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                           ABSTRACT 

Electrical energy is an integral component of the overall development of any nation. Most 

rural populace does not have access to electricity and the shortages of electric energy 

production especially in small rural areas hinder the development of rural livelihood. This 

study primarily intends to undertake only a rapid technical assessment that provides some 

basic information that essentially helps in making unbiased technical decision on the viability 

of the proposed energy production from Gidabo dam which had not been planned or designed 

with the inclusion of a hydropower scheme. 

The conceptual rainfall runoff model chosen for this study was HBV-light (Beta Version). 

The model was applied to simulate flow at dam site, using split record evaluation, involving 

the calibration and verification periods (about 60% for calibration and 40% for verification). 

During calibration period, the optimized parameters which give good performance result 

were determined (Reff=0.74). These optimized parameters are validated. Performance of the 

model in the validation period was 0.68. The study also presents the work of reservoir 

operation and hydropower potential estimation using HEC-ResSim Model for the better 

operation and management of Gidabo reservoir. The study attempts to examine the 

complexities in reservoir operation and prepare an optimum operation plan or release rule for 

Gidabo reservoir. The main objectives are simulating the optimal operation of Gidabo 

reservoir for the proposed water demand activities by accurately determining the reservoir 

inflow using HEC-ResSim model and estimate the hydropower potential that can be 

produced while meeting the current demands at a specified level of reliability. In the 

simulation of Gidabo reservoir, the reservoir physical characteristics, operational 

characteristics, monthly water demands and the hydrological inputs to the reservoir (Net 

evaporation, surface inflow) were collected and configured. This study developed optimum 

operating rules for Gidabo reservoir by using the application of HEC-ResSim model and 

estimates the optimal hydropower production regarding to storage (m3), reservoir level (m), 

and inflow-outflow relations of the reservoir. Based on simulation result the study evaluated 

the hydropower potentials of the Gidabo reservoir and found that the Gidabo reservoir can 

potentially generate on daily base 2.3MW and 0.2MW if the Gidabo reservoir water level is 
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respectively placed at 1215.9m and 1212.1m above mean sea level. These levels represent 

the upper and the lower limits at which the proposed hydropower scheme can sufficiently 

release water from Gidabo reservoir to conjunctively meet the water demands for the 

proposed hydropower and designed irrigation purposes.  

Keywords: Hydropower potential, Gidabo reservoir, HBV light, HEC-ResSim 
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1.  INTRODUCTION 

1.1 Background 

Power is a critical ingredient in all sectors of national economy and its supply is directly 

correlated with the economic performance of the countries. Its impacts are felt in all sectors 

but it is especially vital to the industrial sector, service sector, attracting new investment, 

Employment opportunity and improving the general standard of living. Among the various 

energy options, hydropower is the leading renewable source for electricity generation 

globally. Reaching 1,064 GW of installed capacity in 2016, it generated 16.4% of the world’s 

electricity from all sources. There are many opportunities for hydropower development 

throughout the world and although there is no clear consensus, estimates indicate the 

availability of approximately 10,000 TWh/year of unutilized hydropower potential worldwide 

(World Energy Council, 2016).   

The potential for hydroelectric power in the Nile basin is huge. The White Nile drops some 

500 meters between Lake Victoria and Lake Albert, representing an estimated capacity of 

over 4,000 MW, of which 380 MW is currently operational. In the eastern Nile region, the 

1,300-metre fall of the Blue Nile (Abay) between Lake Tana and the border with the Sudan 

could provide hydroelectricity in excess of 8,000 MW. However The present power situation 

in many Nile countries is characterized by inadequate, unreliable, and expensive power for 

domestic, commercial, and industrial use, and by very low power consumption levels. 

Throughout 2011, the power supply situation in most of the NBI member states was 

extremely challenging. Most member states were unable to meet the projected national 

demand. They also fell short of the constrained demand resulting in substantial load 

curtailment in a number of countries (State of the River Nile Basin, 2012).   

Electricity consumption per capita in the Nile region is very low compared to the rest of the 

world. All the Nile countries with the exception of Egypt had a per capita electricity 

consumption of less than 200 kWh/yr in 2011, compared to the 10,000 kWh/yr or higher that 

is common in the industrialized world. Egypt’s per capita consumption (1,769 KWh/yr), 
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although higher than that of the other basin states, is still below the world average of 2,803 

KWh/yr (State of the River Nile Basin, 2012). 

