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ABSTRACT 15 

Floods are the most destructive of all-natural disasters in the globe, wreaking havoc on lives and 16 

property. Many locations in Ethiopia are experiencing flooding, and Ambo, like other tropical 17 

cities in Ethiopia, is experiencing a flash flood this can be minimized by giving attention to flood 18 

hazard measures. One of these measures is inundating flood hazard areas. Therefore, this study 19 

was conducted to map flood hazard maps along the Huluka River using GIS, HEC-HMS, and 20 

HEC-RAS in GIS environs. Flood Hazard mapping is used to define the zones which are more 21 

susceptible to flooding along the river when the release of a stream surpasses the bank-full stage 22 

along the river. The normal ratio approach was utilized to fill in missing values in precipitation 23 

data, and a double mass curve was used to ensure data consistency. Precipitation loss modeling, 24 

surplus precipitation translation to direct runoff, base flow modeling, and flood routing, the Soil 25 

Conservation Service-Curve Number, Soil Conservation Service-Unit Hydrograph, monthly 26 

constant, and Muskingum methods were used. Performance assessment approaches such as Nash 27 

Sutcliff Efficiency (NSE) and Coefficient of Determination were used to assess the model's 28 

performance (R2). During calibration and validation, Nash Sutcliff Efficiency was 0.77 and 0.7, 29 

respectively, while the coefficient of determination was 0.86 and 0.9, respectively. Flood frequency 30 

analysis was carried out utilizing the frequency storm method developed by HEC-HMS for 10, 25, 31 

50, and 100-year return periods. For each return period, the peak flood was 38, 47, 55, and 61.5 32 

m3/s, respectively. Using HEC-RAS and inundation areas of 98.9ha, 102ha, 104ha, and 106.4 ha, 33 

flood inundation mapping was modeled for a peak flood of each return period. 34 

 35 

Keywords: Huluka River, flood hazard map, HEC-HMS, HEC-RAS, Flood inundation 36 
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1. INTRODUCTION 38 

Floods are the most dangerous of all-natural disasters, and there have been several major riverine 39 

floods all across the rest of the world historically, leading to the deaths of thousands of people, 40 

massive infrastructure damage, and environmental damage all over the world [1–3] River flooding 41 

is a natural event that arises as a result of rainfall, surface and groundwater flow, and storage as 42 

part of the hydrological cycle [4, 5]. It happens when the capacity of a natural or man-made 43 

drainage system is unable to cope with the volume of water generated by rainfall and can be large 44 

or short-lived[6, 7]. Long periods of rain replenish rivers, which are fed by a network of ditches, 45 

streams, and tributaries, allowing flows to build up to the point that the typical course is overloaded 46 

and water floods nearby areas [8]. Flood-related disasters in Africa have been on the rise for the 47 

past 50 years, with floods accounting for roughly half of all disasters in Sub-Sahara Africa since 48 

1981[9]. Flooding is one of Ethiopia's most serious natural hazards, owing to the country's natural 49 

terrain, which includes mountainous highlands and lowland plains, as well as natural drainage 50 

networks generated by the main river basin[10]. The majority of flooding in the country is caused 51 

by river overflows, which occur when rivers overflow and inundate lowland areas due to heavy 52 

rainfall[11]. Flooding is a natural and recurring phenomenon in monsoon rainfall locations like 53 

Ethiopia, where over 80% of annual precipitation falls in just four months (June-September)[9, 10, 54 

12].Natural risk refers to the possibility of undesirable outcomes, such as the loss of lives, injuries, 55 

property, livelihoods, economic activity disruption, or environmental damage, as a result of 56 

interactions between natural or human-induced hazards and exposed conditions [13, 14]. Flood 57 

hazard maps are detailed flood plain maps that include: -type with flood extent, -type with water 58 

depths or water level, -type with flow velocity, or -type with important water flow direction[15]. 59 

