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Abstract: The flood hazard rating is one of the essential variables in flood risk analysis. 
The identification of flood-prone areas urgently requires information about flood 
hazard zones. This research explains the method to develop flood hazard maps by using 
hydrodynamic modeling in residential areas. The hydrodynamic model used in this 
research is HEC-RAS 5.0, which can simulate the one- and two-dimensional flow 
regimes. The study area is Bukit Sejahtera and Tanjung Rawa residences located in 
Palembang City with a total area of about 200 ha, where the Lambidaro River was 
frequently overflowing caused flood inundation in the area. There are five indicators of 
flood hazard being analyzed, i.e., 1) flood depth, 2) flow velocity, 3) energy head, 4) 
flow force, which is the result of multiplication between flood depth and the square of 
flow velocity, and 5) intensity, which is the result of multiplication between flood depth 
and the flow velocity. The simulation results show that the flood hazard rating in the 
study area ranges from high to low level. The zones with a high flood hazard rating are 
dominated by the area around or near the river, whereas the further zones have a 
moderate and low flood hazard rating. The flood depth indicator has a more significant 
influence than the flow velocity on the flood hazard level in the study area. This 
research is expected can contribute to the development of flood maps and flood control 
methods in advance. 
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1. INTRODUCTION 

Flood control is the effort that must be made in order to minimize the impacts and losses due to floods. 
The formulation of a flood control strategy substantially requires a flood risk map that shows locations and 
areas with high, medium, and low flood risk levels. Solin & Skubincan (2013) stated that the level of flood 
risk in an area is a function of flood hazards, vulnerability, and adaptive capacity. If the levels of flood 
hazard and vulnerability are high, while the level of capacity is low, an area will have a high-risk level. 
Conversely, if the level of capacity is high, even though the levels of hazard and vulnerability are high, the 
level of risk of flooding can be low. 

The standard methods and guidelines in the development and classification of flood hazard levels in 
Indonesia are not currently available in detail. The available guidelines are still general, as stated in the 
Regulation of the Head of The National Agency for Natural Disaster Countermeasure, abbreviated as BNPB, 
is the Indonesian board for natural disaster affairs, No. 2 the Year 2012 concerning General Guidelines for 
Disaster Risk Assessment. Even research related to this is also still minimal.  

Several previous studies related to flood hazard analysis and risk are still limited to simple spatial 
methods (Elkhrachy, 2015; Oubennaceur et al., 2018; Ovando et al., 2018; Ozkan & Tarhan, 2016; Rahman 
& Thakur, 2018; Zhang et al., 2015). It causes many variables relating to the characteristics of floods, which 
are very important to be unavailable. This study fills this gap by using the HEC-RAS model which focuses on 
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hydraulic analysis. The determination of the flood hazard level is very closely related to the hydraulic 
parameters. Wallingford (2005) explained that the flood hazard is a function of inundation depth, flow 
velocity, and debris flow factor. To obtain these parameters can only be done through a flood modeling and 
simulation using the hydrodynamic model. 

The flood inundation simulations based on hydrodynamic models are generally carried out using a one 
or two-dimensional flow regime and a combination of both (integrated one-dimensional and two-
dimensional). The advantage of the one-dimensional model compared to the two-dimensional is a fast and 
simple simulation, while the disadvantage is hydraulic variables such as flow velocity and flow time cannot 
be described in terms of time and spatial functions. The flood inundation map generated from the one-
dimensional flow model can only provide information about the distribution and depth of the inundation, 
while another parameter such as flow velocity cannot be described. The mapping of flood hazards using 
various hydraulic parameters can only be done with two-dimensional flow models (Al Amin & Haki, 2017). 

This paper discusses the flood hazard mapping method using a one- and two-dimensional flow-based 
hydrodynamic model using HEC-RAS 5.0. The objective of this study is to illustrate how each hydraulic 
parameter affects the level of flood hazard. The study area took two residential areas, with a total area of 
200 ha. It is intended to limit the area so that it only focuses on residential areas that are not too large, and 
also the results obtained can be more thorough (micro-scale). Besides, to simulate a large area requires 
very high computer specifications and considerable time and effort. However, the same method also can be 
applied to a broader area. The hydraulic parameters being used as indicators and thresholds in the 
classification of flood hazard ratings in this study are inundation depth, flow velocity, energy head, 
intensity, and flow force. 

 

2. DATA AND METHODS 

This research was conducted at Bukit Sejahtera and Tanjung Rawa residential area located in 
Palembang City, South Sumatra, as shown in Figure 1. The study area is a former swampland converted into 
a residential area since the beginning of 1990 (Situngkir et al., 2014). In the west, both residential areas are 
directly adjacent to the Lambidaro River, which is a tributary that flows into the Musi River. Because the 
study area is located in the lower reaches of the river, the flood discharge and river tides often cause 
inundation in both areas. 