Energy in Ethiopia can be bifurcated into traditional sources of biomass and modern sources 

such as electricity and petroleum. Since more than 80% of the population is involved in 

agriculture in rural areas, it is reasonable that 88% of total energy is covered by biomass 

sources such as wood, dung, and agricultural residues. In sub-Saharan Africa, Ethiopia is one 

of the largest populations with a high level of dependence on traditional use of solid biomass 

for cooking. These biomass fuels, however, have increasingly become challenging to harvest 

in rural areas and are costly in urban areas. Extended use of biomass fuels also has severe 

environmental repercussions.  The depletion of such traditional resources will adversely affect 

soil moisture, recycling of soil nutrients, and conservation of water, soil, and wildlife. 

Henceforth, it is not surprising that the Government of Ethiopia is keen on promoting 

diversification of its energy portfolio. While the exploitation of biomass is considered highly 

uneconomical, hydropower exploitation rates are extremely low at 4.4%, and geothermal 

energy is hardly exploited. That is, although Ethiopia is enriched with substantial amounts of 

renewable energy, exemplified by its hydropower potential, the country’s full energy potential 

is hardly capitalized due to limited technologies, insufficient capital, and inadequate 

regulatory frameworks to foster efficient extraction and distribution of energy (World energy, 

2016). According to the EEPCO, Ethiopia has around 2,000 MW of installed power 

generating capacity, out of which 1,980 MW (99%) is generated from hydropower plants. The 

remaining 12 MW (0.6%) and 8 MW (0.4%) comes from thermal and geothermal sources 

respectively.  

One of the most essential issues of the current Ethiopian energy sector is reflected by 

consistently rising demand for power. According to the Ministry of Water and Energy, the 

target scenario would have demand grow by 32% from 2011 to 2015. Such extraordinary 

growth in demand can be attributed to a number of factors such as double-digit GDP growth 

for nine consecutive years, steep population growth, expansion of national grid to rural areas, 

and implementation of customer service reform programs. Ethiopia’s robust growths in 

demand are met with a shortage in supply. In the past decade, “rapid population growth, low 
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per capital income, recent boom in the construction sector, and limited investment” has led to 

the current energy supply crisis (Cyrus Adamiyatt D. K.-O., 2015).  

Therefore, the central problem of electricity in Ethiopia is twofold: not only is there 

insufficient supply of quality electricity, but there exists also an imbalance of supply such that 

rural residents, which make up the majority of the population, have little or no access to the 

grid. In order to overcome such problems this study aims to assess hydropower energy by 

optimizing irrigation reservoir. Hence, the power generated will electrify the rural community 

so as to improve their living standard. 

1.2 Problem Statement 

Every advanced economy has required secure access to modern energy to underpin its 

development and growing prosperity. Modern, high quality and reliable energy provides 

services such as lighting, heating, transport, communication and mechanical power that 

support education, better health, higher incomes and all-round improvements in the quality of 

life. However, around two billion people worldwide are living without access to a modern 

energy supply. This means they have no opportunity to lift themselves out of poverty and 

improve their living conditions through their own efforts. Providing these people with a 

sustainable energy supply is the key to reducing global poverty. A sustainable energy supply 

not only reduces poverty, it also reduces dependency on costly fossil fuels, especially oil. It 

also helps to protect the environment both locally and globally (Iternational Energy Agency, 

2014).   

Most rural villages in our country Ethiopia do not have access to electricity. Due to  this,  they  

totally  depend  on  traditional  energy  source,  that  is,  biomass energy, for example, straw, 

wood, animal waste and  so on and on petroleum products  for  their  flour  mills  and  night  

time  illumination.  Moreover,  these traditional  resources  are  being  depleted  rapidly  due  

to  deforestation,  soil erosion and its fertility loss, population growth and so on, there by 

deepening the rural energy crisis in the area.  
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On other hand, the Government of Ethiopia, under its latest Growth and Transformation Plan 

(GTP), envisions transitioning from a developing country to a middle-income country by 

2025. Ethiopia’s ability to achieve this ambitious goal in such key sectors as agriculture and 

industry is significantly constrained by current challenges in the power sector. Since more 

than 80% of the population is involved in agriculture in rural areas electrifying the rural 

community will bring great change on countries economy. This will be realized, when any 

available opportunities of generating renewable energy is used. Incorporating hydropower 

development to irrigation reservoir is among the possible alternatives without compromising 

the intended aim.    

