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Abstract

Floods have destroyed people’s lives as well as social and environmental assets. Flooding is becoming more severe and
frequent as a result of climate change and an increase in human-induced land-use changes, which puts pressure on river
channels and causes changes in river morphology. The study was aimed to assess flood danger and map inundation areas in
Ethiopia’s Teji watershed, which is prone to flooding. The basic flood-producing factors in this study were derived from soil,
slope, elevation, drainage-density and land use land cover data. The opinions of public institutions and expert decisions were
gathered to determine the weight of the factors in the analytic hierarchy process. The collected data were processed using
the ArcGIS environment and the analytic hierarchy method to produce a flood danger map. According to the findings of this
study, approximately 43.28 and 13.09% of the area were vulnerable to high and very high flood risk zones, respectively. As
a result, flood prediction, early warning and management practices could be implemented on a regular and sustainable basis.

Keywords Flood hazard - Multi-criteria analysis - GIS - Weighted overlay - Upper Awash River basin - Ethiopia

Introduction

Flooding is a natural part of the hydrological cycle. How-
ever, it has the potential to cause death, displacement, and
environmental damage, all of which could jeopardize eco-
nomic progress. Flooding is one of the most common natu-
ral disasters, often with disastrous consequences, affecting
170 million people worldwide each year (Kowalzig 2008;
Mezgebedingil and Suryabhagavan 2018). Between 1980
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and 2010, Ethiopia experienced 86 natural disasters, result-
ing in the loss of 313,486 human lives, the displacement of
57 million people, and an economic loss of US$ 31.7 mil-
lion. Flood came in second place among natural disasters,
trailing only drought (OFDA 2012).

Floods are among the most shocking natural disasters,
according to Rozalis et al. (2010), and can cause irrevers-
ible damage. Flooding can occur in a number of different
ways. River/stream overflow, heavy rain, breaches in flood
protection systems, and rapid melting of ice in the moun-
tains are among the most prominent. With the exception of
flash flooding, which occurs only in the foothills, most floods
build up over hours to days. River flooding is caused by
excessive precipitation and/or melting snow, which causes
rivers to overflow their banks and cover territory that is nor-
mally not covered by water. Kron (2002) defines formalized.

Flood-inundated areas have been mapped using a combi-
nation of geographical information system, remote sensing
and multi-criteria decision analysis (MCDA) approaches
(Fernandez and Lutz 2010; Danumabh et al. 2016; Gigovi ¢
et al. 2017; Samela et al. 2018; Morea and Samanta 2020).
Several flood hazard assessment studies have made use of
multi-criteria analysis (MCA) techniques. Several research-
ers (Blistanova et al. 2016; Vojtek and Vojtekova 2019;
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Desalegn and Mulu 2020; Hussain et al. 2021) examined
flood susceptibility zones in Slovakia and Ethiopia using a
GIS-based multi-criteria evaluation. Wondim (2016) inves-
tigated the flood risk and hazard in Ethiopia's Lower Awash
Subbasin. Elsheikh et al. (2015) and Danumah et al. (2016)
investigated flood risk in Malaysia and Cote d'Tvoire, respec-
tively. Argaz et al. (2019); Gazi et al. (2019); G.S. Ogato
et al. (2020); and Arya and Singh (2021) used GIS-based
multi-criteria flood hazard assessment in different parts of
the world.

Ethiopia receives the most summer rainfall during the
months of June, July, August and September, resulting in
devastating floods in some regions of the country (Abebe
2007; Alemu 2015; Getahun and Gebre 2015; Amare and
Okubay 2019; Legese and Gumi 2020; Ogato et al. 2020).
According to Kefyalew (2003), the most frequently flooded
areas in Ethiopia include the Baro-Akobo Basin, the Awash
River basin, the Wabi Shebelle, Ribb and Gumara water-
sheds and the localized flooding risks of Lake Awassa, Lake
Besseka and Dire Dawa. The Awash River basin is one of
Ethiopia’s major river basins, located in the Rift Valley and
prone to flooding (Wondim 2016).

