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Abstract

This study analyzes flood vulnerability in the Angke-Pesanggrahan Watershed, Jakarta, which faces
increased risks due to land-use changes. The study aims to calculate the 50-year return period flood
discharge, map flood-prone zones, and formulate mitigation recommendations using spatial mapping.
A quantitative approach was employed, analyzing 15 years of rainfall data from five stations.
Methodology included data consistency testing, Spearman’s correlation, stationarity, and outlier
identification, followed by regional rainfall analysis using Thiessen Polygons. The Log Pearson Type
IIT distribution was applied for frequency analysis, and the Nakayasu Synthetic Unit Hydrograph
method estimated flood discharge. Flood-prone zones were mapped using scoring and overlay
techniques in a Geographic Information System (GIS). Results show that the 50-year flood discharge
reaches 1.128 m¥/s, exceeding existing river capacity. Mapping simulations identified flood depths of
3—6 meters in downstream areas, with high-risk zones concentrated in Northern Kembangan, Kedaung
Kali Angke, Kapuk Muara, Kamal Muara, Eastern Cengkareng, and Northern Kedoya, where surface
runoff contributes up to 90%. Spatial analysis categorized 257.18 km? as non-prone, 92.14 km? as
moderately prone, 75.75 km? as prone, and 58.57 km? as highly prone. This study concludes that the
Angke-Pesanggrahan Watershed, particularly the Cengkareng Drain section, requires urgent technical
intervention, including river normalization and catchment area optimization. These findings provide a
crucial spatial database for sustainable flood mitigation and risk-based decision-making in urban
planning.

Keywords: Angke-Pesanggrahan Watershed; Disaster Mitigation; Nakayasu HSS; Q50 Flood
Discharge; Spatial Mapping.
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Introduction (Novarini et al., 2024), while regional

development has significantly altered the
Flood vulnerability in the Angke- land cover in the Pesanggrahan watershed,
Pesanggrahan River Basin, particularly in leading to a substantial increase in surface
Jakarta, has increased in line with runoff where urbanized areas now
population growth and massive land use contribute to a higher percentage of
changes (Habibi & Darmawan, 2024). Land immediate flood discharge rather than
conversion reduces soil absorption and natural infiltration (Taki & Wartaman,
river retention capacity, causing frequent 2022). As a result, a 3.5 meter flood hit
surface runoff and annual flooding in Pesanggrahan in 2025, causing hundreds of
downstream areas such as North residents to evacuate (Abdolazimi et al.,
Kembangan-Kamal ~Muara (Ignes & 2025; Noviansah, 2025) and blocking
Arbaningrum, 2021). BNPB data from several roads in Kembangan, West Jakarta
2015 recorded 93 flood points in Jakarta (Syukur, 2025).
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A review of previous studies shows
significant ~ developments in  flood
modelling, but there is still room for further
discussion and exploration. Habibi &
Darmawan (2024), Mitu et al. (2025) and
Limeria &  Saputra (2024) have
successfully applied the HEC-RAS model
(1D and 2D) to predict peak discharge and
inundation area at various return periods,
but their analysis tends to focus on
hydraulic dynamics within river channels
without integrating broad physical land
variables. On the other hand, Fox et al.
(2024) and Sinurat et al. (2022) have gone
further by converting HEC-RAS output
into spatial format using QGIS and
InaSAFE for economic loss analysis, but
the vulnerability parameters used do not yet
cover detailed biophysical characteristics of
the soil. A research gap exists in the lack of
integration between design discharge (Qso)
and multifactorial geospatial parameters

that determine water retention capacity
outside the river channel. This study aims
to fill this gap by developing a more

comprehensive flood vulnerability
mapping approach through scoring and
overlay techniques on seven key

parameters, which are rainfall intensity,
administrative boundaries, soil infiltration,
land slope, elevation, land use, and soil
texture. The strength of this study lies in the
cross-validation  between  Nakayasu’s
Synthetic ~ Unit  Hydrograph  (HSS)
hydrological modelling, HEC-RAS 6.7
hydraulic simulation, and geospatial
mapping from the Geospatial Information
Agency, in order to map hotspots of
vulnerability in the Angke-Pesanggrahan
watershed more precisely amid massive
trends in climate change and land use. The
study was conducted in the Angke-
Pesanggrahan watershed, Jakarta, as shown
in the location map in Figure 1.
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Figure 1. Angke-Pesanggrahan watersheds map.

Materials and Methods

Regional Geology and Research Area
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Watersheds are vital areas for the
preservation of the water cycle.
Topographically, a watershed functions as
a catchment area that collects and carries
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rainwater runoff through river systems to
lower areas or the sea (Dahlia & Fadiarman,
2020). This area is an ecological system
where natural components such as soil,
water, and vegetation interact with human
activities, particularly in densely populated
regions where land-use changes
significantly affect the hydrological
balance and increase flood risks (Taki &
Wartaman, 2022). These characteristics
significantly influence the hydrological
response and flow patterns within the
watershed when subjected to rainfall (Yu et
al., 2025; Rhianazala et al., 2026). In

tropical regions like Indonesia, atmospheric
conditions often lead to high-intensity
rainfall events that exceed drainage
capacities. Recent spatial analyses in
Greater Jakarta demonstrate that extreme
rainfall intensity, coupled with topographic
factors, remains a primary driver of urban
flood vulnerability, often resulting in rapid
surface runoff and significant hazard zones
(Muhammad et al., 2025). The
geographical locations of the five rainfall
stations used in this study, including their
coordinates, are detailed in Table 1.

