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ABSTRACT

The rapid population growth in Indonesia’s DKI Jakarta Province has escalated the demand for housing,
increasing built-up land at the expense of green open spaces, known as Ruang Terbuka Hijau (RTH). This
shift has significantly reduced the land available for water infiltration, resulting in increased runoff and
flow discharge, particularly in the Ciliwung River Watershed. This research aims to map inundation in the
Ciliwung River Watershed, which is attributable to land cover changes from 1990 to 2022. The study
examines flood flow discharge and inundation patterns by utilizing HEC-HMS 4.10 for hydrological
modeling and HEC-RAS 6.1 for 1D and 2D hydraulic models. Boundary conditions were based on
recorded flood flow discharge at the Manggarai Water Gate and Katulampa Dam, combined with historical
rainfall data, to represent watershed conditions accurately. Applying 1D and 2D models provides a
detailed visualization of inundation changes over time. Findings reveal that identical rainfall events result
in varying flood flow discharges and inundation extents due to different land covers. The Kinematic Wave
routing method demonstrated high accuracy, with Nash-Sutcliffe Efficiency (NSE) and regression
coefficient values of 0.93 and 0.99, respectively. The study concludes that flow discharge and inundation
areas increase with the Curve Number (CN) value. Furthermore, the magnitude of rainfall return periods
significantly influences discharge volumes and inundation depths, with areas experiencing 0 — 0.3 meters
of flooding predominant in the Ciliwung watershed.

Keywords: Flow discharge; Inundation area; Kinematic wave; Land cover; Nash-Sutcliffe Efficiency
(NSE)

1. INTRODUCTION

DKI Jakarta province, where Indonesia's capital is now currently located, is one of the world’s
most densely populated metropolitan areas. The 2022 statistics from the Central Bureau of
Statistics and Rachim et al. (2022) report a population of 10.64 million within an area of just
662.33 km2. With a population growth rate of 0.38%—higher than the previous year—the
demand for housing continues to intensify. This expansion has significantly decreased green
spaces and water catchment areas, exacerbating environmental challenges.
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Over the decades, a drastic decline in the city's green space has been observed. The Directorate
General of Spatial Planning of the Ministry of Agrarian Affairs and Spatial Planning / National
Land Agency notes a decrease from 35% in the 1970s to merely 9.9% - 14.9% in 2021, as
highlighted by the former Head of the DKI Jakarta Forestry Service, Suzi Marsitawati, and the
World Resources Institute (WRI) (Harahap, 2021).

This starkly contrasts the vision outlined in Article 6 Paragraph 5b of DKI Jakarta Regional
Regulation Number 1 of 2012, which projects a 30% green open space area comprising 20%
public and 10% private spaces (Eni, 2015). The diminishing green spaces impede rainwater
infiltration, increasing surface runoff and straining the Ciliwung River Watershed.

Flooding, exacerbated by excessive surface runoff, is a frequent issue in DK Jakarta, particularly
along the riparian zones, which have been transformed into densely populated areas, diminishing
their capacity to function as floodplains. The Ciliwung River, a significant watercourse spanning
119 km from Puncak, Bogor, through the Depok Region into Jakarta, with a catchment area of
328 km? (Purwanti & Pontiawaty, 2013), is often implicated in these flood events. According to
the Head of Katulampa Dam, this river is a primary contributor to seasonal flooding, as evidenced
by the January 1, 2020 event that recorded the highest rainfall in 24 years at Halim
Perdanakusuma Air Force Base, with 377 mm/day, leading to a peak flood discharge of 3,389
m?3/sec, surpassing the river's capacity of 2,357 m3/sec (Abay & Haryanto, 2021). This resulted
in widespread flooding, affecting 158 urban villages in Jakarta and its environs.

This study aims to analyze the exacerbating flood situation in the Ciliwung River Watershed
about land cover changes. Utilizing the Kinematic Wave routing method, hydrological and
hydraulic analyses were conducted using land cover data in 1990, 1995, 2000, 2009, 2016, and
2022. This analysis aims to assess the impact of land cover alterations on flood hydrographs and
the resulting inundation within the watershed.

