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GIS-based flood hazard mapping in Itang District of the Gambella Region, Ethiopia 

 

Abstract 

 

Flood is one of the natural disasters that affect societies around the world. Every year, flood claims hundreds of 

human lives and causes damage to the global economy and environment. Consequently, the identification of 

flood-vulnerable areas is important for comprehensive flood risk management. This study aims to delineate 

flood hazard areas in Itang District of Gambella Region, Ethiopia, 

After obtaining discharge level 

through the method, the region's flood inundation area was mapped at 5, 10, 25, 50, and 100-year recurrence 

intervals. The developed methodology processes six parameters, namely, slope, elevation, land-use/land-cover, 

rainfall, discharge, and soil. Each criterion was evaluated with the aid of AHP and mapped by GIS. Data were 

assorted into five suitability classes, viz., very high, high, moderate, low, and very low flooding areas, 

representing 29.7%, 27.8%, 18.5%, 12.7%, and 11.4%, respectively. The outcome is extremely useful for 

evacuation planning, damage assessment, and losses estimation, thereby minimizing the natural disaster's effect 

in the study area. 

 

Keywords: Analytic hierarchy process, Frequency factor, Flood hazard zone, Gumbel distribution 
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Introduction 

 

Flood is one of the major natural hazards, often with enormous impact affecting 170 million people annually 

worldwide (Kowalzig 2008; Guthrie and Cuervo 2015; Mezgebedingil and Suryabhagavan 2018). According to 

the available data from 1900 to 2013, floods have caused ~7 million deaths and US $600 billion losses (Deng 

and Zhou 2013). Moreover, flooding events are expected to increase in frequency and intensity in the coming 

years due to rising sea levels and climate change (IPCC 2007, 2012; UNISDR 2009; Jonathan et al. 2013; Stijn 

et al. 2013). Therefore, determinations of optimum strategies are essential for appropriate flood management 

(Ballesteros-Cánovas et al. 2013). 

 
Occurrence of the flood is a very complex phenomenon that always attracted researchers from different parts of 

the world to understand and explore its prevention and management mechanisms. Among anthropogenic factors 

triggering floods is increasing deforestation resulting from population pressure. Ethiopia receives maximum 

summer rainfall between June-August and leading to disastrous floods in some parts of the country (Abebe 

Feyisa 2007; Alemu 2015; Getahun and Gebre 2015; Amare and Okubay 2019). The Gambella region of 

Ethiopia experiences flood events almost every year, generally during the monsoon seasons (June–September). 

Over the last decade itself, many disastrous floods that affected human lives, property, agriculture, and other 

infrastructure; have occurred in the region. According to the most recent report from UNICEF (September 

2017), floods affected more than 53,000 people in Gambella and Oromia regions during August and September, 

2017. The most devastating flood events have been recorded in the years 2006, 2007, 2010, 2011, and 2012 

(Haile et al. 2013). Bryan et al. (2009) reported that climate change had intensified the spatiotemporal variability 

of rainfall, which posed serious threats to the local communities in the form of floods. In addition, complex 

topography of the region coupled with fragile socioeconomic conditions of the locals aggravated flood risk 

(Mezgebedingil and Suryabhagavan 2018; Wang et al. 2019). These incidences are more intense in developing 

countries, with rapid urbanization and civilization along the rivers. Removal forests to build settlements and 

modify of river courses are common practices in such regions, where such acts work as catalyst to flood 

occurrence (Bronstert 2003; World Bank 2010). 

 
In flood assessments, estimation concerning the associated flood hazard and risk in terms of intensity, 

magnitude, and spatial/temporal distribution are of vital importance (Shrestha and Lohpaisankrit 2017; Tehrany 

et al. 2013, 2017; Hong et al. 2018a). Over the past few decades, numerous methods have been developed and 

used to investigate flood hazards and risk assessment. However, any accurate prediction of the flood-prone areas 

is considered a difficult task due mainly to the complex and dynamic nature of floods ((Rozalis et al. 2010; Kia 

et al. 2012; Chapi et al. 2017; Hong et al. 2018a). Classifying the existing models used in this hydrological 

phenomenon and the phases involved in the cycle, Devi et al. (2015) distinguished them as empirical, 

conceptual, and physical models. According to the authors, empirical models are observation-oriented based on 

data and mathematical formulas. Most of the recent models mainly focused on hydrological models, 

hydrodynamic models, multi-criteria decision analysis (MCDA), statistical models (SM), and machine learning 

(ML) techniques incorporated into geographical information system (GIS) (Lee et al. 2012; Elsafi 2014; 