Table 1. Location of Rainfall Stations in the Angke-Pesanggrahan watershed (PSDA WS Ciliwung-
Cisadane, 2019).

No Rain Station

Geographical Location

Latitude Longitude
1 Sawangan 06°18° 544 S 106° 45’ 51.2” E
2 Bendung Gintung 06°34°28.9’ S 106° 52° 58.6” E
3 Cengkareng Drain 06°09°13.3” S 106° 44> 52.6” E
4 Situ Parigi 06°16°53.6”° S 106°41°48.3” E
5 Villa Pamulang 06°20°34.6 S 106°43°22.8” E

Data Collection

This study uses one sources of information;

this secondary data came from the

Ciliwung-Cisadane River Basin

Management Agency and the Geospatial

Information Agency. The secondary data

obtained is as follows:

1.) Daily rainfall data from the Sawangan
Rainfall Station, Bendung Gintung,
Cengkareng, Situ Parigi, and Villa
Pamulang for 15 years.

2.) Administrative boundary data West
Java, DKI Jakarta, and Banten
Province.

3.) Land cover data for West Java, DKI
Jakarta, and Banten Province.

4.) Elevation data, land slope, soil
drainage, soil texture of West Java
province, DKI Jakarta, and Banten.

Analysis of Extreme Rainfall

The frequency analysis in this study was
performed using the Log Pearson Type III
distribution to estimate extreme rainfall
events. This method is  highly
recommended for hydrological modelling
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in tropical regions due to its flexibility in
handling  skewed data  distribution
(Abdolazimi et al., 2025; Ismael & Awchi,
2023) Rainfall frequency analysis was
performed using the Log Pearson Type III
distribution, which is the standard approach
for analyzing hydrological extreme values
in tropical regions (Guo et al., 2025), as
shown in Equation (1).

log X = LogX + k(S log X)

where:

(1

LogX : mean value of log X.
k : frequency factor (found in the Pearson
III table).

S log X : standard deviation of log X.

Rainfall in the Region Thiessen Polygon
Method

The regional average rainfall is determined
by considering the spatial distribution of
observation points, where the Thiessen
Polygon method is applied to assign area-
weighting factors to each station (Kwak et
al., 2024; Rahmadani et al., 2023). The
regional average rainfall was estimated by
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applying the area-weighting formula shown
in Equation (2). The regional average
rainfall was calculated using the Thiessen
Polygon spatial interpolation method to
account for the uneven distribution of rain
gauges (Dahlia & Fadiarman, 2020):

A1Ry+ARy+1+AnRy
. @

R =

with:

R : Average rainfall in the area (mm).

A, Ay A, : Area represented by each
observation point (m?).

Ry, R,, R, : Rainfall at observation location
1 (mm).

The spatial distribution and influence area
of each rainfall station were determined
using the Thiessen Polygon method, which
ensures a representative average rainfall
calculation for the entire watershed.

Debit Analysis Flood (Nakayasu HSS)

The peak flood discharge for the 50-year
return period was estimated using the
Nakayasu Synthetic Unit Hydrograph
(SUH) method, as formulated in Equation
(3). To estimate peak flood discharge, the
Nakayasu SUH was applied, as it is
calibrated for Indonesian watershed
characteristics (Rahmadani et al., 2024).

Qp - 3,6(0,3Tp+T0’3) (3)
The calculation of river dimensions is based
on the discharge that must be

accommodated by the river (Qs), which is
greater than or equal to the planned
discharge (Qr) influenced by planned
rainfall (Rr). To evaluate whether the
existing river can accommodate the flood,
the hydraulic capacity of the river channel
was evaluated using Manning’s equation to
determine the threshold for overtopping
during peak discharge, the cross-sectional
capacity was analyzed using Equation (4)
and Equation (5). One way to describe this
condition is as follows (Setiyawan et al.,
2022; Taki & Wartaman, 2022):

Qs > QT (4)
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The discharge that can be accommodated
by the river (Qs) is obtained using the
following formula:

Qs = AgV

Formula explanation:

As : Wet cross-sectional area of the river
(m?).

V. Average flow velocity according to
material type (m/s).

)

To transform effective rainfall into flood
hydrographs, the Nakayasu SUH was
employed. This approach has been widely
validated for urban watersheds in Indonesia
to accurately predict peak discharge timing
and volume (Handore et al., 2025).

Spatial Mapping Flood Vulnerability

Accuracy testing of spatial mapping was
conducted using the cross-validation
method by comparing ArcGIS spatial
output parameters with actual accumulation
data from HEC-RAS numerical modelling.
The accuracy of vulnerability maps was
measured based on the consistency between
spatially defined ‘Highly Vulnerable’ zones
and hydrodynamic parameters at relevant
river stations.

Scoring
Vulnerability scores are calculated by

multiplying the relative weight of each
criterion with its corresponding rank value,
a method known as Weighted Overlay
Analysis (Soma et al., 2021). The scoring
system for each physical parameter, such as
land use, rainfall, slope, and soil
characteristics, is defined in Table 2 — 7,
while the assigned weights are shown in
Table 8.

