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Abstract 
Floods are one of the common natural disasters occurring in many parts of the world. Floods 

result in damage to human life, infrastructure and deterioration of the environment. The 

socio economic and ecological impacts of floods are devastating in Africa and other 

developing countries, because most of them do not have real time forecasting technology or 

resources for post disasters rehabilitation. Flood hazard assessment is based on information 

on the intensity and frequency of flood events.  Flood in Ethiopia is a major problem; it 

destroys life and property every year. 

In the Awash River basin, especially in upper Awash (Koka) extensive use of the land for 

agriculture and high pressure on the forest for fire wood expose the area for severe flooding 

and erosion during high rainfall. So Flooding has becomes a more common threat for the 

people living in Awash River basin. Accordingly, the objective of this thesis is preparation of 

flood hazard map. Since, rainfall is the major force driver of floods, the temporal and spatial 

distribution of precipitation is the key parameter for flood hazard mapping. Using remote 

sensing and GIS technology is proved to be the most advanced to identify the flood hazard 

prone areas of a watershed, region, or country in small and large scale.   ‘Koka’ area which 

is a part of Awash River basin is experiencing severe floods for many years due to 

deforestation and erratic rainfall pattern.  In the present study an attempt is made to identify 

the flood prone area by integrating different themes which has direct and indirect influence 

in occurrence of floods.  Topography, soil, drainage, land use/cover and rainfall data are 

used to model the flood hazard of ‘Koka’ area within the Awash River basin using Satellite 

Remote Sensing data and GIS technology.  GIS technology is one of the new technologies 

used to collect, store, analyze and display large amount of spatially distributed information. 

Using the above data a GIS based hazard map is prepared, 

this can be used for decision making process in the emergency response in flood disaster.
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1. Introduction 

1.1 Background and Justification 
Natural disasters are common in today’s world. They are the result of sudden changes in 

the state of natural elements due to natural forces and triggering or accelerating 

anthropogenic activities. Most of the natural disasters are beyond control of human beings 

and cannot be predicted accurately when they occur. Major natural disasters like floods, 

earthquakes, landslides and droughts result in a threat to human life, loss of property, and 

negatively affect infrastructure, agriculture and the environment. The impact of disaster 

varies according to its intensity and area coverage. 

Natural disasters have always constituted a major problem in many developing and 

developed countries. The natural hazards kill thousands of people and destroy billions of 

dollars worth of habitat and property each year. The rapid growth of the world’s population 

has escalated both the frequency and severity of natural disasters. Flood disasters have a 

very special place in natural hazards. Floods are the costliest natural hazard in the world 

and account for 31 per cent of economic losses resulting from natural catastrophes (Sanders 

and Tabuchi, 2000). Especially, river flooding has been a major natural hazard worldwide 

recently events. 

Flooding induced by storm events is a major concern in many regions of the world.  In a 

time period of 6 years (1989–1994), 80% of declared federal disasters in the US were 

related to flooding; floods themselves average four billion dollars annually in property 

damage alone (Wadsworth, 1999). The extreme weather in recent years has demonstrated 

the necessity of reliable flood models, as emergency managers and city planners begin to 

realize the importance of advance warning in severe storm situations. As globally averaged 

temperatures increase, the potential for severe to extreme weather events increases (Becker 

and Grunewald, 2003; WMO, 2003). Therefore, global warming has brought further 

urgency to the prediction of flood levels and damages. 

Flood related problems could be solved through planning based on studies and detailed 

researches on flood prone areas. Determining the flood vulnerable areas is important for 

decision makers for planning and management activities. 

Decision-making is a choice or selection of alternative course of action in many fields, both 

the social and natural sciences. The unavoidable problems in these fields necessitate 
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detailed analysis considering a large number of different criteria. All these criteria need to 

be evaluated for decision analysis. In a classification based on Boolean Logic, an area is 

either accepted or rejected based on a given risk value (Malczewski, 1999a).  

In early days ground surveys were used to map and monitor floods with limitations of time 

and weather conditions. Nowadays the use of GIS and remote-sensing technologies has 

overcome those limitations for the mitigation of the effect of floods. With the advancement 

of technology in today’s world, it is easier to reduce the vulnerability due to flood disasters, 

which was not feasible in early days. 

Floods are the main cause of climate-related hazards in the Greater Horn of Africa (GHA) 

region (Artan, et al., 2001). With the growth in population and an ever-increasing 

encroachment of urban development into traditional flood plain areas, the potential for loss 

of life and property will rise every year. Some notable examples of the loss caused by 

floods in the region are: the damage, both in life and property, experienced throughout the 

region during the 1997/98 El-Niño associated floods; April 2005 floods along the Shabelle 

River in Ethiopia's eastern Somali region which displaced more than 100,000 people 

(United Nations Office for the Coordination of Humanitarian Affairs report, 2002) with a 

death toll of 154 people; and May 2002 floods in Kenya during which, according to reports, 

a total of 175,000 people were affected in seven of Kenya’s eight provinces (Artan, et 

al,2001). 

 
The remarkable increase in extreme flood events in recent years has led to an urgent social 

and economic demand for improved prediction and sustainable prevention. Remedial 

measures require reliable information on the characteristics of floods and on the temporal 

evolution and spatial extent of runoff volume and peak, which can be investigated by 

sophisticated simulation techniques.  

One of the major tasks in flood hydrology is to link recent progress in atmospheric and 

hydrological sciences to improvements in real time forecasting. 

Flood inundation modeling requires distributed model predictions to inform major 

decisions relating to planning and insurance (Bates, 2004). Since the blueprint paper by 

Freeze and Harlan (1969), flood modeling has greatly improved in recent years with the 

advent of geographic information systems (GIS), radar-based rainfall estimation, high-
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resolution digital elevation models (DEMs), distributed hydrologic models, and delivery 

systems. 

1.2 Statement of the problem 
The high pressure on forest resources in particular in the Awash River basin of Ethiopia, 

has led to the exploitation of fragile watersheds and ecosystems that have resulted in 

massive loss of plant and animal biodiversity. Environmental and land use problems that 

are now associated with current unsustainable agricultural practices and fuel wood 

collection to meet rural energy requirements. This leads to flooding and soil erosion and 

their associated negative impacts on soil fertility, crop production and destruction of the 

environment. Apart from the negative impacts of flood on crop yields, floods cause 

considerable damage to community property and pollute community water sources. 

Expanding floods and erratic droughts have increased the vulnerability of the poor to food 

shortage and exacerbated land degradation. Uncontrolled deforestation and expansion of 

farmlands have induced soil erosion and land degradation causing irreparable damage to 

the environment. This has been the root cause for constantly increased sediment load over 

the years on Awash River flows. With most of the sediment load brought in by the river 

inflow to the Koka reservoir being deposited there, its capacity has gradually been reduced 

over the last forty years and more of its existence.  

The Disaster Prevention and Preparedness Commission of Ethiopia in 2002 warned on the 

need for combating floods and erosion that are now threats to development efforts in most 

regions. The Awash River basin has been cited as a zone of high flood risks (ADF, 2003). 

1.3 Objective of the study 
The overall objective of the study is to provide information on flooding for a better 

understanding of the development challenges in the Awash River Basin using remote 

sensing and GIS methods. A full understanding of the basin development constraints and 

potentials can improve programme formulation and effectiveness to enhance food security, 

employment and reduce poverty and flood hazard in the Awash River Basin.  

The specific objectives of the study are to: 

• Locate the flood prone areas and develop a flood hazard map of the ‘Koka’ area 

within Awash River basin using remote sensing, meteorological, and field  data  in 

integration with  GIS techniques;  
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• Study the land use/ land cover change and its impact on flood in the area; 

• address the problems of flooding and emergency response in the flood prone areas  

near the ‘Koka’ area within Awash River basin; 

• Preparation of geodatabase of the area for future updating and manipulation.  

1.4 Area of the Study 
Currently Ethiopia’s agriculture depends on rainfall with limited use of water resources for 

irrigation. At approximately 50% of GDP, agriculture, most of which is based on rain-fed 

small-holder systems and livestock, contributes by far the largest part of the economy and 

is currently growing on average 5% per year. Highly variable rainfall, frequent floods and 

droughts, and limited storage capacity continue to constrain the ability of the country to 

produce reliable food supplies in spite of being relatively rich in water and land resources. 

Ethiopia has an estimated 3.7 million hectares of irrigable land, yet only about 200,000 

hectares (5.4%) is presently irrigated which only provides approximately 3% of the 

country's food crop requirements. Despite this, the country could still face more than 6 

million tons of cereal deficits by the year 2016 (UK Trade and Investment, 2004).  

High population pressure decline of land holding per household, low production and 

income, abandoning of fallow practices, loss of soil fertility, and increasing demand for 

fuel energy and construction, materials deforestation, loss of soil and water resources are a 

challenge to Ethiopia for the coming years. Ethiopia has several river basins  

The Awash River Basin covers a total land area of 110,000 km
2 

of which 64,000 km
2
, 

comprise its western catchments. It rises at an elevation of about 3,000m in the central 

Ethiopian Highlands, and thee main river length is about 1,200km. Low rainfall is a major 

constraint to cropping in the basin. The mean annual rainfall varies from about 1,600mm at 

Ankober, in the highlands northeast of Addis Ababa to 160mm at Asayita on the northern 

limit of the basin. Most parts of the basin are fertile and suitable for irrigation development 

and could become a huge food basket for Ethiopia. For the basin to play this role the 

watershed must be protected and flooding brought under control. Thus, information for 

development of effective polices and programmes will be essential to policy analysis and 

programme formulation.  

Awash River Basin communities are predominantly farmers and pastoralists. With acute 

recurrent flooding of the basin, viable crop and animal production are becoming 
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unsustainable. The current situation is thus a threat to assuring food security, improving 

family incomes and alleviating poverty. Prerequisites to sustaining agricultural production 

and raising incomes will include effective flood control through engineering structures such 

as dykes, dams and terraces; watershed management that includes soil conservation, 

reforestation and ecosystems protection; and water harvesting to mitigate drought 

conditions. 

The Awash River flows through large expanse of land before emptying into some lakes 

with important investments lying along the two sides of the river. These include the Koka 

dam, the Koka power plant, the two plants of Wonji and a sugar estate. Others are the 

Nazereth water supply well fields, Sodere resort, Metehara sugar estate, Amibara cotton 

farm, Gewane cotton farms, and Tendaho cotton farm in the lower Awash.  

In this study we concentrate on the area of Koka, which is found within the Awash River 

basin. This includes the Koka dam used for power generation, which is vulnerable for flood 

damaging from Awash and its tributaries during the rainy season. In addition, around 

Wonji peasants who live close to the river course are vulnerable to flood. Thus, leaving 

things as they are implies high economic risks for the future. The total area of the study 

boundary is set to be 314.47km2. 

The study area is located between 3909’30’’ – 39020’0’’E longitude and 8020’30’’ – 

8035’45’’N latitude. 

To mitigate the flood vulnerability in the Koka area within the Awash River basin an 

analysis of the following issues will be needed: Current land use problems in the basin, 

Flood control and watershed, Identifying more flood prone area using remote sensing and 

GIS to decision makers, and Developing early warning systems to the affected community. 
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Figure 1: Location of the study area. 

 

1.5 Expected Outcome 
The purpose of this study is to provide flood hazard analysis that will help to: 

� Minimize and prevent the loss of life and property in the Koka area within Awash 

      River basin, 

� Ensure that the design and construction of development in flood and other hazard 

     prone areas are accomplished in a manner that minimizes or eliminates the 

     potential for flood and loss or damage to life and property,  

� Develop hazard mitigation and early warning system in the study area, 

� Develop GIS model map for assessing and forecasting flood risk in Koka area    

      within the Awash River basin,  

� Develop a map which shows flood prone areas for early warning system using 

      remote sensing and GIS methods, and 
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� Give information for the analysis of the technical, social, and economic issues 

important to the formulation and implementation of effective and sustainable flood 

control and watershed management projects in ‘Koka’ area. 

1.6 Limitation of the study 
The rainfall data obtained from the Meteorological Agency service was not complete. 

There are some data which were not recorded in the past years. In the case of Wonji there is 

no rainfall data recorded since 1995. The discharge data and the water level data obtained 

from the Ministry of Water resources were not complete. Due to security reasons it is not 

possible to get a picture of the ‘Koka’ dam and the reservoir itself. There is no also 

recorded flood time in the ‘Koka’ area. In all organization that I visit there is problem of 

handling and providing to the users. 