Tehrany et al. 2014a; Yang et al. 2014; Danumah et al. 2016; de Brito and Evers 2016; Rahmati et al. 2016c; 

Rao 2017; Shafapour Tehrany et al. 2017; Luu et al. 2018; Feloni et al. 2020). Remote sensing and GIS tools are 
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also important and have been used extensively for hazard assessment (Islam and Sado 2000a; Fernández and 

Lutz 2010; Kia et al. 2012; Ashley et al. 2014; Tehrany et al. 2014b; Barua et al. 2016). Studies have revealed 

that MCDA models are better suited for flood assessment. AHP is a popular model in the field of MCDA, 

because it can solve complex decision problem without any data (Fernández and Lutz 2010; Danumah et al. 

2016; Gigovi et al. 2017; Samela et al. 2018; Morea and Samanta 2020). 

 
Over the last two decades, remote sensing has played an increasing role in water resource management (Dewan 

et al. 2007; Winsemius et al. 2013; Mina and Ying 2015). Geographic Information System (GIS) is also used 

extensively to model surface water and flood damage assessment (Opolot 2013; Santillan et al. 2016; Rimba et 

al. 2017; Ogato et al. 2020). The Hydrologic Engineering Center’s River Analysis System (HEC-RAS) model 

developed by the U.S. Army Corps of Engineers (USACE) is generally used for investigating flooding and 

flood-related hazards worldwide (Smith and Ward 1998; U.S.Corps of Engineers 2002; Merz et al. 2004; 

Brunner 2016; Azouagh et al. 2018). The present study was taken up to delineate flood zones and prepare flood 

hazard maps of the vulnerable areas of Itang District in Gambella Region of Ethiopia by integrating remote 

sensing, GIS, and hydraulic simulation model, HEC-RAS. 

 
2. Materials and methods 

 

2.1 Study area 

 
This study was conducted in the Itang District of the Gambella Region, located in the southwestern part of 

Ethiopia. Geographically it is situated between 08°00'00"−08°45'00" N latitude and 34°00'00"−34°30'00" E 

longitude covering a total area of 2190.42 km2 (Fig. 1). Elevation of the region ranges from 385.5−705.5 m 

asml.  Annual rainfall ranges between 239.2 and 1883.7 mm with precipitation throughout the year, but mostly 

85% between May and October. Average annual temperature in the region is 27.5oC. The Itang Special District 

encompasses 21 villages, most of which are situated in the flood plain zones of Baro river, the widest in 

Ethiopia. The study area experienced disastrous floods in 2006, 2007, 2010, 2011, and 2012 with adverse 

impacts on people’s lives, property, agriculture, and infrastructure (Haile et al. 2013). During the summer 

season, heavy rainfall causes floods in the region, and sometimes the monsoon's unusual activity causes high 

surface run-off with peak discharge. 

 
2.2.  Data and Methods 

 
Spatial inputs such as topographic data that include DEM, satellite image, and hydrologic data covering 

discharge and population data were used for this study. Recent highly accurate topographic data were utilized. 

Rainfall data were collected from National Meteorological Agency (NMA), Ethiopia. Landsat 8 Operational 

Land Imager (OLI) satellite data of 2017 with path171and row 054 were downloaded from United States 

Geological Survey (USGS, https://glovis.usgs.gov). Digital elevation model (DEM) data with spatial resolution 

of 30 m were also obtained from the same source. The slope layer was extracted from DEM. Details of the data 

sources and their specifications are mentioned in Table 1. The satellite image was projected in UTM projection 

zone 36 N and Adindan datum. In the present study, ERDAS Imagine, ArcGIS and ArcHydro software were 

used for flood hazard analysis. HEC-GeoRAS pre-processing was then completed, and the final output from the 

ArcGIS, and HEC-GeoRAS was processed in the HEC-RAS 1D steady flow simulation. Overall methodological 

framework and data analysis is presented in Fig. 2.  

https://glovis.usgs.gov/
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2.3 Field data and sampling 

 

Land-use/land-cover information was obtained from the multiband Landsat imagery through image 

interpretation and classification (Li et al. 2014). A total of eight land-use/land-cover classes, namely, cropland, 

woodland, grassland, wetland, forest, shrubland, settlement, and water body, were identified as proposed by 

Anderson et al. (1976). With the complementary use of satellite navigation system (GPS), post-classification 

field visits were performed for ground validation of ambiguous spots and further refinement of the land-

use/land-cover classification. Training flood locations (150 points) were selected randomly to produce 

dependent data, which was made up of 0 and 1 values, with 1 representing the existence of flood and 0 its 

absence of flooding. Additionally, the same numbers of points (150) as flood locations were selected as non-

flooded areas with an assigned value of 0.  