Upper Awash sub basin is a section of the Awash basin
that has been impacted by recurring flooding. Flooding has
been a major issue in the region, affecting thousands of peo-
ple and resulting in massive economic losses. Significant
floods were reported in the woredas of Sebeta Hawas, Wolm-
era and Egeria in September 2017, Liben Chukuala and Bora
woredas in 2014, 2016 and 2017, at Fentale in 2012, 2015
and 2017, and in 2018 and 2019 at Ilu and Sebeta Hawasa
woredas. Flooding has forced thousands of people to flee
their homes and sacrificed thousands of animals, particularly
in the aforementioned woredas of the upper Awash basin.
It also caused massive economic losses and environmental
damage. Year after year, infrastructure, health and educa-
tional institutions deteriorate; schools in the basin frequently
start late due to flooding, and health clinics are closed during
the country’s rainy season. Although the downstream area
is inundated for days or weeks every year during the rainy
season, the Teji River has been flooded for brief periods
following severe or prolonged rainfall storms. River flood
records in the Teji watershed were recently recorded in the
kebeles of Asgori, Teji, Bili, Jigdu Mida, and Tulu Mangora
in 2018 and 2019.

Flood hazard mapping and analysis, which identifies the
most vulnerable regions based on physical characteristics
that indicate the propensity for flooding, is one of the most
important parts of early warning systems or methods for the
prevention and mitigation of future flood situations. Flood
hazard mapping is a critical component of flood-prone land
use planning and mitigation strategies (Bhatt et al. 2014).
Flood hazard mapping provides easy-to-read charts and
maps, allowing planners to identify risk areas and prioritize
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mitigation activities (Forkuo 2011; Wang et al. 2011; Ajin
et al. 2013; Argaz et al. 2019).

The primary objective of this research is to investigate the
spatial distribution of flood hazards and to assess potential
strategies for protecting the community from displacement
and economic loss in the upper Awash subbasin of the Teji
watershed. The flood hazard assessment procedure was car-
ried out with this goal in mind, using hazard concepts within
an analytic hierarchy process (AHP) framework.

Description of the study area

The Teji watershed is a tributary of the Awash River basin in
central Ethiopia, located between 823'05"N and 8'50'46"N
and 38'7"E and 38'26'30"E, about 60 km from Addis Ababa
(Fig. 1). The watershed has a total size of 699.023 km?.
Eutric Vertisols dominate the Teji watershed with an aer-
ial area of 50588.56 ha (72.37%), followed by Chromic
Luvisols 10368.2 ha (14.83%), Humic Nitisols 6775.62 ha
(9.69%), and Lithic Leptosols covering 2169.9 ha (3.10%).
The slope of the watershed ranges from nearly flat to quite
steep, and it gradually declines northeastward. A number of
minor streams drain the watershed and join to form the Teji
River. The elevation of the research area ranges from 2037
to 3575 meters above sea level (m.a.s.1). The research area is
divided into three climate zones: Wurch (cold climate with
an altitude of more than 3000 m), Dega (highland temper-
ate climate with an altitude of 2500-3000 m), and Woina-
Dega (warm climate with an altitude of 1500-2500 m)
(NMSA (2001)). Annual rainfall in the watershed ranges
from 940 mm in the extreme northeast to 1158 mm in the
high hills, with 1027 mm being the average. Cropland,
grassland, forest land, shrubland, and built-up area cover
(5.17%), (0.52%), (0.38%), and (0.19%) of the study area,
respectively.

Materials and methods
Data

Journals, design manuals, books, and other secondary
sources were used to collect secondary data. The slope,
elevation, drainage density, and proximity to the river of the
research region were calculated using the Digital Elevation
Model (DEM, 20 * 20 m resolution obtained from SRTM).
Soil maps obtained from Ethiopia’s Ministry of Water, Irri-
gation, and Electricity were used to assess flood risk by
evaluating soil type maps. The map of land use was obtained
from http://geoportal.rcmd.org. Meteorological (precipita-
tion) data for four selected meteorological stations were
obtained from the National Meteorological Agency (NMA):
Teji, Tulu bolo, Guranda Meda, and Hombole.
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Figure 1 Location of the study area a River basins in Ethiopia, b Awash river basin, ¢ Upper Awash sub-basin and d Teji Watershed
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Factors that contribute to flood hazard

The major challenge in multi-criteria evaluation (MCE) is
determining how to combine information from multiple
criteria to generate a single index of assessment. To aid in
the processing, data integration and operation of geographi-
cal information system (GIS) software, a set of base maps
and images were created (Eastman 2001). All preparation
procedures, such as downloading, extracting, georeferenc-
ing, formatting, and resampling digital data of the factors,
were completed prior to analysis. To identify flood-causing
variables, field surveys and literature were used. As a result,
slope, elevation, drainage density, river proximity, rainfall,
soil texture and land use were prioritized in terms of flood
hazard relevance (Fig. 2).

