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INTRODUCTION 

Referring to the policies in Indonesia related to disaster 

management, one of the key aspects is the need to establish 

sustainable disaster risk governance [1]. Every year, the 

National Disaster Management Agency of the Republic of 

Indonesia (NDMA) measures the level of disaster risk in 

each region of Indonesia through the Indonesia Disaster 

Risk Index (IDRI). The disaster risk assessment conducted 

by NDMA includes the components of hazard, 

vulnerability, and capacity [2]. The hazard component is 

evaluated based on spatial probability, frequency of 

occurrence, and the intensity of natural phenomena. 

However, according to NDMA, the hazard component is 

the most challenging element to minimize. This is due to 

the ongoing trend of increasing impacts of hazards each 

year, leading to the assumption that the hazard component 

remains constant in accordance with the baseline 

conditions established in the Indonesia Disaster Risk Index 

(IDRI) of 2013. 

 On the other hand, flood hazards have several 

contributing factors, one of which is land cover change [3]. 

More complex causes include the overflow of water at the 

river mouth due to rising sea levels caused by wind, waves, 

and tidal surges, which obstruct river flow and elevate 

water levels during storms [4], flooding can also be caused 

by climate change [5], [6], [7], or due to the failure of flood 

control structures [8], [9]. Therefore, the assessment of 

flood hazards should not be a constant evaluation to be 

established within the disaster risk index component.  

 The assessment of flood hazards can be conducted by 

considering hydrological analysis and hydrodynamic 

modeling at a specific flood study location [10], [11]. This 

method is referred to as quantitative assessment because it 

requires hydrodynamic modeling of the flooding process to 

calculate the spatial distribution of flood hazard indicators 

that accurately reflect the intensity and frequency of floods, 

thereby indicating the potential hazards that may arise [12].    

 NDMA defines flood hazard indicators solely based on 

flood depth parameters, which are categorized into three 

classifications. The low classification is designated for 

flood depths of less than 0.76 m, while the medium 
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classification encompasses flood depths ranging from 0.76 

m to 1.5 m, and the high classification is assigned to flood  
depths exceeding 1.5 m [13]. Based on previous research 

and the policies of other countries, flood assessment should 

not only consider flood depth parameters but also combine 

several parameters, such as flood depth and flow velocity 

[8], [14], [15], [16], [17] or include flood duration as a 

relevant parameter in flood assessment [18], [19], [20].  

 In Indonesia, there are additional policies that regulate 

the parameters for determining priorities in flood 

management, which serve as a reference for urban drainage 

system planning [21]. The policy outlines the parameters 

used, which include flood depth, flood extent, flood 

duration, and flood frequency. Although there has been a 

review of the need for reliable methods and advancements 

in the context of flood risk management [22], there is still 

no international consensus on which parameters should be 

utilized. Researchers tend to examine flood hazard 

assessment parameters based on case studies that are 

considered relevant and representative of flood conditions 

at the occurrence sites. This approach underscores the 

importance of local context in determining the most 

appropriate parameters for flood hazard assessment, 

thereby enhancing accuracy and effectiveness in flood risk 

mitigation. To this end, the authors attempt to improve the 

flood hazard assessment parameters used by NDMA by 

modifying the assessment to incorporate flood depth (d), 

flood depth and flow velocity (dv), as well as flood 

duration (T), based on previous research and considering 

policies [21] that represent conditions in Indonesia. 

 This study will be tested in the Sikambing Watershed 

in Medan City, North Sumatra Province, where, during the 

period from 2020 to 2024, there have been 12 flood events 

affecting 13,657 individuals and inundating 1,289 houses 

[23]. 

 The Sikambing Watershed is part of the Deli 

Watershed [24], [25], covering an area of 41.22 km² and 

located in the southern region of Medan City, North 

Sumatra Province. The Sikambing Watershed 

encompasses six sub-districts in Medan City, namely 

Medan Barat, Medan Helvetia, Medan Petisah, Medan 

Sunggal, Medan Baru, and Medan Selayang, and is 

characterized by a densely populated residential area, 

making it significantly impacted by flooding events. 