This study mainly focuses on preparation flood hazard map for the study area. 
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2. Flood forecasting and analysis for improved Disaster  

     Management 

2.1 Natural Hazard and Disaster 
Natural hazards are natural processes or phenomena occurring in the biosphere that may 

constitute a damaging event or disaster (UN/ISDR 2002). Natural hazards comprise 

geological phenomena such as earthquakes, tsunamis, and volcanic eruptions, and natural 

phenomena such as floods, storms, droughts and related disasters, landslides, avalanches, 

waves and surges. There are also biological hazards such as epidemics and insect 

infestations, which are of lesser concern here, although important in an African context. 

Natural hazards are characterized by the following: they are related to known processes; 

they occur within a short timescale; the effects are immediate; the effects are unintentional; 

an emergency situation arises; and they represent potential disasters (Smith, 2001). 

A natural disaster is the adverse result of the impact of a natural hazard on a socio-

economic system with a given level of vulnerability and resilience, which prevents the 

affected society from coping adequately with the impact without assistance from outside. 

 
Figure 2: Natural Disaster as a function of hazard and vulnerability. (Source:   

                  IDNDR/DHA, 1992 in ISDR, 2002). 
 
A disaster implies serious disruption of the functioning of society, causing widespread 

human, material or environmental losses (IDNDR/DHA 1992 in ISDR 2002). Blaikie et al. 

(1994) emphasizes the importance of understanding the social roots of disasters (while 

nature causes the event, man makes the disaster). 

 

Hazard Vulnerability 

Disaster Risk 

Disaster 
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2.2 Natural Disaster trends and triggering hazards 
The number of natural disasters reported each year has been steadily increasing in recent 

decades. Africa is the only continent whose share of reported disasters in the world total 

has increased over the past decades. It is estimated that about 2/3 of the total increase is 

real, the rest can be explained by improved and more reliable reporting systems and 

advances in communications. (www.msnbc.msn.com – 2005). 

Table 1: Number of natural disasters by type of triggering hazards in each continent  

                (1994 – 2003).  

Region Floods  Storms Droughts Landslides Earthquakes Volcanic Epidemics 

Africa 269 70 116 12 11 4 329 

Asia 421 311 152 91 164 12 133 

Europe 183 83 110 8 26 2 30 

America 256 277 143 41 49 25 42 

Oceania 29 61 25 8 10 6 8 

Total 1158 802 546 160 260 49 542 

(Source: www.unisdr.org -2005). 

Relatively speaking, it seems that floods, storms, droughts and epidemics of various sorts 

are the most frequently occurring natural hazards across all regions. Asia being most prone, 

followed by Africa and America. 

2.3 Natural Hazard Impacts and Vulnerability 

     2.3.1 Impacts 
Disasters lead to social, economic and environmental losses. It is often the cumulative 

impact of frequent, but small and unspectacular disasters that cause the most losses, 

especially for the poor. The social impacts of disasters include the loss of life, injury, 

disease outbreaks, disruption of social services and malnourishment. Economic losses 

include the loss of livelihood, capital (i.e. homes and livestock), infrastructure and 

communications, and the interruption of development programmes. The environmental 

losses are often the most significant, as the poor generally depend on a healthy environment 

for their livelihood (UN/ISDR, 2005a). 
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2.3.2 Vulnerability 
Definition of vulnerability is dependent on the context it is used in. A general, commonly 

used definition is “being prone to or susceptible to damage or injury”. Referent objects can 

be both human beings and the environment. Human vulnerability to hazards results from a 

complex interplay of political, economic, social, and ideological practices present at a 

given locale and varies by a given hazard and by specific household characteristics. The 

components of vulnerability have been variously identified, and include elements of 

livelihood security and assets, personal health and access to basic needs such as food, water 

and shelter, and extent of social organization, preparedness and safety nets. In other words, 

those with access to various forms of capital – financial, physical, social, or human capital 

are better prepared towards hazards. Poor people may not only face greater exposure to 

hazards due to factors such as lower housing standards (poor construction material), 

location, and lack of access to information, but also have a lower capacity to cope. 

2.4 Hydrological Cycles and flood 

The hydrologic cycle describes the continuous movement of water above, on, and below 

the surface of the Earth. The water on the Earth's surface (surface water) occurs as streams, 

lakes, and wetlands, as well as bays and oceans. Surface water also includes the solid forms 

of water-- snow and ice. The water below the surface of the Earth primarily is ground 

water, but it also includes soil water. 

A very simplified diagram that shows only major transfers of water between continents and 

oceans portrays the hydrologic cycle. However, for understanding hydrologic processes 

and managing water resources, the hydrologic cycle needs to be viewed at a wide range of 

scales and as having a great deal of variability in time and space. Precipitation, which is the 

source of virtually all freshwater in the hydrologic cycle, falls nearly everywhere, but its 

distribution, is highly variable. Similarly, evaporation and transpiration return water to the 

atmosphere nearly everywhere, but evaporation and transpiration rates vary considerably 

according to climatic conditions. As a result, much of the precipitation never reaches the 

oceans as surface and subsurface runoff before the water is returned to the atmosphere. The 

relative magnitudes of the individual components of the hydrologic cycle, such as 
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evapotranspiration, may differ significantly even at small scales, as between an agricultural 

field and a nearby woodland (Edward A. Keller, 2001, Environmental Geology).  

 

Figure 3: The hydrological cycle 

 

2.4.1 How Flood Occurs? 

Flooding occurs when channels are filled beyond their capacity and results in excess water 

spilling out of the channel onto the adjacent floodplain. Flooding is a natural-occurring 

process and is another method that a stream 'uses' to maintain its equilibrium. Flooding can 

be the result of any of the following processes: excess precipitation, rapid snowmelt, 

increased runoff, steep slopes, storm surges, tsunami, dam failure, and urban development. 

The vast majority of stream floods are linked to precipitation (rain or snow). When rainfalls 

or snow melts, some of the water infiltrates, or sinks into the ground. It may then percolate 

through soil and rock at greater depths. Some evaporates directly into the atmosphere. The 

rest of the water becomes surface runoff, flowing downhill over the surface under the 

influence of gravity into the stream. 
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The rate of surface runoff is influenced by the extent of infiltration, which in turn is 

controlled by the soil type and how much soil is exposed. Soils, like rocks vary in porosity 

and permeability. A very porous and permeable soil allows a great deal of water to sink in 

relatively fast. If the soil is less permeable or is covered by artificial structures, the 

proportion of water that runs off over the surface increases (Carla W. Montgomery, 2000). 

Runoff = Precipitation – Infiltration – Interception – Evaporation.  

Evaporation tends to be the least of these quantities, particularly over short periods of time, 

and thus precipitation, infiltration, and interception are the most important variables that 

determine runoff and eventual discharge into streams (Stephen A. Nelson, 1993).   

If rainfall is heavier than normal in a particular area and infiltration, interception, and 

evaporation are low then runoff can be high and the likelihood of flooding will increase.  

Heavy rainfall can be depicted on maps that show curves of equal rainfall.  Such curves are 

isohyets, and the resulting maps are called isohyetal maps. 

 

 

Figure 4: lag time with discharge of stage 
Vs time. (Source: Stephen A. Nelson, 
1993) 

 

 

 

Lag time depends on such factors as the 

amount of time over which the rain falls 

and the amount of infiltration and 

interception that takes place along the 

path to a stream. 

Lag Time - The time difference between 

when heavy precipitation occurs and 

when peak discharge occurs in the 

streams draining an area is called lag 

time. 
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� If the amount of rain is high over a short time period, lag time is short. 

� If the amount of rain is high over a long period, lag time longer. 

� Lack of infiltration and interception reduce lag time. 

Infiltration: is controlled by how readily the water can seep into the soil, be absorbed by the soil, 

and work its way down to the water table.  Several factors determine the rate of infiltration: 

� Extent of water saturation of the soil - If the soil is already saturated with water and the 

water table has risen as a result of rainfall prior to a heavy storm, then little further water can 

infiltrate the soil, and the rate of infiltration will be highly decreased. 

� Vegetation cover - vegetation can aid infiltration by slowing the flow of water over the 

surface and providing passageways along root systems for water to enter the soil.  In desert 

regions or areas that have recently been deforested either by fires or by humans, infiltration 

will be reduced, thus increasing the rate of runoff and decreasing the lag time. 

� Soil types (dependent on climate) - different soil types have different capacities to absorb 

moisture. Soil type is to a large extent dependent on climate.  For example, a type of soil 

that forms in dry, desert like environments has a thin layer of poorly developed soil 

overlying a crust of caliche.  Caliche is calcium carbonate that has precipitated out of water 

infiltrating though the thin soil. The caliche zone acts as an impermeable layer though which 

water can only penetrate with difficulty.  Such soils in deserts, combined with the lack of 

vegetation make flash flooding in desert areas more common. 

� Human construction - humans tend to pave the Earth with such things as parking lots, 

highways, sidewalks, and plazas that prevent infiltration of water into the soil.  Furthermore, 

they tend to channel the water into storm sewer systems and concrete lined drainages, all of 

which increase runoff and decrease infiltration. 

2.4.2 Flood Characteristics 

During a flood, the water level of a stream is higher than usual, and its velocity and discharge 

increases as the greater mass of water is pulled downstream by gravity. The higher volume 

(mass) and velocity together produce the increased force that gives floodwaters their destructive 

power. The elevation of the water surface at any point is termed the stage of the stream. A 

stream is at flood stage when stream stage exceeds bank height. The magnitude of a flood can 
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be described by either the maximum discharge or maximum stage (water level) reached (Carla 

W. Montgomery, 2000). 

A number of factors influence the volume of water, time of concentration and how the stream 

channel accommodates the floodwater volume, such as intensity of storm, slope, 

imperviousness based on land use and soils position in the watershed and stream channel. In 

areas with permeable soils, large amount of vegetative cover and low slope, storm water is 

likely to infiltrate the ground or travel slowly across the ground. In areas with steep slopes, little 

vegetation and impervious surface, storm water is more likely to runoff and travel quickly to the 

streams. 

2.4.3 Runoff Peaks 
Runoff volume is a function of the amount of precipitation and infiltration. (During a precipitation 

event, evaporation and transpiration of water from plants to the atmosphere do not significantly 

affect the runoff.) It is apparent that the infiltration plays a key role in the quantity of runoff 

during a precipitation event. 

As land developed through the construction of buildings, roads, parking lots, and the like, 

infiltration capacity of a parcel of land altered. The vegetation that allowed water to infiltrate into 

the soil replaced by concrete and asphalt, which are essentially impermeable. Instead of 

infiltrating into the soil, the water forced to runoff. As runoff volumes increased by urbanization 

and development, the potential for downstream flooding also increases. Urbanization and other 

development activity will increase runoff. 

 

Figure 5: Impact of Urbanization on Flood Peaks. 
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2.4.4 Flood Frequency Curve 
This refers to the likelihood of occurrence of an event in a given period of time and its potential to 

inflict damage. This is the other way of looking flooding in terms of frequency of flood events of 

differing severity. Where flooding occurs every year or every few years, the hazard becomes part 

of the landscape, and projects are sited and designed with this constraint in mind. Long-term 

records make it possible to construct a curve showing discharge as a function of occurrence 

interval for a particular stream. A flood event can then be described by its recurrence interval. It is 

how frequently a flood of that occurs, on average for that stream. 

Alternatively, one can refer to the probability that a flood of given size will occur in any one year; 

this probability is the inverse of the recurrence interval. 

Flood frequency curves can be extremely useful in assessing regional flood hazards, if the 

severity of one hundred or two hundred year flood can be estimated in terms of discharge.  

A common way to estimate the recurrence interval of a flood of given size is as follows. Suppose 

the records of maximum discharge (maximum stage) reached by a particular stream each year has 

been kept for N years. Each of these yearly maxima can be given a rank M, ranging from 1 to n, 1 

being the largest, n the smallest. Then the recurrence interval R of a given annual maximum 

defined as: 

R =
( )

M
N 1+

, (Carla W. Montgomery, 2000).... (1).   

