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Flood disasters frequently occurred in Jember Regency, East 

Java. It is usually caused by the overflow of the Tanggul River 

in the rainy season, especially in the downstream area. Flood 

control could be done by building dams, embankments, 

shortcuts, and other technical flood protections. Meanwhile, 

mitigation efforts such as developing thematic maps of flood 

inundation need to be done to minimize losses caused by the 

flood. This study aims to design a flood mitigation strategy 

technically. The flood control structure was proposed by 

designing a shortcut in Kali Tanggul. Its performance was 

analyzed to reduce flood inundation in the Tanggul watershed. 

The flood inundation modeling was carried out using spatial 

analysis using ArcGIS 10.1 and hydraulic analysis using HEC-

RAS 5.0.3. Flood inundation results were compared with the 

Tanggul watershed flood map developed by UPT PUSDA 

Lumajang. Based on modeling results, flood control using 

shortcuts is considered an effective strategy for flood mitigation. 

It was indicated by the reduction of flood inundation 

distributions, flood inundation height, and flood-affected areas. 

The results show that the flood height decrease 0.47 up to 0.56 
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1. Introduction 

Some parameters affect the flood vulnerability index. They consist of six parameters 

for exposure (rainfall intensity, topographic, closeness to the river, primary construction 

material for roof, walls, and floor, position of buildings to the street level, and building density), 

nine parameters for susceptibility (land use, type of soil, tidal range, age, gender, level of 

education, traffic density, income, dan livelihood), and three parameters for resilience 

(experience with flood, knowledge about flood hazard, and knowledge about private protection 

measures) [1][2]. In general,  efforts to minimize the threat of flooding done  by  building dams  
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[3],embankments [4], [5], shortcuts, or other  flood control  buildings.  Mitigation  efforts, such 

as making maps of flood inundation distribution, has needed to minimize damage [6][1]. 

The Tanggul watershed, which located in Tanggul, Jember, is often hit by floods. 

Based on the observations of UPTD Kencong and Sumber Baru, Tanggul watershed in the last 

ten years, data shows that flooding in this location has almost occurred every year. The 

condition of the embankment river, which tends to be narrow, winding, and has many complex 

plants at riverbeds such as bananas, can obstruct the flow, especially when the river discharge 

increases due to rain. 

There have been 27 floods in the Tanggul watershed in the last 25 years, nine times 

break the river embankment. The most recent incident occurred on December 22nd, 2018, 

which broke down along 60 m with a height of 7.2 m which caused the river flow to turn rapidly 

into rice fields and residential areas. recorded that the water level reached 3.5 m with a discharge 

of 749,153 m3. There are 595 houses in three villages, namely Kecong, Kraton, and Paseban 

Villages, and 345 rice fields flooded. This condition makes the Tanggul watershed an area that 

has a high risk of flood. The facts above show that the impact of flood discharge in the Tanggul 

River still occurs every year.  

Some efficient technologies used to evaluate flood hazards on a much-developed 

regional scale. Various models integrated with Geographical Information Systems (GIS) have 

developed a lot, one of which is the integration of ArcGIS and HEC-RAS [7], [8]. GIS is a 

system or program for storing data related to various events on earth [9]. Based on previous 

research [7], [8], [10]–[12]. GIS has been used successfully in displaying and analyzing regions, 

visual inundation to produce a risk map of flood distribution. The flow profile determination is 

the basis of flood tracking analysis and research on applying the Hydrologic Engineering Center 

- River Analysis System (HEC-RAS) model to simulate water levels that has been widely used, 

both at home and abroad[13][14]. Several components or features of the ease of HEC-RAS 

include analysis of steady and unsteady flow water profiles [15], sediment transport analysis 

[16], [17], and water quality analysis.[18]. These components consist of geometry data, flow 

hydraulic formulations, and other hydraulic design features that can be accessed if the flow 

computation process is successfully executed [19][20]. 

This study aimed to determine the effectiveness of the shortcut as a flood control 

strategy to design mitigation efforts or reduce the risk of flood inundation in the Tanggul 

watershed. The effectiveness of the shear in terms of spatial inundation at various times of 

return: 25, 50, 100, 200, 500, and 1000 years Thus, it will obtain a description and information  
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of flood inundation hazard areas. A combination of technical structures with a flood inundation 

distribution map can made by modeling and simulating flood inundation at the Tanggul River’s 

downstream using the ArcGIS 10.1 and HEC-RAS 5.0.3 programs 

 

2. Research Method 

The Tanggul watershed divided into two sub-watersheds: the Tanggul’s upstream sub-

watershed and the Watu Urip sub-watershed. The research location is downstream of the 

Tanggul watershed, with an area of 258,122 km2. Flood inundation analysis done along 23.5 

km of the Tanggul River. Meanwhile, the shortcut plan is made at the Kali Tanggul bend around 

11.7 km from the downstream, as shown in Figure 1. 