Within the Sikambing Watershed, there is a network of the 

Sikambing River that stretches 15.85 km and has two 

tributaries: the Selayang River, which is 3.69 km long, and 

the Siputih River, which is 6.35 km long. The downstream 

of the Sikambing River meets the Deli River, which is a 

first-order river in the Deli Watershed. The study area is 

shown in Figure 1. 

 

RESEARCH SIGNIFICANCE 

This study aims to enhance the flood hazard assessment in 

Indonesia, which has traditionally been based solely on 

depth parameters. By adding and modifying the flood 

hazard assessment parameters, it is expected that the 

Figure 1 Sikambing watershed 
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sensitivity of the flood hazard evaluation can be improved. 

The parameters used in this assessment include flood depth 

(d), which poses potential risks to humans and structures; 

flow depth and velocity (dv), which can affect human 

stability during flood events; and flood duration (T), which 

also impacts human safety and infrastructure damage.  

 

METHODOLOGY 

Flood hazard assessment is a fundamental and critical step 

in flood disaster risk analysis [26], [27]. This process 

generates crucial information that supports decision-

making in flood control planning and policy [14], [28], 

including zoning regulations in flood-prone areas, with the 

aim of reducing negative impacts on communities and the 

environment [29], [30]. This study focuses on calculating 

design discharge and developing hydraulic models to 

estimate relevant parameters in flood assessment, namely 

depth (d), flood depth and flow velocity (dv), as well as 

flood duration (T). The results of these estimates are used 

to assess the level of flood hazard, which then serves as a 

reference for stakeholders in designing evidence-based 

mitigation strategies. Important analyses conducted 

include hydrological analysis, flood analysis in hydraulic 

modeling, and the creation of flood hazard mapping based 

on flood hazard assessment parameters. 

 

A. HYDROLOGICAL ANALYSIS 

The hydrological analysis is conducted by determining the 

design discharge due to the unavailability of measured 

discharge data in the study area. The rainfall data used 

comes from three observation stations within the study 

area: the Meteorology, Climatology, and Geophysics 

Agency (MCGA) Region I Medan, the Deli Serdang 

Geophysical Station, and the Sibolangit Rainfall Station, 

covering the period from 2007 to 2023. This data is 

processed to form average rainfall data based on the 

influence of the Thiessen polygon for each rainfall station 

[31]. Subsequently, frequency analysis is performed using 

various probability distribution functions, including Log 

Normal, Gumbel, and Log Pearson Type III, to determine 

the design rainfall for different return periods. Each 

probability distribution is tested to identify the most 

suitable distribution. The selected design rainfall results are 

then distributed using the PSA 007 method over a duration 

of 6 hours [32]. 

By determining the soil classification of the study 

area from the Harmonized World Soil Database (HWSD) 

and the land cover data from 2022 provided by the Ministry 

of Environment and Forestry, the initial abstraction value 

(Ia), Curve Number (CN), and Potential Maximum Storage 

(S) are analyzed. Considering the previously determined 

duration and intensity, runoff calculations are then 

performed using the SCS CN method [33]. This runoff is 

subsequently transformed into design discharge using the 

Nakayasu Synthetic Unit Hydrograph (SUH) method, 

where the selection of this method is based on calibration 

results that compare the bankfull discharge of the 

Sikambing River, calculated from river geometry data, 

against the design discharge for a 2-year return period [34], 

and is simulated using numerical modeling [35]. The 

design discharge used is for a 100-year return period, based 

on the policy of the Ministry of Public Works, which states 

that flood control measures for provincial capitals and 

metropolitan cities should utilize design discharges with 

return periods of up to 100 years [25], [36]. 