Table 2. Scores for land closure classes (Alif et al.,

2025).
No Class Score
1 Rice fields, open land 9
2 Dry fields, settlements 7
3 Bushes, thickets, reeds 5
4 Plantations 3
5 Forests 1
6 Clouds and shadows 1



http://journal.unhas.ac.id/index.php/geocelebes

Analysis of Flood Vulnerability and Rainfall Changes ...

Table 3. Scores for rainfall classes (Alif et al.,
2025).

No Class Score

> 3000 mm (very wet) 9
2501 — 3000 mm (wet)
2001 — 2500mm
(moderately damp)
1502 — 2000 mm (dry)

1
2
3
4
5 < 1500mm (very dry)

7
5
3
1

Table 4. Score for land slope classes (Alif et al.,
2025).

No Class Score

Flat (0 — 3%) 9
Undulating (3 — 8%)
Wavy (8 — 15%)
Small hills (15 — 30%)
Hills (30 — 45%)
Steep hills (> 45%)

AN DN bk W
O = W W

Table 5. Scores for the upper grades (Allafta &

Opp, 2021).
No Class Score
1 0—12.5m 9
2 12.5-25m 7
3 25 -50m 5
4 50 —75m 3
5 75 —100m 1
6 > 100m 0
Table 6. Score for soil texture classes (Alif et al.,
2025).
No Class Score
1 Very smooth 9
2 Smooth 7
3 Medium 5
4 Rough 3
5 Very rough 1
Table 7. Score for soil drainage classes (Endendijk
et al., 2023).
No Class Score
1 Hindered 9
2 Somewhat hindered 7
3 Somewhat hindered — Moderate 5
4 Moderate 3
5 Fast 1

Table 8. Weight of parameters causing flooding
(Alif et al., 2025).

No Parameter Weight
1 Land slope 0.2
2 Elevation class 0.1
3 Soil texture 0.2
4 Soil pemeability 0.1
(drainage)
5 Rainfall 0.15
6 Land use 0.15
7 River buffer 0.1
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Overlay
This stage involves combining all

parameters using overlay weight sum (Saad
et al., 2024). The score attributes of each
parameter will be overlaid to produce a new
layer, thereby automatically calculating the

Score.

v

= Literature review and secondary data collection

v

Rainfall Data for Watersheds

v

Data Analysis:

1. Rainfall Area

2. Frequency Analysis

3. Planned Rainfall Analysis

v

Flood Discharge Analysis Design:
Nakayasu HSS for Q50

v

Hydraulic Modeling:
HEC-RAS

v

Flood-Prone Area Mapping
Using ARCGIS Software

Accuracy Testing
And Validation

Data Interpretation

v

Conclusion

Figure 2. Flowchart of research analysis of flood
vulnerability in the Angke-Pesanggrahan watershed
spatial mapping and rainfall changes.

Reclassification of flood vulnerability
levels

This stage involves classifying the overlay
results separated into four groups of

vulnerability:  safe, not vulnerable,
moderately  vulnerable, and  highly
vulnerable.
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The systematic workflow of this research,
from data collection to final mapping, is
depicted in the flowchart in Figure 2.

are the daily rainfall at other stations and
the total rainfall for 1 year at those other
stations. For 2009, the table is on Table 10.

Results and Discussion Table 11. Complete rainfall data (mm).

Bendung Cengkareng Situ Villa
Sawangan . . .
Rainfall Plan Year Gintung Drain Parigi Pamulang
Daily P (mm)
Extreme price distribution 2009 85 27.9 139 30.9 25.5
In this study, the Maximum Annual Series ;8}(1) 17068 ggg g ;;g ?ég
Meth to ensure that ther . : :
cthod was used to ensure that there was = 5,1, g3’ 1 gy 54 206 17
only one Fiata point per year,.representlng 2013 100 251 01 278 229
the maximum average rainfall value 2014 100 26.6 105 204 243
available for each period. This approach is 2015 436 50 124 288 238
essential for establishing a consistent 2016 105 95 120 46.7 385
dataset for flood susceptibility and 201739 8 105.5 110 S
.. . . 2018 60 67.5 83 31 25.6
vulnerability modelling (Safael-.moghade‘lm 2019 135 135 423 158 112
et al., 2024). The recorded maximum daily 2020 507 1143 156 175 94.5
rainfall data and the completed dataset used 2021 92 134 92.5 1223 83.5
for further analysis are presented in Table 9~ 2022 98.4 1225 124.5 157 85
2023 116.5 82 62 89 88

—11.

