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Abstract. Cakung Drain is an artificial river located downstream of the 
Cakung and Buaran Rivers, established as part of Jakarta's flood control 
infrastructure. Administratively, the upper section of Cakung Drain is 
located in East Jakarta, while the lower section is in North Jakarta. The 
current capacity of Cakung Drain is insufficient to handle the flow during 
flood conditions, leading to persistent flooding in the area. Flood conditions 
downstream of Cakung Drain are exacerbated by the potential for 
Compound Flood, resulting from the simultaneous occurrence of two 
extreme conditions. Various initiatives to manage floods have been 
implemented in the Cakung Drain area. This study aims to evaluate the flood 
risk in the Cakung Drain area before and after the implementation of flood 
management structures, considering the impact of discharge and tidal 
conditions downstream influenced by waves and storm surges. Flood 
modelling is executed using HECRAS software employing both 1D and 2D 
approaches. The study's findings reveal that the flooded area under existing 
conditions spans 7.065 km². Under design conditions, flooding persists with 
an area of 4.15 km², attributed to flood overflow in downstream areas where 
embankments have not been constructed. 

1 Introduction  
DKI Jakarta is known as a flood-prone area, experiencing floods nearly every year. 
Between 2002 and 2019, the number of individuals affected by floods in Jakarta reached 
2 million [1]. The causes of these floods can be divided into two categories: natural and 
non-natural. Natural factors contributing to floods in the study area include rainfall, soil 
type, and the slope of the terrain. On the other hand, non-natural factors leading to floods 
encompass changes in land usage and insufficient drainage capacity [2]. Geographically, 
40% of DKI Jakarta has an elevation lower than sea level [3]. Jakarta is in proximity to 
coastal regions and is downstream of multiple rivers. The combination of these 
geographical conditions heightens Jakarta's susceptibility to the potential calamity of 
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floods [4]. Flooding in Jakarta's coastal zones is compounded by land subsidence at a rate 
of 1-15 cm/year [5] and a sea level rise of 12 mm/year [6].  

Efforts to mitigate flooding in Jakarta have been underway for an extended period. In 
1973, the Jakarta government undertook structural development initiatives [7]. One of 
which was the construction of Cakung Drain. Cakung Drain is an artificial canal located 
in East Jakarta and flows downstream to North Jakarta, spanning 9.8 km. It channels the 
Cakung and Buaran rivers, which eventually flow into Jakarta Bay. The construction of 
Cakung Drain aims to reduce flooding in the Cakung River area. According to the flood 
model for the year 2014, overflow occurred along Cakung Drain, reaching a maximum 
height of 2 meters upstream [8]. Based on the 2020 Jakarta flood map by BPBD DKI 
Jakarta, there are still flooded areas around Cakung Drain (Fig. 1).  

 
Fig. 1. Jakarta 2020 flood map  

The Cakung Drain area is prone to flooding due to its proximity to the coast. In this 
coastal area, there is the potential for compound flooding. Compound flooding occurs 
when multiple flood-inducing factors, such as elevated water levels, precipitation, and 
increased river discharge, coincide or closely follow each other [9]. Within the Cakung 
Drain area, the risk of compound flooding emerges when there is a substantial discharge 
from the upstream coinciding with a high tide downstream, leading to an elevated water 
level downstream compared to normal conditions. The conditions conducive to 
compound flooding in coastal areas are primarily influenced by four factors: (1) the 
combination of tidal and high astronomical tide (storm surge); (2) waves generated either 
locally or remotely (storm waves); (3) river flow; and (4) direct surface runoff [10]. In 
coastal regions, the severity of compound flooding intensifies during intense rainfall 
events accompanied by storm conditions [11].  