The procedure necessitates a thorough understanding of flow dynamics over the river and 60 

associated floodplain, as well as topographic linkages and the modeler's solid judgment[16]. River 61 

flood mapping is the cornerstone of river flood risk prediction, which can be created utilizing water 62 

depth, flood extent, flow velocity, and flood duration maps is the cornerstone of river flood risk 63 

prediction[17]. River flood modeling is a hybrid of hydrological and hydraulic modeling, as well 64 

as GIS-based visualization of river floods[15]. In the construction of a flood danger map, the 65 

complex configuration of a typical urban region introduces uncertainty[18]. In this perspective, 66 

cities, and towns that concentrate the majority of economic activity and so have a greater flood 67 

risk should be given special consideration in flood risk management plans[19]. Participation of 68 
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local stakeholders and the general public in flood risk management increases awareness and 69 

acceptance of flood risk measures, thus increasing their effectiveness Flooding occurs in Ambo 70 

town due to the Huluka River watershed, which is a sub-basin of the Abbay river basin. Floodplain 71 

mapping and hydraulic modeling were combined to perform flood routing for the computation to 72 

generate and model hazard maps for 10, 25, 50, and 100 years of return period flow peak 73 

attenuation, and to execute mapping for the estimating of flood zone depth and flooded area of 74 

reach to generate and model hazard maps of return periods. 75 

Currently, the majority of modeling attempts are based on the most recent radar elevation data 76 

sources. However medium-scale local authorities in developing countries like Ethiopia are 77 

incapable of acquiring such data due to financial support and skills involved in preprocessing. 78 

Several cross-sectional morphological parameters, such as the channel slope and the cross-79 

sectional representation of the geometry, influence river flood flow. Due to a lack of adequate 80 

infrastructure, paved surfaces, or asphalts, this has resulted in urban flooding, and the impacts are 81 

serious with increasing raindrop intensity. Heavy rains in the upstream highlands lead most rivers 82 

to overflow and breach their banks, flooding the flood plains nearby[20]. During the rainy season, 83 

Ambo town, which is surrounded by a steep or hilly landscape, is vulnerable to flooding. The 84 

Huluka River has been over flooding due to storm and rainwater runoff, resulting in heavy rain in 85 

the river, triggering overturning (water overwhelming outside water bodies’ area). Huluka is 86 

located at the lower elevation of Ambo town and is highly influenced by surface runoff water from 87 

the Huluka catchment area's Dandi Lake. 88 

2.Materials and Methodology 89 

The study was conducted in Ambo town, Ethiopia's Oromiya National Regional State(Figure1). 90 

The town is 114 km west of Addis Ababa (Finfine), 60 km far from Weliso, and 12 kilometers east 91 

of Guder. The town's center is roughly situated at 8056'30" to 8059'30"N latitude and 37047'30" to 92 

37055'15" East longitudes [21]. The town has a total size of roughly 1320 hectares, with around 93 

25% of that being residential. During the dry and wet seasons, the Huluka River has a mean flow 94 

of roughly 15,000 and 75,000 m3/day, respectively. The average annual temperature surrounding 95 

the Huluka River is between 150 and 220 degrees Celsius, with an average yearly rainfall of 1800 96 

to 2200 millimeter[22].Topographically, it resembles the upper Abay river basin, having a mild 97 

slope and undulating topography, as well as mountainous slopes and mountains in some parts. 98 

Steep slopes and gullies can be found along the banks of rivers and streams. The town's elevation 99 

ranges from 1924 to 2384 m above sea level (m.a.s). According to the Central Statistical Agency 100 

of Ethiopia's 2007 Ethiopian Population Census, the town has a total population of 108406 101 

residents, with 54186 men and 54220 women. 102 
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 103 

Figure 1. Location of Study Area  104 

2.1.Data Acquisition and Analysis 105 

Primary nd secondary data were employed in this study. Interviews and talks with the senior 106 

residents of the area were used to gather primary data. Those people are aware of when and where 107 

the river floods, as well as the dangers that it poses to dwellings, soils, crops, animals, and humans. 108 

These data were also gathered through a survey and observations of the study area with residents, 109 

as well as measuring the length of the riverbank. Secondary information was acquired from books, 110 

journals, manuals, and rain gauge stations. For describing river behavior, the Ethiopian Minister 111 

of Water, Irrigation, and Energy provided streamflow data (1997–2011), and soil data, while the 112 

Ethiopian National Metrological Service Agency provided precipitation data (1997–2011). A good 113 

understanding of the topographical, hydrological, and climatic conditions of the study area and a 114 

proper set of data defining them is very important for analyzing data. The collected data and its 115 

source was indicated in (Table 2). 116 

2.1.1 Soil type of the study area 117 

The soil data for this study was collected in vector form from the Ethiopian Ministry of Water, 118 