Slope factor

The slope is the ratio of a feature’s steepness or degree of
inclination to the horizontal plane. Slope is an important
indicator of flood-prone surface zones (Alemayehu 2007;
Wondim 2016). The slope of a slope is an important factor
in determining the rate and duration of water flow. Water
moves more slowly, collects for a longer period of time,
and accumulates on flatter surfaces, making them more vul-
nerable to flooding than steeper surfaces (Wondim 2016;
Gigovi ¢ et al. 2017; Rimba et al. 2017; Rincén, et al. 2018;
Desalegn and Mulu 2020; Singh et al. 2020a). Slope has a
significant impact on flood danger assessment because it
affects the quantity of surface runoff generated by precipita-
tion, the rate of precipitation, and the flow velocity of water
over the equipotential surface. The slope percent map for
the research area was created with ArcGIS 10.3.1’s spatial
analysis tool and a DEM with a resolution of 20 meters
(Fig. 3). The research region’s slope percentage ranges from
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Figure 3 Slope map of the study area

0to 57.7. Lower slope values represented flatter topography
that was especially vulnerable to flooding, whereas higher
slope values represented steeper topography that was less
vulnerable to flooding. Slopes were categorized into five
levels based on their vulnerability to flooding. The slope of
the study area was classified into five classes based on its
impact on flood risk: extremely high (0—11°), high (11-22°),
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moderate (22-34°), low (34-46°) and very low (46-57.7°).
Each slope class accounts for about 72, 23.7, 3.5, 0.5 and
0.04% of the total area of the watershed, respectively.

Elevation

The elevation raster layers are created with the help of the
ArcGIS environment and the DEM. Using the reclassifica-
tion tool in the ArcGIS environment, the elevation raster lay-
ers were further classified into five groups. Flooding was less
of an issue higher elevation, and vice versa (Wondim 2016;
Argaz et al. 2019; Choubin, et al. 2019; Gazi, et al. 2019;
Ogato, et al. 2020). The elevation of the research area was
divided into five categories based on its effect on flood haz-
ard: extremely high (2031-2339 m), high (2339-2648 m),
moderate (2648-2957 m), low (2957-3266 m) and very low
(3266-3575 m). Each class covers approximately 54.8, 28.3,
8.4,7.2 and 1.3% of the total area of watershed, respectively
(Fig. 4).

Drainage density

The density of drainage is a major factor influencing flood
hazard. The drainage system that develops in an area is
entirely dependent on the slope, the type of bedrock, and
the regional and local fracture pattern (Alemayehu 2007;
Wondim 2016). The drainage density is an inverse func-
tion of soil permeability. A low permeable surface area is
prone to high drainage density, and water from precipitation
also leads to high runoff and vice versa. As a result, greater
drainage density means that the area is less prone to flood-
ing (Chibssa 2007; Wondim 2016). As a result, as drainage
density increases, the rating for drainage density decreases.
The technique has been proposed to extract drainage net-
works from DEMs with a resolution of 20 m using a spatial
analysis tool in ArcGIS 10.3.1. Kernel Density was used in a
GIS context to determine drainage density area from stream
polyline features.

As a result, as drainage density increases, the rating
for drainage density decreases. The algorithm has been
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proposed to extract drainage networks from DEMs with a
resolution of 20 m using a spatial analysis tool in ArcGIS
10.3.1. In a GIS environment, Kernel Density was used to
calculate drainage density area from stream polyline features
(Fig. 5). The drainage density (DD) is calculated by dividing
the total length of all streams and rivers in a drainage basin
by the drainage basin’s total area. As shown in the equation
below, drainage density is the total length of the stream seg-
ments divided by the unit area (Greenbaum 1985; Magesh
et al. 2012; Ouma and Tateishi 2014).

L

A ey

Dd

n
where Y L, is the total length of drainage in Km, A is total
area oflstludy site in Km?, and n stand for number of drainage
networks in the watershed.