1.3 Objectives of the study 

1.3.1 General objective of the study 

The general objective of this study is to assess the Hydropower potential of Gidabo irrigation 

Reservoir. Hence, to electrify the surrounding rural community and to maximize the benefit of 

the reservoir. 

1.3.2 Specific objectives of study 

 To estimate inflow at the dam site by using hydrological model Hbv light. The model 

helps to fill the gap of flow data for different time horizon.  

 To establish reservoir operation rule curve by using Hec-ResSim.  

 To assess the potential hydropower energy of the Gidabo reservoir. 

1.5 Significance of the study  
The main significance of the study is to maximize the benefit of the project by incorporating 

hydropower, where the project initially proposed for irrigation only. Hence, it is possible to 

electrify surrounding community. On other hand it promotes the development of renewable 

energy sources and reduces the use of biomass fuel energy sources both for ensuring 

sustainability and for protecting the environment, as well as their continuation into the future. 

1.6 Scope and limitation of the study  

The scope of the study comprises Hydro-metrological data processing and analysis. The semi-

distributed hydrological model used for estimation of inflow at dam site will not consider land 
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use land cover and soil type of the catchment. During Gidabo reservoir simulation climate 

change in the catchment and sediment inflow to the reservoir are not considered.  

1.7 Thesis outline 

The thesis is organized as follows:  In Chapter 1 back ground, problem statement, objective 

of the thesis, research question, significance and scope of the study is presented. Chapter 2 is 

the literature review and talks about the modeling concept and classification in hydrology. 

The chapter reviews reservoir, the available simulation models and describes the HEC-

ResSim model. Chapter 3 gives a description of the study area, including the main 

characteristics of the Gidabo river basin including the location, rainfall characteristics, land 

use, topography. Materials used, methodology, data collection and data analysis is also 

presented in this chapter. Chapter 4 presents the result and discussion of the study. Chapter 5 

includes Conclusions and Recommendations. Finally references and appendices are attached 

in the form of tables and figures.  
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2. LITERATURE REVIEW 

 2.1 Hydropower 

Hydro-energy is known as traditional renewable energy source. It is based on natural 

circulating water flow and its drop from higher to lower land surface that constitutes the 

potential. In order to convert this potential to applicable electric energy, water flow should be 

led to and drive a hydraulic turbine, transforming hydro energy into mechanical energy, the 

latter again drives a connected generator transforming the mechanical energy into electric 

energy. As hydro energy exploitation and its utilization are completed at the same time, i.e. 

the exploitation of first energy source and the conversion of secondary energy source occur 

simultaneously, unlike the coal power generation which should have two orders; first order is 

exploitation of fuel, second order is generation, so hydropower has the advantages over 

thermal power generation.  

Mankind has used the energy of falling water for many centuries, at first in mechanical form 

and since the late 19th century by further conversion to electrical energy. Historically, 

hydropower was developed on a small scale to serve localities in the vicinity of the plants. 

With the expansion and increasing load transfer capability of transmission networks, power 

generation was concentrated in increasingly larger units and to benefit from the economies 

resulting from development on a larger scale (ROORKEE, 2008).  

         

  
 

                   Figure 2. 1 General Layout of a dam based hydroelectric plant                              



7 

 

Sites selected for development tended to be the most economically attractive; in this regard, 

higher heads and proximity to load centers were significant factors. For this reason, 

development was not restricted to large sites and hydro stations today range from less than 1 

MW capacity to more than 10,000 MW. The efficiency of hydroelectric generation is more 

than twice that of competing thermal power stations (ROORKEE, 2008). 

Power Estimation 
The potential electric power of the water in terms of flow and head can be calculated from the 
following equation. 

             HQP 81.9
                                                     2.1

 

        Where: P = Power at the generator terminal, in kilowatts (kW)  

                  H = Net available head in meters (gross head – losses) 

                    Q = Flow in cubic meters per second (m3/s) 

η = overall efficiency of the hydro power plant. For general estimation purposes,               

9.81 is a constant and is the product of the density of water and the acceleration due to 

gravity. 