Table 9. Maximum Daily Rainfall Data (PSDA Using the Normal Ratio formula, we get:

WS Ciliwung-Cisadane, 2023). 1 n A
Sawangan Be.ndung Cengka}reng Sit.u. Villa d. = _Z d. Ny
Year Gintung Drain Parigi Pamulang * " n £ t An;
Daily P (mm =
2009 85 0 yl3(9 : 0 0 dx — 1(139 % 791.5 +85 X 791.5 +
2010 108 0 75 0 0 4 1842 1293.5
2011 76 0 83 0 0 791.5 791.5
2012 834 0 54 0 0 0 X 7013 T 0% m)
2013 100 0 91 0 0 d. = 27.94 mm
2014 100 0 105 0 0 x
;8}2 ‘;%56 3(5) };g 8 8 The same applies to other years, with the
2017  39.8 105.5 110 0 0 following results.
;8}2 16305 617355 48233 1(5)8 1(1)2 Double period curve consistency test
2020  50.7 0 156 175 94.5 Before collecting data, it is important to
2021 92 134 92.5 1223 835 understand the nature of the data that will
2022 984 1225 124.5 157 85 be used in the study. The consistency test
2023 1165 82 62 89 88 results at each station are quite good, the
Table 10. Missing rainfall. reliability of the rainfall data was verified
Bendung Cengkareng Situ  Villa through a double-mass curve consistency
Year Sawangan Gintung  Drain __ Parigi Pamulang test, as shown in the graphs in Figure 3.
Daily P (mm)
2009 85 0 139 0 0 Based on the analysis results, the validation
2010 108 0 75 0 0 of rainfall data feasibility for flood
Total 12934 791.5 1842 701.3 463 discharge analysis is reinforced by
Normal Ratio Method comprehensive statistical test findings.

Furthermore, the application of double-
mass curve consistency testing is a
fundamental prerequisite to ensure the
reliability and integrity of the hydrological

The calculation used is quite simple, which
is by calculating rainfall data at nearby rain
stations to find the missing rainfall data at
that station. The variables in this method

© 2026 Dept. of Geophysics Hasanuddin University
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data before integrating multiple criteria into
the subsequent discharge calculations and
spatial analysis (Bahago et al., 2026). The
results of double mass curve consistency
testing show a stable and homogeneous
rainfall accumulation pattern across all
stations, proving that historical data is
highly reliable for flood vulnerability
analysis. The stability of this trend reflects
the influence of regional meteorological
phenomena such as La Nina, which
periodically triggers extreme rainfall in the
Greater Jakarta area but is still recorded

St. Sawangan Consistency Test
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consistently between stations without any
systematic errors in the measuring
instruments. These findings are in line with
a previous study (Wigati & Wahyudin,
2013) on the characteristics of extreme
rainfall in Jakarta, where spikes in
accumulation on the double mass curve
coincide with periods of regional climate
anomalies. Thus, the consistency of this
data provides an accurate climate
information base for spatial mapping of
flood-affected areas in the Angke-
Pesanggrahan watershed.
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Figure 3. Data Consistency Graph (a) Sawangan Station, (b) Bendung Gintung Station, (c) Cengkareng Drain
Station, (d) Situ Parigi Station, (e) Villa Pamulang Station.

Furthermore, about data stationarity, which
in this study was proven through F-tests and
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and mean
in

T-tests
stability,

showing variance
is a critical assumption
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hydrological frequency analysis. Support The reliability of the rainfall dataset was
also comes from Muhammad et al. (2025), ensured by conducting an outlier test and
who emphasizes that rainfall data with non- consistency check before the simulation.
trend and non-persistent characteristics, This preprocessing step is crucial to
identified through Spearman and Cox- eliminate anomalies that could potentially
Stuart tests, provide a valid basis for flood bias the hydraulic simulation results (Carr
modelling in urban areas such as the et al., 2025; Mester et al., 2025; Saraswati
Angke-Pesanggrahan River Basin. et al., 2023).
Table 12. Results of rainfall data analysis calculations for the Sawangan station.
Testing o  Zm/F/T  Zcr/Fer/ter Conclusion
Spearman Trend Absence Test 5% -4,96 1,771 -Zer < Z <Zcr There is no trend
Cox and Stuart Trend Absence Test 1% 1,78 2,58 -Zer < Z <Zcr There is no trend
Cox and Stuart Trend Absence Test 5% 1,789 1,96 -Zer<Z <Zcer There is no trend
Stationarity Test (F-test) 5% 0,04 4,28 F <Fcr Stable Variation
Stationarity Test (T-test) 5% -24,6 1,78 -ter <t <ter Stable Average
Spearman Persistence Test 5% 2,44 1,771 -ter <t Dependence Data

Table 13. Results of rainfall data analysis calculations for the Bendung Gintung station.

Testing o Zm/F/T _ Zcr/Fer/ter Conclusion
Spearman Trend Absence Test 5% -3,88 1,771 -Zer <Z <Zcr There is no trend
Cox and Stuart Trend Absence Test 1% 1,78 2,58 -Zer<Z <Zcr There is no trend
Cox and Stuart Trend Absence Test 5% 1,78 1,96 -Zer <Z <Zcr There is no trend
Stationarity Test (F-test) 5% 0,13 4,28 F <Fcr Stable Variation
Stationarity Test (T-test) 5%  -33,9 1,78 -ter <t <ter Stable Average
Spearman Persistence Test 5% 2,22 1,77 -ter <t Dependence Data

Table 14. Results of rainfall data analysis calculations for the Cengkareng station.

