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ABSTRACT

In Ethiopia, river flood is a major hazard causing significant damage to lives and properties.
Middle Awash Sub-basin (MASB) has experienced severe flooding by the overflowing of Awash
River. The objective of this study is to generate flood hazard, vulnerability and risk maps and do
their assessment on MASB with the application of HEC-RAS, ArcGIS and HEC-GeoRAS. River
flow data of seven gauge stations were analyzed for estimating flood quantiles on gauged and
ungauged sites by applying regional flood frequency analysis (RFFA) based on L-moment-based
index flood. From five candidate distributions, Pearson type Il (PE3) was identified as the best
fit regional distribution for MASB and the estimated regional flood quantiles are 0.956, 1.32, 1.53,
1.73, 1.96, 2.12, 2.28, 2.48 for 2-, 5-, 10-, 20-, 50-, 100-, 200-, and 500-year floods respectively.
Based on the regional quantiles and the index flood, at-site quantiles are estimated and inputted
to HEC-RAS as profiles for the generation of inundation extent, depth and flow velocity. HEC-
RAS was calibrated using flow and water level data of Awash 7 Kilo station and it performed very
good (NSE = 0.70), good (PBIAS = -13.80) and very good (R?> = 0.99) with adjusted n value of
0.042 for the main river channel. Comparing historical flood extent from satellite image and HEC-
RAS simulation is used in model validation and resulted overlapping percentage and the F statistic
values of 94.74 and 86.67 respectively. Flood risk for each land unit is computed as a product of
hazard and vulnerability. A considerable increase in inundated area is found with an increase in
return periods. The majority floodplain area of MASB is under medium and high hazard class.
Out of the 80 land units considered, 25 land units scored a vulnerability factor of less than 1
(48.98%) and the remaining 26 and 29 land units scored 1 to 3 (27.77%) and above 3 (23.26%)
respectively. High and sever risks are observed on small areas of the basin covering a total
percentage of 10.48 to 12.41% for 2- to 500-year flood. Towns such as Haro Adi, Melka Worer,
Bole, Doni, Awash Melkasa, and Metehara have experienced high and sever flood risk for the
different return periods. The study addressed that flood risk of the land units can be varied even
after there is no change in flood hazard intensity. The study can provide supportive information in
identifying priority areas in the flood risk zones of MASB which is particularly useful when there

is a budget and time constraint. It can be also a source of baseline information for future studies.

Keywords: MASB, HEC-RAS, GIS/HEC-GeoRAS, regional flood frequency, Index flood,
Hazard, Vulnerability, Risk
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1. INTRODUCTION
1.1. Background

Flooding is a natural process happens when the natural or man-made drainage system cannot cope
with the volume of water created by rainfall (Gezahegn & Suryabhagavan, 2018). It is a costly
natural disaster causing fatalities, and damages to life, property, communications, transportation,
and other infrastructures. It can happen anywhere and its effects are clearer in developing countries
due to a lack of economic resources, poor housing facilities, inadequate warning systems, and
preparedness (EI-Naga & Jaber, 2018). Flood accounts for 40% of all natural disasters worldwide
(Abaya et al., 2009). It represented a major natural hazard in Africa, causing over 27, 000 fatalities
between 1950 and 2019 (Tramblay et al., 2020). Based on the number of people affected, over the
past 30 years, flood and drought are the two natural hazards that have the largest humanitarian
impacts in Africa (Lumbroso, 2020). However, in the past decade, across Africa, flood has
overtaken drought in terms of the number of people that they impact. It usually affects large river
basins like the Congo, Niger, Nile, and Zambezi basins (Brook & Boneya, 2020).

Ethiopia had extensive experiences in both flash and riverine flood events (Mamo et al., 2019). Its
frequency and magnitude had increased rapidly in the last half-century (Sinshaw et al., 2018).
According to Disaster Prevention and Preparedness Commission (DPPC) and Federal Democratic
Republic of Ethiopia National Disaster Risk Management Commission (NDRMC), the major river
flood-prone areas in Ethiopia are parts of the Oromia and Afar regions lying along the upper,
middle, and down-stream plains of the Awash River; parts of the Somali region along the Wabe
Shebelle, Genale, and Dawa Rivers; low-lying areas of Gambella along the Baro, Gilo, Alwero
and Akobo Rivers; down-stream areas along the Omo and Bilate Rivers in Southern nations,
Nationalities and Peoples Region (SNNPR) and floodplains surrounding Lake Tana and the banks
of Gumera, Rib and Megech Rivers in Amhara (Brook & Boneya, 2020; DPPC, 2006; NDRMC,
2018). The most recent figures indicate that nearly about 1,017,854 people are affected by flooding
and 292,863 people are displaced across the country. As many as 447,565 people are affected in
Oromia, 144,490 in Amhara, 140,892 in Somali, and 90,121 in SNNPR (NDRMC, 2020).

