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Abstract

This study aims to develop a holistic flood mitigation framework for the Jababeka Industrial Estate, a region
increasingly affected by flooding due to accelerated land-use changes, diminished infiltration capacity, and
insufficient drainage systems. The research integrates both structural and non-structural components, including the
conceptualization of a real-time early warning system tailored for industrial urban environments. The methodology
involved a detailed hydrological evaluation based on a decade of rainfall records collected from three
meteorological stations. These data underwent consistency assessments using RAPS, trend analysis, and outlier
detection, followed by the calculation of regional average rainfall through the Thiessen polygon method. Statistical
distributions were applied to generate design rainfall values for return periods of 2 to 100 years, and flood
discharges were estimated using four synthetic unit hydrograph (SUH) models: Snyder, Nakayasu, GAMA I, and
ITB. Simulation of flood scenarios was conducted with the HEC-HMS platform, and field assessments were used
to identify critical infrastructure deficiencies. The analysis revealed high-risk areas requiring structural upgrades
such as river channel improvements, the addition of retention basins, and enhanced pumping systems. Additionally,
the study proposes a sensor-integrated early warning mechanism capable of transmitting automatic alerts to
stakeholders. The integrated strategy demonstrated here offers a scalable and transferable model for climate-
resilient flood management, particularly relevant for rapidly urbanizing industrial zones facing intensifying
hydrometeorological threats due to climate change and unregulated development.
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INTRODUCTION

Flooding is a recurring and increasingly severe problem in many urban areas, particularly in
regions undergoing rapid industrialization and land-use change [1], [2]. In Southeast Asia, and
notably in Indonesia, industrial zones such as the Jababeka Industrial Estate have been facing
heightened flood risks due to accelerated development that disrupts the natural hydrological cycle
[3]. The expansion of impervious surfaces, reduction in natural infiltration zones, and the absence
of sufficient green infrastructure contribute significantly to increased surface runoff [4], [5], [6],
[7] . These factors are often compounded by outdated or undersized drainage systems, making
urban industrial areas highly vulnerable to flash floods during extreme rainfall events [8], [9]. In
such environments, even moderate rainfall can lead to localized inundation, disrupt transportation
and logistics networks, and damage critical infrastructure. Improving the physical resilience of
industrial road networks is therefore essential to minimize operational downtime during flooding
events. One promising approach involves the use of modified asphalt mixtures with enhanced
viscoelastic behavior, as demonstrated by Karami et al. (2020), who developed a resilient modulus
master curve for Buton Rock Asphalt (BRA)-modified asphalt mixtures [10], [11] [12]. The risk
is further amplified by climate change, which has led to shifts in rainfall intensity, frequency, and
distribution [13], [14], [15], [16], [17]. This creates a complex challenge for planners and engineers
who must now anticipate not only current risks but also future hydrometeorological scenarios [18].
As a result, urban flood management in industrial areas has become a multidisciplinary concern,
requiring inputs from hydrology, spatial planning, infrastructure engineering, and disaster risk
reduction [19], [20], [21]. Therefore, there is a critical need to conduct site-specific flood modeling
and develop an integrated flood risk strategy for industrial urban zones like Jababeka, where
economic assets and infrastructure are highly concentrated and vulnerable.

To address these challenges, hydrological modeling has become an essential tool in flood risk
assessment, helping decision-makers understand runoff dynamics and evaluate potential
mitigation strategies [22]. Accurate hydrological models rely heavily on high-quality rainfall data
and the ability to represent the physical characteristics of the watershed [23], [24]. In this context,
the use of consistent and statistically validated rainfall data is crucial. Techniques such as the
Rescaled Adjusted Partial Sums (RAPS) method, trend analysis, and stationarity testing are
commonly employed to assess the reliability of historical rainfall records. In the case of the
Jababeka catchment, rainfall data from three observation stations—Cilemah, Cikarang, and
Cibogo—were analyzed and determined to be statistically reliable. These data were used to derive
regional rainfall using the Thiessen polygon method, providing a robust design input of 178.93
mm. Subsequently, rainfall frequency analysis was conducted to determine design storms for
return periods of 2, 5, 10, 25, 50, and 100 years. These inputs formed the basis for flood discharge
estimation, a critical step in identifying infrastructure needs and prioritizing flood-prone areas.