 
2.4 Flood frequency analysis from hydrologic data 

 
Database on past floods is important to the study of the relationship between different flood triggering factors 

and their occurrence (Kia et al. 2012; Merz et al. 2014). Flood frequency analysis is a statistical measure of the 

probable occurrence of the flood of a given magnitude. The probability of occurrence for the large and 

destructive floods is low compared to small and less destructive ones. Moreover, the accuracy of the flood 

susceptibility mapping greatly relies on the accuracy of previous flood events (Merz et al. 2014). It is possible to 

calculate probability of major and destructive floods in terms of stream water discharge for a specified time 

(Khosravi et al. 2016). As indicated in the flowchart, two flood frequency methods, namely, Gumbel 

distribution and Log Pearson Type III, were used for the study. The choice of these methods was based on two 

cogent reasons. The first is the lack of appropriate river runoff data, which makes it inevitable to utilize the most 

ecologically and hydrologically fit measure. The second is to provide a suitable hydrologic inundation procedure 

that will generate the actual water level threshold for flood mapping purposes (Subramanya 2008). 

 

Gumbel distribution 

 
First introduced in 1914 by Gambel, this is the most common and widely known probability analysis, especially 

in meteorological and hydrological studies related to flood predictions. Gumbel defined flood as the largest of 

the 365 daily flows. The annual series of flood flows constitute a chain of the largest values of flows. In this 

study, an attempt was made to compute water levels at 5, 10, 25, 50, and 100 return periods. Gumbel’s equation 

is given as:   

 
XT = 𝑋avg +K* STDV                                                                                                                                           (1) 

 
where XT stands for the value of variate with a return period ‘T’, X avg for mean of the variate, STDV for 

standard deviation of the sample, K for frequency factor expressed as K= YT-Yn/Sn or =YT-0.577/1.2825 with 

YT reduced variate of a given return period ‘T’ given by YT = - (LN*LN (T/T-1)) or = -

(0.834+2.303log.log(T/T-1)). 
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here T is return period, Yn is reduced mean obtained from Gumbel frequency table and  Sn is reduced standard 

deviation. 

Log–Pearson type III  

Log-Pearson type III distribution, first proposed by Foster in 1924 and revised later in 1967 by U.S. Weather 

Resources Council is widely used in hydrologic frequency analysis, particularly for flood peak data (Lee 2012; 

Rao 2017). The distribution is a three-parameter gamma function with a logarithmic transform of the variable. 

The log-Pearson Type III distribution differs from most other distribution methods in that the three parameters 

mean (Za), standard deviation (STDV), and the coefficient of skew (K) are necessary to describe the 

distribution.  

The designed Log Pearson Type III for this study is expressed as 

Z = Za + Kz * STDV                                                                                                                                          (2) 

 

where Kz is frequency factor taken from table with coefficient of skew values ‘Cs’ at recurrence interval ‘T’, 

STDV Standard Deviation of the ‘Z’ variate sample and Za mean of the ‘ZT’ variate. 

 
Cs = (NΣ (Z-Zavg) ^3)/ (N-1) (N-2) (STDV^3)                                                                                                    (3) 

 
where Cs is co-efficient of skew of variate “Z”, N sample size i.e., number of years of record. 

After finding Za with the equation above, the corresponding value of XT is obtained as Antilog of ZT. 

 
Recurrence Interval can be calculated as: (n + 1)/m                                                                                              (4)  

where n is number of samples (years), m is rank of a given gauge level. 

 
2.5 Flood inundation area mapping 

River geometry information is an essential and important requirement in developing flood inundation areas 

using the HEC-GeoRAS/HEC-RAS hydraulic modeling software. HEC-RAS can model the steady and unsteady 

hydraulic analysis, and in the present instance, the former was modeled. Basic river geometries required in flood 

modeling include river cross-sections, stream centerlines, bank lines, flow lines, and other information. 

Necessary river geometry was extracted after the creation of Triangulated Irregular Network (TIN) from DEM. 

They are extracted from developed TIN of the study area for the HEC-GeoRAS model. Manning’s n value for 

individual cross-sections was acquired after the land-use/land-cover map of the study area. After RAS geometry 

data preparation, HEC-GeoRAS model was used to generate a RAS GIS file (final river geometry file) used as 

input for HEC-RAS (Fig. 3). After checking the river cross-section and editing its geometry based on field 

verification, the final correction of the river geometry file in the HEC-RAS model was carried out. Then highest 

flows were imported from the Itang gauging station to generate water levels for different return periods.  