 Recurrence intervals for the annual peak stream flow at a given location change if there are 

significant changes in the flow patterns at that location, possibly caused by an impoundment or 

diversion of flow. The effects of development (conversion of land from forested or agricultural 

uses to commercial, residential, or industrial uses) on peak flows is generally much greater for 

low-recurrence interval floods than for high-recurrence interval floods, such as 25- 50- or 100-

year floods. During these larger floods, the soil is saturated and does not have the capacity to 

absorb additional rainfall. 

Let’s consider the discharge and recurrence interval for Awash below ‘Koka’ dam, in this data the 

maximum discharge in the year were selected and then give 1 for highest discharge and 30 for the 

least discharge and arrange them. 1 and 30 are rank values.  

Using the above formula (1) the value of R will be calculated and R is in year. 
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Figure 6: Discharge Vs Recurrence interval for flood frequency of Awash River below ‘Koka’. 

 

2.5 Floods and the Development Processes 
Societies, communities and household seek to make the best use of natural resources and assets 

available to them in order to improve their quality of life. However, they are subject to a variety 

of natural and man made disturbances such as floods and droughts, economic recessions and civil 

strife. These disturbances adversely impact their assets or the multipliers that build their capacity 

to increase their incomes. Since not all sections of society have equal opportunities to improve 

their quality of life with respect to access to resources, information and power to participate in the 

planning process and implementation of development policies these disturbances have varying 

effects on different social groups.  

Natural disasters cause much misery, especially in developing countries where low-income 

economies are greatly stressed by their recurrence. Statistics show that around 70 per cent of all 

global disasters are linked to hydro meteorological events (WMO, 2004). Flooding is one of the 

greatest natural disasters known to humankind. Flood losses reduce the asset base of households, 

communities and societies by destroying standing crops, dwellings, infrastructure, machinery and 

buildings. In some cases, the effect of flooding is dramatic, not only at the individual household 

level but on the nation as a whole. The 1982 floods in Bolivia are reported to have resulted in a 

loss equivalent to 19.8 per cent of the country’s GDP (WMO, 2004). It may, however, be argued 
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that looking at the impact of floods on a piecemeal basis, rather than making holistic appraisals, 

has too narrowly assessed their impact. 

It is vital to understand the interplay between floods, the development process and poverty in 

order to ascertain the way in which current and future development planning and implementation 

leads to, or has the potential to, increase vulnerability and risk. A population might be poor 

because it is exposed to flooding or it might be exposed to flooding because it is poor and 

occupies the most vulnerable land. The appropriate method of intervention will differ according 

to which diagnosis is correct. Further, a community with a weak asset base and few multipliers is 

exposed to many different disturbances, some of which may have a greater impact than floods. 

Decision makers and development planners at all levels need to be sensitive to this aspect. 

The “vulnerability” of potential victims of flood losses is a function of their ability to mobilize the 

assets available to them to meet the challenge posed by the flood risk versus the extent of the 

challenge. More generally, the capacity of the society to maintain or improve its quality of life in 

the face of such external disturbances may be enhanced either by reducing the extent of the 

challenge presented by the disturbance or by enhancing their capacity to cope with the 

disturbance. 

2.6 Disaster Management 
The Disaster Management Program Element extends products derived from Earth-Sun system 

science results information, models, technology, and other capabilities into partners’ decision 

support tools for disaster management issues. The Disaster Management Program Element 

addresses issues of concern and decision-making related to volcanoes, geology, subsidence, 

earthquakes, drought, wildfire, hurricanes, climate, wind, tornadoes, space weather, and flooding 

planning, prediction, and forecasting.  

The Disaster Management Program Element focuses on decision support tools serving the 

following classes of issues related to the disaster cycle. 

� Preparedness – Planning how to respond to a disaster, 

� Mitigation – Minimizing the effects of a disaster, 

�  Response – Minimizing the hazards created by an emergency, 

�  Recovery – Returning the community or environment to normal. 
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Figure 7: Disaster Management Cycle. (Source: International Strategy for Disaster Reduction: 

                    ISDR, 2002). 

 
Figure 8: Disaster Cycle and countermeasures 
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2.6.1 Disaster Management and Assessment  
 

Warning Phase 
• Determine extent to which affected populations are taking measures to protect lives and facilities 

from expected hazard impact, 

• Activate arrangements in the preparedness plan regarding the implementation of assessment, 

 

Emergency Phase 
• Confirm the reported emergency and estimate the overall magnitude of the damage, 

• Identify, characterize and quantify “populations at risk” in the disaster, 

• Help to define and prioritize the actions and resources needed to reduce immediate risks, 

• Identify local response capacity, including organizational, medical and logistic resources, 

• Help anticipate future serious problems, 

• Help manage and control the immediate response, 

 

Rehabilitation Phase 
• Identify the priorities of the affected people, 

• Identify the policies of the government with regard to post-disaster assistance, 

• Estimate the additional support required from national and international sources for relief and 

recovery, 

• Monitor the outcome and effectiveness of continuing relief and rehabilitation measures, 

 

Recovery Phase 
• Determine the damage to economically significant resources and its implications for development 

policy, 

• Assess the impact of the disaster on current development programs, 

• Identify new development opportunities created by the disaster. 
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2.6.2 Flood Hazard Assessment 
Accurate and reliable flood risk maps are ideal tools for decision makers to reduce social and 

economic losses from eventual flood events. Also it is useful information for emergency 

organizations to calibrate and adjust warning system and prepare priority evacuation plans. It may 

be used to prevent planning authorities to carry out any development activities within the high 

hazard zones. 

Conventionally, flood inundation maps were prepared from 1D model results or using flood level 

records collected during previous flood events. However with the advancement of 2D modeling 

parallel to the GIS and remote sensing today it is possible to obtain inundation maps at user 

defined time frames during a flood event. Also the most recent GIS technology allows the 

modeler to drape the modeled floodplain boundaries for various design rainfalls on a base map 

and fly through the inundation area for better visualization (Shamsi, 2002).  

The inundation maps allows the evaluation of the damage assessment by overlaying the 

inundation depth layer with land use and other information representing investments and service 

facilities within the area. Finally risk for the area could be generated based on the damage 

estimation and the combined probability of occurrence of rainfall event and other disasters such 

as dam or dike break or any other hazard (Stelling, 1998).  

 2.7 Flood Forecasting and Early warning System 
Functioning flood forecasting systems are important pre-requisite for the protection of the 

population against flood hazards. Therefore, they lie under the special responsibility of the State 

and the respective institutions. Due to new techniques and methods flood forecasting systems 

have been advanced and developed especially in larger river catchments areas with longer 

reaction times. Co-ordinated, integrated systems consisting of flood forecast, flood warning, 

decision support, information, and reaction should be pursued in small catchments areas in upper 

river sections with short reaction times. 

In the table the components and factors are listed, which are necessary and have to be connected 

as a chain from detection to reaction for an effective early flood warning system constituting of an 

integrated flood forecast, flood information and flood defence system.  
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Table 2: Components, activities, principal agencies, institutions and organisations and factors of 
an early flood warning system. 

 
 activities principal agencies, 

institutions and 
organisations 

key factors 

DETECTION 

collection of meteorological 
data and weather forecasts 
collection of hydrometric 
and hydrological data 

meteorological agency 
central or state water 
management agency with 
regional/local units 

automated and telemetric 
data collection and 
transmission dense networks 
of data collection station 
weather radar 

FORECASTING 

receiving and interpreting of 
data flood modelling 
flood forecasting issuing of 
warnings 

flood forecasting agency 
central or state water 
management agency with 
regional/local units 

operational flood forecasting 
system with R-R-model and 
flood wave transformation 
model efficient inter-agency 
and transboundary 
communication system 

WARNING 

receiving of flood forecasts 
and warnings interpretation 
and decision finding 
dissemination of warnings 
providing of information 
co-operation of involved 
parties and media 

regional and local decision 
makers flood committee and 
disaster prevention civil 
protection (rescue service, 
police, fire brigade, etc.) 
media 

unambiguous responsibilities 
24 – hour staffed offices 
fast and efficient 
communication long forecast 
lead time few false warnings 
targeted warnings efficient 
inter-agency and  
transboundary co-operation 

RESPONSE 

co-ordination of response 
activities/measures and 
participants informing the 
public 

flood committee and disaster 
prevention local government 
units  civil protection 

good information system for 
the public with learning 
feedback 

REACTION 

reduce vulnerability to 
damage by pre-cautionary 
measures, flood defence and 
evacuations 

river user companies, 
industry within flood prone 
areas population at risk 

response to information and 
warnings availability of 
assistance awareness of the 
situation prior flood  
experience 

 
(Source: Modified after PARKER, 1994) 

The individual component should be state of the art scientific and technical knowledge, but of all-

decisive importance is their co-operation. Often there is only investment into the development of 

flood forecasting systems without regarding the sufficient dissemination of warning and forecast 

or their execution.  

The efficiency and the usefulness of the flood forecast and flood warning have to be seen in 

connection with the decision makers and the potentially affected population. Besides the 

scientific-technical aspects regarding flood forecasts it is also important how the affected 
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protagonists propagate and use these forecasts in an effective way and how they influence the 

decision-making processes.  

Besides the available resources of the financing organisations and the degree of co-operation 

between the agencies involved the requirements on an early flood warning system depend on the 

specific hydrological and hydro meteorological conditions in the catchments and the river 

sections. Transboundary river catchments pose special requirements. 

The ability to provide timely warnings to minimize risk to lives and properties of imminent 

flooding, so that simple yet effective measures can be taken, is one of the main objectives of the 

development of early warning systems (EWS). Such systems would typically consist of the 

following components: monitoring, forecasting, warning, response, evaluation and improvement. 

The components of early warning systems are the following: 

� Monitoring involves the collection of meteorological and hydrological data,  

      example: real-time and historic water level measurements. 

� Forecasting: entails utilizing monitored data to model future situations and thus 

give a forecast, example: where and when will certain water levels occur. 

� Warning: incorporates receiving flood forecasts, interpretation of the data and 

subsequent issuing of warnings based on preset trigger criteria. 

� Response: involves informing the public, coordination of emergency response 

activities example: Major Emergency Plan (MEP) and response measures such as 

placing of demountable flood defenses. 

� Evaluation: assesses the overall performance of the aforementioned components 

individually as well as combined and results in feedback regarding the 

Improvement of the early warning system. As such Evaluation and Improvement 

are often considered separately. 

 

Figure 9: Main components of early warning system.  

(Source: E.J. Huyskes, A.D. Maguire, A. Jordan, Early Warning System: Feasibility for 

Application to Dublin Rivers, 2003). 

Monitoring Warning Response 

Forecasting 
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As forecasts are prepared, water that flows into large rivers like Awash from upstream points and 

tributary streams must be considered; in fact, gauging important tributary streams is often needed 

even at locations where forecast services are not provided. These points are used in the forecast 

models as model control points. Because none of the models can predict exactly what will happen 

on a river, the use of river stages and the associated rating curve to reassess continuously how  

much water is in every stream is a vital part of the forecast process (USGS, 1995).  

Weather systems monitoring, rainfall monitoring and river flow monitoring for agricultural and 

other purposes as well as related early warning approaches are playing a role in warning (and 

therefore preparing) farmers as well as inhabitants of urban areas for floods (Istiqlal Amien, 

1997). Although there is much potential support for giving priority to their implementation, even 

when followed by advice on the use of that information they have obvious limits in mitigating the 

consequences of such disasters without improved risk assessments (Stigter et al., 2000). One step 

beyond this short time preparedness, climate forecasting should influence decision makers in 

agricultural production and their advisors (Salinger et al., 2000). This applies in particular to the 

kind of IPCC warnings for increasing climate variability and climate change, predicted to lead in 

many places to more, and more serious, extreme events such as floods. However, most 

predictions of this type are not very location specific, neither in time nor in space, whether general 

in character or seasonal. 

The next step, beyond forecasting, is therefore to increase the resilience of farmers with measures 

of agro meteorological components that diminish yield disasters from floods and protect from 

degradation the agricultural resource base needed for a sustainable agriculture, often with low to 

medium inputs. 

2.7.1 An integrated flood forecast system based on Remote Sensing Data 
The forecast and simulation of floods is essential for planning and operation of civil protection 

measures (example: dams, reservoirs) and for early flood warning (evacuation management). The 

economic importance of flood forecasting becomes clear considering that 85% of civil protection 

measures taken by the EC (European Commission) member state are concerned with floods (EC 

Report Task Force Water, 1996).  