Testing o Zm/F/T  Zcr/Fer/ter Conclusion
Spearman Trend Absence Test 5% -1,76 1,77 -Zer < Z < Zcr There is no trend
Cox and Stuart Trend Absence Test 1% 0.89 2,58 -Zer < Z < Zcr There is no trend
Cox and Stuart Trend Absence Test 5% 0,89 1,96 -Zer < Z < Zcr There is no trend
Stationarity Test (F-test) 5% 0,04 4,28 F <Fer Stable Variation
Stationarity Test (T-test) 5%  -11,2 1,78 -ter <t <ter Stable Average
Spearman Persistence Test 5% 0,78 1,77 t <tcr Random Data

Table 15. Results of rainfall data analysis calculations for the Situ Parigi station.

Testing o Zm/F/T _ Zcr/Fer/ter Conclusion
Spearman Trend Absence Test 5%  -4,27 1,77 -Zcer<Z <Zer  There is no trend
Cox and Stuart Trend Absence Test 1% 1,789 2,58 -Zcr<Z <Zcr  There is no trend
Cox and Stuart Trend Absence Test 5% 1,789 1,96 -Zer<Z <Zcr  There is no trend
Stationarity Test (F-test) 5% 0,11 4,28 F <Fcr Stable Variation
Stationarity Test (T-test) 5%  -28,9 1,78 -ter <t <ter Stable Average
Spearman Persistence Test 5% 2,9 1,77 -ter <t Dependence Data

Table 16. Results of rainfall data analysis calculations for the Villa Pamulang station.

Testing o Zm/F/IT  Zcr/Fer/ter Conclusion
Spearman Trend Absence Test 5% -3.4 1,77 -Zer <Z <Zcr There is no trend
Cox and Stuart Trend Absence Test 1% 1,789 2,58 -Zer<Z<Zcr There is no trend
Cox and Stuart Trend Absence Test 5% 1,789 1,96 -Zer<Z<Zcr There is no trend
Stationarity Test (F-test) 5% 0,04 4,28 F <Fcr Stable Variation
Stationarity Test (T-test) 5%  -21,3 1,78 -ter <t <ter Stable Average
Spearman Persistence Test 5% 1,06 1,77 t <tcr Random Data
The analysis of rainfall characteristics statistically consistent results. Based on the
across the five stations shows varied yet data presented in Table 12, 13, and 15, the
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calculated values for Sawangan, Bendung
Gintung, and Situ Parigi stations exceed the
critical value at o = 5%, confirming the
persistent nature or serial dependence of the
data. Conversely, the test results in Table
14 and 16 show that data fluctuations
remain within stationary limits through F-
tests and T-tests. This demonstrates that,
overall, the rainfall data does not
experience extreme shifts in mean or
variance over time.

St. Sawangan Outlies Test

The data validity Is further supported by the
outlier test results shown in Figure 4.
Although the Saluran Cengkareng station
shows data points exceeding the outlier
threshold, these values are considered
reasonable and hydrologically acceptable
as they do not deviate significantly from
historical trends. Consequently, the entire
dataset is declared valid for use as input in
the planned rainfall frequency analysis
using the Log Pearson Type III distribution.
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Figure 4. Outlier test graph (a) Sawangan Station, (b) Bendung Gintung Station, (¢) Cengkareng Drain Station,
(d) Situ Parigi Station, € Villa Pamulang Station.

The stability of data without trends reflects
that despite annual fluctuations, long-term
hydrological characteristics in this region
remain consistent for use in modelling. In
terms of regional meteorology, the absence
of trends indicates that rainfall spikes are
periodic, influenced by the La Nina
phenomenon, which historically triggers
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extreme rainfall anomalies in Jakarta
without permanently changing long-term
distribution patterns. Compared to previous
studies on extreme rainfall in the Angke-
Pesanggrahan watershed, the recorded
extreme values including outliers at the
Cengkareng Drain Station—are
representative of the high rainfall intensity
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typical of regional climate anomalies and
are not systematic errors. These outliers
were not eliminated from the dataset
because their positions were still within the
main distribution threshold, in line with the
approach taken by Glas et al. (2023).

The existence of stable and stationary
extreme data is crucial input for HEC-RAS
modelling, where the resulting design
rainfall triggers a peak discharge (Qs0) of
1127.97 m?/s. This figure is validated as a
critical condition for river capacity, where
the numerical profile shows that the water
level reaches 4.15 m, which directly
explains the mechanical cause behind the
spatial distribution of flood vulnerability
mapped through ArcGIS.

Area Rainfall

In terms of rainfall areas, rainfall stations
are located in designated Watershed Areas
(DAS), although they can also be found in
adjacent DAS. Five rainfall stations are
located within the Angke Pesanggrahan
Watershed, which are Sawangan Station,
Bendung Gintung Station, Situ Parigi
Station, Villa Pamulang Station, and
Cengkareng Drain Station. As shown in
Figure 5.

Table 17 displays the Thiessen coefficient
by comparing the length of the sub-DAS
with the total length of the DAS. Using the
Thiessen polygon method in millimeters,
Table 18 displays the average rainfall of the
DAS.

The coverage area represented by each
rainfall station, determined through the
Thiessen Polygon method, is detailed in
Table 17. These area values serve as the
basis for calculating the regional average
rainfall for the watershed, with the final
results presented in Table 18.
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The method used to determine rainfall in
the Angke-Pesanggrahan watershed is the
Thiessen Polygon Method. This method
was chosen based on the characteristics of
spatial distribution, in which each rain
station has a unique and non-uniform area
of influence. The analysis involved five
influential rainfall stations, which are
Sawangan Station, Bendung Gintung,
Cengkareng Drain, Situ Parigi, and Villa
Pamulang.