Irrigation, and Energy. According to this data, the study area has eight soil classes: Calcic 119 

Vertisols, Haplic Luvisols, Haplic Nitisols, Chromic Luvisols, Haplic Alisols, Eutric Vertisols, 120 

Eutric Vertisols, and Eutric Vertisols, as shown in (Table 1) . 121 

Table 1. Soil types and its surface coverage  122 
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S.no  Soil type  Area coverage (km2  Surface area coverage in (%)  

1  Calcic Vertisols  315  58.55 

3  Haplic Luvisols  4  0.74 

4  Haplic Nitisols  31  5.76 

5  Chromic Luvisols  9  1.67 

6  HaplicAlisols  165  30.67 

7  EutricVertisols  4  0.74 

8  EutricVertisols  10  1.87 

  Totals  538 100  

Table 2.Type of collected data and sources 123 

Data type Data source Period Remark 

Stream flow MoWIE 1997-2011 Full data 

LULC and Soil MoWIE 2013  

Precipitation NMSA 1997-2011 Some data missing 

DEM(30m*30m) 

resolution 

Downloaded from USGS 

website 

  

2.2.Materials and software Used  124 

The materials used for this particular study include some important Software and its function was 125 

stated as below; 126 

Arc-GIS 10.2 Version to the delineation of the study area, import, and export of the extensions 127 

HEC-GeoHMS Version 10.2 was used for CN Grid generation input data for HEC-HMS and also 128 

used to delineate the study area 129 

HEC-GeoRAS Version 10.2 was used to assist in the preparation of geometric data for import 130 

into HEC-RAS, to generate GIS data from exported HEC_RAS 131 

HEC-HMS Version 4.2.1 used to simulate the precipitation-runoff process 132 

HEC-RAS5.0.7 Water surface elevation visualization of streamflow, which shows the extent of 133 

flooding and to obtain flood extent and depth 134 

Microsoft Excel spreadsheet used for transposing daily hydrological data and other data 135 

preparations for this study 136 

Easy fit to check the best fit of the data for flood frequency analysis 137 
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RAINBOW software to investigate for data stationarity and homogeneity 138 

2.3.Flow Data 139 

It is critical to ensure that data is homogeneous, correct, sufficient, and complete, with no missing 140 

values, before beginning any hydrological study. Errors originating from insufficient data 141 

processing are problematic because they lead to bias in the final answers[23]. Using various 142 

procedures, data should be adjusted for inconsistency, fixed for errors, expanded for insufficient, 143 

and filled for missing data. One of the most basic elements of any water resource management 144 

research is a thorough understanding of the area's hydro-meteorological characteristics. The 145 

Ministry of Water, Irrigation, and Energy collects the study area's daily discharge. The discharge 146 

gage is located at the downstream end of the Huluka River's mouth, which is considered flood-147 

prone. The streamflow from the Minister of water, irrigation, and energy was used for this study, 148 

which spanned 15 years (1997-2011). 149 

2.3.1. Completing Precipitation Gaps 150 

Several approaches for estimating missing precipitation have been proposed. In this study, the 151 

normal ratio approach was applied. When the usual annual precipitation of the index stations 152 

differs by more than 10% of the missing stations, the technique is utilized [23, 24]. This is the case 153 

for the stations near the study area.The general formula for computing missing precipitation by 154 

this method was given in equation (1); 155 

 𝑃𝑥 = 𝑁𝑥𝑛 [ 𝑃1𝑁 1 + 𝑃2𝑁 2 + 𝑃3𝑁 3 … + 𝑃𝑛𝑁 𝑛] (1) 

Where, precipitation readings at the nearby stations are P1, P2, P3, and Pn. The long-term mean 156 

annual precipitation values at the respective stations are N1, N2, N3, and Nn, and the number of 157 

stations around the station is n. 158 

2.3.2. Checking for data consistency 159 

One issue that hydrologists must handle is estimating missing precipitation. The second issue 160 

arises when rainfall at rain gauges in the watershed varies over time, necessitating adjustments to 161 

the measured data to provide a consistent record. A technique known as the double mass curve 162 

was employed to solve the problem of inconsistency. DMC analysis is a graphical tool for 163 

correcting errors in a station record by comparing its temporal trend to those of other neighboring 164 

stations [29]. For each of the four stations, a double mass curve graphic was created. The curve is 165 

a comparison of a station's rainfall record with cumulative rainfall gathered at a gauge where 166 

measurement conditions may have changed significantly higher than the average of cumulative 167 

rainfall collected at numerous gauges in the same region during the same period of record. Each 168 

year's yearly precipitation data is tabulated and then summed in chronological order. The 169 