Hydrological modeling for flood forecast is widely applied. The models, which are used in 

practice, developed from simple statistical models to more physically based systems driven by the 
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rainfall as an input. These rainfall-runoff models need the spatial characterization of the land 

surface concerning parameters relevant for runoff formation (Soil Conservation Services, 1985).  

2.7.2 Towards Best Practice in Flood forecasting and Warning 
The flood forecasting and warning service aims to safe life, reduce damage to properties, 

minimize disruption to communication lines mitigate trauma and to restore normality. The 

delivery of the service is often regarded as a mission critical service and as Rowe et al. (1995) 

argue it is morally indefensible not to provide protection to the public against major hazards over 

which they have no control. Public authorities often aim to discharge their duties through best 

practice approaches. The development of best practice in flood forecasting and warning touches 

on some of the issues related to maximizing synergy among flood defense, flood forecasting and 

warning and temporary/demountable measures. However, best practice is an evolving concept and 

the current issue is the tuning of the technical dimension to the requirements of the social 

dimension in the delivery of flood forecasting and warning services. Khatitbi et al. (2003a) argue 

that best practice is the outcome of: 

♦ modularizing the system; 

♦ the treatment of ad hoc elements in the practice and professional procedures; 

♦ the incorporation of feedback mechanisms facilitated by generic definition of performance 

measures and adaptive mechanisms facilitating improvements to selected modelling 

solutions; 

♦ a provision of organizational arrangements expending self-improvements. 

2.8 The relation of flood damage, vulnerability and risk perception 
The relationship between flood damage, vulnerability and risk perception has been recognized in 

a small scientific community. However, neither its relevance regarding the methods of flood 

damage analysis, nor its significance for the level of public flood protection and flood risk 

management has been widely acknowledged. 

2.8.1 Flood Damage 
The actual amount of flood damage generated by a specific flood event is time and again a driving 

force that stimulates politicians to strengthen flood policy measures – usually soon after flood 

events. Flood damage refers to all varieties of harm caused by flooding. It encompasses a wide 

range of harmful effects on humans, their health and their belongings, on public infrastructure, 



 25 

cultural heritage, ecological systems, industrial production and the competitive strength of the 

affected economy. Some of these damages can be specified in monetary terms, others the so 

called intangibles are usually recorded by non-monetary measures like number of lives lost or 

square meters of ecosystems affected by pollution. Flood damage effects can be further 

categorized into direct and indirect effects. Direct flood damage covers all varieties of harm, 

which relate to the immediate physical contact of floodwater to humans, property and the 

environment. This includes, for example, damage to buildings, economic goods and dykes, loss of 

standing crops and livestock in agriculture, loss of human life, immediate health impacts, and 

contamination of ecological systems. Indirect or consequential effects comprise damage, which 

occurs as a further consequence of the flood and the disruptions of economic and social activities. 

This damage can affect areas quite a bit larger than those actually inundated. One prominent 

example is the loss of economic production due to destroyed facilities, lack of energy and 

telecommunication supplies, and the interruption of supply with intermediary goods. Other 

examples are the loss of time and profits due to traffic disruptions, disturbance of markets after 

floods. (e.g. higher prices for food or decreased prices for real estate near floodplains), reduced 

productivity with the consequence of decreased competitiveness of selected economic sectors or 

regions and the disadvantages connected with reduced market and public services (Smith, Ward, 

1998, 34ff; Green et al., 1994, 39ff). 

2.8.2 Vulnerability  
The actual amount of flood damage of a specific flood event depends on the vulnerability of the 

affected socio-economic and ecological systems, i.e., broadly defined, on their potential to be 

harmed by a hazardous event (Cutter, 1996, Mitchell, 1989). Generally speaking, an element at 

risk of being harmed is the more vulnerable, the more it is exposed to a hazard and the more it is 

susceptible to its forces and impacts (Heyman et al., 1991, Alexander, 1993). Therefore, any flood 

vulnerability analysis requires information regarding these factors, which can be specified in 

terms of element-at-risk indicators, exposure indicators and susceptibility indicators. 

2.8.3 Element at risk indicators 
As shown below in figure 2.8, the subject matter of any flood vulnerability analysis is the group 

of elements, which are at risk of being harmed by flood events. Element-at-risk indicators specify 

the amount of social, economic or ecological units or systems which are at risk of being affected 

regarding all kinds of hazards in a specific area, e.g. persons, households, firms, economic 
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production, private and public buildings, public infrastructure, cultural assets, ecological species 

and landscapes located in a hazardous area or connected to it. Based on information regarding 

which and how many elements are at risk of being affected by flood events, the magnitude of 

damage can be estimated in monetary and non-monetary units, which reflects in total the 

maximum possible flood damage. This is also called damage potential. And, because every 

element at risk is more or less exposed to flood events and more or less susceptible to them, 

exposure and susceptibility indicators are always related to element-at-risk indicators and 

contribute significantly to the analysis of flood vulnerability (Frank Messer and Volker Meyer, 

2005: Flood damage, Vulnerability and Risk Perception – Challenges for flood damage 

Research). 

 

Figure 10: Indicators to be used in flood vulnerability analysis. (Source: Jochen Schanze, Evzen  
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                  Zeman, Jiri Marsalek (Eds.), Flood Risk management – Hazards, vulnerability and  

                 mitigation measures, NATO Science Series, Springer Publisher) 

2.8.4 Exposure indicators 
As regards exposure indicators, two categories must be discerned. The first one is needed to 

typify the kind of exposure of different elements at risk. Indicators supply information about the 

location of the various elements at risk, their elevation, their proximity to the river, their closeness 

to inundation areas, about return periods of different types of floods in the floodplain and the like. 

The indicators of the second category focus on general flood characteristics like duration, 

velocity, sedimentation load, and inundation depth. Considered in concert they indicate the 

severity of inundation as well as its distribution in space and time. Summing up, exposure 

indicators confer specific information about hazardous threats to the various elements at risk 

(Alexander, 1993, Heyman et al., 1991). 

2.8.5 Susceptibility indicators 
Susceptibility indicators measure how sensitively an element at risk behaves when it is confronted 

with some kind of hazard. Figure 10 relates susceptibility indicators to the affected social, 

economic and ecological systems or to individual units of these systems. Regarding social and 

economic systems, an important group of indicators refer to susceptibility in a narrow sense, 

measuring the absolute or relative impact of floods on individual elements at risk. For example, 

the impact of inundation depth and flood duration on buildings is frequently a major issue of 

damage analysis and research, attempting to identify building categories that feature similar 

susceptibilities. And this makes sense, because wooden houses are much more susceptible to 

floods than stone houses and buildings with only one storey usually experience greater (relative) 

damage than houses with several storeys. Susceptibility indicators in a broader meaning relate to 

system characteristics and include the social context of flood damage formation, especially the 

awareness and preparedness of affected people regarding the risk they live with (before the flood), 

their capability to cope with the hazard (during a flood), and to withstand its consequences and to 

recuperate (after the flood event). 

Accordingly, the three relevant sets of indicators mentioned in figure 10 refer to preparedness, 

coping and recovery capabilities and strategies of individuals and social systems (Green et al., 

1994). 
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2.8.6 Risk Perception  
The notion of risk perception refers to the intuitive risk judgments of individuals and social 

groups in the context of limited and uncertain information (Slovic, 1987). These judgments vary 

between individuals due to different levels of information and uncertainty, due to different 

intuitive behavior, and also due to specific power constellations and positions of interest. As a 

consequence, the individuals of a community may assess the risk of being flooded very 

differently, because they do not have the same information about the probability of flood hazard 

events in their region, about flood mitigation measures and their effectiveness, and they perhaps 

have a different historical background regarding the experience of living in a floodplain and of 

being flooded. Due to their specific perception of flood risk individuals, social groups and public 

persons like mayors, politicians and employees in the public sector dealing with flood protection 

and disaster management may handle this issue very differently. Experts responsible for flood 

protection may try to maximize their scientific information on flood hazards and flood risk in 

order to optimize the effectiveness of flood protection measures. 

2.9 Emergency Response planning of flood Hazard 
Planning of flood hazard includes advance planning of actions required prior to, during and 

after floods (Ministry of Water Resources of the People’s Republic of China, October 2004). 

 Advance Planning:  Prior to floods actions are necessary to ensure that people and equipment 

are organized, and emergency personnel are trained to know how to respond during floods.  

Flood refuge centers should be prepared for those who will be evacuated.   

Emergency Response:  During and immediately prior to floods many actions must be taken 

quickly and efficiently.  For example, key infrastructure and communications may need to be 

protected, people may need to be warned and/or evacuated, vehicles and other portable assets 

may need to be moved, roads may need to be closed, etc.   

Flood Recovery:  After floods, government agencies must be mobilized to assist with 

emergency shelter and supplies, health services and disease prevention, restoration of utilities 

such as water supply, electricity, sewerage, etc., and financial assistance for short-term 

sustenance and for rehabilitation of business and industry. 
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3. Methodology and Material of the study 

3.1 Methodology 
In this study, a method based on geographic information systems (GIS) has been used. The 

proposed method to evaluate the flood risk in Awash River basin involves several steps: 

� topological map of the Awash river basin will be prepared (specially Koka area) from 

aerial photo, 

� average annual rainfall for the last 30 years were collected, topographic data and land use 

data were collected, stored and preprocessed, 

� different data types available: topographic map, thematic maps (soils, land use/cover, 

geomorphology, drainage density) of the study area (Koka), 

� selecting maximum monthly precipitation and annual maximum gauge levels (water 

levels) at  ‘Koka’ area within the Awash river basin flood frequency analysis, 

� the topomap converted into a point map and shape map and exported into Arcmap-ArcGIS 

9.0 where this vector elevation map is converted into raster grid format for overlay 

analysis, 

� the data digitization carried out using ArcCatalog-ArcGIS 9.0 to define the feature type, 

� flood hazard derived from topographical, land cover and geomorphic data are finally 

integrated in a GIS environment to prepare a final hazard map of the study area. 

3.1.1 Application of remote sensing and GIS in Flood hazard management  
Remote sensing is the process of collecting data about objects or landscape features without 

coming into direct physical contact with them.  Most remote sensing is performed from orbital or 

sub orbital platforms using instruments which measure electromagnetic radiation reflected or 

emitted from the terrain. 

Remote sensing technology has its special superiority and potentiality for disaster monitoring and 

assessment. Many scientific and practical achievements has been obtained in remote sensing, for 

instance using Landsat and TM images it is possible to identify the flood occurred in China in the 

year 1984 and 1985 (Li Jiren, 2001).    

Remotely sensed imagery have been used for two main flood management purposes: flood 

forecasting, primarily based on the presence of rain-bearing cloud patterns (Feidas et al., 2000) 

and detailed flood mapping, which delineates inundated areas (detects flood boundary river 

inundation, stage and discharge) by comparing pre-flood and peak flood images (using clearly 
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visible water levels). The mapping results are then used as input for flood hazard assessments, and 

risk maps (Saatchi et al., 2000). 

 

 
 

Figure 11: Process of Remote Sensing (source: Jensen, J.R, 1996) 

 

Other sensors use other mediums such as magnetic fields, sound waves, etc.  These methods work 

on the same principles as electromagnetic remote sensing, but comprise a small part of the total 

data produced from remote sensing (Jensen, J. R., 1996). For many legal requirements it is 

necessary to map flood-prone areas from high-resolution aerial photography, remote sensing data 

provide initial conditions for flood forecasting, monitoring flooded areas and conducting flood 

damage assessment. Floodplains have been delineated by using remotely sensed data to infer the 

extent of the floodplain from vegetation changes, soils, or some other cultural features commonly 

associated with floodplains. Low resolution digital Landsat data have been used for producing 
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flood and flood-prone maps. Medium resolution TM and SPOT satellite data and high resolution 

IKONOS data can be reasonably expected to produce more accurate delineation of flood prone 

areas. 

For agricultural and environmental application, remote sensing techniques can be very important 

by providing information on process such as land use, land cover, residential areas and 

monitoring areas which were influenced from flood. The disaster assessment is performed on the 

basis of the following data sources (Li Jiren, 2001):  

� GIS including the layer of socio-economic data for some of the areas flooded frequently, 

� Land use/cover classification from TM images before or after flood season, 

� Topographic maps mainly used to find geographic control points for geometric correction 

and extraction of administrative boundary, 

� Other thematic maps. 