2. LITERATURE STUDY
2.1. Floods

Floods are the inundation of water beyond its normal confines, such as from rivers, rainwater, or
tidal seawater (Amalia & Wesli, 2015). In Indonesia, flooding is attributed to several interrelated
factors: high-intensity rainfall, sedimentation in river channels, planning and construction errors
in river channel development, improper spatial planning around watersheds, and malfunctioning
watershed retention systems (Maryono, 2020; Taryana et al., 2022; Widyaiswara, 2020).

The Ciliwung Watershed, emptying into DKI Jakarta, is particularly prone to flooding, notably
in its downstream urban areas. The watershed's morphology plays a significant role in this
vulnerability. In the upper reaches, up to the Katulampa Dam, the watershed exhibits a dendritic
(fan-like) pattern. However, towards the middle and downstream sections, the watershed narrows
into a parallel formation (BPDAS Ciliwung-Citarum, 2007). According to Trisakti et al. (2008),
this narrowing at the Katulampa Dam section results in significant runoff from upstream areas,
accounting for about 44% of the watershed’s discharge. The transition from a dendritic to a
parallel pattern also contributes to flash floods, exacerbated by the constriction of the watershed's
shape.

2.2. Design Rainfall and Area Rainfall

The analysis of design rainfall begins with a crucial initial step, an outlier testing. The primary
goal is to detect any anomalies within the collected rainfall data. This process includes examining
data distributions and conducting consistency tests, which utilize probability distributions to
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establish the relationship between the frequency and magnitude of extreme rainfall events
(Kementerian PUPR, 2018). For this purpose, the study employs Normal Distribution, Log
Pearson Type 111, and Gumbel Distribution. The consistency of the data is verified using the Chi-
Square and Smirnov-Kolmogorov tests, ensuring the reliability of the rainfall data for subsequent
analyses.

Once the design rainfall analysis is completed, the study proceeds to calculate regional rainfall.
This step is vital for understanding how rainfall varies across the study area. To accomplish this,
there are three methods involved, including the arithmetic average method, the Thiessen polygon
method, and the isohyet method. Given the favorable abundance of rain gauge stations within the
Ciliwung watershed, the Thiessen polygon method emerges as the most suitable choice. The
formula for the Thiessen polygon method is:

R _ AlRl + A2R2 + A3R3 + -+ Aan (1)
= A1+A2+A3++An
Where RR is the regional rainfall (mm), A;, A,, ..., 4,, is the area of influence of each

precipitation station on the reviewed area (m?), and Ry, R,, ..., R,, Which is the rainfall at the
reviewed precipitation station (mm).

2.3. Soil Conservation Service-Curve Number (SCS-CN) Method Design Flood

The Soil Conservation Service-Curve Number (SCS-CN) method is an empirical technique
extensively utilized for estimating direct runoff from rainfall events, as outlined in Nasjono's
research (2018). This method is versatile and applicable across various catchment types, such as
small farms, forests, and urban areas. It is particularly effective in integrating diverse catchment
characteristics into runoff calculations. The SCS-CN method is based on specific relationships
between several hydrological parameters, which are computed as follows:

_ (P_ Ia)z
¢ P—1,+S 2)

S =254 (1000 + 10000)
P\ eN

Where P is precipitation (mm), P, is direct runoff (mm), I, is initial abstraction (mm), S is
maximum retention potential (mm), and CN is curve number.

The SCS-CN method's efficacy lies in its simplicity and adaptability, enabling the integration of
various catchment attributes into a unified runoff model. Its application in this study facilitates a
nuanced understanding of runoff dynamics in the context of diverse land covers and urbanization
patterns within the catchment area.