8 | P a g e  

 

cumulative precipitation for each station is then compared to the pattern's cumulative precipitation. 170 

The stations were consistent with each other based on the double mass curve results. 171 

2.3.3.Homogeneity and stationarity test  172 

Data homogeneity and stationarity in this study were analyzed using RAINBOW software. After 173 

screening all the data gap and filling, the data was inserted into RAINBOW so as to investigate for 174 

data stationarity and homogeneity. Here the main criterion for homogeneity and stationarity test 175 

was p-value. Depending up on the significance level observed on RAINBOW as p-value (90%, 176 

95%  and 99%); if the observed data falls below 90% significance level the data was well 177 

homogeneous and stationary[25] .The homogeneity and stationary test of the study was indicated 178 

in (Figure 2). 179 

 180 

Figure 2. Homogeneity test  181 

2.3.4. Delineation of the area of study:  HEC-Geo HMS 182 

The HEC-GeoHMS extension is GIS-based software for terrain processing and calculating sub-183 

basin physical properties. For HEC-HMS, HEC-Geo HMS provides a connection for converting 184 
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GIS spatial data into model files. Data formatting, processing, and transformation coordination are 185 

all possible using GIS. HEC-Geo HMS currently uses DEM to generate sub-basin delineation and 186 

numerous hydrologic input files. These hydrologic inputs are supported by HEC- HMS as a 187 

starting point for hydrologic modeling. It is the goal of this research to derive parameters such as 188 

Curve Number, Basin Lag, Time of Concentration, Loss, and to extract basin characteristics such 189 

as basin slope, elevation, basin length, river length, stream network, drainage network, and longest 190 

flow path, as well as to delineate watershed for the study area.Engineers and hydrologists can use 191 

the HEC-Geo HMS as a geospatial hydrology tool kit. DEM can be used to generate eight data 192 

sets that collectively represent the watershed's drainage patterns [26]. The DEM, soil types, land 193 

use information, rainfall, and other data are all part of the spatial hydrological database created by 194 

GIS processing.The hydrologic input files are accepted by HEC-HMS as a beginning boundary 195 

condition for the hydrologic modeling system. The HEC-Geo HMS menus are processed according 196 

to the workflow diagram displayed in (Figure 3). 197 

198 
Figure 3. HEC-GeoHMS preprocessing workflow diagram 199 
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2.3.5. Soil Data Preparation for the CN Grid 200 

Soils are divided into four hydrologic classes, A, B, C, and D, according to the classification of 201 

[27]. A soil type has a high infiltration rate; B soils types have moderate infiltration rates; C soil 202 

types have a slow infiltration rate and D soil types have a very slow infiltration rate. According to 203 

the research area's soil map, all of these soil types are classified into three Hydrological Soil 204 

Groups (HSG), namely B, C, and D as given in (Table 3). 205 

Table 3. shows the study area's soil types and their hydrological soil group kinds. 206 

2.3.6. Soil and Land Use Data Merging 207 

Both the land-use class and the soil class of the study area are prepared in shapefile format, which 208 

is very crucial data for generating curve numbers (CN). However, to use this data for CN 209 

generation, the two shapefiles are joined using the ArcGIS 10.2 software package's union function. 210 

Both land use and soil feature classes are used as input to the union method. Merged features 211 

produce a result that includes attribute values from both inputs,and the generated Curve number 212 

was shown in (Figure 4). 213 

214 

Figure 4.Generatrd Curve number of Huluka River Watershed  215 

Soil types   Hydrological Soil Group types  

Haplic Luvisols  D  

Calcic Vertisols  D  

Haplic Nitisols  B  

Chromic Luvisols  B  

HaplicAlisols  C  

EutricVertisols  C  

EutricVertisols  D  
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2.3.7. Areal Precipitation  216 

Estimates of average rainfall depths over watershed areas may be required for calculations 217 

involving areas bigger than a few square miles. Because a rain gauge records rainfall at a specific 218 

location. There are numerous methods for determining average precipitation over a drainage basin 219 

from rain gauge measurements, including the Arithmetic Mean, Thiessen Polygon, Isohyetal, 220 

