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ABSTRACT

This study assessed flood hazards in the Greater Jakarta
area, Indonesia, using geospatial analysis and the weighted
overlay method in a Geographic Information System
(GIS). There are variables used, which are vegetation
index, wetness index, Topographic Position Index (TPI),
distance to water bodies, and altitude. The classification
results showed five levels of hazards: very low (0.48%),
low (1.60%), medium (28.70%), high (48.96%) and very
high (20.26%). A total of 69.22% of the study area of
6,724.18 km? was classified as high to very high. The
findings emphasise the need for risk-based zoning and
mitigation strategies, such as improved drainage and land
use regulation. This research highlights the role of
geospatial technology in supporting climate adaptation
planning, in line with Sustainable Development Goal
(SDG) 13, to increase the resilience of coastal-urban areas
to increased flood threats due to climate change.
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A. INTRODUCTION
Floods are one of the most frequent

crucial for decision-making and strategic
planning in the context of disaster

natural disasters in Indonesia, totalling at
least 55% of the total disasters in
Indonesia in 2024 (BNPB, 2024).
Flooding is defined as the overflowing of
water from water bodies such as rivers,
lakes, or seas that inundate normally dry
land. This phenomenon can occur due to
various factors, both natural and
(Malik, 2022). A
comprehensive understanding of the

anthropogenic

spatial patterns of flood vulnerability is

mitigation in complex urban areas.
Greater Jakarta is the largest
metropolitan area in Indonesia with a high
vulnerability to floods. As the economic,
political and cultural centre of Indonesia,
Greater Jakarta is experiencing rapid
population growth and urbanisation,
which has a significant impact on land use
change and hydrological system. Massive
land development (Han et al., 2020) and
inadequate drainage systems that cannot
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effectively handle stormwater discharge
(Bibi et al., 2023; Iftikhar & Igbal, 2023)
are the primary factors driving the
increased frequency and severity of
flooding in urban areas like Greater
Jakarta.

The physical conditions of Greater
Jakarta that are very favourable for
flooding include a very low topography
and slopes that tend to be flat (Marfai et
al., 2015). The
Management Agency (BNPB) notes that

National Disaster
flooding is the most frequent natural
disaster in Greater Jakarta.  Greater
Jakarta faced floods almost routine
occurrences every year, especially during
the rainy season. Historical data shows
that major floods have hit Jakarta and its
surroundings in 1996, 2002, 2007, 2013,
2020, and most recently in early 2025.
Floods in the Greater Jakarta area
have a major impact on several sectors,
including the economy. According to
BNPB information, the loss of economic
value in the 2025 Jabodetabek Flood is
estimated at 1.69
(Bisnis.com, 2025). This loss has not
included the loss of community activities,

trillion  rupiah

such as education, health and so on. In the
environmental ecosystem, this flood also
has an impact on erosion in the water
catchment area which is dangerous for
settlements, and also siltation in rivers
which has an impact on higher
vulnerability in the upcoming flood

(Siswanto & Francés, 2019).

This highlights the need for
accurate flood hazards maps to aid
mitigation  and  adaptation.  The
development of geographic information
system and remote sensing opened up
opportunities accurate and comprehensive
flood vulnerability analysis (Amiri et al.,
2024; Zhang et al., 2022). GIS enables
better and more effective integration of
spatial data from multiple sources, multi-
criteria analysis, and visualisation of
results in  rapid  decision-making
(Mohammed et al., 2024; Muhammad et
al., 2023; Nofirman et al., 2024).

One of the commonly used methods
in GIS-based flood vulnerability analysis
is the Weighted Overlay method. This
method has proven effective in various
environmental and urban studies (Alharbi,
2024; Nainggolan et al., 2024). Previous
research on the study area by Safitri et al.,
(2023) studied the Tangerang area,
Ariyani et al., (2024) who studied the
focus on flooding in the Ciliwung
watershed, and Puspitasari et al., (2024)
who studied specifically in the South
Jakarta area with the weighted overlay
method.