To simulate flood behavior and runoff distribution, hydrological models require discharge
estimates, typically derived from methods such as the Synthetic Unit Hydrograph (SUH). In this
study, four SUH methods—Snyder, Nakayasu, GAMA 1, and ITB—were employed to estimate
peak discharge for various design storms. The results revealed that GAMA I consistently produced
the highest discharge values, reflecting a more conservative modeling approach suited for high-
risk environments. These discharge values were then input into the HEC-HMS (Hydrologic
Engineering Center — Hydrologic Modeling System) software to simulate hydrographs and analyze
flood propagation throughout the watershed [25], [26], [27]. Simulations highlighted several
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critical zones within the Jababeka area characterized by high imperviousness and insufficient
drainage capacity. This modeling approach allows for the spatial identification of flood-prone
zones, which is essential for effective infrastructure planning and prioritization. Moreover, flood
modeling outputs serve as key references for designing both structural measures—such as river
channel normalization and retention ponds—and non-structural strategies like early warning
systems. Accordingly, this study is expected to provide practical insights that support data-driven
flood management decisions and enhance disaster preparedness in complex industrial
environments.

Although numerous studies have explored flood risk assessment from various perspectives ranging
from uncertainty quantification [28], [29], climate-related impacts [30], and local-scale GIS-based.
There remains a notable gap in integrated modeling approaches specifically tailored to industrial
urban watersheds. Recent efforts have advanced discussions on resilience and urban governance,
yet most studies do not incorporate real-time hydrological simulation tools such as HEC-HMS in
conjunction with Synthetic Unit Hydrograph (SUH) methods, nor do they address the complexity
of combining structural and non-structural flood mitigation strategies. Moreover, while national-
scale frameworks have been proposed. These models often lack spatial resolution and contextual
relevance for densely developed industrial zones. As such, there is a clear need for research that
integrates multi-method hydrological modeling, real-time monitoring, and adaptive flood planning
especially within the context of high-risk, infrastructure intensive areas like the Jababeka Industrial
Estate.

This study aims to develop an integrated flood risk management strategy for the Jababeka
Industrial Area by analyzing and validating peak discharge using multiple SUH models and HEC-
HMS simulations. Additionally, it proposes a set of structural and non-structural mitigation
strategies, including the conceptual design of a real-time early warning system (EWS), to support
adaptive and sustainable flood control in complex urban-industrial environments.

METHODS

Research Design

This research adopts a descriptive-quantitative framework to assess flood hazards within an
industrial urban watershed using hydrological modeling tools. The study integrates long-term
rainfall data analysis, peak discharge estimation through various synthetic unit hydrograph (SUH)
methods, and flood simulation using HEC-HMS. The methodological approach also includes
comparative evaluation with previously published flood control plans to verify model outputs and
inform practical mitigation strategies. Furthermore, the results support the formulation of both
physical infrastructure recommendations and non-structural flood management strategies,
including early warning systems.

Time and Location of the Study

The research was conducted from June to November 2024, focusing on the Jababeka Industrial
Estate located in West Java, Indonesia. This area was selected due to its high degree of
urbanization, frequent flooding incidents, and the presence of critical economic infrastructure. The
study site falls within the Cilemah Abang and Bekasi Lama watershed systems, both of which are
prone to heavy runoff during peak rainfall. Meteorological data were gathered from three local
rainfall monitoring stations: Cilemah, Cikarang, and Cibogo.
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Picture 1. Research Location

Data Collection Methods
Rainfall data spanning a decade were obtained from three primary observation points. Prior to

analysis, the datasets were subjected to multiple quality control procedures, including the Rescaled
Adjusted Partial Sums (RAPS) for internal consistency, as well as statistical tests for trend
detection, stationarity, and outlier identification. Additional spatial information—such as
elevation, land use, and hydrological boundaries—was extracted from regional maps and planning
documents. Historical flood management studies (2017 and 2020) were also reviewed to compare
design discharges. Field reconnaissance was conducted to verify high-risk zones and assess the
condition of drainage infrastructure.

Data Analysis Methods
Rainfall datasets were first evaluated for quality and consistency using the Rescaled Adjusted

Partial Sums (RAPS) method. Additional statistical tests were applied to identify trends, test for
stationarity, and detect outliers. The regional average rainfall was estimated through the Thiessen
polygon method, which allocates spatial weight to each station based on its coverage within the
watershed. Design rainfall values were calculated for return periods of 2, 5, 10, 25, 50, and 100
years using several probability distributions—Gumbel, Normal, Log-Normal, and Log-Pearson
Type III. The best-fitting distribution was selected using Chi-Square and Kolmogorov—Smirnov
tests.