 

B. HYDRAULIC MODEL 

This study utilizes HEC-RAS version 6.5 software for 2D 

hydraulic modeling. This software is well-suited for 

simulating flood events [37]. Topographic data, which 

integrates the surface characteristics of the study area, is 

crucial for flood modeling and needs to be enhanced as it 

is a significant factor affecting the accuracy of flood 

modeling [38]. The Digital Elevation Model (DEM) used 

as topographic data is sourced from a topographic survey 

of the study area using Light Detection and Ranging 

(LiDAR) technology, which has proven to be accurate in 

spatial flow distribution within HEC-RAS 2D hydraulic 

modeling [39]. The next step in building the hydraulic 

model involves determining the type of mesh used to 

achieve optimal computational efficiency [40]. This is to 

support results with good accuracy while enhancing 

computational efficiency, as not all parts of the model need 

to be computed with the same time step. The Manning's n 

value for the floodplain is obtained based on land cover 

analysis, while for the river channel, it is based on 

instantaneous discharge measurements [41], which are then 

calibrated with HEC-RAS 2D model simulations [42]. The 

obtained Manning's n values are converted into a polygon 

shapefile for the study area and incorporated as Land Cover 

in Ras Mapper HEC-RAS 2D. The design discharge for a 

100-year return period is input as the upstream boundary 

condition, and normal depth is used as the downstream 

boundary condition. Computational settings, including 

computation interval, hydrograph output interval, mapping 

output interval, and detail output interval, must be specified 

for the simulation [43]. For model stability, a simulation 

time step known as the Courant condition is applied [44], 

as indicated by Equation 1. 

𝐶 =
𝑣∆𝑇

∆𝑥
≤ 1.0 (𝑤𝑖𝑡ℎ 𝐶𝑚𝑎𝑥 = 3.0)                                 (1) 

where, 𝐶 is the Courant number, 𝑣 is the flood wave 

velocity (m/s), ∆𝑇 the computational time step (s), and ∆𝑥 

the average cell size (m) [39]. 

The simulation in the modeling is then conducted 

using unsteady flow analysis, which is solved using the 

Saint Venant equations (Equation 2) or the diffusion wave 

equations (Equations 3 and 4). 
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where, ℎ is the water depth (m), 𝑝 and q are the specific 

flow in the 𝑥 and 𝑦 direction (m2s-1), 𝜁 is the surface 

elevation (m), 𝑔 is the acceleration due to gravity (ms-2), 𝑛 

is the Manning’s Roughness coefficient (m-1/3s), 𝜌 is the 

water density (kg m-3), 𝜏𝑥𝑥, 𝜏𝑦𝑦 ,  and 𝜏𝑥𝑦 are the components 

of the effective shear stress and 𝑓 is the Coriolos (s-1). When 

the diffusive wave is selected, the inertial terms of the 

momentuum equation are neglected [39], [45].  

Subsequently, the simulation results will be validated 

against observational data from the study area to achieve 

accuracy in flood modeling analysis under design 

discharge conditions. This simulation will produce 

parameters such as flood depth (d), flow depth and velocity 

(dv), and flood event duration (T). 

 

C. MODIFICATION OF FLOOD HAZARD 

ASSESSMENT 

Parameters commonly used in analyzing flood hazards 

include flood depth [10], [27], [28], [46], [47], [48], [49], 

[50], [51], including studies conducted in Indonesia [2], as 

well as flow velocity [16], [52], [53]. Some studies even 

combine these two parameters into a single variable 

assessed within the flood hazard classification [14], [15], 

[17], [54]. Additionally, the duration of flooding is still 

considered relevant in flood hazard assessments [18], [19], 

[20]. The enhancement of flood assessment through the 

addition and modification of parameters is based on 

previous research approaches and policies issued by the 

Ministry of Public Works.  

The review of flood depth conducted by Mani et al. 

(2014) considers depth parameters based on protection for 

individuals and structures. A depth greater than 0.2 m is 

considered risky for humans, while a depth exceeding 1.5 

m poses a risk to buildings. This aligns with policies in 

Indonesia [21], which categorize priority handling of flood 

inundation within a range of 0.1 m to greater than 0.5 m. 

Considering both references, a flood depth range of 0.5 to 

1.5 m is established as the threshold for average depth that 

poses risks to both humans and structures. Therefore, the 

proposed parameters for flood depth can be seen in Table 

1. 

Table 1 Flood depth parameter 

Flood Depth  

(m) 

Flood Hazard 

Classification 

Flood Hazard 

Index 

0 – 0,1 Very Low 0 

0,1 – 0,5 Low 1 

0,5 – 1,5 Medium 2 

1,5 – 3,5 High 3 

>3,5 Very High 4 

NDMA has not yet defined the parameters of flood 

depth and flow velocity (dv) as assessed parameters in 

flood hazard assessments [2]. However, research in 

Indonesia has been conducted that incorporates both depth 

and velocity parameters (dv) in flood assessments [54]. 