 
2.6 Flood hazard assessment 

In the present study, historical flood records along with yearlong discharge data were used for flood hazard 

assessment (FHA). Historically, 2007 is one of the high flooding times that hit Itang, causing severe damage. 

The FHA comprises six criteria, viz., elevation (C1), precipitation (C2), slope (C3), drainage density (C4), soil 

type (C5), land-use/land-cover (C6). The selection of these parameters is theoretically based on their relevance 

to flood hazards documented in the literature (Haan et al. 1994). Input data for each parameter is processed in 
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the GIS environment, and the six parameters. The acquired values are processed in order to calculate the relative 

significance of each criterion and the corresponding weightage factor (w). Following the calculation of weights, 

FHA was calculated using Eq. (5). 

wiri
i

n
FHA .

1
 


                                                                         

                                                                (5)  

where ri is rating of the parameter in each point, wi is weightage of each parameter, n is number of the criteria. 

 
2.7 Analytical Hierarchy Process (AHP) 

 
Weightage of each parameter is defined following the Analytical Hierarchy Process (AHP) (Saaty 1990a, b). 

With the use of AHP, the relevant factor's relative significance was obtained after the construction of a pairwise 

comparison matrix (Mu and Pereyra-Rojas 2017). The rating score of relative significance was set up from 1 to 

9, indicating less importance to much more importance of the factor in that order (Table 2). 

2.8 Pair-wise comparison 

In the matrix of pair-wise comparison, each of the criteria is considered a causative factor of flooding in Itang 

compared to the practice in other places, where only one of the two criteria is expected to have more influence. 

In the comparison, all the criteria did not exercise the same influence. For example, if both criteria C1 and C2 

had the same influence, the pair received an index of 1. But when compared to criterion C2, if criteria C1 had 

come up with more influence, then the pair received its value as any rating between 9 to 2 (Table 3). According 

to Saaty (1977a), criteria rating below or equal to 0.1 is an acceptable reciprocal matrix, whereas a ratio over 0.1 

unacceptable compelling a reexamination of the matrix. To identify and locate inconsistent decisions with 

regard to their importance, pair-wise comparisons were relied. 

 
2.8.1 Consistency check 

Consistency of the created eigenvector matrix for AHP was evaluated. The required level of consistency was 

evaluated using the following index: 

RI

CI
CR 

                                                                                                                                                             

(6) 

where CR is consistency ratio, CI consistency index, and RI random index.  

 
For the values in Table 4, random consistency indices (RI) are tabulated. Thus, in this study, the RI = 1.25. The 

acceptable CR must be < 0.1. CI is calculated using Eq. (7) where calculated λmax = 6.55.  

  1

max





n

n
CI



                                                                                                                                               

(7) 

Eventually, calculated consistency ratio 0.087 is lower than the threshold value of 0.1, thus affirming the 

weightage consistency. 
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3. Results  

 
3.1. Flood frequency  

Flood frequencies were obtained from Gumbel’s distribution for different year return periods (YRPs) prepared 

based on the log chart. They recorded historical peak discharge for different years were presented in Tables 5 

and 6. The discharges predicted by Gumbel’s distribution for 5, 10, 25, 50 and 100 year return period flood were 

1394 m3/s, 1535 m3/s, 1712 m3/s, 1844 m3/s, and 1974 m3/s, respectively while, calculated discharge of the Baro 

River from log-Pearson Type III distribution were 1389 m3/s, 1432 m3/s, 1461 m3, 1473 m3/s, 1480 m3, 

respectively. These flood discharges were tested for their goodness of fit through Chi-square test statistic. 

Accordingly, log-Pearson Type III distribution showed low Chi-Square result (3.836), at a P value of 0.429, 

thereby revealing that it is not significant at a P-value ≤0.05, whereas Gumbel’s  distribution showed a Chi-

Square of 127.959, at a P value of <0.001.   