2.2 Potential and Status of Electric Energy in Ethiopia  

Access to energy is among the key elements for the economic and social developments of 

Ethiopia. The energy sector in Ethiopia can be generally categorized in to two major 

components: traditional and modern (traditional biomass usage and modern fuels i.e. 

electricity and petroleum). As more than 80% of the country's population is engaged in the 

small-scale agricultural sector and live in rural areas, traditional energy sources represent the 

principal sources of Energy in Ethiopia. Domestic energy requirements in rural and urban 

areas are mostly met from wood, animal dung and agricultural residues. At the national level 

it is estimated that biomass fuels meet 88 % of total energy consumed in the country. In urban 

areas access to petroleum fuels and electricity has enabled a significant proportion of the 

population there to employ these for cooking and other domestic energy requirements 

(Ministry of Water and Energy, 2012).  
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Access to biomass fuels has declined significantly in all areas of the country and drastically in 

some parts. Reduced access to woody biomass has had serious developmental and social 

impacts. Less access to wood means more has to come from other sources of biomass to meet 

demand for fuel. This has eroded the balance between what goes in for agricultural production 

and animal manure for fertilizer, and what goes out of it, i.e. food for humans and animals. A 

survey by the Central Statistics Agency (CSA) in 2004 showed that about 71.1% of the total 

households use kerosene for lighting followed by firewood (15.7%) and electricity (12.9%). A 

higher proportion of urban residents use electricity (75.3%) for lighting, while the use of 

kerosene (80.1%) and firewood (18.5%) are predominant in rural areas. Major types of 

cooking fuel used by all households are firewood, leaves, dung cakes and kerosene.  

On other hand, there is significant generation resource in the country. Ethiopia’s hydropower 

resources, which are distributed in nine major river basins and their innumerable tributaries, 

are estimated to generate 650 TWh per year. The technically feasible potential is estimated to 

be 40% of the theoretical potential i.e. 260 TWh per year (45 GW equivalent with 65% plant 

factor). This would constitute about 15% of the total technically feasible potential of Africa, 

which is 1750 TWh per year. However, so far, the utilization of this potential is limited to 

2,000 MW which is less than 4.5 % of the existing potential.                                                                                                                             

Table 2. 1 Existing hydropower plant 
Plant name  River name  Capacity (MW) Year of completion 
Aba samuel Akaki River 6 1932 
Tis Abay I Nile River 12 1953 
Koka Dam Awsh River 42.3 1960 
Awash II Awash River 32 1966 
Awash III Awash River 32 1971 
Fincha Dam Fincha River 100 1973 
Melka Wekena Dam Wabeshebele  153 1989 
Tis Abay II Nile River 75 2001 
Gilgel Gibe I Omo River 184 2004 
Tekeze High dam  Tekeze River 300 2009 
Gilgel Gibe II Omo River 420 2009 
Tana Beles Belesa River 435 2010 
Gilgel gibe III Reservoir 1870 2015  
Source: https://en.wikipedia.org/wiki/Dams_and_hydropower_in_Ethiopia 
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Table 2. 2 Under construction or proposed hydropower plan 
Hydroelectric station  Type Capacity (MW) Year completed River 

Fincha Amerti Neshe Reservoir 100   

Gilgel Gibe IV Reservoir 1472  Omo River 
Gilgel Gibe V Reservoir 660  Omo River 
GrandEthiopian 
renaissance 

Reservoir 6000 2018 Blue Nile 
River 

Halele Worabesa Reservoir 440 2015 Omo River 
Chemoga Yeda Reservoir 278 2015  
Source: https://en.wikipedia.org/wiki/Dams_and_hydropower_in_Ethiopia 

2.3. Reservoirs  
Reservoir is a large water body i.e. artificially created due to the construction of dam across 

the river. Reservoir serves to store large volume of water during the rainy seasons when the 

stream flood flow is high and uses to maintain the constant flows throughout the year for the 

period of low flow. Hence, it protects the large flood damages downstream of the low land 

areas and stores a considerable volume of water. The stored water is used for different water 

related activities such as water supply, irrigation, hydropower generation etc. Allocation of 

storage space for various uses is done by reservoir operation study. Depending on the 

expected availability of water during various periods of the year, the operation policy changes 

its priority of water releases for various sectors. Many times a group of reservoirs of a basin 

are operated simultaneously for flood control and other beneficial releases so as to yield 

optimum result. Reservoir operation policy is, therefore, a complex problem and the situation 

becomes complicated when a group of multipurpose reservoirs are to be operated 

simultaneously. Optimization versus simulation model can be effectively used to decide the 

operation schedule for a single or a group of multipurpose reservoirs. A rule curve defining 

various limiting values of storages for each month/day of the year in the form of a chart or 

graph is generally drawn for each reservoir which guides the engineers controlling the 

reservoir operation.  