This study also references Mani et al. (2014), who state that 

depth and velocity represent momentum, or the product of 

depth and flow velocity, which can determine human 

instability during flooding. Research by Silvestro et al. 

(2016) explains that the average threshold of human 

instability in floods is around 1.35 m²/s, distinguishing 

between an upper threshold classified as high and a lower 

threshold classified as low. Furthermore, Mani et al. (2014) 

classify dv values as follows: 0 – 0.3 m²/s as very low, 0.3 

– 0.7 m²/s as low, 1.2 – 1.6 m²/s as high, and >1.6 m²/s as 

very high. Based on the determination of the average 

threshold of human instability in floods and the 

classification established, the proposed parameters for 

flood depth and flow velocity (dv) can be seen in Table 2. 

Table 2 Flood depth and flow velocity parameter 

Flood Depth x 

Flow Velocity 

(m²/s) 

Flood Hazard 

Classification 

Flood Hazard 

Index 

0 – 0,3 Very Low 0 

0,3 – 0,7 Low 1 

0,7 – 1,35 Medium 2 

1,35 – 1,6 High 3 

>1,6 Very High 4 

In the studies by Mani et al. (2014) and Tingsanchali 

and Promping (2022), a flood duration of 24 hours (1 day) 

is classified as very low, while flood durations exceeding 

140 hours to over 175 hours (more than 5 days) are 

classified as high to very high. This classification indicates 

a significant range of flood durations in flood hazard 

assessments, where the safety of individuals and structures 

must be considered. In contrast, the research by Ongdas et 

al. (2020) classifies flood duration requiring special 

attention at a medium level, which falls within the range of 

5 to 24 hours, while flood durations exceeding 72 hours 

(more than 3 days) are classified at a crisis level. This 

classification remains relevant to policies in Indonesia 

[21], which state that flood durations between 1 hour and 

greater than 8 hours require special attention. Considering 

these references, a flood duration range of 5 to 24 hours is 

established as the threshold for average duration that poses 

risks to both humans and structures. Therefore, by taking 

into account the duration range from 1 hour to greater than 

72 hours, the proposed parameters for flood duration (T) 

can be seen in Table 3. 

Table 3 Flood duration parameter 

Flood Duration 

(hours) 

Flood Hazard 

Classification 

Flood Hazard 

Index 

0 – 3 Very Low 0 

3 – 5 Low 1 

5 – 24 Medium 2 

24 – 72 High 3 

>72 Very High 4 

To conduct a comprehensive flood hazard 

assessment, a combination of the three parameters 

previously described is utilized. The research on the 

development of flood hazard assessment involves the 

integration of these three parameters using a weighting 

scenario with the Analytic Hierarchy Process (AHP) based 

on field surveys and questionnaires [20]. Although this 

method is considered more representative in depicting 

actual field conditions, the time and resources required for 

field surveys and data collection through questionnaires are 

highly dependent on the size of the area and the number of 

people and structures affected by flooding. Therefore, 



   

 Journal of Civil Engineering / Vol. 40 No. 1/ February 2025 81 

while this approach can enhance the accuracy of flood 

hazard maps, challenges related to time and resources 

remain significant considerations in flood hazard 

assessment. Meanwhile, Mani et al. (2014) combined these 

three parameters based on previous research into nine 

groups of parameter combinations while still considering 

each parameter individually. Thus, based on this reference 

and the efficiency considerations in developing flood 

hazard maps, the proposed classification scheme for flood 

hazards is presented in Table 4. 