In contrast to previous studies that
focused on limited areas such as
Tangerang, the Ciliwung watershed or
South Jakarta, this study examines the
Greater Jakarta area as a whole, which has
a wider and more complex spatial
coverage using a biophysical approach. In
addition, this study also compares the
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results of the vulnerability mapping with
official maps from BNPB to see how
relevant and appropriate the analysis
results are with existing institutional
references. The results are also more
detailed and therefore more targeted as
they support specific disaster mitigation
policy interventions in high-risk locations.

These studies integrated various
spatial factors and produced flood
vulnerability maps with a high level of
accuracy. However, these studies are
limited to smaller areas and have not
covered the entire Greater Jakarta area,
which has more complex hydrological and
anthropogenic characteristics. The flood
problem itself is not only generated by one
area, but the combined neighbouring areas
also have a contribution in creating
vulnerability (D’Ayala et al.,, 2020;
Kazmierczak & Cavan, 2011; Sayers et
al., 2018). This research examines the
broader area of how flood vulnerability is
distributed.

The purpose of this research is to
identify and map the spatial flood
vulnerability level in the Greater Jakarta
area using a geospatial approach based on
the weighted overlay method. This
research specifically aims to evaluate the
contribution of each physical
environmental  variable  such  as
vegetation, soil moisture, Topographic

Muhammad et al, Spatial Analysis of Urban ....

Position Index (TPI), distance to water
bodies, and elevation in forming flood
vulnerability zones.

By integrating remote sensing data
and cloud-based geographic information
systems through the Google Earth Engine
or GEE platform, this research produces
flood hazard maps at a more detailed scale
and broader coverage, and enables a faster
and more efficient analysis process. The
results are expected to support the
formulation of disaster risk mitigation
policies and spatial planning that are
responsive to climate change, especially
in vulnerable coastal urban areas such as
Jabodetabek.

B. METHOD
B.1. STUDY AREA

This research focuses on assessing
the vulnerability and mapping the
distribution of flood hazards in the Greater
(Jakarta,
Tangerang and Bekasi) region that

Jakarta Bogor,  Depok,
experienced major flooding in early
March 2025. Greater Jakarta has diverse
physical conditions, and has
vulnerabilities that are contributed by
many variables. This study aims to
identify and map areas that have different
levels of flood risk based on the physical
and environmental characteristics of the

area.
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Figure 1. Greater Jakarta.
(Source: author, 2025)

B.2WEIGHTED OVERLAY

This research adopts a quantitative
descriptive approach, where data from
mapping and spatial processing are
systematically analysed and presented in
the form of a comprehensive narrative to
describe the level of flood hazard in the
study area. The assessment of flood
hazard levels was conducted through the
application of the Weighted Overlay
method, which is a multi-criteria
weighting technique that allows the
incorporation of several key variables that
influence flood risk.

Proportionally  weighting each
variable based on its level of influence,

this method is able to produce

representative and spatially accurate flood
hazard maps. Using a spatial analysis
approach, this study integrates variables
such as distance to water, topography,
elevation, vegetation cover, and soil
moisture to produce flood hazard maps
that comprehensively illustrate the spatial
distribution of flood hazards in the Greater
Jakarta area. This approach facilitate
integration of physical data to providing a
comprehensive picture of the distribution
and vulnerability level of flood hazards in
the Greater Jakarta area. The results of the
analysis are then interpreted descriptively
to support a deeper understanding of the
spatial patterns and factors of study areas.
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Figure 1. Research Workflow.
(Source: author, 2025)

This study adopted the weighting
variables previously applied by Bello et
al., (2024) in mapping flood hazards in
Nigerian regions. In its application, this
study uses a number of variables that play
an important role in determining the level
of vulnerability and flood hazard. The
satellite imagery utilized in this study is
Sentinel-2 data acquired in 2024, selected
with a maximum cloud cover threshold of
10%. This filtering ensures optimal image
clarity by minimizing atmospheric

interference, thereby enhancing the

accuracy of  spectral  information
extraction.