The most highly developed river basin with improved economic infrastructure is the Awash River
Basin. Close to 70% of the country’s large-scale irrigated agriculture is located along the Awash
River. Therefore, high economic damage is expected to occur during flooding along this river
(Achamyeleh, 2003). Lower and middle basins of the Awash River are highly susceptible to
flooding and are frequently flooded by the overflowing of the river (Haile, 2009). The performance

of Amibara irrigation scheme was declining from time to time and users complained about its



management. Many farms and investors had left command areas due to surface and groundwater
inundation in the vicinity (Wondafrash, 2021). The Wonji area of the Adama woreda is also under
flood hazard. By 23 August 1996, Woniji of the Adama woreda not only the population but also a
large state-owned sugar plantation was put at Awash River flood risk. Further downstream, critical
locations include other plantations in the area of Merti and south of Metahara (Ahrens, 1996).
According to United Nations Development programme (UNDP) Emergencies Unit for Ethiopia,
Melka Werer Agricultural Research Centre in Melka Werer and the Melka Sedi State Farm has
also been damaged by the floods (UNDP, 1999). Zone 3 of the Afar region including districts of
Amibara, Dulecha and Awash Fentale of the MARB are under flooding risk (NDRMC, 2018). The
United Nations Office for the Coordination of Humanitarian Affairs (OCHA) reported that about
600,000 citizens are affected by flood of the Awash River. Out of this, 25,000 people have been
displaced in Fentale woreda and 14,000 ha of large farms in Amibara and Nahurka woredas
inflicted huge damages (OCHA, 2020).

Unlike most types of disasters like volcanoes and earthquakes, flood is preventable and
manageable through proper implementation of structural and non-structural measures. Flood risk
mapping and assessment is one of the non-structural measures to combat flooding. This study
conducted flood risk mapping and assessment on MASB by integrating the hydraulic model (HEC-
RAS), an ArcGIS extension of HEC-GeoRAS and RS products.

1.2. Statement of the Problem

Awash River basin has been a subject of large-scale flooding for several years mainly due to heavy
rains and inadequate water resource management (Tessema et al., 2015). This leads overflow of
the Awash River over its banks and inundate the surrounding causing thousands of households to
displace from their home, loss of thousands of livestock, destruction of infrastructures and
agricultural command areas. This is aggravated by the flow coming from the tributaries of Kessem
and Kebena, and high flood spills from Koka Reservoir (Achamyeleh, 2003). Therefore, the flood
problem in this area is a critical issue that needs detailed assessments on the proper design of
structures, flood forecasting, and flood risk assessment for the control and minimization of river

flood damages.

The negative impacts of floods can be mitigated through applying structural and non-structural
approaches that can be applied as either proactive or reactive measures. Structural measures are
through the construction of flood preventive structures such as reservoirs, embankments, flood
levies, drainage channels, etc. Non-structural measures are measures not involving physical

construction which use knowledge, practice or agreement to reduce risks including floodplain

2



zoning and management, floodplain regulation, flood forecasting and warning, evacuation and
shelter management, flood proofing, land use planning laws, public awareness programs, a system
of flood risk assessment, flood-related databases, etc. (Kundzewicz, 2002). It is becoming critical
for governments to be proactive in reducing flood risk rather than reactive by providing post-
disaster response and recovery measures (Abebe, 2010). The first step towards a proactive model
is to perform a flood risk assessment.

