies worldwide [13,25,26] have selected rainfall as one of the principles that influences the
components of flood potential mapping. Our study showed that all flooding histories occurred in areas with
high or very high rainfall (Figure 3c).
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Figure 3. Maps representing flood control parameters; (a) elevation, (b) slope, (c) precipitation, (d) geologic,
(e) soil type, (f) land use, and (g) distance to streams.
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A geological (lithology) map of the Cilemer and Ciliman Watershed catchments was prepared based on the
geological and rock types (Figure 3d). The geology of an area can provide substantial information on the
occurrence of paleoflood events [27,28]. A geological formation with higher permeability will lead to a higher
infiltration process, whereas an impermeable layer will increase surface runoff. In our study, high and very
high are classified as alluvium (Qa), Bojong formation (Qpb), and Bojongmanik formation (Tmb), which are
quaternary sedimentary rock types [29]. These areas are spread from the western to the eastern part of the
study area (Figure 3d). Comparing the flooding history with this parameter showed that most occurrences
were in high and highest flooding potential areas (29 of a total of 31 locations).

Soil type can determine the level of infiltration, which can influence flood vulnerability. The slower the land
infiltration, the greater the surface flow, which results in flooding. In this study, soil-type maps were obtained
from a digital soil map of the world from the FAO and UNESCO in 1961 at a 1: 250,000 scale. The classification
of soil types as flood hazard parameters in our study is presented in Figure 3e, and is classified into two types:
low and very high. This parameter was compared to the flooding history, and the results showed that 17
locations of flooding occurred in the very high soil type.

Figure 3f and 3g show the land-use pattern and distance from the stream network in the study area.
According to Garcia-Ruiz et al. [30], land use in an area is important for hydrological responses during
different periods. Furthermore, Figure 3g shows the distance from the stream network, and it buffers the
distance from the rivers between 150 and 600 m. Kourtis and Tsihrintzis [31] and Miranda et al. [32] found
that the expansion of a flood event depends on the distance of a region from the drainage network. The
closer the location of an area to the stream network, the more likely it is to suffer from flooding than in areas
that are far away. A comparison of the flooding history with these parameters showed that 26 locations could
be classified as having high and highest flooding occurrences, and only 12 locations with high and highest
rank flooding occurrence classifications were at a distance from the stream network. Based on these
contributor parameters of flood susceptibility, our study sorted these parameters from the highest to the
lowest rank. Rainfall, elevation, lithology, land use, soil type, distance from the stream network, and slope
were sorted for the pairwise comparison matrix.

The Pairwise Comparison Matrix and Weighted Parameters

AHP was developed by Handiani et al. [18] and is a practical multi-criteria decision-making technique. The
multi-criteria decision is weighted based on their priority through pairwise comparison of alternatives. The
pairwise comparison values of the decision elements are evaluated at each level of the hierarchy, and the
values are then used to derive the priority weights of the parameters. Often, expert opinions are sought for
pairwise comparisons. In our study, we compared two sets of pairwise values: one set was from an earlier
study with expert opinion (scenario-1), and the second set was from the number of flooding occurrences in
high and very high classifications of each parameter that supports flood susceptibility (scenario-2). Using
these pairwise values, we can derive different weighted ranks of the parameters. Tables 4 and 5 are pairwise
matrices for each scenario, whereas Tables 6 and 7 are normalized matrices for each scenario.

As described in Tables 4 to 7, we derived the weights of the parameters in scenario 1. The slope is 0.37,
rainfall is 0.23, land use is 0.12, lithology is 0.11, soil type is 0.07, elevation is 0.05, and distance to streams is
0.04. The weighted parameters in scenario-2 were rainfall is 0.37, elevation is 0.21, lithology is 0.17, land use
is 0.11, soil type is 0.07, distance to streams is 0.04, and elevation is 0.02. Both indices of CR were computed
(using Equation 1), and both CR satisfied the condition (less than 10%), showing the consistency of the
matrices. From these matrices, we obtained two sets of weighted parameters and sorted the list of flood-
vulnerability parameters.

Table 4. Physical parameter for pairwise comparison matrix for scenario-1.