Finally, the drainage density was categorized into a con-
tinuous scale in accordance with the flood hazard rating. The
watershed’s drainage density ranges from 0.006 to 8 km/
km?. The class has been divided into five categories based
on its effect on flood hazard: extremely high (0.006-2.5 km/
km?), high (2.5-4.5 km/km~2), moderate (4.5-6.0 km/km?),
low (6.0-7.5 km/km?) and very low (7.5-8.1 km/km?). Each
drainage density class encompasses about 52.2, 37.0, 8.1,
2.3 and 0.5% of the total area of the watershed, respectively.
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Figure 5 Drainage density map of the study area
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Proximity to river

One of the primary criteria used to evaluate flood hazard
map generation in the study watershed is river proximity.
Because river overtopping and flooding in the river buffer
zone are the most common cases in the study area (Bap-
alu and Sinha 2005; Emin Tas 2017; Rincén et al. 2018;
Vojtek and Vojtekova 2019). This element is critical to
include when mapping flood-prone areas in the Teji water-
shed. In the years 2019 and 2018, there have been reports
of flood hazards affecting thousands of people and caus-
ing massive economic damage. Despite the fact that the
river channel was deep, the river overflowed the bridge and
flooded Asgori town during an observation at Asgori town
on the Teji river crossing of Reta Desis Bridge. The Teji
river is located about 400 m south west of Addis Ababa’s
main asphalt road to Jima and overflows to the Ilu recreation
center. It causes property damage in the Teji town center and
beyond. In this study, the class was divided into five catego-
ries based on its effect on flood danger, namely extremely
high (0-200 m), high (200400 m), moderate (400—1000 m),
low (1000-4700 m) and very low (4700-7680 m) which
is derived from the watershed river network (Fig. 6). The
proximity map was reclassified and combined with other
criterion maps for overlay analysis. Each proximity class
accounts for approximately 9.8, 8.6, 21.0, 54.9 and 5.7% of
the total watershed area, respectively.
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Figure 6 Proximity to River map of the study area
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Rainfall

Rainfall is a significant factor in creating a flood danger
map. The rainfall map was created using the inverse dis-
tance weight method from historical rainfall data col-
lected from meteorological stations located in and around
the research area (Ogato et al. 2020; Desalegn and Mulu
2020). The watershed’s mean annual rainfall ranges from
940 to 1158 mm, as shown in Fig. 7. Rainfall intensity
is important in causing flooding, so weight was assigned
to rainfall classes. The greater the amount of rainfall, the
greater the flood-producing runoff, and vice versa (Adiat
et al. 2012; Blistanova et al. 2016; Gazi et al. 2019). The
rainfall in the research area was classified into five categories
based on its impact on flood risk: very low (940-983 mm),
low (983-1027 mm), moderate (1027-1071 mm), high
(1071-1114 mm) and very high (1114-1158 mm). Each
rainfall volume class covers about 5.4, 2.8, 22.6, 31.9 and
37.4% of the total area of the watershed, respectively.

Soil texture

The type of soil has a significant impact on the rate of pre-
cipitated water infiltration and the water-holding capacity of
the area. As a result, it may be considered one of the criti-
cal factors in defining flood-prone areas. Sandy soils have
higher saturated hydraulic conductivities than finer grained
soils due to the greater pore space between the soil particles.
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Figure 7 Rainfall distribution map of the study area

The ability of various soil textures to absorb water varies
(Wondim 2016). Infiltration, according to Morgan (1995),
has a significant impact on the availability and quantity of
surface runoff produced by the rainfall-runoff process. As a
result, clay soils infiltrate at a much lower rate than sandy
soils (Ward and Robinson 1990; Wondim 2016). Soil physi-
cal characteristics, particularly soil texture, were considered
when developing the soil texture factor. The statistical analy-
sis of soil type reveals that the study area is primarily cov-
ered by clay (Eutric Vertisols) soil, accounting for 72.4%
area coverage, followed by loam (Chromic Luvisols and
Humic Nitisols) and sandy loam (Lithic Leptosols), which
account for 24.5 and 3.1% of the total area of watershed
(Fig. 8).