 
3.2. Flooded inundation map 

Results of model sensitivity to changes at selected intervals were presented in Fig 4. Based on the result of 

HEC-RAS, elevation of water column of the areas that would be inundated within 5, 10, 25, 50, and 100 year 

recurrence intervals were identified. And then, the mean elevation of these areas was calculated further to 

combine them with each recurrence interval's water levels. The average elevation of the water columns thus 

arrived for various recurrence intervals was found to be 413.99 m, 414.21 m, 414.45 m, 414.82 m, and 415.58 

m, respectively, for 5, 10, 25, 50, and 100 years. This information will help predict the extent of flood 

inundation areas. Accordingly, if floods arise at recurrence intervals of 5, 10, 25, 50, or 100 years, inundation is 

expected to ensue in areas with elevation lower than the computed mean water levels. Figure 5 depicts areas 

likely to be inundated within previously indicated recurrence intervals. Accordingly, 76.66 km2, 80.78 km2, 

84.15 km2, 87.34 km2 and 100.34 km2 of land areas are predicted to be inundated by floods at 5, 10, 25, 50, and 

100 years of recurrence intervals. From these inundation maps, locations found along the Baro River banks, 

especially the flat flood plain area to the west of the study area, are predicted to flood during all five recurrence 

intervals. 

3.3. Flood factors 

The occurrence of a flood depends on several topographic and climatic factors of an area. Combined assessment 

of all known factors using modern techniques can provide a detailed picture of the flood hazard vulnerable 

locations to different magnitudes. 

Elevation and slope 

Water flows from higher to lower elevations, and therefore slope influences the amount of surface runoff and 

infiltration. Flat areas in low elevations may flood quicker than areas in higher elevations with a steeper slope. 

Naturally, low slopes and low elevation have been assigned the highest rating as flood-prone areas. The 

elevation of an area can be divided into five classes. The results of reclassified elevation based on the natural 

break (Junk) indicate that about 776.52 km2 (35.67%) of Itang has low elevation is very high prone to flooding, 

567.96 km2
 (26.09%) highly prone, 440.48 km2 (35.67 %) medium prone, 263.67 km2

 (12.11%) low prone and 

128.23 km2 (5.89%) very low prone to flooding (Fig. 6a). From among different places in the district, areas with 
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lower elevations are more exposed to flood hazards. Areas found along the flood plain of the Baro River and 

low land areas bordering with Lare, in Gambella region in the western part of the study area are more affected 

by flooding. 

Localities to the east of the study area (upstream of the Baro) that merge with the adjacent lands experience 

relatively limited flooding compared to longer continuous flat slope areas found downstream the river (Fig. 6b). 

The gradient of the study area can be divided into five slope classes, viz., very low (>20o), low (10−20º), 

moderate (7−9°), high (4−6º), and very high (0−3o) slopes, respectively. 

 
Rainfall 

Rainfall has a significant relationship with river discharge, and it directly influences the occurrence of floods. 

The spatial distribution of rainfall intensity is considered based on the allocation of stations in the study area. 

Heavy rainfall from the region and surrounding highland Oromiya regions is the main cause of the Baro river's 

flooding in the southwestern part of the area, with relatively lower precipitation than the northern and eastern 

parts. Thus annual rainfall in the study area was more than 1800 mm in some places, whereas it was less than 

481.6 mm in other places. Figure 7 presents the areas with very high and high rainfall in high lands, especially 

the northern and northeastern parts adjoining with the surrounding Oromiya Zone. According to reclassified 

data, 304.11 km2
 or 13.97% of Itang received high rainfall, followed by 885.66 km2

 or 40.7% medium rainfall 

and 814.24 km2 or 37.41% low rainfall. The areas receiving very low and very high rainfall in Itang accounted 

for 49.72 km2
 or 2.28% and 122.59 km2 or 5.63%, respectively (Table 7).  

 
Drainage 

The reclassified drainage density map of Itang shows that 253.35 km2 (11.64%) is of very high, 551.41 km2
 

(25.34%) high, 681.32 km2 (31.31%) with medium 513.49 km2 (23.6%) low, and 176.36 km2
 (8.1%) very low 

density (Fig. 8a, b). As per the adopted reclassification, areas around big rivers like the Baro River have very 

high drainage density. Drainage density of the study area was calculated to be 2.5 km/km2. 

 
Land-use/land-cover 

Land-use/land-cover influences the infiltration rate, depending upon the interrelationship between surface water 

groundwater and debris flow. While forests and lush vegetation favor rainwater infiltration, urban land supports 

surface overflow. Land-use/land-cover of the study area reveals eight major types of land-use/land-cover: 

cropland, woodland, grassland, wetland, forest, shrubland, settlement, and water body (Fig. 9). Vegetation cover 

in Itang has reduced mainly due to increased large and small-scale agricultural activities and this promotes 

runoff due to increase in paved surfaces. The moisture content of the land also affects the flooding condition. 