Parameter Slope Rainfalls Landuse Lithology Type of soils Elevation Distance to streams
Slope 1 3 3 4 5 7 7

Rainfalls 033 1 5 2 3 5 5

Land use 0.33 0.20 1 3 2 2 2

Lithology 0.25 0.50 0.33 1 3 3 3

Type of soils 0.20 0.33 0.50 0.33 1 2 2

Elevation 0.14 0.20 0.50 0.33 0.50 1 2

Distance to streams  0.14 0.20 0.50 0.33 0.50 0.20 1

Sum 2.4 5.43 10.83 11 15 20.5 22
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Table 5. Physical parameters pairwise comparison matrix for scenario-2.

Parameter Rainfalls  Elevation Lithology Landuse Type ofsoils Distance to streams Slope
Rainfalls 1 3 3 5 5 7 7
Elevation 0.33 1 2 3 3 5 7
Lithology 0.33 0.50 1 3 3 5 7
Land use 0.20 0.33 0.33 1 4 3 5
Type of soils 0.20 0.33 0.33 0.25 1 2 5
Distance to stream 0.14 0.20 0.20 0.33 0.50 1 3
Slope 0.14 0.14 0.14 0.20 0.20 0.33 1
Sum 2.35 5.51 7.01 12.78 16.70 23.30 35

Table 6. Physical parameter normalized matrix scenario-1.

Parameters Slope Rainfalls Landuse Lithology Type of soils Elevation grséznmcse to Sum  Mean
Slope 0.42 0.55 0.28 0.36 0.33 0.34 0.32 260 0.37
Rainfalls 0.14 0.18 0.46 0.18 0.20 0.25 0.23 1.64 0.23
Land use 0.14 0.04 0.09 0.27 0.13 0.10 0.09 0.86 0.12
Lithology 0.10  0.09 0.03 0.09 0.20 0.15 0.14 0.80 0.11
Type of soils 0.08 0.06 0.05 0.03 0.07 0.10 0.09 0.48 0.07
Elevation 0.06 0.04 0.05 0.03 0.03 0.05 0.09 0.35 0.05
Distance to streams  0.06 0.04 0.05 0.03 0.03 0.02 0.05 0.28 0.04
Sum 1.0 1.0 1.0 1.0 1.0 1.0 1.0 7.00 1.0
Table 7. Physical parameter normalized matrix scenario-2.
Parameter Rainfalls Elevation Lithology Landuse Type of soils sDtlrs;:nmcse to Slope Sum Mean
Rainfalls 0.43 0.54 0.43 0.39 0.30 0.30 0.20 259 0.37
Elevation 0.14 0.18 0.29 0.24 0.18 0.21 0.20 144 0.21
Lithology 0.14 0.09 0.14 0.24 0.18 0.21 020 120 0.17
Land use 0.08 0.06 0.05 0.08 0.24 0.13 0.14 0.78 0.11
Type of soils 0.08 0.06 0.05 0.02 0.06 0.09 0.14 0.50 0.07
Distance to streams  0.06 0.04 0.03 0.03 0.03 0.04 0.08 0.31 0.04
Slope 0.06 0.03 0.02 0.02 0.01 0.01 0.03 0.18 0.03
Sum 1.0 1.0 1.0 1.0 1.0 1.0 1.0 7.00 1.0

The Pairwise Comparison Matrix and Weighted Parameters

Two sets of weighted parameters were used for the flooding vulnerability model in the Cilemer and Ciliman
Watersheds. Visualizations of the models and their validation of the point flood history are shown in Figure
4a and 4b. The flood vulnerability models were calculated using Equation 3, and the vulnerability categories
were represented by low, moderate, high, and very high vulnerabilities. These models were validated based
on flooding history in the watershed. The results showed that there were 17 points from 31 points flooding
occurrences in the high and very high vulnerability in scenario-1. Meanwhile, there were 19 points from 31
points flooding occurrences in the very high vulnerability in scenario-2. The two-point locations differ (purple
squares), as shown in Figure 4a and 4b.