Flood discharges were then estimated using four Synthetic Unit Hydrograph (SUH) models:
Snyder, GAMA 1, Nakayasu, and ITB. Peak discharge values obtained from these models were
used as input in the HEC-HMS (Hydrologic Engineering Center — Hydrologic Modeling System)
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to simulate hydrographs and assess the spatial distribution of runoff. Calibration was carried out
by comparing simulation outputs with historical discharge data. Based on the simulation results,
structural mitigation strategies were formulated—including river normalization, construction of
retention ponds, enhancement of pumping systems, and upgrading of existing weirs. In parallel, a
non-structural framework was developed through the design of a real-time, technology-supported
early warning system (EWS). The system concept integrates real-time rainfall and water level
sensors, automated alert mechanisms, and institutional coordination protocols. The EWS was
designed to improve the speed, reliability, and accessibility of flood warnings, with the ultimate
goal of enhancing resilience in flood-vulnerable industrial zones and supporting long-term climate
adaptation strategies.

RESULT AND DISCUSSIONS

Rainfall Data Quality and Consistency

A thorough evaluation of rainfall data quality was carried out prior to hydrological modeling to
ensure data reliability. Rainfall records from three stations—Cilemah, Cikarang, and Cibogo—
spanning a period of ten years were subjected to multiple statistical tests. These included the
Rescaled Adjusted Partial Sums (RAPS) method for consistency, as well as homogeneity tests
(absence of trend and stationarity), persistence testing, and outlier analysis. The results confirmed
that all three stations produced consistent and statistically acceptable data, which were deemed
suitable for use in rainfall-runoff modeling. A summary of these results is presented in Table 1.

Table 1. Summary of Rainfall Data tests at Observation Stations

Test
N Rainfall Consistenc H .
omogeneity Test ;
0 Station y Test generty Pe:srl{sets(etnc Outlier
RAPS Trend Stasioner
ac?eo te Ho accepted Ho Within
1 STA Consistent dp P diterima  acceptabl
Cilemah Data No Stationary/homogeneo ~ Random thresehol d
Trend us variance behavior
o Ho accented Ho Within
5 STA Consistent chp © © aceepte diterima  acceptabl
Cikarang Data No Stationary/homogeneo ~ Random thresehol d
Trend us variance behavior
Ho Ho
accepte Ho accepted diterima Within
. Consistent d acceptabl
3 STA Cibogo
Data Ho . e
Stationary/homogeneo ~ Random
accepte . . threshold
d us variance behavior
No
Trend

12 WI E Pendidikan
Indonesia



The hydrological analysis conducted in this study produced a detailed understanding of flood risks
within the Jababeka Industrial Area. Ten years of rainfall data from three observation stations were
validated using statistical tools including the Rescaled Adjusted Partial Sums (RAPS) method,
trend and stationarity analysis, and outlier detection. These tests confirmed the quality and
reliability of the rainfall dataset for hydrological modeling. Regional average rainfall was
determined through the Thiessen polygon method, resulting in a design rainfall input of 178.93
mm.

Design Rainfall and Peak Discharge Estimation

Design rainfall values for return periods of 2, 5, 10, 25, 50, and 100 years were estimated using
multiple probability distributions, with Log-Pearson Type III providing the best fit. The peak
discharges for each return period were calculated using four Synthetic Unit Hydrograph (SUH)
methods: Snyder, Nakayasu, GAMA I, and ITB.

Table 2. Comparison of Peak Discharge Estimates (Qp) from SUH Methods in Jababeka

Watershed
Retl(l;:al:se)rlod Snyder (m3/s) N?Il;g)/f:)su G(?nlgl/z:) I ITB (m3/s)

2 71,82 82,21 94,39 87,64

5 103,38 118,83 136,46 125,83
10 126,65 145,66 167,39 154,34
25 152,76 175,79 202,11 186,27
50 171,15 197,01 226,48 208,90
100 186,07 213,93 247,51 228,32

To estimate flood discharge for various design return periods, four Synthetic Unit Hydrograph
(SUH) methods were applied: Snyder, Nakayasu, GAMA I, and ITB. The calculated peak
discharges (Qp) for each method and return period are presented in Table 1. Among all methods,
GAMA 1 consistently produced the highest discharge estimates, indicating its conservative
approach in flood prediction. For example, at a 100-year return period, the GAMA I method
estimated a peak discharge of 247.51 m?/s, compared to 186.07 m3/s from Snyder and 213.93 m?®/s
from Nakayasu. The flood discharge results were further used in HEC-HMS simulations to
generate hydrographs and evaluate the spatial distribution of runoff across the watershed. The
simulations identified areas with high flood potential, especially zones with limited drainage
capacity and high impervious surface coverage. These critical zones inform the prioritization of
mitigation efforts.