GridP-oint, Percent Normal, Hypsometric, and others [28].Method selection necessitates judgment 221 

based on the data's quality and nature, as well as the result's importance, utility, and precision 222 

requirements[29]. The frequency storm, gridded precipitation, defined hyetograph method, inverse 223 

distance method, and Gage weight method can all be used in HEC-HMS for meteorological 224 

modeling. The Gage weight approach for meteorological modeling was chosen for this study since 225 

it took into account all of the stations' areal contributions. The area with which each station is 226 

photographed indicates the polygon's area, and this area is used to weight the station precipitation. 227 

The weighting factor limits the contribution of each gauging station's rainfall. According to 228 

Thiessen, the average rainfall, R areal over the area, was calculated using equation 2, and the 229 

Thiessen polygon for areal precipitation can be found in (Figure 5). 230 

 Rareal = ∑ Ri AiAt
n
1  

(2) 

The rainfall at station I is Ri, the polygon area of station I is Ai, the total watershed area is At, and 231 

the number of stations is n. 232 

 233 

Figure 5. Thiessen polygon for areal precipitation  234 

2.4. Model Performance Assessment 235 

2.4.1.Nash–Sutcliffe model efficiency coefficient (NSE) 236 
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The Nash–Sutcliffe model efficiency coefficient (NSE) is a metric that can be used to evaluate the 237 

prediction capability of hydrological models or to investigate the relationship between simulated 238 

and observed hydrological data[30]. It can be expressed as; 239 

 𝐸𝑁𝑆 = 1 − ∑ (𝑄𝑜𝑏 − 𝑄𝑠𝑖𝑚)2𝑛1∑ (𝑄𝑜𝑏𝑛1 − 𝑄𝑜𝑏̇ )2  
(3) 

Where Qsim denotes simulated modeled flow, Qob denotes observed flow, and 𝑄𝑜𝑏̇  denotes the 240 

mean of observed flow. 241 

It might be anywhere between 0 and 1. A complete match of the modeled discharge to the observed 242 

data equates to an efficiency of 1 (NSE = 1). An efficiency of 0 (NSE = 0) means that the model 243 

predictions are as accurate as the observed data mean, whereas efficiency of less than zero (NSE 244 

0) means that the observed mean is a better predictor than the model forecasts or, in other words, 245 

when the data variance is greater than the residual variance (given by the numerator in the 246 

calculation above) (described by the denominator). In other words, the closer the model efficiency 247 

is to 1, the more accurate it is. 248 

2.4.2.Coefficient of Determination (R2) 249 

The coefficient of determination (R2) is a measurement of a predicted outcome's share of variance. 250 

The square of the correlation coefficient (R2) between the sample and projected data is determined 251 

as the coefficient of determination with a value of 0 to 1[31]. A regression model's coefficient of 252 

determination indicates how well it matches the data. Its number shows the percentage of variation 253 

that the regression equation can explain. It can be expressed as, 254 

 𝑅2 = ∑ (𝑄𝑜𝑏 − 𝑄𝑠𝑖𝑚̇ )𝑛1∑ (𝑄𝑜𝑏 − 𝑄𝑜𝑏̇ )𝑛1 22 − ∑ (𝑄𝑠𝑖𝑚 − 𝑄𝑠𝑖𝑚̇ )𝑛1∑ (𝑄𝑜𝑏 − 𝑄𝑜𝑏̇ )𝑛1 2 2
 

(4) 

  255 

Where: 𝑄𝑜𝑏 is observed flow at the time i, �̇�𝑜𝑏 − mean observed flow at the time i, 𝑄𝑠𝑖𝑚 − 256 

Simulated flow at the time i , �̇�𝑠𝑖𝑚 − mean simulated flow at the time i. A score of 1 indicates that 257 

every point on the regression line matches the data; a value of 0.5 indicates that just half of the 258 

points on the regression line fit the data. The dependent variable cannot be predicted from the 259 

independent variable if the coefficient of determination (R2) is 0 260 

2.5. Analysis of Flood Frequency 261 

The most significant statistical tool for determining the nature and amount of peak flow in a river 262 

or flood plain is flooded frequency analysis. Flood frequency analysis produces a probability 263 
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model curve for annual flood peaks based on period observation and data from floods that occurred 264 

during 27 years (1990-2016). This method is important for predicting recurrence intervals and 265 

ensuring that public and government properties are not harmed. The estimation of Flood Frequency 266 