 

Source     : UPT PUSDA Lumajang (2015) 

Figure 1.  Research Location 

 

The research stages are stated in the research flow diagram, as shown in Figure 2. Data 

collection includes the Tanggul river geometry data from the Embankment bridge to the estuary 

or downstream, rainfall data, and administrative maps of the Tanggul watershed, sourced from 

the UPTD PUSDA Lumajang. Topographic data is in the form of a The type of data used for 

running ArcGIS is Digital Elevation Model (DEM) with a resolution of 25 m obtained from 

SRTM satellite imagery and the Geospatial Information Agency (BIG).  Using DEM is cost-

effective for obtaining fit-for-purpose flood maps cause it improves flood modeling without 

surveying the entire model extent when financial and practical limitations [21][22]. 

Flood inundation modeling in the Tanggul watershed includes several input 

components. These components include Digital Elevation Model (DEM), river geometry, and 

input discharge data at various return times. The river geometry is obtained from the curved  

Shortcut Plan 
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measurements by the UPTD PUSDA Lumajang. The measurement of river geometry, both 

longitudinal and transverse, is carried out along ± 20 km. The DEM used is DEM ASTER with 

A resolution of 25 x 25 m from the USGS. This DEM data has low accuracy so that a new DEM 

is compiled in the TIN format, which is built from a combination of vectors and raster [23]. 

 

*TIN = Triangular Irregular Networks 

Source     : Research document (2021) 

Figure 2.  Research Flowchart 

 

The next stage is modeling the shortcut at Kali Tanggul. Planning and calculation of 

the shortcut are carried out based on the design flood at various times. Hydraulic analysis was 

carried out to study the flood characteristics before and after the construction of the shortcut. 

Meanwhile, a flood inundation map was created using a hydraulic approach combined with a  
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raster (GIS) to limit the flood-affected areas [24]. Making a flood distribution map is done by 

performing  a 2-dimensional  flood  simulation  with  the  help  of  the  HEC-RAS version 5.03  

program by utilizing the RAS Mapper feature[25]. 

 

Whether there is no wave or after a wave, the prediction of flood inundation is analyzed 

on various flood discharges, such as floods during the 25, 50, 100, 200, 500, and 1000 years 

return period. The return flood discharge was analyzed based on rainfall for 15 years (2004-

2018) with distribution frequency (Log Pearson III) from the distribution suitability test with 

the Chi-Square and Smirnov-Kolmogorov tests to find out the truth of the frequency hypothesis 

[26]. Furthermore, the design discharge obtained by transforming the rain stream using the 

Nakayasu Synthetic Unit Hydrograph concept approach. 

 

3. Results and Discussions 

3.1  Flood Discharge 

River geometry data and flood discharge data for various times were included as 

conditions for the upstream boundary. Flood discharge data at different return periods are 

shown in Table 1, while the flood hydrograph at various return periods is shown in Figure 3. 

The downstream boundary conditions are in the form of tidal data. 

Table 1.  Flood Discharge on Various Return Period 

Return Period Discharge (m3/dt) 

20 407.204 

25 468.488 

50 541.632 

100 622.732 

200 702.732 

1000 934.098 

Source     : Research document (2021) 

 

Source     : Research document (2021) 

Figure 3.  Nakayasu Synthetic Hydrograph 
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3.2  Shortcut Design 

The shortcut planning is analyzed at the highest return period flood discharge (934.098 

m3/s) so that the shortcut design results can drain the highest floods. Planned a shortcut with a 

width of 40 meters and a height of 7 meters. The design of the angular dimensions shown in 

Figure 4. 

 

 

Source    : Research document (2021) 

Figure 4.  Shortcut Dimension Design 

 

3.3  HEC-RAS Model 

Next, the HEC-RAS running model is carried out in the unsteady flow conditions on 

the terrain with and without the corners. Analyzed  flow and flood inundation conditions were 

at various times. The flood inundation simulation is reviewed based on 25, 50, 100, 200, and 

1000 years of return period discharge. The results of modeling a flood inundation with and 

without a shortcut can seen in Figure 5. 

 

Source     : Research document (2021) 

Figure 5.  Result of Distribution of Flood Inundation without Shortcut (a) and with a shortcut (b) 
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Based on Figure 5, the flood discharge during the 25 year return period (541.6 m3 / s) 

has overtopping. This condition is due to downstream narrowing and water level rise (high tide), 

resulting in a slowing flow. In addition, the sediment in the river mouth is also causing a 

reduction in flow velocity.  

 

3.4  Flood Inundation Analysis 

The results of the flood inundation area are obtained from calculations using ArcGIS 

10.1. Based on Figures 6 and 7, the distribution of floods in the Tanggul watershed has increased 

along with the increase in the return period of the flood discharge, and the shortcut has a 

significant impact based on the area of flood inundation. The largest flood inundation occurred 

in the middle of the river about 2 km from the Pondokwaluh Dam. 

The condition of the flood inundation distribution and its depth will be more 

widespread if the flood occurs over the 200 year return period. The distribution of inundation 

during the 100-year return flood will result in an inundation of 640 hectares. Meanwhile, the 

200 and 1000 year return floods will cause an inundation of 786 and 1226 ha. The results of 

modeling the full area of flood inundation at various return periods shown in Figure 6. 