Based on these findings, a combination of structural and non-structural flood control strategies is
recommended. Structural measures include river normalization, expansion of retention ponds, and
improvement of pumping facilities to manage runoff volumes corresponding to peak design flows.
In parallel, a non-structural approach is proposed through the development of a real-time early
warning system (EWS), which incorporates rainfall and water level sensors, automated alert
mechanisms, and communication protocols with local stakeholders.
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The results emphasize the value of an integrated modeling approach in informing both engineering
design and emergency response planning. By comparing multiple SUH methods, the study ensures
robustness in discharge estimation and offers a flexible, transferable strategy for managing urban
industrial flood risks in other vulnerable regions. After presenting the discharge estimation results
using synthetic unit hydrograph (SUH) methods and validating them through HEC-HMS
simulations, a comparative analysis was conducted against two prior planning documents: the 2017
flood control design for Cilemah Abang and Bekasi Lama River (by PT. Supraharmonia
Consultindo) and the 2020 flood mitigation plan for the Jababeka Area (by PT. Segoro Kidul).
Table 3 presents peak discharge values (Q) for return periods of 2 to 100 years across major river
sections based on these two references.

Table 3. Calibrated Discharge Recapitulation from Previous Studies and the Current Study

Flood Control Design Details for the Cilemah Abang . lj“loo.d /\Vaterl(?gglflg
Return . . . Mitigation Planning in the
. River and Bekasi Lama River (2017) by PT
Period Supraharmonia Consultindo Jababeka Area (2020) by
P PT Segoro Kidul
Kali
llajﬁzi Bengd““ gfl?g'l;:g Cliilizlll:a Kali Kali Bengdun Kali Kali
3 i :
(m*/dt) (Bawa Cilemah /Caringi ng Ulu Cipagad: Cilemah Ulu Clil:laiid
h Abang n Muara gan Abang g
CBL)
Q2 1.8 86.9 137.8 375.7 13.2 37.2 969 14.8 41.6
Qsth 23 115.3 182.1 494.2 17.3 48.9 1205 19.4 54.7
Qioth 2.8 131.1 206.1 5704 194 54.9 137.1 21.8 61.5
Q2sth 3.2 149.0 2325 609.5  21.7 61.2 1557 243 68.5
Qsoth 3.6 161.0 2499 6955 231 65.2 168.3 259 73
Q100th 3.9 169.2 2709 740 24.9 71.2 180 27.3 77

The comparison illustrates that there are notable differences in peak discharge estimates between
the 2017 and 2020 planning documents. For instance, the estimated Q100th for Cilemah Abang
increased from 169.2 m3/s to 180.0 m?*/s, reflecting either updated hydrological inputs or revised
design assumptions. Such variations support the need for continuous recalibration of flood design
parameters and the adoption of more dynamic modeling frameworks—especially in fast-
developing industrial areas such as Jababeka. These findings further justify the integrated
modeling approach adopted in this study and highlight the necessity of aligning flood mitigation
efforts with the most current and comprehensive data available. Based on simulation outputs and
site assessments, a combination of structural and non-structural mitigation strategies was proposed.
Structurally, the recommendations included river channel normalization, expansion of existing
retention ponds, installation of modular storage tanks, enhancement of pump capacity at low-lying
areas, and sediment control at intake points. These measures were designed to accommodate peak
flows corresponding to up to a 100-year return period.
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Non-structural measures focused on the development of an early warning system (EWS) tailored
to industrial urban contexts. The conceptual design includes the deployment of real-time sensors
for rainfall and water level monitoring, linked to a centralized data processing platform. Alert
thresholds were established based on modeled flow predictions, with automated warning
dissemination to local industries and emergency services. In parallel, institutional coordination
mechanisms and stakeholder training programs were suggested to improve emergency
responsiveness. The integrated approach demonstrated in this study underscores the limitations of
relying solely on physical infrastructure to address flood risks in industrial urban areas. The
findings confirm that hybrid strategies—merging engineered solutions with data-driven,
community-oriented systems—can significantly enhance resilience. The proposed EWS model
builds upon global best practices and adapts them to the spatial, hydrological, and economic
characteristics of the Jababeka region. The implementation of such a system not only improves
response time but also facilitates proactive risk reduction through informed decision-making.