The modeling and simulation of flood inundation were carried out through a series of hydrological and 
hydraulic analyses. The hydrological analysis aims to produce peak flood discharge (Qp) with the principle 
of rainfall-runoff, while the hydraulic analysis aims to produce hydraulics flow parameters such as water 
surface elevation (WSE), flow velocity, flow time, and other flow variables with the principle of a 
combination of one- and two-dimensional flow. The hydraulic simulation results are then integrated with 
geographic information systems to produce a flood map. Figure 2 illustrates the general stages of flood 
modeling to produce a flood map. 

2.1. Flood Hazard Indicators 

Several hydraulic indicators can be used to classify the level of flood hazards. Ribeiro Neto et al.(2016) 
recommended the flood hazards mapping by using indicators based on depth and flow velocity. There are 
five suggested indicators, namely flow depth, flow velocity, energy head, intensity, and flow force. The last 
three indicators are a combination of flow depth and velocity formulated as: 

Energy head = d + v2/2g (m)     (1) 
Intensity = d.v (m2/s)      (2) 
Flow force = d.v2 (m3/s2)      (3) 

where: 
d: flow depth (m) 
v: flow velocity (m/s) 
g: gravitational acceleration (m/s2) 
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Table 1 below provides a range of flood hazard levels for each indicator. These levels are divided into 
three, namely low, medium, and high ratings. 

 

Table 1. Range of flood hazard indicators (adapted from Ribeiro Neto et al., 2016) 

Indicators Low Medium High 

Flow depth (m) 0 – 0.60 0.60 – 1.20 > 1.20 

Flow velocity (m/s) 0 – 0.60 0.60 – 1.20 > 1.20 

Energy head (m) 0 – 1.00 1.00 – 2.00 > 2.00 

Flow force (m3/s2) 0 – 1.00 1.00 – 2.00 > 2.00 

Intensity (m2/s) 0 – 0.36 0.36 – 1.50 > 1.50 

 

Table 2 shows the influence of flood hazard indicators on the damage caused. Each indicator has a 
different effect on the structure of residential buildings, road structure, monetary losses of residential 
buildings, losses of road infrastructure, and disruption of social and economic activities. For example, the 
indicator of flow velocity has a strong impact on the structural damage to roads, while the flow depth 
indicator has a strong influence on the structural damage of residential buildings. 

 

Table 2. The influence of hydraulic indicators on flood damages (adapted from Kreibich et al., 2009 in 
Ribeiro Neto et al., 2016) 

Impact 
indicators 

Damage Types 

Structural 
damage of 
residential 
buildings 

Structural 
damage to 

roads 

Monetary 
losses to 

residential 
building 

Monetary 
losses to road 
infrastructure 

Business 
interruption 
and duration 

Flow velocity No Strong Weak No No 

Water depth Strong Medium Medium No Medium 

Energy head Strong Medium Medium No Weak 

Flow force Weak Strong Weak No No 

Intensity Weak Strong Weak No Weak 

 

2.2. Hydrodynamic Model HEC-RAS 5.0 

Brunner et al. (2015) explained that the Hydrologic Engineering Center's - River Analysis System 
abbreviated as HEC-RAS, is the most widely used river hydraulic model software in the world. Initially, HEC-
RAS was only able to simulate one-dimensional flow only. However, with the increasing need for one- and 
two-dimensional flow models, HEC-RAS 5.0 has currently been able to simulate one- and two-dimensional 
flow regimes. Several previous studies that succeeded in simulating one- and two-dimensional flow using 
HEC-RAS 5.0 were among those conducted by Quirogaa et al. (2016) and Patel et al. (2017). The HEC-RAS 
software is a public domain that can be downloaded through its official website at 
http://www.hec.usace.army.mil/software/hec-ras/.  

The HEC-RAS 5.0 model uses the Saint Venant equation or Wave Diffusion for two-dimensional flow. In 
general, the Wave Diffusion equation provides a faster and more stable solution, while the Saint Venant 
equation is more applicable to a broader range of hydraulic problems. Users are given the freedom to 
choose the equations they will use. In detail, these equations are given in the HEC-RAS Hydraulic Reference 
Manual (Brunner, 2016). 