This study integrates geospatial
variables to model flood wvulnerability
including permanent water bodies, terrain
morphology, elevation, vegetation index
and moisture index. The JRC Global
Surface Water Dataset, presence water in

influence flood vulnerability (Agrawal et
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al.,, 2024; Babaei et al., 2018). The
Topographic ~ Position Index (TPI)
characterises the landscape, where
negative values are valleys and positive
values (hills), which correspond to runoff
accumulation (Seif, 2014). Elevation data
from SRTM is used to identify low-lying
areas, which are more vulnerable to
flooding (Diriba & Karuppannan, 2024).
The vegetation index provides
where areas with high vegetation density
have the ability to absorb more water and
can reduce flood risk (Soltani et al., 2021,
Xue & Su, 2017). The Wetness Index
highlights water-saturated zones and
creates a higher risk (Khalifeh Soltanian et
al., 2019; Muhammad et al., 2023). These
parameters collectively inform the spatial
framework for flood hazard assessment in
this study. The following is a breakdown
of the variables and the weighting of the

assessment that occurred in Table 1.
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Table 1. Flood hazard Variable

Variable

Score

Conditions

Data Source

Distance From Water (m)

[EEN

> 4000
3000 - 4000
2000 - 3000
1000 - 2000

<1000

JRC Global Surface Water

Topography Position Index

>0
-0.2t00
-0.4t0-2
-0.6t0-0.4

DEM SRTM 30m

<-0.8

Elevation Score

> 20 DEM SRTM 30m
15-20
10-15

5-10

<5

Vegetation Score

NDVI > 0.8
0.6 <NDVI<0.8
0.4 <NDVI<0.6
0.2<NDVI=<04

NDVI<0.2

Sentinel 2

Wetness Score

OORrwWONPFRPOORONRPRPORMONRPRPORRONREROORAON

NDWI > 0.6
0.2<NDWI<0.6
-0.2 <NDWI<0.2
-0.6 <NDWI<-0.2

NDWI <-0.6

Sentinel 2

B.3.Product Accuracy
Validation

conducted by comparing the results of

in this study was

flood hazard mapping produced officially
by the National Disaster Management
Agency (BNPB). The method used was
statistical correlation analysis to measure
the level of agreement between the two
maps. Due to limitations in conducting
direct field accuracy tests due to the
vastness of the study area, field validation
was replaced with a spatial approach
based on raster data that was compared
with the mapping results by the official
institution, BNPB.

(Source: Bello et al, 2024)

Correlation values were
calculated through the extraction of raster
data into point form. This process
involved converting both hazard maps
into raster format with the same
resolution, then extracting their pixel
values at identical locations. The values
were then compared using statistical
methods such as Pearson or Spearman
tests to determine the level of correlation.
This approach allows for objective
evaluation without relying on time- and
field

comparing with mappings that have been

cost-consuming surveys, and

previously tested for validation.
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C. RESULT AND DISCUSSION
C.1. RESULT
Flood hazard risk assessment
measures the level of threat and likelihood
of flooding by analysing factors that
contribute to the vulnerability of an area.
In this
conducted by combining geographical
The

contribute to vulnerability as hydrological

research, the assessment is

parameters  such. parameter
patterns, topography, land cover type, soil

permeability and history of flood events.

106°400°E
L

107 PG’E

Each parameter is weighted based on its
influence on flood vulnerability, and then
mathematically calculated to produce a
composite risk score.

The analysis results visualised in
Figure 2 category of the flood hazard
scores classified in five categories based
on the risk scale, namely Very Low, Low,
Medium, High and Very High, using a
specific statistical classification method.
This the
interpretation of complex data.

categorisation  simplifies
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Figure 2. a) Modelled Flood Hazard, b) BNPB Flood Hazard, ¢c) Map Correlation.
(Source: author, 2025)
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Figure 2 is spatial representation of
flood risk levels in the form of thematic
maps provides a more detailed picture of
the distribution of an area's hazard to
flooding. The analysis shows that areas
with low topographic heights are more
likely to risker from flooding. Landscapes
especially those near major water sources
such as rivers and coastlines are at higher
risk. The mapping not only illustrates the
spatial distribution of hazard zones, but
also includes a quantitative estimate of the
area affected for each risk category.