Discusion

The results of this study underscore the necessity of combining statistically validated rainfall data
with multi-method hydrological modeling to enhance flood risk assessment in rapidly urbanizing
industrial areas. The regional design rainfall of 178.93 mm was consistent with patterns observed
in similar tropical zones [31]. Who emphasized the importance of accurate spatial rainfall
interpolation in urban watersheds. Among the four SUH methods applied, GAMA I produced the
highest peak discharge values. Hydrological simulation using HEC-HMS revealed critical flood-
prone zones due to high runoff and delayed recession. Field validation confirmed these results,
with sediment accumulation and drainage obstruction observed in key areas, [30] that field-based
calibration is essential for urban flood model reliability. When compared with previous planning
studies. The current discharge estimates were significantly higher, reflecting the need for dynamic
model. This study demonstrates the advantage of integrating structural planning with adaptive
early warning systems, [28] to reduce flood vulnerability in complex urban systems. The relevance
and alignment of this study with global best practices confirm its contribution to both
methodological advancement and applied flood risk management in industrial environments.

Despite the comprehensive approach adopted in this study, several limitations must be
acknowledged. First, the analysis relied primarily on secondary rainfall data from only three
observation stations, which may limit spatial resolution and introduce interpolation uncertainty in
areas with heterogeneous rainfall distribution. Additionally, while the use of multiple SUH models
improved robustness in discharge estimation, the absence of high-resolution temporal rainfall data
(e.g., sub-hourly intensity) restricted the ability to fully capture flash flood dynamics. Furthermore,
the hydrological simulations using HEC-HMS were based on idealized land use and soil
parameters, which may not fully reflect the micro-scale variability in industrial drainage
infrastructure. Field verification was limited to select zones, and a more extensive survey could
enhance calibration accuracy. Future studies are encouraged to integrate distributed hydrological
models with remote sensing data and real-time hydrometeorological monitoring to improve spatial
and temporal precision. Moreover, incorporating climate change scenarios and land use
projections would allow for long-term flood risk forecasting. Expanding stakeholder involvement
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in the development of early warning systems may also provide valuable insights for community-
based disaster risk reduction strategies in industrial regions.

CONCLUSION

Despite the comprehensive approach adopted in this study, several limitations must be acknowledged.
First, the analysis relied primarily on secondary rainfall data from only three observation stations,
which may limit spatial resolution and introduce interpolation uncertainty in areas with heterogeneous
rainfall distribution. Additionally, while the use of multiple SUH models improved robustness in
discharge estimation, the absence of high-resolution temporal rainfall data (e.g., sub-hourly intensity)
restricted the ability to fully capture flash flood dynamics. Furthermore, the hydrological simulations
using HEC-HMS were based on idealized land use and soil parameters, which may not fully reflect the
micro-scale variability in industrial drainage infrastructure. Field verification was limited to select
zones, and a more extensive survey could enhance calibration accuracy. Future studies are encouraged
to integrate distributed hydrological models with remote sensing data and real-time
hydrometeorological monitoring to improve spatial and temporal precision. Moreover, incorporating
climate change scenarios and land use projections would allow for long-term flood risk forecasting.
Expanding stakeholder involvement in the development of early warning systems may also provide
valuable insights for community-based disaster risk reduction strategies in industrial regions.

AUTHORS INFORMATION

Corresponding Authors
Ashuri — Civil Engineering Program/Engineering Faculty, Lampung of University (Indonesia)
Email: ashuri.1987@eng.unila.c.id

Authors

Tri Budi Wibowo — PT. Segoro Kidul (Indonesia)

Email : tribudiwibowo@gmail.com

M. Rizky Ismail — Enviroment Engineering Program/Engineering Faculty, Lampung of University
(Indonesia)

Email : Mrizkyismail@eng.unila.ac.id

Ahmad Zakaria — Civil Engineering Program/Engineering Faculty, Lampung of University
(Indonesia)