The assessment consists of inundated area of each county and mapping, including cultivated area, 

resident area and other main land use classification, as well as the situation of reservoir, breaching 

embankment, length of inundated highway, the effect of water diversion and so on. 

The flood risk assessment process requires up-to-date and accurate information on the terrain 

topography and the use of the land. Remotely sensed images from satellites and aircrafts are often 

the only source that can provide this information for large areas. 

3.1.2 GIS as a flood Hazard Management tool 
Nowadays GIS is emerging as a powerful tool for the assessment of risk and management of 

Natural Hazards. Due to these techniques, natural hazard mapping can be prepared now to 

delineate flood prone areas on the map. Such kind of maps will help the civil authorities for quick 

assessment of potential impact of a natural hazard and initiation of appropriate measures for 

reducing the impact. Such data will help the planners and decision-makers to take positive and in 

time steps during pre disaster situation. It will also help them during post disaster activities for the 

assessment of damages and losses occur due to flooding. Moreover, GIS provides a broad range 

of tool for determining areas affected by floods or forecasting areas likely to be flooded due to 

high discharge of the river. With the help of sequential images of certain area, we can find out the 

behavior of the flood routing and damages (Lanza, L., Siccardi, F., 1995).  

GIS plays a major role in flood control technique, and the integration of this data in a spatial 

database is crucial especially for a developing country. The role of GIS as a tool is to enable the 

visualization and analysis of inundation with remote sensing for flood hazard assessment, and the 
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development of a map for land development on priority basis, is obviously important. 

Consequently, the use of GIS and remote sensing is to delineate flood prone areas, and shows 

how to determine the relative sensitivity of the individual pixel of flood prone areas within the 

study area. This enhances the capability in the river basin to utilize GIS for water resources 

planning and management, and may help to implement or act as the basis for a hydrological 

decision support system to ascertain critical locations. This technique can be used from a local or 

regional scale to a global scale (Sado, K. & Islam, M. M., 1997).  

3.1.3 Environmental Analysis in remote sensing and GIS 
The increasing demand for housing, employment opportunities, institutions and other urban 

facilities and services due to migration of rural and town’s dwellers to urban centers leading to 

drastic changes of urban land covers is believed to be the main factor contributing to the 

degradation of quality of the natural environment. This includes the increase in temperature, 

geohazards occurrence, as well as noise, air and water pollution in urban areas. The advent of 

Geographical Information System (GIS) has created a large field of opportunity for the 

development of new approaches to the computer processing of geographically referenced data 

obviously needed in supporting decision-making processes. Hence, a more effective solution to 

various spatial-related problems including those associated with environmental matters can be 

achieved. 

The aim of environmental analyses in Geographic Information Systems (GIS) was to translate the 

attribute data into spatial manifestation to ease the process of monitoring environmental quality. 

Translating environmental quality indicators attribute into spatial form to represent areas exposed 

to pollution, land degradation, natural disaster threat at the regional level is undoubtedly a much 

difficult task compared to analyses on other physical environment. This is due to the limited 

gathered data as most surveys done by the related agencies are case-based or support certain 

requirements and thus involve specific areas. As such, sampling stations are limited in numbers 

and not distributed equally across the region. Adding to difficulties is the fact that environmental 

indicators’ status, are vulnerable to change due to various related factors. This paper addresses the 

following aspects: GIS application, environmental analysis in GIS including methodology and 

findings, as well as its strengths and weaknesses (Collins F.C. and Bolstad P.V, 1996).  

The key to the use of GIS functions effectively is to use a systematic approach to define the 

information and analyses needed. Cartographic modelling is one method used for predicted 

modelling using ArcGIS. Generally, cartographic modelling is a mean by which data from various 
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layers are manipulated and analyze to generate the existing scenario and what effect of a 

particular action taken.  

Working in a GIS environment for the urban development control and monitoring at regional 

level forces the analyst to think more about the nature of the underlying data model, i.e. what are 

sensible questions to ask in any given data set? The analyst can browse the content of the database 

and selectively view any particular area of interest. Once the area is identified, various types of 

GIS spatial analysis can be performed which among others include (Yaakup and Chong, 1999):  

♦ feature extraction, record selection, record updating and calculation; 

♦ information retrieval, classification and measurement; 

♦ map overlay; 

♦ neighborhood search; 

♦ connectivity and network analysis. 

3.1.4 Data Models in GIS 
Computers require unambiguous instructions on how to turn data about spatial entities into 

graphical representations. At present, there are two main ways in which computers can handle and 

display a spatial entity, which are also known as data models in GIS. These are the raster and 

vector approaches to organize the spatial database. In the raster world, individual cells are used as 

the building blocks for creating images of points, lines, areas, network and surface entities. In the 

raster world, the basic building block is the individual grid cell, and the shape and the grouping of 

cells creates character of an entity. The size of the grid cell is very important as it influences how 

an entity appears. 

A vector spatial data model uses two-dimensional Cartesian (x, y) co-ordinates to store the shape 

of a spatial entity. In the vector world, the point is the basic building block from which all spatial 

entities are constructed. 

The representation of real world phenomena in GIS is in two main types of spatial data 

representations in GIS are vector and raster (Dale and McLaughlin 1988; Peuquet 1990, Heywood 

et.al. 2002) .The real world geographic feature ontology have been digitized and given 

coordinates (rectified) for use in GIS (ESRI™ 2005). 
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Figure 12: Vector and Raster Model Diagram.  (Source: Modification from ESRITM, 2005;  

                   Heywood et. al, 2002, Bernhardsen, 1999). 

As shown in figure 12 vector models are a representation of real world objects like rivers, 

buildings etc. in line, polygon and point feature having X and Y coordinates with reference to the 

real world. A point is defined by one single pair of coordinates, lines are defined by two pairs of 

coordinates and polygon is represented by more than two pair of coordinates forming a closed 

object. The vector model is more suitable for mapping discrete geographic objects like rivers, 

roads and others (ESRI™ 2005; Heywood et.al. 2002; Bernhardsen 1999). 

As shown in figure 12 a raster data model represents earth in form of a grid with cells of equal 

size in it. Here like in the vector data model, features are represented by X and Y coordinates but 

with only one coordinate in a plane and the cells are defined with the reference to this one 

coordinate. Each cell contains a numeric value which represents any information of location like 

elevation, measurements etc. The raster model is used more precisely when working with 

remotely sensed images and is most suitable choice for modelling continuous geographic 

phenomena (ESRI™ 2005; Heywood et.al. 2002, Bernhardsen 1999). 

3.2 GIS technology in Disaster Reduction 
Disaster reduction requires the integration of information from diverse sources. Geographic 

Information Systems (GIS) is one key new technology often used to collect, store, analyze and 

display large amount of spatially distributed information layers. The core of a GIS is a set of 

spatially referenced maps, which are stored either as points, lines, polygons or raster data. GIS 
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makes it easy to assign attributes to these spatial quantities and combine different layers of 

information. 

Natural disasters are the outcome of many complex geophysical characteristics plus the related 

social circumstances that are subjected to a hazard. The hazards may be meteorological in origin 

such as cyclones, severe storms, droughts, blizzards or earth processes such as earthquake, 

volcanic eruptions, tsunamis, etc., or a combination of both as in the case of floods. All these 

events are location dependent in the sense that a hazard is aggravated by the geological, 

topographical and land cover at the location of the hazard. Similarly, natural hazards turn into 

disasters when they affect human societies. The degree of damage is dependent on the population 

density, infrastructure and means for available for mitigation such as flood control dams. In order 

to grasp the impact of different disasters, it is necessary to understand the interactions and inter-

relationships among these diverse and complex characteristics for any given magnitude of the 

hazardous event. The strength of GIS lies in the ability to represent the real world situation 

closely with layers of information (maps) that can be combined in a predetermined manner to 

identify the impacts of a natural hazard through the introduction of hazard dimension; e.g. in the 

case of flood, the water height and the flood duration distribution or ground shaking due to an 

earthquake. 

GIS has developed substantially over the past decade with the advent of large volume data 

handling capabilities that facilitate synthesizing information from many different data sources. It 

has become an indispensable tool for managing complex information related to both societal and 

environmental functions. Disaster reduction discipline has benefited largely from these 

developments in risk map preparation, damage assessment and modeling for forecasting and 

planning (IDNDR, 1990 – 2000). 
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Figure 13: Flow chart of the Methodology to develop flood hazard map 

3.3 Data Collection 
For this study hydrological data such as average monthly rainfall, water level and flow 

(discharge) of the three selected meteorological stations were used. The collected data was 

obtained from Ethiopian Meteorological Agency (EMA) and from the Ministry of Water 

Resources of Ethiopia (MWRE). The three selected meteorological stations are: Koka, Wonji and 

Mojo. During field visit data on the land cover and land use of the study area has been collected. 
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The topomap that I obtained from Ethiopian Mapping Authority has a scale 1:50,000 were 

scanned pairwise and mosaiced together using ERDAS Imagine 8.6. After selecting and 

delineating the study area, it is digitized using ArcCatalog/ArcMap – ArcGIS 9.0. All spatial data 

preparation, integration and overlay analysis was done in the same geographic coordinate system 

from which the data was obtained. The geographic coordinate system used: 

Projection = UTM, 

Zone = 37N, 

Spheroid = Clarke 1880, 

Datum = Adindan. 

 In this study ArcGIS is used to generate DEM, slope, land use and drainage maps. All these data 

provides what kind of properties and environment would be affected when actual flood occur in 

the study area. This information data and accuracy can be linked with emergency response 

planning. All jpeg/tiff images were converted to *.img and each image were digitized one by one 

using editor toolbar in ArcMap – ArcGIS9.0. Figure 14 shows the procedure to prepare base 

geodatabase for the study. 

 
Figure 14: Chart showing the Methodology to prepare georeferenced digital database from the 

original topomap of the study area. 

 

Study Area (in topomap 1:50,000) 
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3.4 Materials 
For this study material from the internet by searching with Google, Yahoo and other search 

engines for the literature part has been used. In this study a topomap with scale 1:50,000, satellite 

images from Landsat TM of 30m × 30m resolution for the analysis of land use/land cover have 

been used. For the whole analysis of this study ERDAS Imagine 8.6, ArcMap, 

ArcCatalog/ArcGIS 9.0 was used. 

Maximum annual rainfall, discharge and water level from the Ministry of Water resources has 

been used for initial flood hazard analysis. 
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4. Results and Discussion  

4.1 Flood Analysis using Meteorological data 
In this study rainfall, water level and discharge (flow) are used for flood analysis. For each data 

maximum values are considered in the two meteorological stations. The two stations are Awash 

below ‘Koka’ dam and Awash at Wonji. Tables and graphs are prepared for each of them. 
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Figure 15: Graph showing maximum rainfall and discharge at ‘Koka’ station 

 
Figure 15, shows that when there is maximum rainfall, the discharge and the water level increases 

(for water level look figure 16). In 1996 the rainfall was 260.6mm and the discharge increases to 

571.57m3/sec, and in 1993 the maximum rainfall reaches 698.4mm in the ‘Koka’ station, 

consequently, the down stream areas were affected by flood. When there is an increase in rainfall 

the water level in the river increases and the discharge to the downstream also increases. But at 

the beginning of a rainy season more water will not join the river, rather it enters to the ground. 

But when the rainy season prolongs, more water will be runoff on the surface, it is this time that 

flood will occur in the area. 

From figure 15 we can observe that the rainfall and discharge from 1990’s on ward increases than 

the previous years. It is in these years that we observe maximum rainfall and discharge. 
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Figure 16: Annual Maximum water level of ‘Koka’ station below Awash River 

 
From figure 15 and 16, in 1993 water level at ‘Koka’ station was about 4.00m, the discharge 

262.774m3/sec and rainfall 698.4mm. On the other hand in 1996 water level reached 5.25m which 

is the highest recorded data in the ‘Koka’ station, discharge 571.57m3/sec and rainfall were 

260.6mm. 

But the data for the years 1987, 1995, 2003 and 2005 are incomplete, and they are not included in 

the graph (see appendix C). 
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Figure 17: Graph showing maximum discharge and rainfall at Wonji station. 

 
In the figure 17 rainfall in Wonji station from 1965 – 1994 are included, after this time there were 

no data collected. Moreover, rainfall for 1983, 1984 and 1993 are also missing for Wonji station. 