Land use/land cover

Land use land cover (LULC) refers to the type of soil depos-
its and the distribution of built-up areas, cropland, grassland,
shrubland and forestland within a given region. The LULC
of a watershed play an important role in flood water move-
ment by impeding, delaying or accelerating surface flow.
The LULC of the watershed influences infiltration rates, the
interaction of surface and groundwater, and debris flow. The
study watershed region’s land use/land cover was reclassified
into five classes based on its ability to increase or decrease
the rate of floods. As cities expand in size, impervious cover
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Figure 8 Soil texture map of the study area

@ Springer



148 Page80f18

Applied Water Science (2022) 12:148

38°19'0"E 38°1 8.'30"E 38°2"I'0"E
N

= =
S| 5
? 2
% )
z =z
o o
© 1 F©
P )
) e

Land Use/ Land Cover
= | descriptive level =
© | [ Grassland (Moderate) 5
& | mm cropland (High) S
© | M Built up area (Very High) ©

Il Forest land (Very Low)

B Shrubland (Low) ? 4 ? 116 Km

I 1 T t 1
38°10'0"E 38°18'30"E 38°27'0"E

Figure 9 Land use/Land cover map of the study area

increases while forest cover decreases, contributing to an
increase in run-off (Tucci 2007; Fura 2013; Blistanova et al.
2016; Wondim 2016; Gazi et al. 2019; Arya & Singh 2021).
As a result, built-up areas are classified as extremely high,
whereas farmland, grassland and shrubland are classified
as high, moderate, and low, respectively. Forestland, on the
other hand, has a very low capacity to generate floods and
is classified as extremely low, as seen in (Fig. 9). Cropland
accounts for 93.7% of the land use in the research region,
whereas built-up, grassland, shrubland, and forestland areas
account for 0.2, 5.2, 0.4 and 0.5%, respectively.

AHP methodology

In AHP, weights (Table 2, Table 3) and thematic layers of
each level (criteria classes) are assigned and their relative
importance is determined using Saaty’s 1-9 scale. The rel-
evance or preference of each thematic layer relative to the
other thematic layers on flood prone area delineation selec-
tion was conveyed by assigning weights. This was accom-
plished by utilizing related review literatures, field observa-
tion, and expert judgment to populate a pairwise comparison
matrix from which a set of weights known as Eigenvectors,
as well as consistency ratios, were generated for each of

Table 1 Satty’s scale of relative importance (Saaty 1980; Saaty and Vargas 1991)

Intensity of  Degree of preference Explanation

importance

1 Equal importance Two activities contribute equally to the objective

3 Moderate importance of one factor over another Experience and judgment slightly favor one activity over another

5 Strong or essential importance Experience and judgment strongly favor one activity over another

7 Very strong importance An activity is strongly favored and its dominance demonstrated in practice

9 Extreme importance The evidence favoring one activity over another is of the highest possible
order of affirmation

2.4,6,8 Intermediate values between two adjacent judgments ~When compromise is needed

Table 2 Pairwise comparison of
seven criterion matrix

@ Springer

Factor Slope  Elevation  Drainage Proximity Rainfall  Soil texture  Land use
density to river

Slope 1

Elevation 172 1

Drainage density 1/3 172 1

Proximity to river  1/3 173 172 1

Rainfall 1/5 1/5 1/3 1/3 1

Soil texture 177 177 1/5 1/5 173 1

Land use 1/9 1/9 177 1/7 1/5 1/3 1
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Table 3 Pairwise comparison of

Bl . . Factor Slope  Elevation Drainage Proximity Rainfall  Soil texture = Land use

seven criterion decimal matrix density to river
Slope 1.00 2.00 3.00 3.00 5.00 7.00 9.00
Elevation 0.50 1.00 2.00 3.00 5.00 7.00 9.00
Drainage density 0.33 0.50 1.00 2.00 3.00 5.00 7.00
Proximity to river ~ 0.33 0.33 0.50 1.00 3.00 5.00 7.00
Rainfall 0.20 0.20 0.33 0.33 1.00 3.00 5.00
Soil texture 0.14 0.14 0.20 0.20 0.20 1.00 3.00
Land use 0.11 0.11 0.14 0.14 0.14 0.20 1.00
Sum 2.62 4.29 7.18 9.68 17.34 28.20 41.00

t2he CI:ltCI'la under .cons1derat1on (Wondim 2016; Ogato et al. W, = (GM,, /Z"i GM ) 3)

020; Arya and Singh 2021). Flood hazard factors are rated n=1 n

on a scale of 1 to 9, with 1 indicating that both elements are
equally important and 9 indicating that one component is
more important than the other. The reciprocal of 1 to 9 (1/1
and 1/9) denotes that one is less important than the other
(Saaty 1980; Saaty and Vargas 1991). The factor weights
were evaluated in order to conduct a multi-criteria assess-
ment of the effect on flood generation in a study area. The
following are the fundamental procedures for determining
the indicator's weight and consistency ratio (CR) (Tables 1,
2,3, and 4):

Step 1. Establishment of judgment matrices (P) by pair-
wise comparison.