Table 17. Influence area values for each rain
station.

Area Thiessen

No Station Name (km?)  coefficient

1 Cengkareng Drain ~ 139.49 0.281
2 Bendung Gintung 57.25 0.115
3 Situ Parigi 109.69 0.221
4 Villa Pamulang 56.54 0.114
5 Sawangan 133.49 0.269
Total 496.46 1

The process of mapping the area of
influence was carried out using a working
map with a scale of 1:330.000. The
calculation steps began with determining
the watershed boundaries at the review
point, then plotting the five stations based
on their geographical coordinates. Based on
the results of the polygon mapping, the total
Thiessen polygon influence area was
496.46 km?. The unique area of each station
was then used as a weighting factor to
produce accurate rainfall design input for
hydrodynamic simulation.

Probability Distribution

Probability distribution tests are used to
determine whether the observed probability
distribution can be used to calculate the
sample data’s statistical distribution under
analysis. The test analysis results are shown
in Tables 19 and 20 below, with the most
accurate distribution being the Log Pearson
III distribution.
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Table 18. Rainfall values in the Angke Pesanggrahan watershed area from 2009 to 2023.

Year

Rainfall Station (mm)

Sawangan  Bendung Gintung Cengkareng Drain  Situ Parigi  Villa Pamulang  Rainfall
2009 85.0 27.9 139.0 30.9 25.5 74.9
2010 108.0 24.6 75.0 27.2 22.5 61.5
2011 76.0 20.5 83.0 22.8 18.8 53.3
2012 83.4 18.6 54.0 20.6 17.0 46.2
2013 100.0 25.1 91.0 27.8 22.9 64.1
2014 100.0 26.6 105.0 29.4 24.3 68.7
2015 146.8 20.6 124.0 28.8 23.8 85.7
2016 3534 39.1 156.5 46.7 38.5 158.2
2017 134.0 434 143.5 39.2 324 93.7
2018 202.0 27.8 108.3 31.0 14.3 96.4
2019 454.4 55.5 551.7 57.0 62.5 303.3
2020 170.7 47.0 203.5 63.1 52.8 128.4
2021 309.7 55.1 120.6 44.1 46.6 138.6
2022 331.2 50.4 162.4 56.6 47.5 158.4
2023 392.1 33.7 80.9 32.1 49.1 144.7
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Figure 5. Map of the Angke Pesanggrahan watershed using the thiessen polygon method.

a) Chi-Square Test

Table 19. Calculation results X? and X2

CHI-SQUARE TEST

Description Distribution
Gumbel Log Pearson Normal Log Normal
XZeritis a (1%) 9.21 9.21 9.21 9.21
XZeritis a (5%) 5.991 5.991 5.991 5.991
Degrees of Freedom (DF) 2 2 2 2
X%count 53 0.7 7.3 0.7
Description (1%) Accepted Accepted Accepted Accepted
Description (5%) Accepted Accepted Rejected Accepted
Difference (1%) 3.9 8.5 1.9 8.5
Difference (5%) 0.7 53 -1.3 5.3
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b) Smirnov-Kolmogorof Test

Table 20. Distribution test calculation results using the Smirnov-Kolmogorov method.

SMIRNOV-KOLMOGOROF TEST

Description Distribution
Gumbel Log Pearson Normal Log Normal
Acritical a (1%) 0.4 0.4 0.4 0.4
Acritical a (5%) 0.34 0.34 0.34 0.34
Large data (n) 15 15 15 15
Acount 0.13 0.11 0.15 0.08
Description (1%) Accepted Accepted Accepted Accepted
Description (5%) Accepted Accepted Accepted Accepted
Difference (1%) 0.273 0.29 0.246 0.317
Difference (5%) 0.213 0.23 0.186 0.257
Table 21. Planned rainfall calculation results.
Repeatability [Tr] (Year) Pr (%) K K.Sdiogr  Log Raesign  Rdesign (mm)
2 50 -0.141 -0.0313 1.961 88.26
5 20 0.774 0.1712 2.163 122.12
10 10 1.338 0.2960 2.288 149.20
25 4 2.008 0.4442 2.436 189.25
50 2 2.479 0.5485 2.540 223.71
100 1 2.930 0.6481 2.640 262.48
200 0.5 3.364 0.7442 2.736 306.23
1000 0.1 4.328 0.9574 2.949 431.12
Rainfall Analysis Plan serve as the primary input for the

Based on the frequency analysis using
Equation (1), the planned rainfall values
were obtained. These results, representing
the Log Pearson Type III distribution, are
presented in Table 21.

Planned flood discharge

Planned flood discharge based on Equation
3 above, the planned discharge was
obtained using the Nakayasu HSS method.
Table 22 below shows the results obtained.

Table 22. Planned flood discharge calculation

results.
No Repeatability Planned Flood
[Tr] (Year) Discharge (m%/s)
1 2 296.9
2 5 473.1
3 10 630.7
4 25 887.2
5 50 1128
6 100 1418.8
7 200 1770.2
8 1000 2892.3
The final estimation of peak flood

discharges for various return periods, based
on the integrated hydrological modelling, is
summarized in Table 23. These values
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subsequent flood inundation mapping.