Email : ahmad.zakaria@eng.unila.ac.id

Muhammad Haviz — Dept Of Chemical Engineering, King Fahd University Petroleum And Minerals,
(Saudi Arabia)

Email : g202411720@kfupm.edu.sa

16 WI E Pendidikan
Indonesia


mailto:ashuri.1987@eng.unila.c.id
mailto:tribudiwibowo@gmail.com
mailto:Mrizkyismail@eng.unila.ac.id
mailto:ahmad.zakaria@eng.unila.ac.id
mailto:g202411720@kfupm.edu.sa

AUTHORS CONTIBUTIONS

Ashuri conceptualized the research framework, led the hydrological modeling design, and
supervised the entire research process from initiation to completion. Tri Budi Wibowo contributed
expert insights on regional flood mitigation planning and supported the comparative analysis with
the 2020 flood planning data from PT. Segoro Kidul. M. Rizky Ismail conducted the rainfall data
validation, performed the SUH-based discharge estimations, and executed the HEC-HMS
simulations. Ahmad Zakaria was responsible for spatial analysis, field survey coordination, and
contributed to the development of structural flood control recommendations. Muhammad Haviz
provided technical expertise in early warning system (EWS) design, including sensor integration
and real-time alert architecture. All authors participated in manuscript drafting, contributed to the
interpretation of results, and reviewed and approved the final version of the manuscript.

CONFLICT OF INTEREST

The authors declare no conflict of interest. This research, including the selection of the research
project, study design, data collection, analysis, interpretation, manuscript writing, and decision to
publish, was conducted independently and without any external influence or funding sponsor
involvement.

REFRENCES

[I] H. Chang and J. Franczyk, “Climate Change, Land-Use Change, and Floods: Toward an
Integrated Assessment,” Geogr. Compass, vol. 2, no. 5, pp. 1549-1579, 2008.
https://doi.org/10.1111/j.1749-8198.2008.00136.x

[2] V. Avashia and A. Garg, “Implications of Land Use Transitions and Climate Change on
Local Flooding in Urban Areas: An Assessment of 42 Indian Cities,” Land Use Policy, vol.
95, p. 104571, Jun. 2020. https://doi.org/10.1016/j.1andusepol.2020.104571

[3] N. M. Iskandar, “Opportunities of Low Impact Development for Water Infrastructure in
Jakarta, Indonesia,” May 2021, accessed: May 15, 2025. https://hdl.handle.net/2152/89508

[4] I Nowogonski, “Runoff Volume Reduction Using Green Infrastructure,” Land, vol. 10, no.
3, art. no. 3, Mar. 2021. https://doi.org/10.3390/land 10030297

[5] H.E. Golden and N. Hoghooghi, “Green Infrastructure and Its Catchment-Scale Effects: An
Emerging  Science,” Wires Water, vol. 5, mno. 1, p. el254, 2018.
https://doi.org/10.1002/wat2.1254

[6] V. Pappalardo, D. La Rosa, A. Campisano, and P. La Greca, “The potential of green
infrastructure application in urban runoff control for land use planning: A preliminary
evaluation from a southern Italy case study,” Ecosyst. Serv., vol. 26, pp. 345-354, Aug. 2017.
https://doi.org/10.1016/j.ecoser.2017.04.015

[71 T. Zdlch, L. Henze, P. Keilholz, and S. Pauleit, “Regulating urban surface runoff through
nature-based solutions - An assessment at the micro-scale,” Environ. Res., vol. 157, pp. 135—
144, Aug. 2017. https://doi.org/10.1016/j.envres.2017.05.023

[8] G.Dharmarathne, A. O. Waduge, M. Bogahawaththa, U. Rathnayake, and D. P. P. Meddage,
“Adapting cities to the surge: A comprehensive review of climate-induced urban flooding,”
Results Eng., vol. 22, p. 102123, Jun. 2024. https://doi.org/10.1016/j.rineng.2024.102123

17 WI E Pendidikan
Indonesia


https://doi.org/10.1111/j.1749-8198.2008.00136.x
https://doi.org/10.1016/j.landusepol.2020.104571
https://hdl.handle.net/2152/89508
https://doi.org/10.3390/land10030297
https://doi.org/10.1002/wat2.1254
https://doi.org/10.1016/j.ecoser.2017.04.015
https://doi.org/10.1016/j.envres.2017.05.023
https://doi.org/10.1016/j.rineng.2024.102123