 

http://www.hec.usace.army.mil/software/hec-ras/
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Figure 1. Study area 

 

 

 

Figure 2. A flowchart to produce a flood map (adapted from National Research Council, 2009) 

 

This paper only focuses on simulating the flood hazard rating generated for each hydraulic indicator 
mentioned earlier. Therefore, an explanation of the hydrological and hydraulic analysis methods used will 
not be discussed in more detail here. The detail hydrological modeling and simulation used in this study 
have been described in the previous study conducted by Al Amin et al. (2015), while the hydraulic model 
and the simulation used in this study in detail can be found in Al Amin et al. (2018). The data used in the 
hydrological analysis include rainfall intensity, river discharge, topography, river network, land use/cover, 
and soil type, whereas the data used in the hydraulic analysis consists of channel cross-sections, tidal water 
level, land cover, base map, and digital elevation model (DEM). 
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3. RESULTS AND DISCUSSION 

3.1. A framework to Generate Flood Hazard Maps 

The flood hazard mapping in this research is carried out in stages using an integrated framework. 
Figure 3 below shows the flood hazard mapping framework developed and proposed in this study 
represented as a flowchart. The framework is the development of the flow chart described earlier in Figure 
2. The stages begin with hydrological modeling and simulation to produce flood hydrographs. Besides, the 
tide level is generated using a tidal forecasting analysis based on a continuous water level measurement.  
The flood hydrographs and tide levels are then used as boundary conditions at upstream (as flow 
hydrograph) and downstream (as stage hydrograph), respectively, in the hydraulic modeling and 
simulation, as shown in Figure 4a. The one-dimensional flow of hydraulic simulation produces a floodwater 
profile along the river reaches, which is then connected with a two-dimensional model, namely 2-D Areas in 
HEC-RAS 5.0, using lateral structures. The combination of one- and two-dimensional flow simulation will 
generate flood inundation on a floodplain with various hydraulic parameters, as given in Figure 4b. The 
hydraulic parameters generated from the simulation are then used as indicators or flood thresholds to 
produce flood hazard maps. 

 

 

 

Figure 3. A proposed framework to produce flood hazard maps 

 

3.2. Model Accuracy Test 

The model accuracy test has been carried out and explained in detail in the previous study conducted 
by Al Amin et al., (2018) by comparing the simulated inundation depths with the observed one. The 
observed inundation depths in the field were obtained by interviewing residents and tracking flood trails 
observed in buildings, houses, and other objects. There were 41 observation points analyzed, as described 
Al Amin et al., (2018). Figure 5 below shows the relationship of comparison between the simulated 
inundation depths and observed depths. The model test accuracy parameter used is the root mean square 
error (RMSE), with the value obtained, which is 0.379. The resulted RMSE value is quite small, which 
indicates that the inundation depths of the simulation and observation results have values that are similar 
or close to each other. Thus, the accuracy of the flood inundation model can be said to be quite good, and 
the results can be trusted. 
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Figure 4. The geometry model for river reaches (1-D domain) and floodplain (2-D domain) in HEC-RAS (a), 
the simulation result shows flood inundation visualized in RAS Mapper (b) (adapted from Al Amin et al., 

2018) 
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Figure 5. The comparison of the simulated and observed depths (adapted fromAl Amin et al., 2018) 

 

3.3. Inundation Depth 

The simulation results of HEC-RAS 5.0 show that the inundation depths in the study area are varied, of 
which for Bukit Sejahtera residence between 0 - 1.50 m and Tanjung Rawa residence 0 - 4.25 m. Figure 6 
shows the map of inundation depths and the flood hazard rating based on the threshold given in Table 1 
earlier. From the figure, it can be seen that the high inundation depths likely occur in the area near the 
river. It is because the topography of the area has a lower elevation compared to other areas. The flood 
hazard level based on inundation depth indicators in the study area shows a high value because most areas 
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have inundation depths of more than 1.20 m, especially in Tanjung Rawa residence. Figure 11 shows the 
distribution of pixel values from raster data analyzed using a geographic information system for each flood 
hazard indicator. The average inundation depth in the study area is 1.916 m represented by a dashed line, 
as shown in Figure 11.  

3.4. Flow Velocity 

The flow velocity of the simulation results in the study area is given in Figure 7. The high flow velocities 
likely occur around the tributary of the Lambidaro River. It is because the smaller channel size tends to 
cause the flow velocity to be higher. The flow velocities in the study area range from 0 - 5.50 m/s. Because 
most of the surface velocities are at low rates, the flood hazard level based on the flow velocity indicator in 
the study area is dominated by low levels. The average flow velocity is 0.621 m/s, as shown in Figure 11. 

3.5. Energy Head 

The energy head is a function of the sum of the hydraulic head and kinetic head. This energy head is 
also known as specific energy. Figure 8 shows the energy head of the flood flow and flood hazard level in 
the study area. At a high depth, the flow velocity will be low, so the energy head is more influenced by the 
flow depth parameter. On the contrary, at a low depth, the influence of flow velocity is more dominant. 
Based on Figure 8, it is obtained that the energy head in the study area ranges from 0 – 4.50 m. The flood 
hazard level based on energy head indicators is in medium to high rating, especially in areas around the 
river. The average energy head in the study area is 1.912 m, as shown in Figure 11. 