2.4. Hydrological Model

In this study, hydrological modeling is conducted using the Hydrologic Engineering Center's
Hydrologic Modeling System (HEC-HMS). This robust tool transforms rainfall data into various
hydrological components like runoff volume, direct runoff, baseflow, and channel flow. A critical
component of this modeling process is the routing method, for which the Kinematic Wave method
is employed.
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The Kinematic Wave method is chosen based on its applicability in time series analysis and
integration into semi-distributed hydrological models. This method incorporates mathematical
modeling through transfer and production functions (Chow et al., 1988). Transfer functions
theoretically model the response to the output from various potential inputs, while production
functions transform an input into different outputs based on available data.

Key parameters within the Kinematic Wave method are numerous and complex, including
channel slope, overland flow rate, channel cross-sectional area, channel roughness, and
conveyance factor. Due to this complexity, certain assumptions are made in the modeling process.
The Kinematic Wave method is particularly well-suited for urban areas, where such complexities
are commonplace and must be accurately represented in hydrological models.

2.5. Nash-Sutcliffe Efficiency (NSE) Model Validation

The Nash-Sutcliffe Efficiency (NSE) test is a widely recognized method for assessing the
accuracy of hydrological models. It evaluates the model's validity by comparing the observed and
simulated data sets. The NSE is calculated using the following equation (Suhartanto et al., 2019;
Zhao et al., 2017):

N (0;=5,)2
2O o < NSE < 1 )
2?:1(01'_&)

Where NSE is the Nash-Sutcliffe coefficient, n is the amount of data, S is the modeled flow
discharge value (m®/s), O is the observed flow discharge value (m?%s), and O is the average
observed flow discharge value (m®/s). Table 1 shows the value criteria of the NSE.

NSE =1 -

Table 1. Nash-Sutcliffe Efficiency (NSE) Value Criteria

NSE Value Interpretation

NSE > 0,75 Good
0,36 < NSE < 0,75 Fair

NSE < 0,36 Not Satisfied

(Motovilov et al., 1999)

This model validation step is crucial in ensuring the reliability and accuracy of the hydrological
model used in the study. The NSE test provides a quantitative measure of the model's predictive
power, allowing for an objective evaluation of its performance against observed data.

2.6. Hydraulics Model

Hydraulic modeling is a critical aspect of understanding river flow dynamics. As Potter et al.
(2011) describe, channel flow is the movement of water particles, which can be classified based
on their average velocities. In river hydraulics, water flow is typically categorized into four
distinct types: steady flow, unsteady flow, uniform flow, and non-uniform flow. Each type offers
unique insights into the behavior of water in natural and engineered channels. Hydrologic
Engineering Center's River Analysis System (HEC-RAS) software is employed for hydraulic
modeling in this study. HEC-RAS provides the tools to conduct both one-dimensional (1D) and
two-dimensional (2D) hydraulic analyses.

In the 1D Hydraulic Modeling, the cross-section and channel geometry of the river were involved.
1D modeling is essential for understanding the flow patterns and velocities along the river
channel, providing a detailed look at how water moves through and interacts with the channel.
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On the other hand, in the 2D Hydraulic Modeling, the 2D component of HEC-RAS, particularly
the RAS Mapper, is used to generate inundation maps. These maps are crucial for visualizing and
analyzing the extent of inundation resulting from varying flow discharges, especially the impacts
of land cover changes within the Ciliwung watershed.

Through the combination of 1D and 2D modeling, this study aims to understand the hydraulics
within the Ciliwung watershed comprehensively. This approach enables the exploration of how
land cover changes influence river flow dynamics and the consequent inundation patterns, which
are critical for effective flood management and planning in the region.

3. METHODS
3.1. Research Flow Chart

The methodology of this study is systematically outlined in a research flow chart, depicted in
Figure 1. This flow chart visually represents the sequential steps in the research process, from the
initial data collection phase to the final analysis and interpretation of results.
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The flow chart begins with collecting relevant hydrological and hydraulic data, including rainfall
records, river flow data, and land cover changes. Following data collection, the study analyzes
this data using the methodologies outlined in the previous sections, such as the SCS-CN method
for runoff calculation and HEC-RAS for hydraulic modeling.