Table 4 Flood hazard assessment based on combination of 

parameters 

Combination of  

3 Parameters 

Flood 

Hazard 

Index 

Flood Hazard 

Classification 

0<d<0,1 and 

0<dv<0,3 and 0<T<50 
0 Very Low 

0<d<0,1 and 

0<dv<0,3 and T>50 
1 Low 

0,1<d<0,5 or 

0,3<dv<0,7 and 

0<T<25 

1 Low 

0,1<d<0,5 or 

0,3<dv<0,7 and T>25 
2 Medium 

0,5<d<1,5 or 

0,7<dv<1,35 and 

0<T<25 

2 Medium 

0,5<d<1,5 or 

0,7<dv<1,35 and 

T>25 

3 High 

1,5<d<3,5 or 

1,35<dv<1,6 and 

0<T<25 

3 High 

1,5<d<3,5 or 

1,35<dv<1,6 and 

T>25 

4 Very High 

d>3,5 or dv>1,35 and 

T>0 
4 Very High 

 

D. FLOOD ASSESSMENT BASED ON THE 

NATIONAL DISASTER MANAGEMENT 

AGENCY (NDMA) 

To analyze the results of the flood hazard assessment based 

on parameter modifications, a comparison is made against 

the flood hazard assessment conducted by the NDMA. The 

flood hazard assessment by the NDMA is based on the 

depth parameter, which is divided into three classifications: 

low, medium, and high, as shown in the Table 5.  

E. FLOOD HAZARD MAP 

Flood hazard maps serve to provide information regarding 

the level of flood hazard in an area that experiences 

flooding events. From the results of hydraulic modeling 

using HEC-RAS 2D, a new calculated layer was created 

based on the classifications presented in Table 4 and Table 

5, resulting in two distinct rasters: one representing the 

modified flood hazard assessment based on the 

combination of three parameters, and the other 

representing the depth spatial characteristics that reflect the 

NDMA flood assessment. These rasters were then 

processed using ArcGIS version 10.8 software to produce 

the flood hazard map. 

Table 5 Flood assessment classification based on the 

NDMA 

Flood Depth  

(m) 

Flood Hazard 

Classification 

Flood Hazard 

Index 

< 0,76 Low 1 

0,76 – 1,5 Medium 2 

>1,5 High 3 

 

RESULTS AND DISCUSSIONS  

A. HYDROLOGICAL ANALYSIS RESULTS 

In this study, the rainfall analysis in the Sikambing 

Watershed was conducted using the Thiessen polygon 

method to determine the influence of each rainfall station 

on the observed precipitation. Three rainfall stations were 

analyzed: the MCGA Regional I Medan Station, the Deli 

Serdang Geophysical Station, and the Sibolangit Rainfall 

Station, each showing different contributions to the 

formation of the Thiessen polygon. The MCGA Regional I 

Medan Station had an influence of 22.65%, while the Deli 

Serdang Geophysical Station contributed 27.30%. The 

Sibolangit Rainfall Station, with the highest influence, 

reached 50.05%. The results of these influences were then 

used to calculate the average annual maximum daily 

rainfall from the rainfall data collected from 2007 to 2023. 

The average annual maximum daily rainfall from 2007 to 

2023 showed a significant variation, ranging from 39.17 

mm to 113.81 mm. Through frequency analysis and testing, 

the Log Pearson Type III method was identified as the most 

suitable for planning rainfall. The analysis indicated a 

planned rainfall for a 100-year return period of 125.81 mm. 

This planned rainfall was then distributed with a PSA 007 

value over 6 hours to establish the planned rainfall 

intensity. 

 Based on the results of land cover analysis and soil 

classification in the Sikambing Watershed, an Initial 

Abstraction (Ia) value of 8.31 mm was obtained, with a 

Curve Number (CN) calculated at 85.94, indicating a high 

potential for surface runoff due to the existing soil 

characteristics and land use. Additionally, a Potential 

Maximum Storage (S) value of 41.54 mm was determined. 

Using the SCS CN method, these three parameters were 

employed to calculate infiltration and runoff based on the 

previously analyzed planned rainfall. The runoff for the 

100-year return period was found to be 86.81 mm. The 

runoff results were transformed using the Nakayasu 

Synthetic Unit Hydrograph (HSS) method, yielding a 

design discharge of 163.55 m³/s for the 100-year return 

period. 