Pll P12 o Pln
p= P.21 Py P.2n o)
Pnl Pn2 Pmn

Where, n denote the nth row and m denotes the mth column
elements of the judgment matrix.

Step 2. Calculation of normalized weight

This step is to normalize the matrix by totaling the
numbers in each column. Each entry in the column is then
divided by the column sum to yield its normalized score.
The sum of each column is 1.

Where, the geometric mean of the ith row of the judgement
matrices is calculated as:

GMn =3 PlnPZn "'Pmn, 4)

Step 3. Calculates a consistency ratio (CR) to verify the
coherence of the judgements. Now, calculate the consist-
ency ratio and check its value. The purpose for doing this
is to make sure that the original preference ratings were
consistent (Table 8).

CI
CR = —
RI (%)
Consistency index (CI) is denoted as follows:
A —n
CI — max 1
T ©6)

Max is the eigenvalue of judgment matrix and it is cal-
culated as:

;

A = . @)

n=1 nwy

Where, W is the weight vector (column). Random index (RI)
can be obtained from standard tables (Table 7, Saaty 1980).

Table 4 Normalized pairwise

- Factor Slope  Elevation  Drainage Proximity Rainfall  Soil texture  Land use
matrix calculated density to river
Slope 0.38 0.47 0.42 0.31 0.29 0.25 0.22
Elevation 0.19 0.23 0.28 0.31 0.29 0.25 0.22
Drainage density 0.13 0.12 0.14 0.21 0.17 0.18 0.17
Proximity to river ~ 0.13 0.08 0.07 0.10 0.17 0.18 0.17
Rainfall 0.08 0.05 0.05 0.03 0.06 0.11 0.12
Soil texture 0.05 0.03 0.03 0.02 0.01 0.04 0.07
Land use 0.04 0.03 0.02 0.01 0.01 0.01 0.02

@ Springer



148 Page 100f18

Applied Water Science (2022) 12:148

Table 5 Determined relative criterion weights

Factor slope Elevation Drainage Proximity to  Rainfall Soil texture Land use Criteria weight
density river
Slope 0.38 0.47 0.42 0.31 0.29 0.25 0.22 0.33
Elevation 0.19 0.23 0.28 0.31 0.29 0.25 0.22 0.25
Drainage density 0.13 0.12 0.14 0.21 0.17 0.18 0.17 0.16
Proximity to river 0.13 0.08 0.07 0.10 0.17 0.18 0.17 0.13
Rainfall 0.08 0.05 0.05 0.03 0.06 0.11 0.12 0.07
Soil texture 0.05 0.03 0.03 0.02 0.01 0.04 0.07 0.04
Land use 0.04 0.03 0.02 0.01 0.01 0.01 0.02 0.02

Table 6 The Eigen vector weights of each flood factors obtained after
the pairwise comparison

Factors Normalized weight Influence (%)
Slope 0.33 33.3
Elevation 0.25 25.3
Drainage density 0.16 15.9
Proximity to river 0.13 12.8

Rainfall 0.07 7.0

Soil texture 0.04 3.7

Land use 0.02 2.0

Sum 1.00 100

In practice, a CR of 0.1 or below is considered acceptable.
Any higher value at any level indicates that the judgments
warrant re-examination.

In this study, seven factors (slope, elevation, drainage
density, proximity to river, rainfall, soil texture and land
use) were used to delineate flood prone zones. The impact
of these factors on flood-prone area delineation is not the
same. The weight of each factor was assigned based on its
influence on the amount, flow velocity and other criteria
related to rainfall-runoff, as well as references to literature
(Elsheikh et al. 2015; Danumah et al. 2016; Blistanova et al.
2016; Wondim 2016; Argaz et al. 2019; Gazi et al. 2019;
Vojtek and Vojtekova 2019; Hussain et al. 2021) (Table 5).

A factor’s weight value indicates the proportion of its
value in flood hazard prone area zonation, with the dominant
influencing factor receiving a high weight value (Table 6 and
Table 9). Slope, for example, has a score weight of 33.3%,
followed by elevation, rainfall, drainage density, proxim-
ity to river, soil texture and land use, which all have score
weights of 25.3, 15.9, 12.8, 7.0, 3.7 and 2.0%, respectively
(Table 6).