Subsequent steps in the flow chart illustrate the model calibration and validation process, using
techniques like the Nash-Sutcliffe Efficiency test to ensure the accuracy and reliability of the
models. The final stages of the research involve applying these models to simulate various flood
scenarios within the Ciliwung River Watershed, analyzing the impacts of land cover changes,
and formulating recommendations based on the findings.

3.2. Research Location

This study focuses on the Ciliwung Watershed, an essential hydrological feature spanning several
key regions in Indonesia. The research comprehensively covers the entire watershed stretch,
starting from its upstream areas, extending through its middle course, and concluding at its
downstream termination.

The upstream portion of the Ciliwung watershed originates at Telaga Warna Pangrango, situated
at the base of Mount Pangrango in the Puncak region of Bogor. This area is critical as it sets the
initial river flow conditions and characteristics.

Progressing downstream, the watershed traverses through the Depok area. This section represents
the middle part of the watershed, where significant changes in land use and urbanization patterns
are observed, influencing the river's hydrological behavior.

The study extends to the downstream end of the watershed, concluding at the Manggarai Sluice
Gate in East Jakarta. This point marks the final convergence of the watershed's flow before
integrating into Jakarta's larger hydrological system.

The selection of the Ciliwung watershed as the research location is strategic, encompassing
diverse ecological, urban, and geographical features. This comprehensive coverage allows an in-
depth analysis of the watershed's hydrological dynamics, from its natural mountainous origins to
its heavily urbanized lower reaches.

3.3. Data Sources

The research employs a comprehensive data collection approach, utilizing spatial, hydrological,
and hydraulic data to facilitate an in-depth analysis of the Ciliwung watershed.

a) Spatial Data.
Digital Elevation Model (DEM) and Landsat-8 Images: These datasets, spanning the
years 1990, 1995, 2000, 2009, 2016, and 2022, are crucial for creating detailed land cover
data. This data aids in the calculation of rainfall-runoff relationships and in determining
flood plans using the SCS-CN method. The DEM data is also instrumental in delineating
the Ciliwung watershed for HEC-HMS modeling and forming the terrain model for HEC-
RAS 2D.

b) Hydrological Data.
Daily Rainfall Data: Covering a 23-year period from 1998 to 2021, this dataset is essential
for understanding precipitation patterns and trends within the watershed.
Flow Rating Curve Data and Hourly Water Level Data: Sourced from Manggarai and
Katulampa, these data sets are used to calculate flow discharge values. They play a vital
role in validating the modeled discharge using the Nash-Sutcliffe Efficiency (NSE) and
Linear Regression methods.
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¢) Hydraulic Data:
Cross-Section Data: Obtained at various points along the Ciliwung River, this data is
provided by BBWS Ciliwung-Cisadane and BMKG. Constructing accurate hydraulic
models and understanding the river's flow dynamics is essential.

This structured approach to data collection ensures a comprehensive understanding of the
Ciliwung watershed's hydrological and hydraulic behaviors. Integrating spatial, hydrological, and
hydraulic data enables a multidimensional analysis crucial for accurate flood modeling and
watershed management.

4. RESULTS AND DISCUSSION
4.1. Land Cover

The study's analysis of land cover within the Ciliwung watershed is crucial for understanding the
impact of land use changes on hydrological behaviors. The Watershed Delineation was performed
utilizing ArcGIS software, identifing its boundary and classify its 14 sub-watersheds. This
delineation is essential for targeted analysis within each subwatershed. The resulting map of the
Ciliwung watershed and its sub-watersheds is illustrated in Figure 2.
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Land cover classification for each review year was determined using the image classification
method, which enables the categorization of various land cover types within the watershed.
Figure 3 depicts the changes in land cover over the years, visually representing these shifts.

D?O ( ;}!,l\\'[':\:(; \\ATFRQHFD lA\D(O\FN 1995 CILIWUNG WATERSHED LAﬁNDr(‘OVERI 2000 CILTWUNG WATERSHED L{{ND,COVERI

S

.......