Several efforts have been made to reduce flooding in the Cakung Drain area, such as 
the design normalization of Cakung Drain through the Jakarta Emergency Dredging 
Initiative (JEDI) in 2010 and the construction of embankments at the mouth of Cakung 
Drain from 2021 to 2023. Therefore, this research discusses the flood conditions in the 
Cakung Drain area before and after the implementation of flood management measures. 
The flood modelling undertaken in this research considers various factors that could 
potentially elevate the risk of compound flooding in the Cakung Drain area. These factors 
encompass the impact of flood discharge, tides, waves, and storm surges on the extent of 
flooding in the Cakung Drain area.  
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2 Method 

2.1 Hydrological analysis  

The hydrological analysis is performed to forecast the planned flood discharge for a 
specific return period [12]. The data utilized includes rainfall data spanning 18 years 
(2004-2021). In conducting the hydrological analysis, the HECHMS software is utilized, 
known for its minimal margin of error in determining the planned flood discharge [13] 
[13_suzana]. The hydrological analysis employs the SCS-CN (Soil Conservation Service 
Curve Number) method, and the formula for this method is presented in the Table 1.  

Table 1. Formulas and methods for hydrological analysis calculations  

No Parameter Equation 

1 CN Composite (CN) 𝐶𝑁 =
∑(𝐶𝑁!x𝐴!)

𝐴  (1) 

2 Initial Abstraction (Ia) 𝐼" = 0,2	S (2) 

3 Maximum Retention 
Potential (S) 

𝑆 =
25400
𝐶𝑁 − 254 (3) 

4 Time lag (tp) 𝑡# = 𝐶$𝐶%(𝐿𝐿&)'.) (4) 

5 Rain Distribution PSA 007 6 Hours (5) 

2.2 Tide analysis  

Tide analysis is conducted to obtain tide predictions. One of the tide prediction methods 
is the least square method. This method yields a relatively low RMSE value, indicating a 
close representation of the true tidal conditions [14]. In this study, the tide data used 
consists of observations from the Kolinlamil Station over a period of 30 days. By 
employing the Least Square Method, tide predictions for 18.6 years are obtained   

2.3 Wave analysis  

The purpose of wave analysis is to predict waves with a specific repeating period. In this 
paper, extreme wave conditions are utilized, specifically a repeat period of 100 years. The 
formation of waves is determined by utilizing wind data obtained from ECMWF over a 
duration of 15 years (2008-2022). The wave modelling technique is based on the Shore 
Protection Manual 1984. Parameters essential for wave prediction based on wind include: 
(1) Wind speed, (2) Fetch, (3) Duration of gust, (4) Wind direction. [15]. Formulas and 
methods used in wave analysis are presented in the Table 2.  
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Table 2. Formulas and methods for wave analysis calculations  

No Parameter Equation 

1 Fetch (Feff) 𝐹*++ =
∑𝑋𝑖 𝑐𝑜𝑠 ∝ 𝑖
∑𝑐𝑜𝑠 ∝ 𝑖  (6) 

2 Height correction (𝑈10) 𝑈$' = 𝑈(𝑧)(
10
𝑧 )

$
, (7) 

3 Stability correction (U) U = 𝑅-𝑈$' (8) 

4 Wind stress Faktor 𝑈. = 0.72𝑈$./) (9) 

5 Frequency Distribution Log normal, Log Pearson, Normal, Gumbel (10) 

6 Frequency Distribution Test Chi-Square (11) 

2.4 Hydrodynamic analysis  

The use of hydrodynamic modelling aims to determine the correlation between wave 
impact and water level in the estuary. The software, Mike21, is capable of generating 
hydraulic models that replicate hydraulic phenomena while considering changes in water 
levels [16]. The information utilized in hydrodynamic modelling encompasses water 
bathymetry data, wave height and period, along with tidal data.  

2.5 Storm surge analysis  

The analysis of storm surge is utilized to ascertain the extent of tidal surge impacted by 
occurrences of storm surge [17]. Forecasting storm surge events in the Jakarta region 
involves applying one of the computations outlined in the WMO guidelines for storm 
modelling, specifically, the empirical Silvester storm surge prediction method [18]:  

 

𝑆
𝑑 =

(𝐾$'𝑈/ $'𝐿)
2𝑔𝑑/  (12) 

 
The computation of Storm Surge values is conducted for each wind occurrence from 

the northwest direction, leading to the determination of maximum Storm Surge values 
between 2008 and 2022. The assumption is based on earlier research, indicating that 
storms persist for 24 hours and the surge peak aligns with the highest tidal water level 
[11].  