Maximum discharge occurs in 1996 where flood in Wonji area occurred. (See appendix B). 

From figures 15, 16, 17 and 18 using water level, discharge and rainfall data of past years one can 

prepare early warning system to the area in addition with other data like slope, land use/cover 

drainage network and more.  
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Figure 18: Annual maximum water level of Awash River at Wonji Station 

 
From figure 17 and 18 the maximum discharge, rainfall and water level for each year are shown. 

So using the above meteorological data we can identify when flood occurred. Flood occurs when 

there are maximum values of discharge, rainfall and water level. In the rainy season from June to 

September there will be maximum discharge, water level and rainfall, but there are cases when 

flood doesn’t occur. In this case we can consider the land use/ land cover, slope, soil type and 

drainage network for the river basin (Awash River). So in the next subtopic all the above 

parameters are discussed in detail. 

In 1980 from figure 18 there as low water level which was 2.29m (see appendix B). 

From figure 18 the water level of Awash River at Wonji station from the mid of 1970’s is 

increasing. This shows that more water was added to the river which was accompanied by more 

flow and runoff. 
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Flood frequency from Wonji station by considering first order, second order and third order we 

can calculate the recurrence interval of flood for the area. One recorded flood time was 1996. So 

by grouping the maximum discharge amount we can calculate the recurrence interval.  

Using the recurrence interval (R) formula; 

R =
( )

M
N 1+

, where N = the number of years, M = Magnitude 

Table 3: Recurrence interval (R) with maximum discharge for Wonji Area 

 
Year Maximum 

discharge (m3/sec) 

Magnitude (M) Recurrence Interval (RI) 

(years) 

1996 381.689 1 31.00 

1991 355.641 2 15.50 

1985 241.021 3  10.33 

1989 232.418 4  7.75 

1992 217.494 5  6.20 

1990 216.139 6  5.17 

1988 194.885 7  4.43 

1998 166.325 8  3.88 

1994 157.182 9  3.44 

1995 134.083 10  3.10 

1977 129.657 11  2.82 

1986 115.332 12  2.58 

1975 102.529 13  2.39 

1987 77.014 14  2.21 

2001 76.452 15  2.07 

1978 71.672 16  1.94 

1981 63.962 17  1.82 

1982 63.962 18  1.72 

1979 62.724 19  1.63 

2004 62.027 20  1.55 

1974 61.806 21  1.48 
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2002 56.495 22  1.41 

2000 47.824 23  1.35 

1976 46.708 24  1.30 

1997 46.212 25  1.24 

1973 35.294 26  1.19 

1980 28.385 27  1.15 

  

Table 3 shows the recurrence interval for Wonji area is given above. The first order occurs in1996 

and such type’s event will happen in 1: 30 years. The recurrence interval to happen such flood 

events will occur once in 30 years. The next probable flood event will occur in 2026, so in this 

year the area must have an early warning system, before such natural disaster occurred. 

Developing such recurrence interval for an area which is prone to natural disaster will help the 

individuals, community, NGOs and organizations to be free from disaster. 

4.2 Identification of flood hazard areas 
For floodplain management there is a need to map various hazard zones as a means for setting 

development guidelines and establishing emergency response procedures. Mapping of flood 

extents have obvious uses in showing area affected by flood. Once the possible flood levels have 

been derived, maps for each flood level can be effortlessly produced with GIS. GIS tools can 

readily perform different land use based on overlay analysis in planning context. It can also 

produce maps of resultant analysis. To identify flood hazard area I used soil map, land use/cover 

map, geomorphology map, drainage density map, slope map and rainfall map as an input data. 

4.2.1 Soil Map 
The development of soils depends primarily on geologic and climatic conditions. In Ethiopia, 

seventeen major soil units have been identified (EMA, 1988). The FAO soil map of Ethiopia 

(1998) classifies 19 soil units, which do not all coincide spatially with the EMA soil map. But for 

this purpose, the FAO classification system has been selected and is used for the analysis (FAO, 

1998). 
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Figure 19: Soil map in the Koka area within the Awash River Basin. 

 
In the study area there are four types of soils distributed unevenly throughout the area (figure 19). 

The four soil types are Regosols, Vertisols, Lithosols and Saline soils. They were mapped using 

ArcMap/ArcGIS 9.0. The dominant soil types in the area are brown vertisols and lithosols which 

cover 41% of the total area. The less dominant soil types in the area are saline and regosols which 

contain 11.9%. The brown vertisols type is commonly used for the construction of houses and 

roads and is highly depleted soil type found along the way to koka dam.  

To calculate the total area of the boundary (shape – polygon), the area of each soil type (shape – 

polygon) and land use/ land cover (shape – polygon) ArcMap/ArcGIS 9.0 has been used. First 

attribute tables of each features opened. Then add the field ‘area’ in the attribute table and right 

click on the area field and select calculate area. In the opened field calculator dialogue box check 

the advanced check box and write the pre-logic VBA script code for area calculation. This is done 

as follows: 

 Pre-logic VBA script code for Area: 

          Dim dblArea as double 

         Dim pArea as IArea 
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         set pArea = [shape] 

         dbl Area = pArea.area 

         area = dblArea  

The above VBA code gives the area of all soil type in the study area.  

 

Table 4: The soil types in Koka area with in the Awash River basin 

 
Soil Type Area (km2) Percentage (%) 

Saline and regosols 37.26 11.9 

Brown vertisols and lithosols 128.42 41.0 

Lithosols and skeletal soil 86.90 27.7 

Grey Vertisols 60.75 19.4 

Total Area 313.33 100.0 
 
From table 4 the grey vertisol soil type is mostly found in the area where the Wonji shoa sugar 

factory used as the plantation field. This area is affected by frequent flood for the last decades 

(For instance flood in Wonji in 1996). From the permeability point of view vertisol is low 

permeable to water, thus the water during flood time will stay on the surface which leads to 

severe flooding and more sugar plantation are affected. 
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Figure 20: Pie chart showing Soil types in ‘koka’ area 

 
The area being of basaltic formation, alluvial materials and non-differentiated materials falls 

under the broad soil group of vertisols, lithosols and saline soils. The transmission of water 
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through similar parent materials seems to have influenced the development of different 

physiographic characteristics of the soils in the area. 

4.2.2 Drainage  
The drainage system, which develops in an area, is strictly dependent on the slope, the nature and 

attitude of bedrock and on the regional and local fracture pattern. Drainage, which is easily visible 

on remote sensing imagery, therefore reflects to varying degrees the lithology and structure of a 

given area and can be of great value for groundwater resources evaluation. 

Drainage is studied according to its pattern, type and texture (or density of dissection). Whilst the 

first parameter is associated to the nature and structure of the substratum, the second is related to 

rock/soil permeability (and, thus, also to rock type). Actually, the less a rock is permeable, the 

less the infiltration of rainfall, which conversely tends to be concentrated in surface runoff. This 

gives origin to a well-developed and fine drainage system.  

ArcGIS/ArcMap is used to prepare the drainage network layer and drainage boundaries of the 

whole area. The drainage lines were digitized from topographic maps, the resulting shapefile 

converted to a raster and classified and the drainage layer created. Topographic maps were used to 

extract the drainage network, figure 20 to calculate the drainage density of the streams.  

Figure 21 shows the drainage network of the study area. 
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Figure 21: Drainage Network of ‘Koka’ Area 

 
Drainage density (DD) a fundamental concept in hydrologic analysis is defined as the ratio of the 

length of drainage per basin area. Drainage density is controlled by permeability, erodibility of 

surface materials, vegetation (affects erodibility) slope and time. 

� greater drainage density indicates high runoff per basin area along with erodible geologic 

materials, and less prone to flood, 

� Can have very low density in humid area if resistant rock type and/or well vegetated 

slopes.    
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Figure 22:  Drainage density of the study area. 

Most of the area is found in low drainage density, which is more prone to flood. For this analysis 

the drainage density is divided into five classes with maximum value of 2.06 and minimum value 

of 0 (see table 5).  

Table 5: The five classes and drainage density values. 

Class Name DD Values (in range) 

Least 0 – 0.412 

Low 0.413 – 0.824 

Medium 0.825 – 1.236 

High 1.237 – 1.648 

Extremely High 1.649 – 2.060 

The class boundary for table 5 is obtained by ArcMap/ArcGIS 9.0, which means after preparing 

the drainage density map again reclassified the drainage map with five classes. So five classes are 

obtained and assigned values from least to extremely high drainage density.  
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Total length of all streams is 234.412km and basin area is 314.47km2. The ratio of total length to 

basin area is 0.75km/km2. This indicates that the level of drainage density in the study area is low. 

Thus in the study area most of them are flood prone areas since the value 0.75km/km2 falls in the 

least category of the above classification. Very small areas belong to the highest drainage density, 

which is least prone to flood (see table 6 below). 

In preparing the rate of flooding for the drainage basin consider all parameters which affect 

drainage density are taken to be constant table 6 in relation to rate of flooding is prepared (see 

figure 22 and table 6). Parameters that control drainage density are: permeability, erodibility of 

surface materials, vegetation, slope, rainfall and others are being constant table 5 can be prepared. 

In table 6 the classification of drainage density and rate of flooding used for this study only, 

because other factors that affect drainage density were not included for this study. 

Table 6: Table showing the percentage of the drainage density and flood prone areas. 

 
Drainage Density (DD) Area (ha) Percentage (%) Rate of flooding 

Extremely high 1052.19 3.36 Least 

High 2287.53 7.30 Low 

Medium 7605.45 24.27 Medium 

Low 10251.80 32.72 High 

Least 10135.60 32.35 Extremely high 

Total 31332.57 100  

 

From table 6 a drainage density with least and low accounts 64.59% from the total study area and 

the rate of flooding are extremely high to high respectively.  

4.2.3 Slope for flood hazard analysis 
Slope plays a major role in flood hazard mapping. Slope refers to a spatially referenced vertical 

position above or below a reference datum surface for the earth surface. Slope is most often 

represented on maps as contour lines, but is more usefully created as digital elevation model 

(DEM). Slope data are used for flood hazard mitigation and prevention, watershed management, 

mapping and site design and soil analysis. Slope is used as an input to create floodplain and 

elevation contour lines, and DEM map is created by digitizing the contours of 20m interval from 
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the topomaps using the spatial analyst in ArcGIS 9.0. It is from this DEM map the slope map is 

generated for flood hazard analysis map. DEM is a raster data and from this map again contours 

can be formed for the slope analysis. 
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Figure 23: Digital Elevation Model (DEM) of the study area. 

 

Since Awash River starts its course from the highlands of Ethiopia, and flows to places like 

Wonji, Koka and other, lowlands are strongly affected by flood. From figure 23 we can observe 

the areas with highest elevation and lowest elevation using the DEM. The highest elevation from 

DEM map is 1990m and the lowest elevation is 1440m. So Areas like Wonji belongs to lowest 

elevation in this study. The slope of the area can be created from DEM of the ‘Koka’ are within 

Awash River basin and is developed with 20m interval. Using this slope map and the soil map, 

drainage density, land use/ land cover and rainfall map it is possible to identify which areas are 

prone to flood hazard.  
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Figure 24:  Slope map of the study area. 

 
From figure 24 it is possible to reclassify which areas are prone to flood. According to the 

classification, 10 is the extremely high flood prone area and 1 is the least flood prone area. When 

DEM and slope maps are overlayed one can observe an area with highest elevation is least prone 

to flood and an area with low elevation is highly prone to flood. So areas like the Wonji Shoa 

sugar factory and plantation are highly prone to flood. 

Figure 25 shows the reclassified slope map with five classes least, low, moderate, high and 

extremely high prone to flood. 



 53 

39°2'30"E

39°2'30"E

39°6'0"E

39°6'0"E

39°9'30"E

39°9'30"E

39°13'0"E

39°13'0"E

39°16'30"E

39°16'30"E

39°20'0"E

39°20'0"E

39°23'30"E

39°23'30"E

39°27'0"E

39°27'0"E

8°21'0"N 8°21'0"N

8°24'30"N 8°24'30"N

8°28'0"N 8°28'0"N

8°31'30"N 8°31'30"N

8°35'0"N 8°35'0"N

Least

Low

Moderate

High

Extremely High

Reclassified Slope Map�

0 4,600 9,200 13,800 18,4002,300
Meters

 

Figure 25: Reclassified Slope map of the study area 

4.2.4 Land use/ land Cover map 

The land use and land cover is strongly linked with climate and weather condition. The changes in 

land use and land cover can be important contributors to climate change and variability. 