Based on the correlation analysis
conducted, the modelled flood hazard map
(FH_Modelled) compared to the official
flood hazard map from the National
Disaster Management Agency (BNPB)
showed a correlation coefficient (r) of
0.52. To obtain this value, the data from
the two raster maps was first extracted

into a set of points that represented the
hazard values at the same geographical
locations. Subsequently, these two point
data sets were analysed for correlation
using Orange Data Mining software. The
value of r = 0.52 indicates a moderate
positive  relationship  between  the
modelled map and the BNPB output map.

This suggests that there is a general
trend whereby areas identified as having
higher flood hazard levels on the modelled
map also tend to have higher hazard levels
on the BNPB map,

correlation is not perfect and implies that

although the

there are some differences or variations
between the two maps. The calculation of
the area is done automatically through
spatial data processing based on Google
Earth Engine. More information on the
area distribution of each flood hazard
class is presented in Table 2.

Table 2. Flood Hazard Area

Class Area (km?) Percentage (%)
Very Low 32.40 0.48

Low 107.70 1.60

Moderate 1930.32 28.70

High 3292.02 48.96

Very High 1361.72 20.26

Based on the results of the flood
hazard mapping analysis using the
weighted overlay method in the Greater
Jakarta area, a wide distribution of areas
with varying levels of vulnerability was
obtained. Areas with a very low flood

hazard category cover an area of 32.40 km?

(Source: author, 2025)

(0.48%), while the low category covers
107.70 km? (1.60%). The medium category
shows a significant coverage of 1,930.33
km?2 (28.70%).

The high flood hazard level is the
most dominant, covering 3,292.03 km?

(48.96%). followed by the very high
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category covering 1,361.72 km2 (20.26%).
Overall, the total area analysed in this study
covers 6,724.18 kmz2. These results show
that almost 70% of the Greater Jakarta area
is in the high to very high flood hazard
category. This indicates a serious level of
vulnerability to flood hazards in the
metropolitan area. Therefore, a planned
and risk-zoning-based mitigation strategy
is needed to effectively reduce disaster
impacts, especially in areas with the
highest hazard levels.

The spatial distribution of flood
indicates the

hazards physical

environmental factors used in the
modelling. Areas with very low to low
hazard levels are generally located in the
southern part of Jabodetabek, such as
Bogor, which has a fairly high vegetation
cover, low wetness index, and relatively
large elevation and distance from water
While

categories are scattered in the transition

bodies. areas with moderate
zone between highlands and lowlands, with
vegetation cover starting to decline and
moderate wetness.

Meanwhile, high to very high hazard
areas are concentrated in the lowlands and
northern coastal areas of Jabodetabek,
covering most of North Jakarta, Bekasi and
Tangerang. These areas are characterised
by low vegetation cover, high wetness, low
elevation, and proximity to water bodies
such as major rivers and coastlines. The
topographic position in the floodplain area
iS prone to inundation. This condition is

Muhammad et al, Spatial Analysis of Urban ....

exacerbated by high spatial utilisation,

which leads to a decrease in water
infiltration capacity. The results of this
classification reflect the combination of
biophysical environmental conditions that

influence vulnerability.

C.2. DISCUSSION

The results showed that 69.22% of
the Jabodetabek area falls into the high to
very high flood hazard category. This
distribution shows a concentration of risk
in urban areas with high population density
and land use change. According to urban
ecology theory, massive land cover
changes such as the conversion of
infiltration areas to built-up areas
significantly increase the potential for
surface runoff, thus exacerbating flood risk
(Hug & Abdul-Aziz, 2021; Tang et al.,
2024). Soil moisture and distance to water
bodies are also key determinants in the
distribution of vulnerability, in line with
the findings of Kazmierczak & Cavan,
(2011) that areas with low infiltration
capacity and proximity to water sources are
more vulnerable to inundation.