Lands with low moisture content have the capability of absorbing more water compared to areas with higher 

moisture content. Wetlands along the Baro and adjacent areas of Lare are highly affected by flooding. Of the 

total study area, 1069.9 km2 (49.2%) of land is covered by cropland, followed by woodland 798 km2 (36.7%) of 

area. Wetland, grassland/bare soil, forest and water body share 83.9 km2 (3.9%), 60.7 km2 (2.8%), 36 km2 

(1.7%), and 14.7 km2 (0.7%), respectively. The remaining area covers settlement and shrubland with 12.1 km2 

(0.6%), 7 km2 (0.46%) of area, respectively. Accuracy assessment result for land-use/land-cover for 2017 shows 

an overall precision was 90.6% with Kappa equal to 0.86. 
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Soil 

The nature of the soil in a given area can influence the flood condition and possibly determine the infiltration 

capacity. According to the soil classification of MoWIEE, most of the different soil types (1149.5 km2) in Itang 

are highly vulnerable to floods because of their nature, i.e., Dystric and Eutric Fluvisols that occupy 53.2% of 

the area (Fig. 10). The Dystric and Chromic Cambisols, located in a very high flood zone, cover 514.2 km2 or 

about 23.8%, whereas Dystric and eutric Plinthosols, classified as soil type of medium flood hazard zone; cover 

an area of 252.5 km2 (11.7%).  About 195.4 km2 (9.1%) and 47.6 km2 (2.2%) of the land are coved with 

Planosol and Eutric Gleysol soils of low and very low flood-prone types. 

 
3.5. Flood hazard assessment   

Table 9 describes the flood hazard zones levels and the corresponding degrees of flood risk susceptibility. Out 

of a total area of 2145.4 km2, 12.7% falls in the category of ‘very high’ flood susceptibility risk, followed by 

27.8% high risk, 29.7% medium risk, 18.5% low risk, and 11.3% low risk categories. Validation of the output 

maps was tested by overlaying selected flood-prone area field verification (Fig. 11). Local people were 

interviewed to decipher previous flood conditions and the damages they caused. Areas within the flood plain 

were affected by the land-use/land-cover characteristics. In order to understand the status of flood hazard in 

various Kebeles of the Itang District, the flood hazard map was corroborated with the Kebeles. Accordingly, out 

of 21 Kebeles in the area, six (Itang Town, Birhan Selam, Puldang, Ajuw, Akura and Awngi) are situated in the 

very high flood zone, and ten Kebeles  (Watigachi, Pilwal, Beljakok, Dorong, Aleha, Adima, Etange Ker, 

Achuwa, Pukumu, and Ebago) high flood zone. War, Badel, Adong, and Aliya are rural Kebeles that fall 

medium flood zone, whereas Wanke, the less affected Kebele is located in low hazard zone. These observations 

coincide with the Itang District officials' information except for their classification as high and medium flood 

vulnerable Kebeles. 

 
Further, the results of land-use/land-cover classes and their spatial distribution in flood hazard zone are 

validated to find out flood vulnerable in the region. Cropland: Majority (351.53 km2) of the total cropland 

extending to is located in high flood hazard zone, followed by 321 km2
 (30.27%) in medium hazard zone and 

168 km2 (15.84%) low hazard, 155.8 km2 in low and 64.12 km2 very low hazard zones. Grassland: Of the total 

area covered by grassland/bare soil, 21.82 km2 (36.18%) in found in medium hazard zone, 15.99 (26.52%) in 

high, 14.7 (24.38%) in low, 3.91 (6.48%) in very low and 3.88 km2 (6.44%) in very high hazard zones. Forest: 

Of the land covered by forest, 9.19 km2 (25.95%) in located in medium flood hazard zone, whereas 8.82 km2 

(24.95%) in high, 7.96 km2 (22.48%) in very low, 5.5 km2 (15.53%) in low and 3.94 km2 (11.14%) in very high 

hazard zones, respectively. Settlement: Of the settlement areas 5.92 km2 (49.17%) is located in high, 3.5 km2 

(29.05%) in medium, 2.34 km2 (19.44%) in very high, 0.25 km2 (2.06%) in low and 0.03 km2 (0.28%) in very 

low hazard zones. Shrub land: Majority (30.88 km2
 or 31.67%) of the total land covered by shrub and bush class 

is located in very low hazard zone, whereas 26.42 km2 (27.1%), 23.35 km2 (23.94%), 15.67 km2 (16.07%) and 