Within the weighted parameters in the two scenarios, the elevation and slope showed significant differences.
The elevation weighted in scenario-1 is 0.05 and, 0.21 scenario-2. The slope weighted in scenario-1 is 0.37
and, 0.03 scenario-2. These differences influenced the validation of the point flood history. The two-point
locations in scenario-2 are in the very high vulnerability area, while in scenario-1 both points are not in the
area. Elevation and slope play an important role in governing the stability of a terrain. The slope affects the
amount and direction of surface runoff at a site. Slope also has a dominant effect on the contribution of
rainfall to streamflow, and it controls the duration of overland flow, infiltration, and subsurface flow [33,34].

Low-gradient slopes are more vulnerable to flooding than high-gradient slopes. Rain or excessive water from
the river always accumulates in areas where the slope gradient is usually low. Areas with high slope gradients
do not permit water accumulation, resulting in flooding. In this study, a slope map was prepared using a
digital elevation model (DEM) and slope-generation tools using GIS software. The slope classes with lower
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values were assigned a higher rank because of the almost flat terrain, whereas the class with the maximum
value was categorized as a lower rank due to relatively high run-off (Table 2; Figure 3b). The very high
vulnerability of the slope was mostly observed in the western area of the study. Flood occurrence points also
existed in the western area of this study. However, a very vulnerable slope occurs in a very small area and
does not cover flood points. Hence, the slope weighted in scenario-2 is rank last, and the elevation ranks
second at the top. This condition causes the elevation to dominate the vulnerability calculation and influences
the validation between the flood point history and flood vulnerability.
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Figure 4. Flood vulnerability models: (a) Scenario-1, and (b) Scenario-2.

Despite the systematic mapping and analysis of the parameters influencing flood areas, our study faced
significant challenges owing to various limitations. Therefore, several aspects should be considered in future
studies. The limitations are:

(i) The details of the DEMs data for river cells and their surrounding areas are limited. Hence, it is difficult
to understand the situation of the river cells and the effectiveness of the distance to the river (streams)
parameter in the potential flood maps.

(ii) To generate data driven by the pairwise comparison from historical flood occurrences in high and very
high vulnerability areas, we can only estimate the value of data without further analysis of the influence
of the potential flood parameters. This was demonstrated by our elevation parameters. Therefore, the
pairwise in the second scenario needed to be combined with the expert judgment of each parameter
influencing the potential flood.

(iii) Improving flood inventory data using satellite images of the location can be useful, as this method has
not yet been used in our study.

Nonetheless, conducting a more comprehensive assessment of flood potentiality by utilizing higher-
resolution data and advanced methods such as modern machine learning or statistical techniques may yield
a more accurate flood map for the Cilemer and Ciliman Watersheds.

Conclusion

This study aims to assess two scenarios of potential flood vulnerability in the Ciliman and Cilemer Watersheds
in the Pandeglang and Lebak Regencies of Banten Province, utilizing a spatial multi-criteria-integrated
approach, specifically the Analytical Hierarchy Process (AHP). The two scenarios have different parameter
priorities and their pairwise comparisons also differ. In scenario-1, parameter priority is based on expert
judgment, while scenario-2 relies on the historical data of flooding occurrences in high and very high
vulnerability areas. We found that the weighted parameters contributing to flood vulnerability in the two
scenarios differed, leading to variations in the mapping of potential floods. In scenario-1, elevation and slope
had the highest weights, whereas in scenario-2, rainfall and elevation were prioritized. Elevation and slope
were consistently identified as crucial factors influencing the flood vulnerability in both scenarios. The
validation of the two flood vulnerability mapping scenarios using historical flood data showed that scenario-
2 exhibited closer agreement with the historical flood points during validation, particularly in areas with very
high vulnerability. Our study suggests that more detailed data, particularly Digital Elevation Models (DEMs)
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of river cells and surrounding areas, could improve the accuracy of flood vulnerability assessments, especially
in areas prone to river overflow during heavy rainfall. Overall, further research and data refinement can
enhance the precision of such assessments and contribute to effective flood management and mitigation
strategies, specifically for the Ciliman and Cilemer Watersheds.
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