(b)

2009 CILTWUNG WATERSHED LAND (‘0\:]21_2{ P016 CILIWUNG WATERSHED LANDA(‘O\'”EB] 2022 CILIWUNG WATERSHED l-'L‘AAND‘('O\iERI

(d) () (f)
Figure 3. Ciliwung Watershed Land Cover Changes (a) Year 1990, (b) Year 1995, (c) Year 2000, (d)
Year 2009, (e) Year 2016, and (f) Year 2022

The analysis of changes in land cover reveals a noteworthy trend, particularly in the substantial
increase of "built-up land.” As illustrated in Figure 4, there has been a remarkable surge both in
the area and the percentage of built-up land, surging from 20.72% (equivalent to 67.97 km?) in
1990 to a substantial 43.76% (equivalent to 136.88 km?) in 2022. This significant transformation
reflects as a clear indicator of the rapid urbanization occurring within the watershed and raises
important questions about its potential implications on water management and flood risk
mitigation.

The results highlight a critical shift in the Ciliwung watershed’s land cover over the past three
decades, underlining the need for updated water management strategies to adapt to these changes.
The increase in built-up areas suggests a decrease in permeable surfaces, likely contributing to
altered hydrological dynamics and increased flood risks in the region.
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Figure 4. Ciliwung Watershed Curve Number (CN) Changes

4.2. Design Rainfall

Determining design rainfall involved rigorous testing of rainfall data, particularly for the initial
planning of 50-year and 25-year rain return periods. This analysis made the Log Pearson Type
I11 distribution method the most suitable for our design rainfall calculations, as outlined in Table
2. This choice was based on successfully fulfilling all test criteria, making it the preferred method
in our study.

Table 2 Design Rainfall Value of Every Rain Gauge Station in Ciliwung Watershed

Precipitation Stations XTr 25-year (mm)  XTr 50-year (mm)

Manggarai 208.401 224.166
Karet 180.873 204.178
Setiabudi Timur 247.822 287.182
Cawang 194.765 203.103
Krukut Hulu 164.228 170.968
Sunter Hulu 285.330 342.699
Kemensos 72.025 73.650
Kampung Kelapa 157.035 157.804
FTUI 166.143 176.389
Cibinong 153.923 164.653
Cilember 151.413 159.632
Gadog 162.938 171.203
Citeko 199.527 223.882
Katulampa 155.236 161.711
Gunun Mas 164.724 172.068

Following the design rainfall analysis, regional rainfall was assessed using the Thiessen polygon
method. This method facilitated the division of affected areas within the Ciliwung watershed
based on the proximity and influence of each rain gauge station. Figure 5 illustrates the locations
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of these stations and the corresponding Thiessen polygons, providing a spatial understanding of
their influence on the watershed's rainfall distribution.
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Figure 5. Ciliwung Watershed (a) Rain Gauge Station Location and (b) Thiessen Polygon

The analysis of design rainfall and regional rainfall distribution plays a crucial role in
understanding the hydrological dynamics of the Ciliwung watershed. By identifying the rain
return periods and assessing the spatial influence of rainfall, this section lays the groundwork for
subsequent flood modeling and water management strategies.

4.3. Hydrological Model of HEC-HMS

The hydrological modeling conducted using HEC-HMS reveals distinct characteristics in the
flood hydrographs, influenced by various scenarios. A notable observation from this analysis is
the increase in peak discharge at both the Katulampa Dam (junction-5) and the Manggarai Dam
(outlet) for the 25-year and 50-year return periods, spanning from 1990 to 2022. This trend,
depicted in Figure 6 and detailed in Table 3, highlights the region's evolving nature of flood risks.
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Figure 6. Graph of Peak Flow Discharges in Ciliwung Watershed (a) In Katulampa Dam and (b) In
Manggarai
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Despite consistent rainfall values, the differences in discharge for each review year can be
attributed to land cover changes and variations in Curve Number (CN) values. These changes
affect surface runoff from the land, which subsequently influences flow discharge.