Analysis can be done using a variety of methodologies (FFA). Peak discharge analysis is 267 

performed before the identification of the flood inundation region of the flood plain. Peak 268 

discharge analysis is required before the demarcation of the flood inundation area of the flood 269 

plain to establish a probability distribution. The Ethiopian Roads Authority (ERA) divided the 270 

country into eight Meteorological regions based on the similarity of their rainfall patterns,and 271 

developed intensity-duration frequency curves (IDF curves) for 24hr rainfall depth for each 272 

Meteorological region as a function of the storm events' return periods of 10, 25, 50,and 100 273 

years.The Huluka river watershed was classified as rainfall region B1 (RRB1) by the  274 

ERA has created 24-hour rainfall depth for various Ethiopian rainfall regions for corresponding 275 

return periods. The rainfall depths of 1, 2, 3, 6, and 12 hours were created using (equation 5),and 276 

applied in HEC-HMS for flood inundation area calculation using the 24-hour rainfall depth of RR 277 

B1 supplied in (Table 5) that was specified for the Huluka river watershed. 278 

To compute the rainfall intensity at any needed time using the 24hr rainfall depth, which is known 279 

as a rainfall intensity-duration-frequency (IDF) relationship for drainage basins in Ethiopia. 280 

 𝑅𝑅𝑡 = 𝑡(𝑏 + 24)𝑛24(𝑏 + 𝑡)𝑛 
(5) 

Rt. rainfall depth, R24- 24hr rainfall depth, b and n are constant coefficients with b = 0.3 and n = 281 

(0.78–1.09) and refer to the time. 282 

2.6.Development of Hydraulic Models. 283 

A hydraulic model is a numerical model that is used to simulate the hydraulic behavior of a water 284 

body. One-dimensional (1-D), two-dimensional (2-D), and three-dimensional (3-D) hydraulic 285 

models are the most popular. The Saint Venant equations are employed in 1-D mathematical 286 

models for flood inundation mapping, particularly relying on a large number of high-resolution 287 

morphological parameters (cross-sections). Hydraulic HEC-GeoRAS is an ArcGIS addon. The 288 

method for performing hydraulic analysis simulation can be divided into three parts, as 289 

follows:Pre-processing, Processing, and Post-processing is Hydraulic computation in HEC-RAS 290 

methods shown in (Figure 6). 291 
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Figure 6.Flood inundation Modeling Schematic Diagram  292 

2.6.1. Water surface TIN generation 293 

The initial stage was to use HEC-Geo RAS to generate a water surface TIN from the cross-section 294 

water surface elevations. All six water surface profiles, such as bank points, velocities, river 2D, 295 

XS cut lines, boundary polygon, and TIN, were selected from the window, and a water surface 296 

TIN was constructed for each selected water surface profile without taking into account the 297 

landscape model. The Arc GIS triangulation method was used to build the TIN. This allowed for 298 

the development of a surface with consistent height employing cut lines as hard brake lines. For 299 

the flow profile utilized in HEC-RAS, River cross section,3D view of multiple river cross 300 

sections,and TIN water surface was created using Arc GIS and is shown in (Figure 7). 301 

     302 

a)                                                                         b) 303 
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 304 

                                       c) 305 

Figure 7.a,b,and c are River cross section,3D view of multiple river cross sections,and TIN water 306 

surface for 5, 25, 50, and 10 return periods 307 

3. RESULTS AND DISCUSSION 308 

3.1 Background Map File  309 

The physical watershed under consideration is represented by the backdrop map file. Using HEC-310 

Geo HMS in Arc GIS, a backdrop map file containing about 4 Sub-basins was created for this 311 

study (Figure 8). It includes the Basin model file, the Met model file, and the Gage model file, all 312 

of which were used as inputs in HEC-HMS during rainfall-runoff modeling, as well as modeling 313 

methodologies for each HEC-HMS component. Sub-watersheds, reaches, junctions, and outlets 314 

are included in the Basin model file, along with methods for modeling precipitation loss, excess 315 

precipitation transformation, base flow modeling, and channel routing. 316 

 317 

Figure 8. Huluka Sub-basin background map file 318 

3.2. Parameters of the basin 319 

There are a number of factors that can influence the magnitude of the flood that is predicted in a 320 

given watershed. Because these parameters were more appropriate for the chosen method of 321 
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precipitation loss modeling, excess precipitation transformation to direct runoff, and the 322 