Multi-Criteria Evaluation of flood hazard

A multi-criteria decision-making approach known as the
AHP was used to determine the rankings and weights of the
sub-factors and map layer based on their level of effect on
the result. These layers were then subjected to a weighted
overlay analysis, and the final resultant map was generated
and classified based on the flood hazard model’s indication
of their influence on flood danger (Eq. 9). In general, the
flowchart depicted the study process (Fig. 2) (Table 8).

Flood hazard = Z W.X; ®)

Where W, =weight of factor i; X;=criterion score of fac-
tors 1.

Then in case of this study the final flood hazard map was
determined using Eq. below.

Flood hazard =0.337 x (Slope) + 0.253 X (Elevation)
+ 0.159 x (Drainage density) + 0.128
X (Proximity to river) + 0.07 X (Rainfall)
+ 0.037 X (Soil texture)

+ 0.02 x (Land use)........ 9
&)

Result and discussions
Flood hazard mapping

The flooding hazard in the Teji watershed revealed that
2781.09 ha (3.98%), 14337.77 ha (20.51%), 13384.69 ha
(19.15%), 30251.89 ha (43.28%), and 9146.85 ha (13.09%)
were accordingly categorized to very low, low, moderate,
high and very high flood susceptibility (Fig. 11). High to
extremely high danger zones are primarily concentrated

Table 7 Random inconsistency
indices

4 5 6 7 8 9 10

RI 0.00 0.00 0.58

0.90 1.12 1.24 1.32 1.41 1.46 1.49
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Table 8 Determined consistency ratios (CR)

Factor Slope Elevation Drain-  Proxim- Rainfall Soil texture Land use Weighted Criteria weight ~ Weighted sum/
age ity to sum value weighted criteria
density  river

Slope 038 047 0.42 0.31 0.29 0.25 0.22 2.33 0.33 7.47

Elevation 0.19 0.23 0.28 0.31 0.29 0.25 0.22 1.77 0.25 7.57

Drainage density 0.13  0.12 0.14 0.21 0.17 0.18 0.17 1.11 0.16 7.49

Proximity toriver 0.13  0.08 0.07 0.10 0.17 0.18 0.17 0.90 0.13 7.31

Rainfall 0.08 0.05 0.05 0.03 0.06 0.11 0.12 0.49 0.07 7.07

Soil texture 0.05 0.03 0.03 0.02 0.01 0.04 0.07 0.26 0.04 6.90

Land use 0.04 0.03 0.02 0.01 0.01 0.01 0.02 0.14 0.02 7.05

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 CI 0.044

RI 1.320
CR 0.034

CR<0.1 Consistency is acceptable

in the watershed’s center and lower reaches. These high
to very high flood hazard zone regions are distinguished
by flat areas with low slope gradient, lower elevation, low
drainage density and proximity to the river, all of which
are significant conditioning variables for flood hazard map-
ping. There were extremely low to low flood danger zones,
which were primarily located along the upstream section of
the watershed and were distinguished by their steep slope,
higher elevation, and low drainage density (Figs. 10and 11).
This finding is similar to that of a flood vulnerability study
conducted at Ethiopia’s Lower Awash Sub-basin (Wondim
2016); the Souss Watershed in middle western Morocco by
Argaz et al. (2019); the northeastern part of Bangladesh by
Gazi et al. (2019); the Fetam watershed in Ethiopia’s upper
Abbay basin by Desalegn and Mulu (2020); and the Gha-
ghara River basin in Uttar Pradesh (2021) (Table 9).

According to the findings of the spatial study, Illu and
Becho woredas or districts are more vulnerable to very high
flood risk (Table 10). This suggested that careful flood man-
agement and mitigation measures should be implemented
first in these districts, before moving on to other districts. In
contrast, the Kersana Malima district is less vulnerable to
high and very high floods.

Validation of the flood hazard map

Model validation is the process of systematically compar-
ing model outputs to independent real-world observations in
order to assess quantitative and qualitative concordance with
reality. Many models are used by researchers to assess flood
susceptibility in various parts of the world, but it is critical to
test the model’s outputs to ensure that the model adequately
represents the actual ground conditions or recorded observa-
tions. By comparing model output to observable data, model
calibration and validation can be accomplished.