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

18

N. N. R. Prasad and P. and Narayanan, “Vulnerability assessment of flood-affected locations
of Bangalore by using multi-criteria evaluation,” Ann. GIS, vol. 22, no. 2, pp. 151-162, Apr.
2016. https://doi.org/10.1080/19475683.2016.1144649

S. A. Markolf, C. Hoehne, A. Fraser, M. V. Chester, and B. S. Underwood, “Transportation
resilience to climate change and extreme weather events - Beyond risk and robustness,”
Transp. Policy, vol. 74, pp- 174-186, Feb. 2019.
https://doi.org/10.1016/j.tranpol.2018.11.003

M. Diakakis, N. Boufidis, J. M. Salanova Grau, E. Andreadakis, and I. Stamos, “A
systematic assessment of the effects of extreme flash floods on transportation infrastructure
and circulation: The example of the 2017 Mandra flood,” Int. J. Disaster Risk Reduct., vol.
47, p. 101542, Aug. 2020. https://doi.org/10.1016/}.ijdrr.2020.101542

M. Karami, R. Sulistyorini, and I. M. Ardianti, “Resilient modulus master curve for BRA-
modified asphalt mixtures,” Roads Bridg. - Drogi Mosty, vol. 19, no. 4, pp. 315-331, Dec.
2020. https://doi.org/10.7409/rabdim.020.020

J.-L. Martel, F. P. Brissette, P. Lucas-Picher, M. Troin, and R. Arsenault, “Climate change
and rainfall intensity-duration-frequency curves: Overview of science and guidelines for
adaptation,” J. Hydrol. Eng., vol. 26, no. 10, p. 03121001, Oct. 2021.
https://doi.org/10.1061/(ASCE)HE.1943-5584.0002122

H. Huang, H. Cui, and Q. Ge, “Assessment of potential risks induced by increasing extreme
precipitation under climate change,” Nat. Hazards, vol. 108, no. 2, pp. 2059-2079, Sep.
2021. https://doi.org/10.1007/s11069-021-04768-9

S. S. Maity and R. Maity, “Changing pattern of intensity-duration-frequency relationship of
precipitation due to climate change,” Water Resour. Manag., vol. 36, no. 14, pp. 5371-5399,
Nov. 2022. https://doi.org/10.1007/s11269-022-03313-y

D. Touma et al., “Climate change increases risk of extreme rainfall following wildfire in the
western United States,” Sci. Adv., vol. 8, no. 13, p. eabm0320, Apr. 2022.
https://doi.org/10.1126/sciadv.abm0320

H. J. Fowler et al., Anthropogenic intensification of short-duration rainfall extremes, vol. 2,
no. 2. Nature Publishing Group UK London, 2021, pp. 107—122. Accessed: May 15, 2025.
https://www.nature.com/articles/s43017-020-00128-6. https://doi.org/10.1038/s43017-020-
00128-6

M. H. Glantz and G. E. Pierce, “Forecast hesitancy: Why are people reluctant to believe,
accept, or respond to various weather, water, and climate hazard-related forecasts?,” Int. J.
Disaster Risk Sci., vol. 12, no. 4, pp. 600—609, Aug. 2021. https://doi.org/10.1007/s13753-
021-00353-7

S. M. Rezvani et al., 4 systematic literature review on urban resilience enabled with asset
and disaster risk management approaches and GIS-based decision support tools, vol. 13,
no. 4. MDPI, 2023, p. 2223. Accessed: May 15, 2025. https://www.mdpi.com/2076-
3417/13/4/2223. https://doi.org/10.3390/app13042223

A. Mishra et al., “An overview of flood concepts, challenges, and future directions,” J.
Hydrol. Eng., vol. 27, no. 6, p. 03122001, Jun. 2022.
https://doi.org/10.1061/(ASCE)HE.1943-5584.0002164

A. Bagheri and G.-J. Liu, “Climate change and urban flooding: Assessing remote sensing
data and flood modeling techniques: A comprehensive review,” Environ. Rev., vol. 33, pp.
1-14, Jan. 2025. https://doi.org/10.1139/er-2024-0065