Based on the results of this study, we
learnt that the Greater Jakarta area has a
high risk and vulnerability to flooding. The
major flood in March 2025 showed how
this event had a significant impact that
halted the economic activities of the
2025). The

Information

community (Bloomberg,

utilisation of Geographic
Systems (GIS) helps in providing rapid
decision

analysis  in making in
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understanding spatially complex problems
(Hussain et al., 2023). GIS needs to be
applied in regional planning for mitigation
and risk reduction from the start of
development (Muhammad et al., 2024).

(2016),
sustainable development supported by

According to  Greve,

integrated regional planning plays an
important role in minimising disaster
impacts. This approach enables early
identification of disaster-prone areas and
the implementation of risk-adaptive spatial
policies. The weighted overlay method has
been widely applied in the development of
disaster risk maps due to its ability to
integrate multiple spatial variables. It has
proven effective in assessing various types
of hazards, such as floods (Lestari et al.,
2021), tsunamis (Shit et al., 2016), and
landslides (Sambah & Miura, 2014).
Apart from its effective application
fields,
technology widely used in areas such as

in  disaster-related geospatial
urban planning, environmental monitoring,
and determining the location of the agro-
fishery industry (Adii et al., 2019), as well
as for determining developing areas (Kuru
& Terzi, 2018). Weighted Overlay offers
high accuracy, which is one of the key
reasons it is frequently applied in spatial
analysis and disaster risk mapping. Its
ability to combine multiple criteria with
assigned weights allows for more precise
identification of vulnerable areas.

Previous research shows a high
accuracy AUC (Area Under Curve) value

that tests the model with predictions
showing a value of 0.98 in the study by Bui
etal., (2023) in Quang Binh, Vietnam, 0.89
by Lukose & Sunilkumar, (2024) in
Kuttanad, India, and 0.94 by Wardana et
al., (2023) in South Jakarta. The
vulnerability of urban areas requires
cooperation between policy makers to
create sustainable and resilient areas that
prone to disasters (Peters et al., 2024). The
year 2025 has reminded us that disasters
have a major impact on inhibiting the
movement of economic activities by the
community (Bloomberg, 2025). Spatial
information  technology provides an
understanding of how conditions are
occurring in our environment, this role has
helped provide the right decisions in policy
making(Roche, 2014). Dynamic changes
demand further development of this
technology (Dold & Groopman, 2017).

This research compare the results of
flood hazard mapping with data from
institutions such as BNPB, to see the extent
to which the geospatial modelling results
are in line with official vulnerability maps.
By utilising the Google Earth Engine
platform, mapping can be done quickly and
efficiently, potentially supporting the
process of validating or updating data by
relevant institutions. This approach is not
intended to replace institutional data, but
rather complement it to enrich spatial
information and support faster and higher-
scale decision-making in the context of
flood disaster mitigation.
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D. CONCLUSION
This
geospatial

research illustrates how

technology is applied in
measuring and assessing flood hazards in
the Greater Jakarta area. The mapping
results provide valuable information to
help prioritize areas with high flood hazard
vulnerability, enabling more targeted and
effective mitigation efforts. The major
floods that occurred in 2025 have had a
very significant impact on the community,
not only damaging vital infrastructure such
as roads, bridges, and waterways, but also
disrupting widespread economic activities
and damaging residential neighbourhoods.

This further
underscores the importance of

catastrophic event
implementing comprehensive risk
management, especially in areas of high
hazard and vulnerability to natural

disasters. Image data integration of
hydrological, land cover and topographic
data resulted in visualised vulnerability
distribution values, based on the mapping
there is an area of 3,292.03 Kmz2 in the high
flood hazard risk class.

This
Sustainable

research  supports  the

Development Goals, and
specifically point 13 related to climate
action, which highlights the application of
geospatial

technology in improving

information accumulation in disaster
strategy and preparedness. This research
has a limitation where accuracy testing
with field data is not applied in this

research. It is necessary to apply field data

Muhammad et al, Spatial Analysis of Urban ....

testing and testing on a smaller scope to see
the accuracy of the map with existential
conditions in future researchers.
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