1.19 km2 (1.22%) are found in medium, low, high and very high hazard zones, respectively. Waterbody: An 

extent of 6.88 km2 (47.82%) of land area covered by water bodies is located in high flood hazard zone and 2.31 

km2 (16.06%) in medium hazard zone. Areas found in very high, low, and very low hazard zones are 2.31 km2 

(16.06%), 1.46 km2 (10.15%), and 0.15 km2 (1.04%), respectively.  
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Wetland: The land-use/land-cover class ‘wetland’ found along river banks and to the western corner of the study 

area highly prone to flood in Itang. Of the total wetlands, 44.69 km2 (54.03%) is located in the very high flood 

hazard zone followed by 28.22 km2 (34.12%) high hazard, 2.6km2 (3.15%) medium hazard, 2.6 km2 (3.15%) in 

low and 1.01 km2 (1.23%) in very low hazard zones. Woodland: Of the second dominant land-cover class, the 

woodland in the study area; 244.92 km2 (31.3%) lies in medium, 180.67 km2 (23.09%) in low, 162.96 km2 

(2082%) in high, 136.39 km2 (17.43%) in very low and 57.6 km2 (7.36%) in very high flood hazard zones. 

3.6. Model validation 

Many models are used by researchers to analyze flood susceptibility in various regions of the world, but it is 

essential to validate the results of the model in order to that the model is representing a true ground situation or 

the recorded observations sufficiently. Model calibration and validation can be done by comparing model output 

with observed data. For the study area there are no available observed stream flows. Therefore, the results of the 

success rate were obtained using a training dataset, while its prediction accuracy was calculated using the 

validation dataset not employed in the training process. 

 

4.  Discussion 

 
The methodology proposed for the estimation of flood hazard areas is a useful tool for the mitigation of the 

devastating impact of floods. Flood hazard is damage to the development and people from flooding. The effects 

of floodwaters are dangerous to personal safety, infrastructure, and agricultural lands in the area (Daffi et al. 

2014; Asare-Kyei et al. 2015; Das 2019). Studies on flood hazard assessment will contribute basic and essential 

information on floods to the people, flood maps preparation by civil protection in advance and help or safety 

planning purposes has also become widely understood (Pagliara 2006; Tien Bui et al. 2019). Itang is one of the 

flood prone locations in Ethiopia and hence flood hazard assessment and mapping was carried out through 

remote sensing and GIS. Flood triggering factors such as slope, elevation, rainfall data, discharge data, soil type 

data, and land-use/land-cover data were evaluated giving weightage to adopted techniques of AHP. Consistency 

of the weightages given for each of the criteria used was also checked by means of consistency ratio before 

applying MCE technique employed for the preparation of final flood hazard map. Accordingly, hydrological 

simulations under different flood scenarios can be a valuable tool, especially in areas where such data are 

available. An additional contribution of flood simulation models is a direct estimation of the role of the various 

criteria in a flood event (Zou et al. 2013; Huang et al. 2014). A further step is the estimation of the peak 

discharge and exceedance probability at locations where flood hazard is high/very high.  Thus, advanced 

information related to flood hazard areas will easily reach the local people through flood hazard maps (Haq et al. 

2012; Bui et al. 2019). And this will aid the people in summoning awareness about the vulnerable areas 

surrounding their habitats and croplands. 

 
Through flood hazard studies, lower areas around the rivers can be categorized into a series of hazard zones 

based on the level and extent of flooding (Pradhan 2010; Khosravi et al. 2018). Due to this study, the Itang 

district, subjected to different flood levels, was classified into very high, high, medium, low, and very low 

hazard zones. From the flood hazard map prepared, almost all the areas along the Baro river, mainly those 

downstream, were more exposed to flooding. The terrain of these areas are generally flat compared to other 

parts of the district. Twenty of the twenty-one Kebeles found in Itang are all situated within this Baro flood 
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plain. During the field data collection, especially in areas close to Itang town and accessible surrounding rural 

Kebeles, various activities of the people were observed. The population lives along the river carrying out 

different economic activities. Agricultural and fishing are practiced more in these areas, these activities are 

severely affected in the event of flooding. Further, disruption in transportation and commutation in the area due 

to flooding, different commercial practices also get utterly disrupted for a prolonged period, resulting in several 

difficulties, including communication and food availability. 