To validate the Teji watershed flood hazard map results,
the locations of historical flood occurrences were created
using a field visit to collect flood markings and an interview
with Teji watershed locals, who provided relevant data on
26 flooding sites (Fig. 12). These historical flood spots were
superimposed on the model’s output. The watershed’s flood-
ing history reveals that flash floods affect flat sloping regions
such as much of the Ilu, Becho, Weliso, and some sections
of other Woredas, whereas river flooding affects Teji town,
Asgori town, as well as Bili, Jigdu Meda and Tulu Mangora
Kebeles. Fig. 13 shows photographs taken in and around
Teji and Asgori towns to depict flood marks for the 2019
flood event as well as flash flooded regions in Teji town in
2021. All historical flood points gathered, according to the
predicted output, are located in the high and very high flood
susceptibility zones, indicating the reliability of the flood
vulnerability model used in this study.

Conclusion

Floods have disrupted people’s lives, as well as social and
environmental assets. Flood simulation and risk assessments
are strategic planning tools for effectively reducing flood risk
and damage, despite the fact that they cannot be avoided. A
flood management strategy must include the assessment of
flood hazard areas. The proposed method was used to iden-
tify flood-prone areas in Ethiopia’s Teji watershed and upper
Awash River basin. Many studies have used multi-criteria
evaluation methods, which have proven to be an extremely
effective tool in assisting decision-making processes. The
seven distinct input maps that were created were slope, ele-
vation, drainage density, river proximity, rainfall, soil texture
and land use. Finally, the simulated result maps, such as
floods, are presented. The obtained results were validated
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Table 9 AHP rank and weights

Factors Average weights Sub-factors Ranking Normalized Area %
for the paraméters of flood weight
hazard for Teji watershed

Slope (°) 0.33 0-11 1 0.50 72.25
11-22 2 0.26 23.67
22-34 3 0.13 3.51
34-46 4 0.07 0.53
46-57.7 5 0.03 0.04

Elevation (m) 0.25 2031-2339 1 0.42 54.81
2339-2648 2 0.26 28.27
2648-2957 3 0.16 8.41
2957-3266 4 0.10 7.27
3266-3575 5 0.06 1.24

Drainage density (km km™2) 0.16 0.006-2.5 1 0.46 52.22
2.5-4.5 2 0.27 36.95
4.5-6 3 0.15 8.05
6-7.5 4 0.08 2.34
7.5-8.1 5 0.04 0.45

Proximity to river (m) 0.13 0-200 1 0.57 9.84
200-400 2 0.21 8.55
400-1000 3 0.12 20.99
1000-4700 4 0.06 54.85
4700-7680 5 0.03 5.77

Rainfall (mm) 0.07 940-983 5 0.04 542
983-1027 4 0.07 2.77
1027-1071 3 0.13 22.55
1071-1114 2 0.26 31.91
1114-1158 1 0.50 37.35

Soil texture 0.04 Clay 1 0.63 72.40
loam 2 0.26 24.51
Sandy loam 3 0.11 3.09

Land use/Land cover 0.02 Built up area 1 0.50 0.19
Cropland 2 0.26 93.74
Grassland 3 0.13 5.17
Shrubland 4 0.07 0.38
Forest land 5 0.03 0.52

against data from previous floods in the watershed’s ground
truth points of observed flood affected areas (hazard map,
validation map). The collected data were analyzed using the
analytic hierarchy method and mapped using geographic
information system techniques, resulting in a land suitabil-
ity map. According to the flood hazard model output, 4.0,

@ Springer

20.5, 19.2, 43.3 and 13.1% of land are at risk of flooding,
with very low, low, moderate, high, and very high flood dan-
gers, respectively. Remote sensing and GIS techniques have
been shown to be extremely useful in detecting flood risk
zones and developing flood susceptibility maps. It has also
been demonstrated that the multi-criteria analysis technique
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Figure 10 Flood Hazard Map of 38°210"E 38°11'0"E 38°19'50"E 38°28'40"E
Teji Watershed
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Figure 12 Distribution of 38°2'I1 0"E 38°1?'0"E 38’19.'50"E 38°28l'40"E
Ground Truth Points of
Observed Flood Affected Areas N
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Figure 13 Flood marks of 2019 river flood event in (a), (c) in Teji and (b) in Asgori towns, and (d, e, f) flash flood on Teji town around Ilu
Police station and Hidasie Telecom 2021
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may be useful in assisting local governments and govern-
ment agencies in properly identifying flood-prone areas and
assisting in the implementation of appropriate flood control
strategies in such areas.
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