3.6. Intensity 

The flood intensity is the result of multiplication between inundation depth and flow velocity. Figure 9 
shows the map of flood intensities along with the flood hazard level. From the figure, it can be seen that 
the flood intensity in the study area ranges from 0 - 3.00 m. The level of flood hazard in the study area 
based on the intensity indicators is dominated by a low rating. The level of medium to high flood hazard 
likely occurs around rivers and areas with lower topography. It is due to the hydraulic factors, i.e., depths 
and flow velocities have the same impact on the value of flood intensities. The average flood intensity in 
the study area is 0.335 m2/s, as given in Figure 11. 

3.7. Flow Force 

Unlike the intensity, the flow force is the multiplication of the inundation depth and the square of flow 
velocity. Thus, the influence of the flow velocity is greater than the inundation depth. The flow force map 
and the flood hazard level for the study area are given in Figure 10. From the figure, it can be seen that the 
flow force ranges from 0 – 5.50 m3/s2. The level of flood hazard in the study area based on flow force 
indicators is mostly low. The medium level to a high flood hazard likely occurs around the river. The average 
flow force in the study area is 0.586 m3/s2, as shown in Figure 11. 
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Figure 6. The inundation depth map (left) and based flood hazard level (right). Low hazard: depth = 0 – 0.60 
m, medium hazard: depth = 0.60 – 1.20 m, and high hazard: depth > 1.20 m 

 

 

  

 

Figure 7. The flow velocity map (left) and based flood hazard level (right). Low hazard: velocity = 0 – 0.60 
m/s, medium hazard: velocity = 0.60 – 1.20 m/s, and high hazard: velocity > 1.20 m/s 
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Figure 8. The energy head map (left) and based flood hazard level (right). Low hazard: energy head = 0 – 
1.00 m, medium hazard: energy head (1.00 – 2.00 m), high hazard: energy head > 2.00 m 

 

 

   

 

Figure 9. The flow intensity map (left) and based flood hazard level (right). Low hazard: intensity = 0 – 0.36 
m2/s), medium hazard: intensity = 0.36 – 1.50 m2/s, and high hazard: intensity > 1.50 m2/s) 
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Figure 10. The flow force map (left) and based flood hazard level (right). Low level: flow force = 0 – 1.00 
m3/s2, medium hazard: flow force = 1.00 – 2.00 m3/s2, and high hazard: flow force > 2.00 m3/s2 

 

 

 

Figure 11. The distribution of pixel values for each flood hazard indicator. Average depth = 1.916 m, 
average flow velocity = 0.621 m/s, average energy head = 1.912 m, average intensity = 0.335 m2/s, and 

average flow force = 0.586 m3/s2 

 

There are five flood hazard indicators analyzed in this study, i.e., inundation depth, flow velocity, 
energy head, intensity, and flow force. Based on the results of the analysis, it was found that the level of 
flood hazard in the study area based on the depth indicator was dominated by a high rating, while based on 
the indicator, the flow velocity was dominated by a low rating. The other indicators are based on a 
combination of depth and flow velocity; namely, energy head generates flood hazard levels that vary from 
medium to high, while indicators of intensity and flow force both generate low flood hazard levels. Thus, 
the inundation depth factor more influences the level of flood hazard in the study area than the flow 
velocity. It can occur due to the leading cause of the flooding is the high tide of the river, which is higher 
than the ground elevation in several study areas. The influence of flow velocity on flood hazard level is only 
dominant in the rivers and surrounding banks. 
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Based on Table 2, which classifies the impact of flood hazard indicators on the level of flood damages, 
it can be stated that the inundation depth indicator, whose influence is more dominant in the study area, 
has the potential to cause more damage to the structure of house buildings. Besides, the impact can also 
be at a medium level to cause road damage, monetary losses of the residential building, and business 
interruption and duration. The recommended flood control priorities for the study area are the 
construction of flood dikes and sluice gates to control the tide level of the river. Also, retention ponds and 
swamps should also be maintained and optimized as reservoirs for the surface runoff. 

 

4. CONCLUSION 

The flood hazard maps can be generated through hydraulic modeling using HEC-RAS 5.0 integrated with 
geographic information systems. The five flood hazard indicators that can be used are inundation depth, 
flow velocity, energy head, intensity, and flow force. The resulted flood hazard map shows that the study 
area has a high to low hazard level. The areas with high to medium hazard levels are located around rivers 
and surrounding areas with elevations lower than floodwaters. The inundation depth indicator has a more 
significant influence than the flow velocity in determining the level of flood hazard in the study area. This 
study has succeeded in developing the flood hazard maps based on the hydrodynamic model using HEC-
RAS 5.0. Thus, the results of this study are expected to be useful in the development of subsequent flood 
control methods. 
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