Determining the effects of land use and land cover change on the Earth system depends on 

understanding of past land use practices, current land use and land cover patterns, and projections 

of future land use and cover, as affected by human institutions, population size and distribution, 

economic development, technology, and other factors. The Awash River basin is strongly used for 

economic development of the country. In the Awash River basin, there are a number of 

institutions involved in investments both governmental and non-governmental for development 

activity. Like the hydroelectric power station at the ‘Koka’ dam, Wonji sugar factory, Metehara 

sugar factory, sugar plantations and more others, which are currently on operation like the flower 

farm in the Awash River basin. Therefore we have to give due attention to this river basin in flood 

hazard management strategy. In this study, remote sensing and GIS are used to understand land 
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use/cover change of the area. Remote sensing technology gives quick and reliable information 

about the area. 

In this study land use/cover map was developed using Landsat TM with 30m × 30m resolution of 

the years 1986 and 2000 for the preparation of final flood hazard map. The classification of land 

use/cover was done first by unsupervised classification and after fieldwork supervised 

classification was done by using ground truth information.  

The software ERDAS IMAGINE 8.6 used for digital interpretation and classification of land 

use/cover of the study area. By using unsupervised classification seven classes were identified 

before fieldwork.  

 

Figure 26: Landsat TM image 1986 of Awash River basin. (Source: www.landcover.org, GLCF, 

University of Maryland, (Path = 168 and Row = 54)). 
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Figure 27: Landsat TM image 2000 of Awash River basin. (Source: www.landcover.org, GLCF, 
University of Maryland, (Path = 168 and Row = 54)). 

 

(a) 
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(b) 

Figure 28: Sugar plantation in Wonji Shoa Sugar factory. 

Figures 27 a & b show the photograph of Wonji Shoa sugar plantation which was destroyed by 

the flood hazard occurred in 1996. 
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Figure 29: The land use/cover of upstream of Awash River above ‚Koka’ dam 

 
In figure 29 it shows the land use/cover of the Awash River basin above ‘Koka’ dam. It shows 

that most of the land in the upstream of Awash above ‘Koka’ dam is used for agricultural activity, 

so during the rainy season more sediment entered to the reservoir and it reduce the carrying 

capacity of the dam. For the flood hazard management study this upstream is very important, 

because it is from this area the flood starts its way to the downstream area. For figure 29 it is 

possible to study the land use/cover of the area using Landsat TM image and the selected area 

show the area which is used for agricultural activity. 

So figure 30 and 31 shows the classified land use/cover of the area of study from images taken in 

1986 and 2000. 
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Figure 30 shows the land use/cover for 1986. 
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Figure 30: Classified Land use/ land cover map of 1986 

 

Table 7:  Land use/ land cover types from the TM 1986 image. 

 
Land Use/Cover Type Area (ha) Percentage (%) 

Sugarcane 5064.13 16.1 

Vegetation 2442.84 7.8 

Water (deep) 1163.87 3.7 

Water (shallow) 834.59 2.7 

Uncultivated land & water fields 7292.72 23.2 

Agriculture Land 13123.93 41.7 

Bare Land 1525.24 4.8 

Total 31447.32 100 
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Table 7 shows that agricultural land use dominates the area in 1986 with 41.7% and the least land 

use/cover type was water (shallow) with 2.7%.  More land was used for agriculture purposes, next 

to Agriculture 23.2% were uncultivated land and water fields. In 1986 16.1% of the area was 

covered by sugarcane. 
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Figure 31: Classified Land Use/Cover map of 2000. 
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Table 8: Land use/ land cover types from TM 2000 Image. 

 
Land Use/Cover Type Area (ha) Percentage (%) 

Water Shallow 136.62 0.4 

Water fields 3005.49 9.6 

Water (deep) 475.41 1.5 

Sugarcane 5270.77 16.8 

Vegetation 789.18 2.5 

Agriculture 14504.92 46.1 

Bare Land & uncultivated land 7264.93 23.1 

Total 31447.32 100 

 

After 14 years in 2000, the dominant land use/cover was still agriculture with 46.1% and the least 

was still water (shallow) with 0.4%. 

From table 7 and 8 we can understand that agriculture is the most commonly used activity by the 

community. Agricultural practice will increase by 4.4%, from the agricultural practice done in 

1986 this that implies the community is used agricultural practice as a means of income.. In 1986, 

the uncultivated land together with bare land accounts 28.0%, but in 2000, it was 23.1% that 

means 4.9% of the land is used for other purposes. The vegetation cover of the area is still 

decreasing 5.3% from 1986. Nowadays the ‘Koka’ area within Awash River basin is still used for 

investment and other development activities. In 2000 the sugarcane plantation in Wonji area was 

increased by 0.7%, but the Wonji area is more prone to flood. However, with all the development 

activities the area is most prone to flood hazard. Hence, some flood control mechanisms must be 

practiced in order to protect the area and the life of the community. 

4.2.5 Rainfall  

The annual rainfall data of three meteorological stations for the last 30 years were collected and 

used to develop rainfall map. In the map there are places with annual rainfall more than 803mm 

and there are places where annual rainfall is less than 668mm. The rainfall map will help to 

develop the final flood map. In the rainfall map areas with the same amount are represented with 

the line called isohyets curve.  
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Figure 32: Rainfall map of the study area. 

To develop the above rainfall map some steps are involved. First calculating the annual rainfall 

for the three stations in Excel spreadsheet and it must be saved in text (Tab delimited). In this 

excel spread sheet three fields are necessary: Easting, Northing and Rainfall. Both Easting and 

Northing are found from the UTM coordinate which was georeferenced during the boundary 

delineation. Then using the ArcMap – ArcView 9.0 selecting tools from the main menu and by 

going to the add x,y data giving the values for x-coordinate Easting and for y-coordinate Northing 

then import some features like boundary file or other feature. Lastly by selecting spatial analyst 

tool and inverse distance weighted (IDW) to put for the value of Z as rainfall. After that the 

rainfall data will be generated as in figure 31. 

From the above map areas with high rainfall occurs in the highland of the study area (see figure 

23 - elevation map).  
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Figure 33: Reclassified rainfall map and its rate of flooding 

4.3 Final Flood hazard map 

Flood risk mapping defines the area at risk and should be the basis for all flood damage reduction 

programmes. To prepare the final hazard map all the above input data has been overlayed. Using 

the raster calculator the final map is prepared. Raster calculator is a powerful tool for performing 

spatial analysis operations to do multiple tasks. The raster calculator uses both operators and 

functions to perform tasks. Map algebra operators’ work with one or more inputs to develop new 

values. Functions perform specialized tasks, such as computing slope from elevation, and they 

usually return numeric values. Map Algebra operators are generally the same operators found on 

scientific calculators. The operators used most often are arithmetic, relational, Boolean, and 

logical. 

All the sliced maps collected and weighted values given to each map according to the maps 

Contribution to hazard. These maps were then added together to get one map which is the final 

hazard map. 
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Thus, soil map, land use/cover map 0f 2000 (since it is recent one), drainage density map, slope 

map and rainfall map are used. All these maps are raster maps. If the maps were not originally in 

raster format it must be converted to raster to apply raster calculator. 

 

Figure 34:  Print screen showing the raster calculator to prepare the final map. 

To develop the final map using the raster calculator, first all the input maps must be listed in the 

layer window. Then go to spatial analyst � select raster calculator. Then in the small layer 

window within the raster calculator, all the input maps are seen. After these double click each 

layer and multiply by the weighted factor and sum all of them and final click evaluate to see the 

final flood hazard map. 
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Figure 35: Final flood hazard map without classification 

From figure 34 areas with high value and low value of the aggregate map is given. Based on these 

values the rate of flooding in the area can be reclassified.  

In the final flood hazard map figure 35 with an index extremely high, high, moderate, low and 

least prone to flood areas are identified. From figure 35 the sugar plantation of the Wonji Shoa 

sugar factory are moderately, highly and extremely high prone to flood. Where as areas with high 

elevation are least prone to flood, because the water moves down and flood the low land areas like 

the plantation and agricultural areas. So the final flood map figure 35 gives information to the 

decision makers and to the investors to decide to which area they must invest and do development 

activities. In figure 35 the final flood hazard map for the study area with rate of flooding prepared. 

In each of rate of flooding the corresponding table can be prepared (table 8). 
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Figure 36: Reclassified flood hazard zoning map of the study area 

Table 9: Percentage of rate of flooding 

Flooding rate Area (ha) Percentage (%) 
Least 222.339 0.72 
Low 5178.680 16.71 
Moderate 13362.700 43.12 
High 10465.500 33.77 
Extremely High 1763.85 5.69 
Total 30993.069 100.01 

 
From the final hazard map, the percentage of flood of the area is given in table 9. In table 9 

39.46% of the area is grouped under high and extremely high prone to flood. The area can be 

grouped as flood prone area and non-flood prone area. So flooding rate grouped under least and 

low categorized as non-flood prone area and moderate, high and extremely high categorized as 

flood prone areas. So 17.43% of the area are non-flood prone area and 82.58% are flood prone 

area. The areas around Wonji sugar plantation are prone to flood, thus this area is risk in flood 
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zonation and development activities must be done considering flood problem of the area. Figure 

35 shows the classification of areas prone to flood. 

The best way to reduce future flood damages is to prevent development from occurring on flood 

prone lands. In figure 35, zoning of such lands is an effective approach, but generally should be 

coupled with the broader land-use planning mentioned above so that the land has a defined use. 

Zoning can be used to reduce damages from flooding and be flexible enough to recognize that 

other forms of land use are compatible. 

4.4 Method of early warning systems and forecasting of flood from    

     ‘Koka’ dam 

“Koka’ dam was built in 1959 with a maximum capacity of 1850 × 106m3, area 236 km2. 

However, usable capacity is 1680 × 103m3 (source: ‘Koka’ HEPP flow chart). After the water is 

entered to the power generators the water will be released with three-turbine discharge where each 

of them flows at 42.3m3/sec. This is done daily in normal time, weather flood is there or not. May 

be all the three gates will not be active when there is no rain.  

The dam is concrete gravity dam with crest elevation of 1593.20m (a.s.l); crest length 458m 

maximum height 23.8m and maximum spillway discharge at 1590.70m is 4 × 250m3/sec (Source: 

‘Koka’ HEPP flow chart). This spillway discharge will be released when there is flood or when 

more water entered to the dam. During flood time, both the spillway discharge and regulated flow 

from the generators will be active and work together. At this time, the downstream will be in 

danger.  

Depending upon the amount of water (discharge) entered into the dam there is an early warning 

system to the downstream residence. In the ‘Koka’ dam, there is a maximum water level, if the 

water entered to the dam increases and approaches to the maximum level more water is released 

from the dam. At the time when more water released from the dam the people in the downstream 

are warned through radio and television. However, if there is maximum rainfall like in the case of 

1996, even if there is early warning system there will be huge damage to the downstream, but this 

is a rare case. In appendixes A we can observe how the water will be released from the ‘Koka’ 

dam before reaching the maximum level. 
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According to the data, that I have got from ‘Koka’ HEPP there is no spillway discharge in 2005. 

In 2006, starting from July 25 until the water level decreases the spillway discharge was active 

and during this time, there were an early warning system to the downstream people and to 

organizations. In the system of ‘Koka’ HEPP the minimum elevation, which is 1580.70m (a.s.l), 

is denoted by 100 and the maximum elevation (level) is 1590.70m is denoted by 110. These 

numbers 100 and 110 are for the sake of simplicity. So the spillway discharge will be opened 

when the water reached to the maximum level which is 110. 

On July 17, 2006 the water reached to maximum level 109.21, then the spillway opened and 

36.90m3/sec discharge released. For the coming days the discharge was fast increasing. When the 

water coming to the dam increases the spillway may release water two times a day in order to 

keep the maximum level. First on 19th July, 2006 104.4m3/sec and then 154.5m3/sec and again on 

21st July, 2006 154.5m3/sec and 104.4m3/sec were released from the dam (see appendixes A). 

For the above amount of discharge released from the dam through the spillway is due to the 

accumulation of sediments in the dam. Currently in my field visit I want to know how much tons 

of sediment will be released each year, but there is no recorded data in the dam. Sediments are 

still there since the time of construction. Thus, every time the spillways will be opened before it 

reaches the maximum level. 