 
In general, flooding has a long history in Itang and Gambella region (Woube 1999; Haile et al. 2013). Historical 

records indicate that flooding has increased over the years, becoming a common annual phenomenon in the 

region. High rainfall from June-September and at times to October is the major factor causing floods. According 

to information from Disaster Preparedness and Prevention (DPP) office of the Gambella, an estimated 40,000 

people have been affected by floods in the eleven chronically flood-prone districts, viz., Gog, Jor, Lare, Itang, 

Wanthoa, Akobo, Jikaw, Makuey, Dimma, Abobo, and Gambella of the region besides Gambella town in the 

year 2017. However, evidences obtained from the local people and different reports indicate that there are not 

enough disaster preparedness and prevention strategies in the district. On the other hand, structural measures 

were also not taken even by the regional government due to poor economy of the country in general (Abaya et 

al. 2009; Wondim 2016). Relocation strategy is considered as a common solution to the flooding problem. 

Information obtained from the local people discloses that people are accommodated in schools, and churches, 

while others migrate to the highway/road at the time of flooding.  Therefore, every need for the adoption of 

additional strategies should be applied to cope with the flooding situation of the area to keep the crops safe and 

the people comfortable during difficult times based on the facts and figures generated during this study. 

  
Warm weather conditions of the Gambella region constrain people of the area to settle close to rivers for want 

water. However, these locals' settlement is not planned but happens devoid of any cognizance of the imminent 

hazard. Therefore, sufficient knowledge should be generated including land-use plan of the area so as to 

mitigate or thwart flood problems in the area. Adjei-darko (2017) suggested preparation of integrated drainage 

master plan considering the existing built-up spaces, expanses currently under development and future 

development zones will benefit in such (flood hazard) occasions. With regard to preparedness, anticipated flood 

events need to be appropriately estimated based on satellite imageries, updated rainfall intensity and its duration. 

Therefore, an integrated design for the land resources management, especially for flood hazard areas is 

desirable. An integrated design is important for decision-making as, creates a roadmap for the required flood 

mitigation measures. However, it is beyond the scope of the present study to conduct a study with in-depth 

methodological changes on different parameters, assuming the pros and cons of this model (Bui et al. 2016; 

Seejata et al. 2018; Bui et al. 2019). Parameters can be added or removed according to local hydrogeological, 

hydrological, and morphological characteristics. 

 
5. Conclusion  

 
Flooding is a serious, catastrophic event that can occur practically anywhere along river courses, especially 

downstream. Controlling flood effects through appropriate management is a crucial consideration worldwide. 

The main aim of the present study is to delineate flood prone areas of Itang and identify more vulnerable areas 

through integration of remote sensing and GIS techniques. Multi-criteria method was applied in combining the 



13 
 

decision measures i.e., elevation, slope, rainfall, drainage density, land-use and land-cover and soil type used in 

this study. Based on the methodologies adopted for the study, majority of the area along the Baro river is found 

to experience high level of flooding. The whole of Itang district experienced flood hazard of different 

magnitudes right from very high to very low level. About 271.8 km2 (12.7%) of the total land area was noted to 

be lying in the very high flood hazard zone. Overall, the classification results were favorable though certain 

deficiencies in its application. The information and the knowledge gained from the outcomes of the present 

study would assist local authorities and government agencies accurately identifying the flood susceptible areas 

and help in implementing appropriate flood management plans in such localities. 
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Figure Legends 1−11 

 

Fig. 1 Location map of the study area 
 
Fig. 2 Flow chart of the methodology 
 
Fig. 3 The Baro river geometry map 
 
Fig. 4 Water surface of different recurrence intervals obtained through HEC-RAS 
 
Fig. 5 Flood inundation area of different recurrence intervals 
 
Fig. 6 Reclassified maps (a) elevation and (b) slope  
 

Fig. 7 Reclassified rainfall map 
 
Fig. 8 Drainage map (a), and reclassified drainage density map (b) 
  
Fig. 9 Land-use/land-cover map (a), and reclassified land-use/land-cover map (b) 
 
Fig. 10 Reclassified soil map 
 
Fig. 11 Flood hazard map 



Figures

Figure 1

Location map of the study area Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Flow chart of the methodology

Figure 3



The Baro river geometry map Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 4

Water surface of different recurrence intervals obtained through HEC-RAS



Figure 5

Flood inundation area of different recurrence intervals Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 6

Reclassi�ed maps (a) elevation and (b) slope Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 7

Reclassi�ed rainfall map Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.



Figure 8

Drainage map (a), and reclassi�ed drainage density map (b) Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 9

Land-use/land-cover map (a), and reclassi�ed land-use/land-cover map (b) Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 10

Reclassi�ed soil map Note: The designations employed and the presentation of the material on this map
do not imply the expression of any opinion whatsoever on the part of Research Square concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.



Figure 11

Flood hazard map Note: The designations employed and the presentation of the material on this map do
not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.