2.6 Hydraulic analysis  

A capacity assessment of the canal was conducted through hydraulic analysis, considering 
the hydraulic features within the watershed [12]. The hydraulic modelling employed the 
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HEC-RAS software, utilizing the Unsteady Flow method and producing outcomes in both 
1D and 2D. The equations used in the unsteady modelling are derived from the principles 
of mass conservation (continuity) and momentum conservation [19]. The formula 
equations are presented in the Table 3:  

Table 3. Formulas for unsteady modelling calculations 

No Parameter Equation 

1 conservation of mass 
(continuity)  

𝜕𝐴-
𝜕-

+
𝜕𝑄
𝜕0

= 𝑞% (13) 

2 conservation of 
momentum  

𝜕𝑄
𝜕𝑡 +

𝜕(𝑄	𝑉)
𝜕0

+ 𝑔	𝐴(
𝜕𝑍1
𝜕0

+ 𝑠+) = 0 (14) 

 

Compound flood modelling in the Cakung Drain area occurs during extreme rainfall 
and extreme tides. In the Cakung Drain area, these conditions typically occur in February. 
Hydraulic modelling is conducted with several scenarios. The boundary conditions 
upstream involve the flood discharge for the planned return period, while downstream 
conditions involve various tidal surges. In the modelling, the highest tide coincides with 
the peak discharge. Detailed boundary conditions for each modelling scenario can be 
found in the Table 4.  

Table 4. Downstream and upstream boundary conditions in several scenarios  

Scenario Upstream Downstream Geometry Condition 
1 

Q 25 : 

Spring Tide Existing 
2 Spring Tide + Wave Existing 
3 Spring Tide + Storm Existing 
4 Spring Tide + Wave Design 
5 Spring Tide + Storm Design 

3 Result and discussion 

3.1 Hydrological modelling   

Based on the delineation results, the total area of the Cakung Drain watershed is 81.15 
km², with a length of 9.8 km for the Cakung Drain channel. The calculated planned 
discharge for a return period of 25 years in the Cakung Drain area is 186.40 m³/s.  

3.2 Condition of HWL in the tidal surge scenario  

The tidal analysis indicates a Highest Water Level (HWL) of 1.43 m due to tidal surges at 
the mouth of Cakung Drain. Wave analysis for a 100-year return period reveals a wave 
height of 4.54 m with an 11.4-second duration. Following hydrodynamic modelling, the 
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HWL influenced by waves is determined to be 1.46 m. Storm surge calculations yield a 
surge amplitude of 0.9, resulting in a storm-induced HWL of 2.35 m (Fig. 2).  

  
Fig. 2 Graph of distribution of flood discharge and tidal surges  

3.3 Hydraulic modelling  

The modelling results for scenarios 1-3 in the current condition indicate flooding in the 
upstream, middle, and downstream areas of Cakung Drain. The inundation area is 
consistent in the upstream and middle regions, while in the downstream area, it expands 
proportionally with the rising HWL values in each scenario. Figures illustrating the 
simulation results for 1D and 2D scenarios 1-3 are available (Fig. 3).   

 
Fig. 3 (a) 1D flood modelling in existing condition; (b) 2D flood modelling in the upstream and 
middle regions; (c) 2D flood modelling downstream in scenario 1; (d) 2D flood modelling 
downstream in scenario 2; (e) 2D flood modelling downstream in scenario 3.  

In scenario 4, where the discharge is based on Q25 and HWL is affected by waves, 
there is no flooding along Cakung Drain. However, scenario 5, influenced by storm surge, 
results in overflow in the estuary area without embankments, specifically 450 – 1176 m 
downstream from Cakung Drain. Visualization of the simulation results for 1D and 2D 
scenarios 4 and 5 is presented in the Fig. 4. 