 
Source     : Research document (2021) 

Figure 1.  The Total Area of Flood InundationWithout Shortcut at Various Times 

 

Subsequently, a simulation of reducing the flood inundation area was carried out by 

creating a shortcut near the end of the main river to the sea. The running model is carried out 

on various return periods of flooding so that the sliding performance effect on the reduction of 

flood inundation can be obtained. The result shows a very significant decrease. Based on the 

flood inundation analysis using ArcGIS, The 200-year return flood without and with a shortcut 

will reduce the flood inundation area from 786 Ha to 11.2 Ha. The amount of flood reduction 

can be seen in Figure 7. 
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Source     : Research document (2021) 

Figure 2.  The Total Area of Flood Inundation with Shortcut at Various Times of Return 

 

3.5  Model Validation 

Model validation is carried out to determine the suitability of research with real 

conditions. Validation was carried out using the discharge, depth, and coordinate points 

recorded during the flood events from 2013 to 2016. The recorded discharge was 685,866 m3 / 

s to 717,2867 m3 / s with a depth of 1.25 m to 1.5 m in Kraton Village and Paseban Village. 

The results of model simulation according to their depth can be seen in Table 2 and Table 3. At 

the same time, the results of the coordinate point validation based on the flood inundation risk 

map model are shown in Figure 8. 

Table 2.   The Depth of the Flood Inundation Model Simulation Results Without a Shortcut 

Return Period Discharge 

 (m3/s) 

Q25 Q50 Q100 Q200 Q1000 

468.49 541.63 622.73 702.73 934.10 

Max.Depth (m) 

Kraton 

Village 
0.893 1.063 1.186 1.274 1.732 

Kencong 

Village 
0.597 0.729 0.826 0.898 1.310 

Paseban 

Village 
1.245 1.382 1.479 1.550 2.137 

Source     : Research document (2021) 

Based on Table 2, the maximum depth of flood inundation without shortcut happens in 

Paseban Village with the depth of 1.5 meters, and with a shortcut (based on Table 3), there is no 

more flood inundation. 

Table 3.   The Depth of the Flood Inundation Model Simulation Results With a Shortcut 

Return Period Discharge 

 (m3/s) 

Q25 Q50 Q100 Q200 Q1000 

468.49 541.63 622.73 702.73 934.10 

Max.Depth 

(m) 

Kraton 

Village 
- - - - - 
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Return Period Discharge 

 (m3/s) 

Q25 Q50 Q100 Q200 Q1000 

468.49 541.63 622.73 702.73 934.10 

 
Kencong 

Village 
0.177 0.232 0.394 0.472 0.619 

Max.Depth 

(m)  

Paseban 

Village 
- - - - - 

Source     : Research document (2021) 

 

 

Source     : Research document (2021) 

Figure 3.  Flood Hazard Map 

 

Based on the model's output, the discharge and depth at the return period of 200 are 

close to the figures recorded from 2013 to 2016. In addition, the location of the flood event 

(overtopping) from the modeling results is close to or has a corresponding coordinate point of 

the existing flood event. 

The distribution and flood inundation depth in the studied locations (Kraton, Kencong, 

and Paseban Village) showed variations in the flood inundation depth. In the 200-year return 

flood, the inundation height varied from 0.90 m to 1.55 m. If simulated by a shortcut, there will 

be a flood-free area in Kraton and Paseban Village, while in Kencong Village, there will be a 

decrease of flood inundation depth to 0.47 m. 
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The shortcut by hydraulic performance can reduce flooding effectively and efficiently. 

However, it is necessary to consider the details of the floodgates located downstream of the  

shortcut. In addition, it is also necessary to plan/consider the arrangement of the floodgates in 

high tide conditions. If possible, it is required to design automatic doors (automatic floodgate 

valves) that work based on the conditions of the upstream water level (flood water level) and 

the downstream conditions of the floodgate  (tidal water level). 
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4. Conclusion and Suggestion 

4.1  Conclusion 

Based on the results of running with the HEC-RAS and ArcGIS programs, the 

selection of shortcuts as a technical flood mitigation strategy has a very effective impact on the 

distribution of flood inundation in the Tanggul watershed. The shortcut planning is analyzed at 

the highest return period of flood discharge (934.098 m3/s) with a width of 40 meters and 7 

meters. Based on HEC-RAS analysis in the existing condition, floods already occur during 25 

year return period (541.6 m3/s), which is caused by downstream narrowing and water level rise.  

With shortcuts, the reduced distribution area of flood inundation, the height of flood inundation, 

and location points or areas affected by floods are proved by the reduced distribution area of 

flood inundation. The validation results show that the 200-year return flood discharge is close 

to the discharge when a flood occurs with a depth of 1.25 m to 1.5 m, and there is a match for 

the coordinates of the flood-hazard areas with the flood inundation model, which is the flood 

height decrease 0.47 to 0.56 m. 

 

4.2 Suggestion 

To reduce the flood inundation at Tanggul river, a possible strategy is to build 

shortcuts, maintain river capacity with river normalization, and make a flood hazard map for 

the long-term development plan. 
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