The hydrological data used in this study
consist of annual peak flood discharge
records. The fluctuation and distribution of
these discharge values over the observation
period, which serve as the primary input for
the frequency analysis, are presented in
Figure 6.

HYDROLOGICAL RECURRENCE INTERVAL
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Figure 6. Total Runoff Hydrograph for 5, 10, 25,
50, and 100-year return periods, Nakayasu HSS.

Sensitivity analysis on the Nakayasu HSS
model was conducted to identify the extent
to which the flow coefficient (C) and peak
time (7)) parameters affect the design flood
discharge in the Angke-Pesanggrahan
watershed. The simulation results show that
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variations in these parameter values
significantly  affect the hydrograph
elevation, where the peak discharge (Qso)
produced reaches 1127.97 m?/s. This value
was then validated numerically through
direct comparison with the existing storage
capacity on the Cengkareng River section
(Reach 4) using the HEC-RAS program.
The results of ArcGIS and RAS Mapper
mapping, showing the accumulation of
unaccommodated discharge, are visualized
in Figure 7.

Table 23. Results of river cross-section analysis (existing) using the HEC-RAS program.

River Location Name Flood Discharge (m3/s)  River Capacity (m?/s) Description
1 Kembangan Utara 1128 599.78 not safe
2 Kedaung Kali Angke 1128 592.12 not safe
3 Kapuk Muara 1128 565.41 not safe
4 Kamal Muara 1128 565.00 not safe
5 Cengkareng Timur 1128 596.47 not safe
6 Kedoya Utara 1128 598.54 not safe
Explanation:
Safe: flood discharge < river capacity
Not safe: flood discharge > river capacity
cross1 Plan: simulasil  12/24/2025
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= Tegend |
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Figure 8. Longitudinal profile of the Cengkareng river.

The hydraulic simulation results for the 50-
year return period (Qso) are visualized
through the cross-sectional profiles in
Figure 8 — 11. The analysis indicates that
the existing river capacity is insufficient to
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accommodate the peak discharge of 1.128
m3/s. As illustrated in these figures, the
water level (represented by the blue area)
significantly exceeds the main channel's
bank stations (marked by the red dots),
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extensive flooding in the surrounding areas
due to the water overtopping the

riverbanks.

particularly in the downstream sections.
This overflow confirms that the river has
reached its maximum capacity, leading to

cross1 Plan: simulasil  12/24/2025
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Figure 9. Cross-section of the Cengkareng river at the headwaters.
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Figure 10. Cross-section of the Cengkareng river in the middle of the river.
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Figure 11. Cross-section of the Cengkareng river at the downstream section.

The flood vulnerability analysis in this
study integrates hydrological sensitivity
parameters through Nakayasu HSS method
and hydrodynamic simulation using HEC-
RAS 6.7. Sensitivity analysis in Nakayasu's
modelling was conducted to determine the
peak discharge based on various return
periods. The calculation results show that
for a 50-year return period (Qso), the design
flood discharge reaches 1128 m?¥/s. This
figure was validated through the
Hydrological Recurrence Interval graph,
which shows a very significant peak
discharge surge compared to the recurrence
periods below it. Numerical validation of
river safety levels was carried out by
comparing the design flood discharge (Qs0)
with the river capacity at six critical
locations along the Cengkareng River
(Figure 8 — 11). The comparison results
show that the current river capacity ranges
from only 565 to 599.78 ms. The
comparison graph of planned discharge vs.
river capacity (Figure 12) visually
emphasizes the ‘Not Safe’ condition, where
the planned flood discharge exceeds the
river capacity by almost double at each
observation location. This condition was
confirmed technically through cross-
section modelling in the upstream, middle,
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and downstream sections of the river. HEC-
RAS simulations show that the water level
at QOso conditions has exceeded the
elevation of the river banks (bank stations),
resulting in massive flooding in the
surrounding areas. Spatially, the results of
ArcGIS and RAS Mapper mapping (Figure
7) show that this unaccommodated
discharge accumulation spread to densely
populated residential areas downstream
with varying flood depths, providing strong
quantitative and visual evidence for the
need for immediate structural mitigation
efforts.

Comparison of flood discharge and river capacity
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Figure 12. Comparison of flood discharge and
river capacity.
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Flood-Prone Areas

The analysis of flood-prone areas in the
Angke-Pesanggrahan ~ watershed  was
conducted through the integration of GIS
technology with the overlay scoring
method based on the Analytic Hierarchy
Process (AHP), an approach that, according
to Monir et al. (2026), is highly effective in
combining multidimensional geospatial
data  with  measurable  assessment
consistency through the Consistency Ratio
(CR). Physical parameters of the area were
validated using the pairwise comparison
method and visualized in a Flood Risk Map
(Figure 13), which served as a crucial
validation tool to confirm the accuracy of
the HEC-RAS hydrodynamic simulation
results on the Cengkareng River section.
The use of this hybrid model strengthens
the reliability of spatial mapping, ensuring
that the resulting risk zoning is in line with
field conditions and can serve as a strong
scientific basis in supporting disaster
management policies and adaptive spatial
planning.