The flooding impact in each scenario is observed in two administrative cities: North 
Jakarta and East Jakarta. Table 5 displays the extent of flooding in each affected 
neighbourhood.    
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Fig. 4 (a) 1D flood modelling in existing condition; (b) 2D flood modelling in scenario 4; (c) 2D 
flood modelling in scenario 5  

Table 5. Flooded area calculation on several scenarios  

  Flood Area (km2) 
Name 1 2 3 4 5 

Flood cause Discharge  2.680  2.680  2.680  -  -  
Flood cause Tide and Discharge  1.203  1.339  4.385    4.15  
East Jakarta  1.863  1.863  1.863  -  -  
Rawaterate  0.733  0.733  0.733  -  -  
Cakung Barat  1.130  1.130  1.130  -  -  
North Jakarta  2.02  2.156  5.202  -  -  
Kalibaru  0.084  0.133  0.81  -  0.62  
Semper Timur  0.59  0.591  1.24  -  0.7  
Rorotan  0.094  0.095  0.095  -  -  
Cilincing  1.165  1.25  2.97  -  2.83  
Sukapura  0.087  0.087  0.087  -  -  
Total  3.883  4.019  7.065  0  4.15  

4 Conclusion   
The HECRAS modelling results indicate that the Cakung Drain area is susceptible to 
flooding. In the absence of flood control structures (scenarios 1, 2, and 3), widespread 
flooding occurs in most of the Cakung Drain area, impacting 7 neighbourhoods. The total 
flooded area due to discharge is 2.68 km². In the downstream area, compound flooding 
occurs, expanding as the tide rises. During Spring Tide, the downstream inundation area 
is 1.203 km², Spring Tide affected by waves is 1.339 km², and during a storm, it reaches 
4.385 km². Conversely, after implementing flood control structures in scenario 4, there 
is no more flooding in the Cakung Drain area. However, in Scenario 5, flooding occurs 
during high tide influenced by a storm, covering an area of 4.15 km² and affecting three 
neighbourhoods. This is attributed to overflow of compound flooding in the downstream 
area without embankments, specifically 450 - 1176 m from the downstream of Cakung 
Drain. To mitigate flooding in the estuary area, embankment design is necessary up to a 
distance of 1176 m from the downstream of Cakung Drain.  

 
Acknowledgments. This research was made possible with the financial support from the Ministry 
of Public Works and Housing and guided by the Water Resources Engineering Research Group, 
Faculty of Civil Engineering and Environmental, Bandung Institute of Technology.  

 
  

  

      

 

 

 

 
 
 

 
 
  

 
 

 

, 02016 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002016 500
INTERCONNECTS 2023

7



 

 

References  
1. CIBE ITB, "A Study on Flood Management in Jakarta and Surroundings for Sustainable 

Infrastructure Development". Bandung:Faculty of Civil Engineering and 
Environmental,ITB, 2020   

2. D. A. Nugroho and W. Handayani." Study Of The Cause Of Flood In The Perspective 
Of Watershed Area: Lessons Learned From The Beringin Drainage Sub System." Jurnal 
Pembangunan Wilayah dan Kota, vol. 17, no. 2, pp. 119–136, Jun. 2021, doi: 
10.14710/pwk.v17i2.33912  

3. Harman, A. N, The Effect of Ciliwung River Flood Discharge On Tidal Flood In The 
Ciliwung River Estuary Area, Master’s Thesis, Institut Teknologi Bandung.2022.  

4. M. Farid, D. Saputra, T. R. Maitsa, T. N. A. Kesuma, A. A. Kuntoro, and A. Chrysanti, 
“Relationship between extreme rainfall and design flood-discharge of the Ciliwung 
river,” in IOP Conference Series: Earth and Environmental Science, IOP Publishing Ltd, 
Apr. 2021. doi: 10.1088/1755-1315/708/1/012031.  

5. H. Z. Abidin, H. Andreas, I. Gumilar, Y. Fukuda, Y. E. Pohan, and T. Deguchi, “Land 
subsidence of Jakarta (Indonesia) and its relation with urban development,” Natural 
Hazards, vol. 59, no. 3, pp. 1753–1771, Dec. 2011, doi: 10.1007/s11069-011-9866-9.  

6. M. Nur Cahyadi, L.M. Jaelani, and Aryasandah. H. D," Study Of Sea Level Rise Using 
Satellite Altimetry Data (A Case Study: Sea Of Semarang)" Geoid., 11(2): 1-8, 2016.  