 Within the Sikambing River Network, there are two 

tributaries, namely the Selayang River and the Siputih 

River, which will also be modeled in HEC-RAS 2D to 

enhance the accuracy of flood analysis. Therefore, the 

design discharge for the 100-year return period in the 

Sikambing Watershed was divided into six sub-watersheds 

based on the delineation results from HEC HMS version 

4.12, and the design discharge was modeled using this 

software to obtain the boundary conditions for flow 

discharge in each section of the Sikambing River and its 



   

82 Journal of Civil Engineering / Vol. 40 No. 1/ February 2025 

tributaries. The results of the watershed delineation are 

shown in Figure 2, and the design discharge as the 

upstream boundary condition for the six sub-watersheds is 

shown in Figure 3. 

 

 
Figure 2 Delineation of the sikambing watershed 

 
Figure 3 Hydrograph for boundary conditions 

 

B. HYDRAULIC MODELING RESULTS 

The Digital Elevation Model (DEM) data, sourced from 

topographic survey data using LiDAR technology, resulted 

in a high-resolution DEM with a grid size of 1 m. This 

outcome is highly favorable, as a smaller grid size can more 

accurately represent the floodplain surface. The DEM data 

was further enhanced by incorporating the geometric data 

of the Sikambing River and its tributaries, obtained from 

measurements, and was formatted to maintain the same 

resolution. Considering computational efficiency, the 

floodplain mesh was created with a size of 25 m, while the 

river network mesh was set at 3 m to achieve accuracy in 

flow modeling within the river network. From the land 

cover analysis of the Sikambing Watershed, it was found 

that 99.06% of the area is residential, leading to a 

Manning's n value of 0.05 for the floodplain. The 

Manning's n value for the river network was based on 

measurements of instantaneous discharge in the upstream, 

middle, and downstream segments of the Sikambing River. 

Using this observational data, the Manning's n value for the 

Sikambing River was determined to be 0.035.  

 An initial simulation was conducted to validate the 

model against flood events that occurred in the study area. 

During the recorded flood event, a discharge of 133.19 m³/s 

inundated six sub-districts: Medan Barat, Medan Helvetia, 

Medan Petisah, Medan Sunggal, Medan Baru, and Medan 

Selayang. The design discharge for a 25-year return period, 

calculated using the Nakayasu HSS method, was found to 

be 137.58 m³/s. This design discharge value approximates 

96.70% of the recorded discharge; therefore, the design 

discharge for the 25-year return period will be used in the 

initial simulation for model validation. From the obtained 

observational data, no inundation area was recorded; 

however, flood events were identified at 14 locations 

within the six sub-districts, with recorded depth ranges 

from 0.2 m to 1 m. Consequently, the simulation results 

will be compared with the 14 flood event locations and the 

corresponding flood depths. The initial simulation results 

closely resembled the recorded flood event locations, with 

depth ranges from 0.2 m to 1.08 m, indicating that 

hydraulic modeling can be utilized for flood analysis at the 

100-year return period discharge.  

 The results of the HEC-RAS 2D Simulation for a 

design discharge with a return period of 100 years, as 

shown in Figure 4, indicate that flood overflow 

predominantly occurs in the middle and downstream areas 

of the Sikambing River. In the Selayang River, flooding 

occurs almost along the entire length of the river, with the 

largest inundation areas located upstream and downstream. 

Meanwhile, the Siputih River also experiences flooding in 

its upstream and downstream sections, although the 

inundation area is relatively small compared to the other 

rivers. The results of this simulation were then processed 

to produce spatial raster with depth parameters (d) based 

on the NDMA, as shown in Figure 5, which was generated 

based on Table 5. Additionally, the spatial values that 

integrate the three parameters are illustrated in Figure 6, 

which was created based on Table 4. 

 

C. FLOOD HAZARD MAP 

Based on the flood depth parameters established by the 

National Disaster Management Agency (NDMA), a flood 

hazard map was created according to the results of the 

HEC-RAS 2D modeling, as shown in Figure 7. The flood 

hazard map indicates that at a design discharge with a 

return period of 100 years, the Sikambing Watershed 

experiences flooding over an area of 227.65 hectares, as 

classified in Table 6. The low classification is predominant, 

covering an area of 223.89 hectares, or 98.35% of the total 

inundated area, while the medium classification covers 
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3.25 hectares, representing only 1.43% of the total 

inundated area. The high classification shows a very small 

percentage of 0.23%, equivalent to only 0.52 hectares. 