There are different studies conducted on Awash River basin, more on upper sub-basin, regarding
flood hazard and risk mapping and their assessment using different approaches, as De Risi et al.,
(2015) based on Topographic Water Index (TWI), Wondim, (2016) using multi criteria decision
analysis, Getahun & Gebre, (2015) using GIS and HEC-RAS, Namara et al., (2021) using HEC-
HMS and HEC-RAS with GIS etc. But less studies are conducted on MASB. Up to this search,
three MSc. thesis works are obtained namely, Gadise, (2020), Nama & Tesfaye, (2020) and Haile,
(2009). The study by Gadise, (2020) has computed the inundation extent but, hazard and risk maps
are not made while Nama & Tesfaye, (2020) and Haile, (2009) studied only a small portion of the
study area. Thus, we can generally say that MASB is not well studied for flood hazard and risk

mapping and assessment.

This study tried to generate flood hazard, vulnerability and risk maps and do an assessment of
them on whole length of Awash River in MASB, considering estimated flows of the different
return periods using HEC-RAS and GIS. In spite of the abundance of water resources in Ethiopia,
there is a limited availability of hydrometeorological data that hinder research and development in
the country (Tessemaet al., 2015). There is clearly a need for implementing methods in this region
that can estimate more reliable flood quantile under such limited data conditions. Regional flood
frequency analysis (RFFA) is one of the frequency analysis techniques that is widely used for
analyzing stream flow data and estimating flow quantiles on gauged and ungauged sites. Here,
RFFA based on L-moments and index flood is used (Hosking & Wallis, 1997). This method has
not been widely applied in the Middle Awash Sub-basin.

A place with high flooding hazard but not under flood risk is decided based on vulnerability of the
area. This is because, risk is a function of hazard and vulnerability. Some studies consider only
inundation depth as a hazard factor (Kim et al., 2020; Tingsanchali & Karim, 2010). But, factors
like duration of flooding, flow velocity, timing of occurrence, rate of rise of food, etc. affects
hazard intensity of a flood. This study incorporates inundation depth and flow velocity,
considering the topography of the study area and available resource, as used by (Elkhrachy et al.,
2021; Vojtek & Vojtekova, 2016). Vulnerability can be computed by considering different assets



as elements at risk, broadly classified as physical, economic, social and environmental
vulnerabilities (Ali et al., 2016). Here, vulnerability of the different landuse types is considered.
Land unit-based risk assessment, considering Kebele and town administrative boundaries as a land
unit, is conducted as it is easy to understand and implement the results. To enhance the accuracy
of our work, some structures along the river and floodplain such as blocked obstructions and
bridges are incorporated during the execution of the hydraulic model. In addition, higher resolution
remote sensing products such as digital elevation model (DEM) of 12.5m resolution, landuse/cover

map of 10m resolution and Landsat image were used.

We should realize that no protection against floods is absolute. But an increasing role can be added
by applying non-structural measures such as flood risk mapping and assessment. Flood hazard and
risk maps are easy to read, rapidly accessible, which can provide significant input for planning and
management of flood risk in the study area. Such a need can be aided with a proper application of

hydraulic modeling integrated with GIS software and RS products.
1.3. Objective of the Study
1.3.1. General objectives

The general objective of this study is to prepare a multi-return period flood risk map and assess
the flood risk on MASB along the Awash River floodplain area using Hydraulic Model (HEC-
RAS), HEC-GeoRAS, GIS and RS products.

1.3.2. Specific objectives
In connection with the above general objective, the following specific objectives are outlined:

= To perform hydrological data quality check;
= To estimate multi-return period flood quantiles;
= To build a hydrodynamic model for MASB and simulate flow of estimated quantiles;

= To generate flood hazard, vulnerability and risk maps and do assessment.
1.4. Research Questions

= How good are the quality of collected hydrological data?

= What are the magnitudes of flood quantiles for different return periods?

= How satisfactory is the HEC-RAS model for simulating floods on MASB?

=  Which parts of the MASB suffer from more flood hazards and which area is highly

vulnerable to flood risk?



1.5. Significance of the Study

Flood mitigation measures, which include structural as well as non-structural measures, can be
selected effectively once the risk assessment for the area has been done accurately (Malakeel et
al., 2021). Flood risk mapping facilitates the administrators and planners to identify areas
vulnerable to food hazards and determine infrastructure at risk and the degree they might be
affected and map their capacity to respond and recover. Most importantly, it helps in identifying
and prioritizing the mitigation and response efforts and helps to infor