7. Nedeco. Master Plan for Drainage and Flood Control of Jakarta, Final Report. 
Directorate General of Water Resources Development, Ministry of Public Works and 
Electric Power & Directorate of International Technical Assistance, Ministry of Foreign 
Affairs, Kingdom of the Netherlands, December 1973  

8. Harsanto,P. “An Evaluation of Water Level in Cakung Floodway Due to Maximum 
Rainfall in 2013 and 2014,” Jurnal Ilmiah Semesta Teknika, vol.17,n0.1,32-37, 
May.2014.  

9. H. Xu et al., “Compound flood impact of water level and rainfall during tropical cyclone 
period in a coastal city: The case of Shanghai.” Natural Hazards and Earth System 
Sciences, vol. 22, no. 7, pp. 2347–2358, Jul. 2022, doi: 10.5194/nhess-22-2347-2022  

10. A. Hendry et al., “Assessing the characteristics and drivers of compound flooding events 
around the UK coast,” Hydrol Earth Syst Sci, vol. 23, no. 7, pp. 3117–3139, Jul. 2019, 
doi: 10.5194/hess-23-3117-2019.  

11. W. G. Bennett et al., “Modelling compound flooding: a case study from Jakarta, 
Indonesia,” Natural Hazards, vol. 118, no. 1, pp. 277–305, Aug. 2023, doi: 
10.1007/s11069-023-06001-1.  

12. Harjono & Widhisatuti, Y., Hydrology and Hydraulics Analysis of the Kalo Pacal 
Watershed (DAS) in Bojonegoro, Rekayasa Sipil, 13(1), pp. 16-23, 2019.  

13. S. Ramli, S. N. N. Ibrahim, and G. A. P. Eryani, “Flood Discharge For Ungauged 
Catchment At Teriang River, Pahang By Using HEC-HMS,” Journal of Advanced 
Research in Applied Sciences and Engineering Technology, vol. 33, no. 3, pp. 39–50, 
Feb. 2024, doi: 10.37934/araset.33.3.3950.  

14. L. F. Ichsari et al., " Comparative Study of Tidal Analysis Results Using 3 Methods 
(Admiralty, Least Square, and Fast Fourier Transform) at Malahayati Port, Banda 
Aceh.," Indonesian Journal of Oceanography, vol. 2, no. 2, pp. 121-128, Jun. 2020. 
https://doi.org/10.14710/ijoce.v2i2.7985  

15. Sofwatillahi, Muliati, Yati, "Comparison of Wave Forecasting Using the Groen 
Dorrestein Method and Shore Protection Manual in Merak-Banten Validated with 

      

 

 

 

 
 
 

 
 
  

 
 

 

, 02016 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002016 500
INTERCONNECTS 2023

8



 

 

Altimetry Data."Jurnal Online Institut Teknologi Nasional,vol 2,No.2: 100-115, 
Jun.2016  

16. L.P. Hapsari, A.A. Djari, T.A. Ghifara,"Hydrodynamic Modeling Of Tidung Current 
Patterns In Tidung Island Waters." Maspari Journal, XIV(2):79-89, Jul.2022 
https://doi.org/10.56064/maspari.v14i2.19583  

17. N. S. Ningsih, S. Hadi, A. B. Harto, M. D. Utami, and A. P. Rudiawan, " Study of Areas 
Vulnerable to Storm Tide Disasters in the Southern Coastal Regions of Java, Bali, and 
West Nusa Tenggara. t," ILMU KELAUTAN: Indonesian Journal of Marine Sciences, 
vol. 15, no. 4, pp. 179-193, Feb. 2012. https://doi.org/10.14710/ik.ijms.15.4.179-193  

18. R.Silvester, "Computation of storm surge. In: Proceedings of the 12th Conference on 
Coastal Engineering, Washington, United States, 13–18 September 1970. New York, 
ASCE. 

19. “HEC-RAS River Analysis System Hydraulic Reference Manual,” 2016. [Online]. 
Available: www.hec.usace.army.mil 

      

 

 

 

 
 
 

 
 
  

 
 

 

, 02016 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002016 500
INTERCONNECTS 2023

9