 Furthermore, a flood hazard map was also developed 

based on the modified parameters. The results of the flood 

hazard map are illustrated in Figure 8, and the area of each 

classification is detailed in Table 7. The flood hazard 

classification for the Sikambing Watershed indicates that 

the very low and low classifications are the most dominant, 

comprising 29.98% and 62.32% of the total inundated area, 

respectively. 

  

Figure 4 Result of the HEC-RAS 2D simulation 

Figure 5 Raster based on NDMA parameter 
Figure 6 Raster based on modification parameters 

Parameter 
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Figure 7 Flood hazard map based on NDMA parameter 

Figure 8 Flood hazard map based on modification parameters 
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 Although the high and very high classifications have 

very small representations, the medium classification is 

present in several areas, covering 17.43 hectares, which 

represents 7.66% of the total inundated area.  

 
Table 6 Flood hazard classification based on NDMA 

parameter 

Flood Hazard 

Classification 

Flood 

Inundation Area  

(ha) 

Percentage  

(%) 

Low 223,89 98.35 

Medium 3,25 1.43 

High 0.52 0.23 

Total Area 227.65 100.00 

 

Table 7 Flood hazard classification based on modification 

parameters 

Flood Hazard 

Classification 

Flood 

Inundation Area 

(ha) 

Percentage 

(%) 

Very Low 68.26 29.98 

Low 141.87 62.32 

Medium 17.43 7.66 

High 0.09 0.04 

Very High 0.00 0.00 

Total Area 227.65 100.00 

 

The comparison of flood hazard maps based on 

NDMA parameters and modified parameters reveals 

significant differences in the distribution of flood hazard 

classes. Although the total inundated area remains the same 

(227.65 hectares), the use of different parameters results in 

substantial changes in the proportions of each hazard class. 

The flood hazard map based on NDMA parameters is 

dominated by the low classification (98.35%), with only a 

small fraction of the area categorized as medium (1.43%) 

and high (0.23%). This indicates that relying solely on the 

depth parameter tends to yield a lower overall flood hazard 

assessment. 

By incorporating depth and velocity (dv) parameters, 

as well as flood duration (T), the modified map 

demonstrates a more diverse distribution of hazard classes. 

While the low classification still predominates (62.32%), 

there is a significant increase in the area classified as 

medium (7.66%). Additionally, a very low classification 

(29.98%) emerges, which was absent in the previous map. 

The high and very high classifications, although small in 

area, are also identifiable in this analysis. 

These differences in results can be directly attributed 

to the parameters used in each analysis. The NDMA 

parameters, which rely solely on depth, simplify the flood 

hazard assessment. In contrast, the modified parameters 

that combine depth (d), depth and velocity (dv), and flood 

duration (T) provide a more comprehensive understanding 

of flood hazards. 

The mapping results also indicate that the depth and 

velocity parameters (dv) account for the energy of water 

flow, which correlates with potential damage. Flood 

duration (T) is also a critical factor, as prolonged 

inundation can lead to more severe impacts. By considering 

these factors, the modified parameters yield a more detailed 

flood hazard map that offers more accurate information for 

disaster mitigation planning. For instance, areas classified 

as medium in the modified map, despite having the same 

depth as those classified as low in the NDMA map, may 

possess a higher hazard potential due to the consideration 

of flow velocity or longer inundation duration. This 

distinction is crucial for evacuation planning and the 

development of flood control infrastructure. 
 

CONCLUSIONS 

This study demonstrates an improvement in flood hazard 

assessment that is more comprehensive compared to 

assessments based solely on depth (d) parameters. With the 

total inundated area remaining the same, the comparison of 

the generated flood hazard maps reveals significant 

differences in the distribution of hazard classes. The flood 

hazard assessment that integrates flood depth (d), flow 

depth and velocity (dv), and flood duration (T) results in a 

more detailed class distribution, with an increase in the area 

classified as medium that was previously undetected. This 

research is expected to contribute to the development of 

more effective flood mitigation policies. Furthermore, it is 

anticipated that future studies should consider the 

complexity of flood causative factors and integrate 

additional parameters to enhance the accuracy of flood 

hazard assessments and support more effective disaster 

management practices. 
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