Muskingum flood routing method, this study primarily focused on curve number, basin lag time, 323 

initial abstraction, and flood wave travel time (K), and weighting factor (X). Curve numbers can 324 

be used to describe the effects of land use, land cover, and soil type on surface runoff. According 325 

to the soil classification of the Huluka river watershed computed in Arc GIS 10.2 with Calcic 326 

Vertisols predominating 58.55 percent composition(Table 1),and are classified as hydrological soil 327 

group D (Table 3), which means they have poor infiltration and a strong flood generating 328 

capability. (Table 4) shows the basin parameters that were employed in this study. 329 

Table 4.Curve number, basin lag, Initial abstraction for each sub-watershed of Huluka sub- basin 330 

Sub- 

basin   

Curve  

Numbers(CN)  

Basin- 

lag(min)  

Max-potential 

(mm)  

Initial abstractions  

(mm)  

W780  80.034  378.174  63.365  12.673  

W820  77.122  319.62  75.35  15.07  

W840  77.228  416.37  74.9  14.98  

W980  85.747  128.868  42.22  8.444  

3.3.Calibration 331 

Calibration is the process of fine-tuning model parameters by comparing results to observations to 332 

ensure that the response remains consistent over time. This entails comparing model findings to 333 

actual stream flows, which are constructed using historical meteorological data. Ten years of daily 334 

rainfall and daily stream flow data from the Huluka River were used to calibrate the HEC-HMS 335 

for this specific study area, from 1997 to 2006 . The coefficient of determination (R2) during 336 

calibration was 0.8556(Figure 10), and the Nash Sutcliff Efficiency (NSE) was 0.8, indicating that 337 

the results are within safe range. 338 

339 
Figure 9. Daily hydrograph comparison between Simulated and Observed flow during  340 
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Calibration  341 

 342 

Figure 10. Coefficient determination of computed flow and observed flow of calibration results  343 

3.4.HEC-HMS Validation Results 344 

After the calibration was finished and all model parameters were updated, 5 years of hydro 345 

meteorological data (precipitation and observed flow) were entered, and model validation was 346 

performed to see if the model with the adjusted parameter was still valid. The model produced 347 

good results without any adjustments after processing the input data, notably the sensitive 348 

parameters. The final product was nearly identical to the one depicted in (Figure 11). During model 349 

validation, the Nash Sutcliff efficiency and coefficient of determination were 0.720 and 350 

0.8122(Figure 12), respectively, and the coefficient of determination was graphically depicted in 351 

(Figure 12). 352 

353 
Figure 11.Daily hydrograph comparison between Simulated and Observed flow during validation 354 

Hydrological modeling (rainfall-runoff modeling)  355 
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 356 

 357 

Figure12.Coefficient determination of computed flow and observed flow of validation results  358 

3.5.Analysis of the Frequency Storm Method 359 

The rainfall depth for the 1hr, 2hr, 3hr, 6hr, 12hr, and 24hr return periods was calculated using 360 

equation 5, and presented in (Table 5). Every return period under consideration has a maximum 361 

rainfall depth during the 24hr, as shown. 362 

Table 5. Rainfall depth (mm) vs Return period (yr.) for Huluka watershed flood plain 363 

Rainfall intensity 

duration(mm) 

Rainfall depth vs Return periods (mm)  

  10 yr.                         25 yr.                           50yr.                     100yr.  

1  51.05  57.53  62.35  67.20  

2  59.89  67.49  73.15  78.84  

3  64.10  72.23  78.29  84.38  

6  70.04  78.92  85.54  92.19  

12  74.93  84.44  91.52  98.63  

24  79.29  89.35  96.84  104.37  

The peak discharge for each return period was determined using the rainfall depth for each rainfall 364 

duration corresponding to the return period in HEC-HMS. The peak discharge calculated by HEC-365 

HMS was then compared to results computed using several flood frequency distributions such as 366 

General Extreme Value (GEV), Lognormal, and Log Pearson Type 3. Those were selected based 367 

on the rank obtained by the statistical software EASYFIT 5.6 for each statistical distribution 368 

method. A 1hr, 2hr, 3hr, 6hr, 12hr, and 24hr rainfall depth indicated on (Table 6) was inserted into 369 