Table 3 Peak Flow Discharges of the Year Reviewed in Katulampa and Manggarai Viewpoint

Peak Flow Discharges

25-Year Return Period 50-Year Return Period
Year Junction-5 Katulampa  Outlet Manggarai Junction-5 Outlet Manggarai
(m3/s) (m3/s) Katulampa (m?3/s) (m3/s)
1990 646.6 1021.0 730.8 1150.1
1995 743.3 1119.2 831.5 1248.7
2000 761.9 1189.2 850.7 1322.7
2009 793.6 1392.3 883.3 1542.3
2016 919.4 1506.0 1025.0 1664.9
2022 925.2 1531.9 1030.9 1693.0

In the HEC-HMS hydrological modeling, the Kinematic Wave routing method was employed.
This method was chosen due to its ability to consider complex hydrological parameters
comprehensively, including the celerity index, channel geometry, slope, and Manning's
coefficient. Utilizing the Kinematic Wave method ensures a detailed and accurate representation
of flow dynamics within the Ciliwung watershed, capturing the nuances of hydrological changes
over time.

4.4. Nash-Sutcliffe Efficiency (NSE) and Regression

Data calibration in this study was crucial for enhancing the alignment between observed and
modeled hydrological responses. We employed the Nash-Sutcliffe Efficiency (NSE) and linear
regression methods to validate the modeled flow discharge impacted by land cover changes. The
observed discharge data selected for comparison was based on significant rainfall events on four
specific dates in 2020, as recorded by the Manggarai AWLR (see Table 4).

Table 4 Comparison of Observed Modelled Peak Flow Discharge at Manggarai Viewpoint

Dates Peak Time  Q Observed (m%/s)  Q Modelled (m?/s)
January 1, 2020 12:00 917.57 767.90
February 8, 2020 23:00 432.84 443.10
February 23, 2020 23:00 453.64 470.20
February 25, 2020 23:00 667.16 414.20

The initial modeling results showed significant deviations between the observed and modeled
discharges. The NSE coefficient and linear regression values were notably distant from the ideal
1 (E =1; R = 1), indicating the need for model recalibration.

Consequently, we calibrated the CN value of built-up land from 85 to 88 and included additional
review dates in 2020. This recalibration aimed to achieve a more accurate match between the
modeled and observed data, as shown in Table 5.
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Viewpoint
Dates Peak Time Q Observed (m?/s) Q Modelled (m?/s)
January 1, 2020 12:00 917.57 830.50
February 8, 2020 23:00 432.84 401.20
February 23, 2020 23:00 453.64 437.10
February 25, 2020 23:00 667.16 619.50
March 1, 2020 06:00 399.05 342.70
March 27, 2020 06:00 520.32 519.70

Table 5 Comparison of Calibrated Observed and Modelled Peak Flow Discharge at Manggarai

Post-calibration, the modeled discharges were noticeably closer to the observed values, achieving
a more accurate NSE value of 0.93 using the Kinematic Wave method (see Table 6).

Table 6 Comparison of NSE and Regression Coefficient

Method Before Calibration Calibrated
etho NSE Regression NSE Regression
Kinematic Wave 0.43 0.82 0.93 0.99

The improved NSE value of 0.93 and regression coefficient of 0.99 post-calibration indicate the
effectiveness of the Kinematic Wave method in hydrological modeling. With its complex
parameterization, this method results in outputs that closely represent real-world conditions,
demonstrating its suitability in hydraulic modeling.