So during rainy season there must be proper early warning system to the individuals, community 

and organizations to avoid damage. There must be proper and coordinated activities with different 

stakeholders like meteorological agency, water resources and electric power station at the power 

plant in ‘Koka’. When they want to release water from the dam warn the people at least two 

weeks before.  

Regarding the management aspects of flood warning and forecasting the following must be done. 

Management of activities within the flood prone area can significantly reduce flood damages to 

existing development and prevent the amount of damages from rising in the future. The most 

desirable approach is to prohibit new development in the flood plain and to flood proof existing 

structures, or to replace the existing development by alternative usage of the land. However, 

where the amount of present development is substantial or the flood plain is essential for the 
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production of food or other key economic activities, alternate strategies such as flood proofing 

and protection can be considered. 

A flood forecasting programme enhances all other flood mitigation measures. Forecasts provide 

the necessary lead-time for a wide variety of actions to be taken by the community. Actions can 

reduce loss of life and economic losses by evacuating families, personal effects, produce, 

livestock and machinery, and by taking short-term efforts to increase the capacity of structural 

measures such as sandbagging operations and flood control operations at dams. Even in what are 

considered areas with low possibilities of flooding, complacency can set in and investments in 

forecasting and other mitigation efforts may be curtailed. 

Long-term investments and policies are needed so that the community will be prepared to respond 

to the relatively rare event when, not if, it happens. 

 

4.4.1 Property lost during 1996 flood in Wonji Shoa Sugar factory 

Wonji Shoa sugar factory is one of the industries involved in production of sugar and sweet. In 

1996 there occurred a huge flood and many properties of the factory were lost. The factory lost 

17,295,534.42 Birr due to flood (see table 9) 

Table 10: Property lost during 1996 flood in Wonji Shoa Sugar Factory (source: Wonji Shoa     

                  sugar factory) 

Property Lost (Type) Cost (Birr) 

Building (destroyed) 2,575,433.58 

Produced Sugar (stock) 2,859,646045 

Sweet 3,852,397.33 

Sugarcane (plant) 2,253,371.84 

Spare part (warehouse) 2,199,565.30 

Flood Protection and Prevention 3,555,119.92 

Total 17,295,534,42 

Table 10 shows that the cost invested for flood protection and prevention is more than the other 

categories. Now in my field visit the factory introduces dike for flood controlling mechanism. At 

the time when the factory lost such amount of money there were no insurance for water related 

problems. But now, the company has flood insurance. 
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From figure 35 map of the flood prone areas should be prepared and detailed policy formulation 

on the flood prone areas. So in delineation of flood hazard area it is possible to reduce the natural 

disaster (flood) and creation of policies to reduce the risk. Areas on figure 35 are zoned as flood 

and non-flood prone areas and in the flood prone areas there must not be activities that aggravated 

the risk zone. The flood hazard areas on the map are identified by using different inputs for the 

final flood map preparation. Development activities must not be undertaken in the flood risk zone 

and areas like Wonji are grouped under extremely high prone to flood.  
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5. Conclusions and Recommendations 

5.1 Conclusions 
Flood disaster is one of the major disasters that occur every year in the world. Using the 

application of remote sensing and GIS it is possible to prepare, integrate and analyze data for 

disaster assessment. The spatial data sets for soil, land use/cover, drainage, slope and rainfall data 

were integrated to analyze in GIS. All spatial data sets are needed while planning for flood 

emergency management. It was found that the land use/cover and soil are affected more by flood, 

because more land is used for agricultural activity in the ‘Koka’ area.  

The integration of flood hazard and the vulnerability and value of the various land use/cover units 

into a flood risk assessment is crucial but requires still a lot of research work. However, it can be 

safely stated that high resolution satellite images will play a central role in the analysis of 

elements at risk (Landsat TM images of 1986 and 2000 for the study has been used). 

In the flood hazard management it is possible to get information about the property and 

environment at risk during the occurrence of flood in a specific area. The decision makers’ better 

use GIS in order to know the extent of flood hazard in a particular area. 

From the results of this study of the land use/cover of the study area is being highly changed for 

the last decades. Uncontrolled deforestation has induced soil erosion and land degradation causing 

irreparable damage to the environment. So during the rainy season the water flows directly to the 

land and the sediments enter to the ‘Koka’ dam and every year the water level of the dam 

decreases. This has been the root cause for constantly increased sediment load over the years on 

Awash River flows. With most of the sediment load brought in by the river inflow to the ‘Koka’ 

reservoir being deposited there, its capacity has gradually been reduced over the more than forty 

years of its existence. Water supply for irrigation and hydropower generation downstream 

depends on releases from this reservoir. The reservoir also serves as means of flood retention to 

protect downstream developments. 

Using remote sensing and GIS the flood hazard map of ‘Koka’ area was prepared and it helps the 

decision makers and developers to plan for development activities. Using the final flood hazard 

map one can develop proper early warning system and emergency preparedness for the area. 

From the result obtained in this study 82.58% of the area is prone to flood, so some measures 

must be taken to protect the area from flood. About 17.43% are found to be non-flood area. 
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5.2 Recommendations 
Flooding in Ethiopia particularly in the Awash River basin is common every year during the rainy 

season. One of the methods to protect flood is by constructing a dam and ‘Koka’ dam is one of 

them in addition to power generation. Since the dam is with sediments inside for many years there 

must be a means to remove all the sediments with a certain time interval in order to protect the 

downstream from flood. Further studies are needed and require the cooperation of 

interdisciplinary experts and responsible authorities and decision makers. The other thing I would 

like to recommend is to prepare and locate on maps which areas are prone to flood and which are 

not. Experts must use the satellite images to update the information related with flood and other 

natural disasters and proper early warning system for the area. 

Incorporating a flood warning system into community preparedness activities in the area have 

strengthened local capabilities in making timely and accurate decisions for the protection of lives 

and property.  The ultimate goal is to protect life and property by achieving and maintaining a 

high level community preparedness, in collaboration with the disaster preparedness and 

emergency management by utilizing the community flood warning system to support local 

disaster and emergency services. Flood controlling mechanisms in the area must be introduce like 

building dike, afforestation program on the high lands and bare lands, wise utilization of the farm 

lands like mixed farming can be introduced. The other important thing to protect loss of life in the 

area is to have proper early warning system and emergency management. 

Finally, I would like to recommend making remote sensing and GIS technology available for all 

concerned communities, individuals, government and NGOs. It is important that all communities 

keep up with the developments taking place elsewhere in disaster mitigation technology and 

benefit from it.  
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Appendixes 

Appendix A: Water level, turbine discharge and Spillway discharge of ‘Koka’ dam 

July (2006) August (2006) September (2006) 

D
at

e 

Water 

level 

Turb.Disc

h. (m3/sec) 

Water 

level 

Turb.Disc. 

(m3/sec) 

Sp.w.dis

(m3/sec) 

Water 

level 

Turb.dis 

(m3/sec) 

Sp.w.dis 

(m3/sec) 

1 103.35 35.07 107.06 62.96 ---- 110.04 87.75 154.50 

2 103.37 33.70 107.16 60.19 ---- 110.06 88.50 154.50 

3 103.43 34.14 107.28 58.56 ---- 110.06 94.00 154.50 

4 103.51 38.66 107.36 58.91 ---- 110.07 94.50 104.40 

5 103.62 36.11 107.44 55.79 ---- 110.07 93.29 104.40 

6 103.77 40.74 107.56 59.03 ----    

7 103.94 34.72 107.74 52.78 ----    

8 104.08 35.42 107.88 69.75 ----    

9 104.18 32.98 108.00 74.57 ----    

10 104.30 38.85 108.18 58.80 ----    

11 104.34 30.37 108.36 64.35 ----    

12 104.40 35.65 108.54 70.37 ----    

13 104.52 35.07 108.70 64.47 ----    

14 104.62 34.49 108.84 66.20 ----    

15 104.72 32.64 108.96 70.25 ----    

16 104.84 28.36 109.06 75.35 ----    

17 104.84 30.78 109.21 74.57 36.90    

18 105.10 34.38 109.41 88.75 53.00    

19 105.30 31.71 109.56 93.29 104.4/154.5    

20 105.44 32.87 109.61 92.59 204.50    

21 105.60 36.46 109.66 89.80 154.5/104.4    

22 105.75 32.52 109.72 93.50 104.40    

23 105.90 29.86 109.75 93.00 104.40    

24 106.10 46.41 109.76 90.00 104.40    

25 106.20 51.74 109.79 94.00 104.40    
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26 106.40 50.00 109.82 83.50 154.50    

27 106.58 62.29 109.86 88.00 154.50    

28 106.72 62.80 109.90 91.25 154.50    

29 106.84 53.24 109.94 90.00 154.50    

30 106.96 58.33 110.00 90.75 154.50    

 Add 

366cm 

1170.36 Add 

304cm 

2275.33 1484.50 Add 

7cm 

458.04 672.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 78 

Appendix B: Table showing the maximum water level (m), discharge (m3/sec) and rainfall (mm)  

                      of Wonji meteorological station. 

Year 
Max Water level 

(m) 
Max Discharge 

(m3/sec) 
Max RF 

(mm) 
1965 -------- -------- 182 
1966 -------- -------- 329 
1967 -------- -------- 162 
1968 -------- -------- 158 
1969 -------- -------- 337 
1971 -------- -------- 226 
1972 -------- -------- 284 
1973 2.58 35.294 274 
1974 2.74 61.806 181.6 
1975 3.52 102.529 182.8 
1976 2.42 46.708 398.2 
1977 3.95 129.657 203.7 
1978 2.97 71.672 174.5 
1979 2.9 62.724 103.9 
1980 2.29 28.385 131.3 
1981 3.18 63.962 118.6 
1982 3.18 63.962 264.8 
1983 ------- -------- 242.3 
1984 ------- -------- 232.6 
1985 5.43 241.021 202 
1986 4.16 115.332 311.4 
1987 3.5 77.014 170.7 
1988 4.45 194.885 215.1 
1989 4.8 232.418 278.7 
1990 4.88 216.139 318.7 
1991 5.85 355.641 259.1 
1992 4.7 217.494 188.5 
1993 ------- -------- 260.3 
1994 4.14 157.182 326.1 
1995 3.98 134.083 -------- 
1996 6.00 381.689 -------- 
1997 3.43 46.212 -------- 
1998 5.86 166.327 -------- 
1999 5.38 -------- -------- 
2000 3.22 47.824 -------- 
2001 3.43 76.452 -------- 
2002 3.77 56.495 -------- 
2003 3.88 -------- -------- 
2004 3.54 62.027 -------- 
2005 3.88 -------- -------- 
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Appendix C: Table showing the maximum water level (m), discharge (m3/sec) and rainfall (mm)  

                      of the ‘koka’ meteorological station. 

 

 
Year 

Max Water level 
(m) 

Max Discharge 
(m3/sec) 

Max RF 
(mm) 

1971 3.90 244.293  -------- 
1972 2.58 72.967  -------- 
1973 2.28 50.411  -------- 
1974 2.60 74.661  -------- 
1975 2.74 87.220 199.6 
1976 2.17 43.421 89.1 
1977 3.05 119.581 62.5 
1978 2.26 49.091 86.4 
1979 2.39 58.073 58.4 
1980 2.34 54.505 102.8 
1981 2.73 86.281 81.1 
1982 1.75 22.447 70.1 
1983 3.67 204.962 134.4 
1984 2.34 54.505 61.2 
1985 3.37 160.033 129.2 
1986 2.12 40.459 72.8 
1987  --------- ----------- 103.8 
1988 2.56 71.297 244.8 
1989 3.20 137.617 283.7 
1990 2.68 81.686 292.0 
1991 3.38 161.419 220.9 
1992 2.28 50.411 666.8 
1993 4.00 262.774 698.4 
1994 2.09 38.745 113.6 
1995  -------- ---------- 441.2 
1996 5.25 571.570 260.6 
1997 2.39 58.073 259.2 
1998 3.70 209.846 399.1 
1999 3.88 240.698 219.3 
2000 2.91 104.167 337.0 
2001 2.47 64.083 436.0 
2002 2.33 53.809 217.0 
2003  -------- --------- 274.7 
2004 2.01 34.41 272.1 
2005  -------- --------- 142.6 

 