The mapping results show a strong linear
correlation with the numerical findings in
the HEC-RAS model. The downstream
area, particularly around the Cengkareng
River, which covers the areas of
Kembangan Utara, Kedaung Kali Angke,
Kapuk Muara, Kamal Muara, Cengkareng
Timur, and Kedoya Utara, is classified as
“Vulnerable” to “Very Vulnerable.”
Technically, the very high vulnerability
status in ArcGIS wvalidates the field
conditions where the numerical river
capacity (average 596 m’/s) proved unable
to accommodate the planned flood
discharge (Qso) of 1128 m’/s.

The inability of the river to accommodate
the discharge caused water to accumulate
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and overflow the levees, which was
spatially mapped as extensive flooding in
densely populated settlements. Thus, this
vulnerability map is not merely a statistical
representation, but rather visual evidence
that is synchronized with the river's
hydraulic failure found in the HEC-RAS
simulation. The integration of these two
methods ensures that the identified flood
hotspots are highly accurate because they
are based on multifactorial GIS parameters
and validated by extreme water flow
dynamics.

From Figure 13, detailed spatial
distributions  for each  vulnerability
category, ranging from safe to highly prone
areas, are shown in Figures 14 — 17.

The accuracy of this mapping was
confirmed in downstream areas such as
Cengkareng, Kembangan, and Kebon Jeruk
(Highly Vulnerable Areas Map in Figure
17), where the water surface elevation
(W.S. Elev) reached 4.15 m. These results
show a high level of precision between the
spatial and numerical models, the areas
identified as having the highest
vulnerability scores in GIS consistently
coincide with the overtopping points in the
HEC-RAS simulation, which have a flood
width (Top Width) of up to 566.99 m.

Using the actual discharge value of 1.128
m?/s as a validation instrument, this
vulnerability map has strong scientific
validity. The “Highly Vulnerable” status in
coastal and downstream areas (Highly
Vulnerable Map) is supported by
comparative numerical data (Figure 17)
showing a “Not Safe” status across all
observation locations. This proves that the
map produced is an accurate reflection of
the physical dynamics of flooding in the
field.
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Figure 13. Angke Pesanggrahan watershed flood prone map.

The accuracy of these modeling results is
strongly supported by records of actual
flooding events in the downstream area of
the Angke-Pesanggrahan watershed. Based
on disaster reports, the areas of South
Kedoya, Kebon Jeruk, and Kembangan
consistently experience severe flooding
when extreme rainfall hits Greater Jakarta.
For example, the extreme flood event in
January 2020, triggered by record-breaking
rainfall intensity, caused widespread
inundation across Jakarta with water levels
reaching critical heights in areas such as
Kembangan due to the overflow of the
Pesanggrahan river system (Dahlia &
Fadiarman, 2020). This incident validates
the HEC-RAS simulation results in this
study, which show that the water surface
elevation (W.S. Elev) is at a critical level of
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4.15 m and the storage capacity is ‘Not
Safe’.

In addition, data from the Jakarta Regional
Disaster Management Agency (BPBD)
(BPBD, 2021) noted that the Cengkareng
and Penjaringan areas were prone to
flooding with long receding times. This is
in line with the ‘Very Vulnerable’
classification on the ArcGIS vulnerability
map (Figure 13) and the spatial modeling
results, which showed that the widest
accumulation of flooding was in these
areas. The consistency between media/field
data and the results of this numerical
modeling proves that the integration of the
Nakayasu HSS, HEC-RAS, and GIS
methods in this study has a very high level
of accuracy in representing the actual flood
risk in the field.
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Figure 16. Map of flood-prone areas.
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Figure 17. Map of highly prone areas.
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Conclusion

Based on a series of systematic analyses
using the Thiessen Polygon method, Log
Pearson Type III distribution, and
Nakayasu HSS, the capacity of the
Cengkareng River downstream of the
Angke-Pesanggrahan watershed is deemed
inadequate due to its critical condition. The
simulation results show that the design
flood discharge (Qs0) reaches 1127.97 m*/s,
a figure that significantly exceeds the river's
numerical storage capacity, which ranges
from only 565 to 599.78 m’/s. The
inadequacy of this cross-section is
validated by the HEC-RAS model with a
water level elevation of 4.15 m and a flood
width of 566.99 m, which spatially
confirms the “Very Vulnerable” zone in the
Kembangan Utara, Kedaung Kali Angke,
Kapuk Muara, Kamal Muara, Cengkareng
Timur, Kedoya Utara areas as mapped in
ArcGIS and supported by historical flood
data records.

As a mitigation measure, it is necessary to
integrate short-term structural solutions in
the form of normalization and elevation of
embankments at critical points with a “Not
Safe” status to prevent overtopping, as well
as riverbank management through the
relocation of residents in the “Very
Vulnerable” zone. Non-structurally, long-
term sustainability must be pursued through
the restoration of soil infiltration functions
by planting vegetation and constructing
infiltration wells to reduce surface runoff.
Given that this study is limited to numerical
simulations, future studies are
recommended to integrate inflow variables
from tributaries and the impact of
sedimentation, which has the potential to
reduce the effective capacity of rivers more
drastically.
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