HEC-HMS for the computation of 10, 25, 50, and 100 year return period of peak flood  and Peak 370 

discharge versus time for the selected return period shown in (Figure 13). 371 
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Table 6. 24 hr. Rainfall depth and its peak flood for different return period developed from HEC-372 

HMS Software’s.  373 

S/no  Return period (yr.)  24 Rainfall depth(mm) Peak flow (m3/s)  

1  10 79.29  38.2  

2  25  89.35  47.2  

3  50  96.84  54.2  

4  100 104.37  61.4  

 374 

 375 

 Figure 13. Peak discharge versus time for the selected return period  376 

The HEC-HMS result is compared to frequency analysis approaches which including General 377 

Extreme Value, Lognormal, and Log Pearson Type 3  that was given in (Figure 13). These 378 

frequency analysis techniques are widely accepted and simple to implement. The result is provided 379 

in (Table 7) that is based on the yearly peak discharge record of the Huluka river watershed from 380 

1997 till 2011. 381 

Table 7. Flood frequency analysis and HEC-HMS results from the comparison  382 

Return 

period(yr.)  

HEC-

HMS(m3/s)  
GEV(m3/s)  LOGNORMAL(3P)  

LOG  

PEARSON III  

10 38.2 37.7 46.37 47.119 

25 47.2 47.7 53.732 58.059 

50 54.2 56.6 59.084 66.059 

100 61.4 65 68 76.541 

 383 
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 384 

Figure 14. Frequency analysis and HEC-HMS results from the comparison  385 

4.6 Area inundated by floods 386 

The RAS export. sdf file format GIS data from HEC-RAS was converted to file.xml so that it could 387 

be processed in Arc GIS for the final flood inundation mapping. The HEC-Geo RAS layer setup 388 

was changed, the RAS data was imported, and flood inundation mapping took place after the file 389 

was converted to Arc GIS compatible using the 'Import RAS SDF File' menu in HEC-GeoRAS. A 390 

10, 25, 50, and 100 year return period frequency storm inundates 98.9ha, 102ha, 104ha, and 106.4  391 

ha of flood plain, respectively, with lowest and maximum water depths of 0.002441m to 3.76m, 392 

0.00926 to 3.98, 0.000488 to 5.95, and 0.00024 to 8.037 respectively. Maximum flood coverage 393 

resulted at 100 years return period frequency storm and it inundates about 106.4 ha with a 394 

minimum and maximum water depth of 0.000241 and 8.037 m respectively. Table 8 shows the 395 

inundation area profile, and (Figure 15) river profile and water surface elevation along Huluka 396 

river flood plainfor 10, 25, 50, and 100 years return periods, as well as flood inundation mapping 397 

of the entire profiles. 398 

Table 8. flood inundated area with respect to expected peak flood  399 

S/No  Return period  24 Rainfall depth (mm)  Peak flow (m3/s)  Area (ha)  

1  10 79.29  38 98.9  

2  25  89.35  47 102  

3  50  96.84  55 104  

4  100 104.37  61.5 106.4 
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 401 

Figure 15. River profile and water surface elevation along Huluka river flood plain  402 

5. Conclusion  403 

Flooding is a natural occurrence that is beyond human control to completely regulate However, 404 

the magnitude of flooding and its consequences can be mitigated to some extent by developing 405 

flood hazard map.To complete this hydrological modeling, the HEC-HMS frequency storm 406 

approach was employed for rainfall depths for 1, 2, 3, 6, 12, and 24 hours. For 10, 25, 50, and 100 407 

return periods, the rainfall depth for the intensity durations was determined using the Ethiopia 408 

Road Authority's (ERA).Peak discharges of 38, 47, 55, and 61.5 m3/ s are computed for 10, 25, 409 

50, 100 return periods, and inundation areas of 98.9ha, 102ha, 104ha, and 106.4 ha respectively. 410 

To illustrate flood depth and extent for each return time, flood inundation maps were created using 411 

ArcGIS and the HEC-GeoRAS extension. For 10, 25, 50, and 100-year design frequency storms, 412 

the highest channel flood depths found around the reach 25705.14 are 7.7632, 7.8779, 7.95, and 413 

8.0347m, respectively.The most critical aspects of river flood hazard mapping were the depth and 414 

velocity of the floodwaters.  415 
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