WI E Pendidikan
Indonesia


https://doi.org/10.1080/19475683.2016.1144649
https://doi.org/10.1016/j.tranpol.2018.11.003
https://doi.org/10.1016/j.ijdrr.2020.101542
https://doi.org/10.7409/rabdim.020.020
https://doi.org/10.1061/(ASCE)HE.1943-5584.0002122
https://doi.org/10.1007/s11069-021-04768-9
https://doi.org/10.1007/s11269-022-03313-y
https://doi.org/10.1126/sciadv.abm0320
https://doi.org/10.1038/s43017-020-00128-6
https://doi.org/10.1038/s43017-020-00128-6
https://doi.org/10.1007/s13753-021-00353-7
https://doi.org/10.1007/s13753-021-00353-7
https://doi.org/10.3390/app13042223
https://doi.org/10.1061/(ASCE)HE.1943-5584.0002164
https://doi.org/10.1139/er-2024-0065

[22] V. Kumar et al., “Comprehensive overview of flood modeling approaches: A review of
recent advances,” Hydrology, vol. 10, no. 7, art. no. 7, Jul. 2023.
https://doi.org/10.3390/hydrology10070141

[23] D. Althoff, L. N. Rodrigues, and D. D. da Silva, Addressing hydrological modeling in
watersheds under land cover change with deep learning, vol. 154. Elsevier, 2021, p. 103965.
Accessed: May 15, 2025.
https://www.sciencedirect.com/science/article/pii/S0309170821001202.
https://doi.org/10.1016/j.advwatres.2021.103965

[24] Z. Sokol et al., “The role of weather radar in rainfall estimation and its application in
meteorological and hydrological modelling—A review,” Remote Sens., vol. 13, no. 3, p. 351,
2021. https://doi.org/10.3390/rs13030351

[25] S.Azizi, A. R. Ilderomi, and H. Noori, “Investigating the effects of land use change on flood
hydrograph using HEC-HMS hydrologic model (case study: Ekbatan Dam),” Nat. Hazards,
vol. 109, no. 1, pp. 145-160, Oct. 2021. https://doi.org/10.1007/s11069-021-04830-6

[26] J. U. Guduru et al., Rainfall-runoff modeling using HEC-HMS model for Meki River
watershed, Rift Valley Basin, Ethiopia, vol. 197. Elsevier, 2023, p. 104743. Accessed: May
15, 2025s. https://www.sciencedirect.com/science/article/pii/S1464343X22002953.
https://doi.org/10.1016/].jafrearsci.2022.104743

[27] A. Al-Fugara et al., Hydrological and hydrodynamic modeling for flash flood and
embankment dam break scenario: Hazard mapping of extreme storm events, vol. 15, no. 3.
MDPI, 2023, p. 1758. Accessed: May 15, 2025.  https://www.mdpi.com/2071-
1050/15/3/1758. https://doi.org/10.3390/sul15031758

[28] H. Apel, A. H. Thieken, B. Merz, and G. Bloschl, “Flood risk assessment and associated
uncertainty,” Nat. Hazards Earth Syst. Sci., vol. 4, no. 2, pp. 295-308, Apr. 2004.
https://doi.org/10.5194/nhess-4-295-2004

[29] G. Tsakiris, “Flood risk assessment: Concepts, modelling, applications,” Nat. Hazards Earth
Syst. Sci., vol. 14, no. 5, pp. 1361-1369, May 2014. https://doi.org/10.5194/nhess-14-1361-
2014

[30] B. Merz et al., “Floods and climate: Emerging perspectives for flood risk assessment and
management,” Nat. Hazards Earth Syst. Sci., vol. 14, no. 7, pp. 1921-1942, Jul. 2014.
https://doi.org/10.5194/nhess-14-1921-2014

[31] G. Li et al.,, “Global impacts of future urban expansion on terrestrial vertebrate diversity,”
Nat. Commun., vol. 13, no. 1, p. 1628, Mar. 2022. https://doi.org/10.1038/s41467-022-
29324-2

19 WI E Pendidikan
Indonesia


https://doi.org/10.3390/hydrology10070141
https://doi.org/10.1016/j.advwatres.2021.103965
https://doi.org/10.3390/rs13030351
https://doi.org/10.1007/s11069-021-04830-6
https://doi.org/10.1016/j.jafrearsci.2022.104743
https://doi.org/10.3390/su15031758
https://doi.org/10.5194/nhess-4-295-2004
https://doi.org/10.5194/nhess-14-1361-2014
https://doi.org/10.5194/nhess-14-1361-2014
https://doi.org/10.5194/nhess-14-1921-2014
https://doi.org/10.1038/s41467-022-29324-2
https://doi.org/10.1038/s41467-022-29324-2