4.5. Hydraulics Model of HEC-RAS

This section discusses the hydraulic modeling results using HEC-RAS, complemented by RAS
Mapper, for visualizing inundation in the Ciliwung watershed. The model relies on discharge data
from the HEC-HMS Kinematic Wave routing method, focusing on a 50-year rainfall return period
(Q50) scenario. The focal point of the analysis lies in the creation of detailed inundation maps by
HEC-RAS, utilizing Digital Elevation Model (DEM) data. These inundation maps, showcased in
Figure 7, offer a visual representation of flooding patterns across the watershed at various time
points.
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Figure 7. Ciliwung Watershed Flood Area Changes (a) 1990, (b) 1995, (c) 2000
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Figure 7. Ciliwung Watershed Flood Area Changes (d) 2009, (e) 2016, and (f) 2022

Flood Depth and Area Changes: Table 7 detailing the inundation areas categorized by different
flood depths from 1990 to 2022 presents the changes in flood depth and the inundation area over
the years. These changes highlight the evolving nature of flood risks within the watershed.

Table 7 Changes of Flood Depth and Flood Area of Ciliwung Watersheds

Inundation Area (km?)

Scenarios Depth of Depth of Depth of To;ilmé)r ea
0-0.3 (m) 0.3-0.6 (M) > 0.6 (m)

1990 Q50 22.229 18.163 11.156 51.548
1995 Q50 23.221 18.769 11.773 53.763
2000 Q50 24.466 19.238 12.295 56.0
2009 Q50 27.092 25.768 12.672 65.532
2016 Q50 28.689 27.380 13.634 69.703
2022 Q50 28.935 27.399 14.114 70.449

The results of the flood area trend analysis in Figure 8, showing a graph of the total flood area
from 1990 to 2022, emphasizes the increasing trend in inundation. Notably, the inundation area

expanded from 51.548 km? in 1990 to 70.449 km2 in 2022.

The observed increase in flood discharge and corresponding inundation areas from 1990 to 2022
is significant. It indicates that changes in flood flow discharge are pivotal in exacerbating
inundation within the watershed. The influence of land cover changes, particularly the Curve
Number (CN) parameter, is evident. The progressive increase in built-up land and reduction in
green spaces, especially in the urban areas of Central to Lower Ciliwung, exacerbates flooding.

Flat topography also contributes to the extent of inundation in these areas.
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Ciliwung Watershed Total Flood Area Changes
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Figure 8. Graph of Total Flood Area in Ciliwung Watersheds from 1990 to 2022

For the historical inundation mapping, a close correlation was observed by comparing the
inundation points from this study (Figure 7) with historical flood data for the Jakarta area (Figure
9). This comparison underscores the study's relevance and accuracy in capturing flood patterns
in the Ciliwung watershed.
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Figure 9. Historical Inundation Map of Jakarta Area

5. CONCLUSION

This study comprehensively analyzed the impact of land cover changes in the Ciliwung watershed
from 1990 to 2022. Notable findings include a significant transformation in the land cover,
particularly in the built-up land, which exhibited an increase of 23.04%. Concurrently, there was
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a marked decrease in green open spaces by 35.85%. These changes directly influenced the
hydrological dynamics of the watershed. The flow discharge model, validated using the Nash-
Sutcliffe Efficiency (NSE) and Linear Regression methods, demonstrated high accuracy with
NSE and regression values of 0.93 and 0.99, respectively. These results were achieved using the
Kinematic Wave method, validating the model's effectiveness in simulating flood scenarios.

There are two key observations found in this the study. Firstly, a progressive increase in the depth
and area of inundation from 1990 to 2022 is linked to the rising flood flow discharge each year.
This trend is attributed to the ongoing land cover changes within the watershed. Secondly, the
inundation predominantly affects the middle to downstream areas of the Ciliwung watershed. The
extent of inundation escalated from 51.548 km? in 1990 to 70.449 km? in 2022. Most inundation
occurred at depths ranging from 0 to 0.3 meters.

Overall, the study underscores the significant impact of urbanization and land cover changes on
the hydrological behavior of the Ciliwung watershed. The increasing trend in built-up areas,
coupled with the reduction in green spaces, has led to heightened flood risks, particularly in the
more urbanized downstream segments of the watershed. These findings highlight the need for
sustainable urban planning and effective water management strategies to mitigate future flood
risks in the region.
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