 
Reservoir operation 
Reservoirs have to be best operated to achieve maximum benefits from them. For many years 

the rule curves, which define ideal reservoir storage levels at each season or month, have been 

the essential operational tool. Reservoir operators are expected to maintain these pre-fixed 

water levels as closely as possible while generally trying to satisfy various water needs 
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downstream. If the levels of reservoir storage are above the target or desired levels, the release 

rates are increased. Conversely, if the levels are below the targets, the release rates are 

decreased. Sometimes operation rules are defined to include not only storage target levels, but 

also various storage allocation zones, such as conservation, flood control, spill or surcharge, 

buffer, and inactive or dead storage zones. Those zones also may vary throughout the year and 

the advised release range for each zone is provided by the rules. The desired storage levels 

and allocation zones mentioned above are usually defined based on historical operating 

practice and experience. Having only these target levels for each reservoir, the reservoir 

operator has considerable responsibility in day-to-day operation with respect to the 

appropriate trade-off between storage levels and discharge deviations from ideal conditions. 

Hence, such an operation requires experienced operators with sound judgment. Needless to 

say, predetermined operation rules have proven to be quite inflexible when dealing with 

unexpected situations.  

To counteract the inefficiency in operating a reservoir system only by the ‘‘rule curves,’’ 

additional policies for operation have now been incorporated into most reservoir operation 

rules. These operation guidelines define precisely when conditions are not ideal (e.g., when 

maintenance of the ideal storage levels becomes impractical), and the decisions to be made for 

various combinations of hydrological and reservoir storage conditions. For some reservoir 

systems, this type of operation policy has already taken over the rule curves and is acting as 

the principal rule for reservoir operation. Over the past several decades, increasing attention 

has been given to systems analysis techniques for deriving operation rules for reservoir 

systems. As the references reveal, the 1980s and 1990s were the most productive period in 

this respect (Bogardi, 2002). As a result, a variety of methods are now available for analyzing 

the operation of reservoir systems. In general, these techniques lead to models which can be 

classified into two categories: optimization models and simulation models. Simulation models 

can effectively analyze the consequences of various proposed operation rules and indicate 

where marginal improvements in operation policy might be made. However, the simulation 

technique is not very appropriate in selecting the best rule from the set of possible 

alternatives. 
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Reservoir Pools 
Reservoir operating policies typically involve dividing the total storage capacity into 

designated pools. A typical reservoir consists of one or more of the vertical zones, or pools  

(Figure 2.2). The allocation of storage capacity between pools may be permanent or may 

vary with seasons of the year or other factors. 

                                                                                                                   

                                                                                                                                                                                           

                                                    Figure 2. 2 Reservoir Pools 

Inactive Pool: Water is not withdrawn from the inactive pool, except through the natural 

processes of evaporation and seepage. The top of inactive pool elevation may be fixed by 

the invert of the lowest outlet or, in the case of hydroelectric power, by conditions of 

operating efficiency for the turbines. An inactive pool also may be contractually set to 

facilitate withdrawals from outlet structures, which are significantly higher than the invert 

of the lowest outlet structure at the project. The inactive pool is sometimes called dead 

storage. It may provide a portion of the sediment reserve, head for hydroelectric power, and 

water for recreation and fish habitat. 

Conservation Pool: Conservation storage purposes, such as municipal and industrial water 

supply, irrigation, navigation, hydroelectric power, and in stream flow maintenance, involve 
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storing water during periods of high stream flow and/or low demand for later beneficial use 

as needed. Conservation storage also provides opportunities for recreation. The reservoir 

water surface is maintained at or as near the designated top of conservation pool elevation 

as stream flows and water demands allow. Draw downs are made as required to meet the 

various needs for water.  

Flood Control Pool: The flood control pool remains empty except during and immediately 

following a flood event. The top of flood control elevation is often set by the crest of an 

uncontrolled emergency spillway, with releases being made through other outlet structures. 

Gated spillways allow the top of flood control pool to exceed the spillway crest elevation 

2.4 Hydrological Modeling  
Among the different reasons why modeling of the rainfall-runoff processes of hydrology is 

needed, are a limited range of hydrological measurement techniques and a limited range of 

measurements in space and time (Beven, 2002). Therefore, it is necessary to develop a means 

of extrapolating from those available measurements in space and time to ungauged 

catchments and into the future to assess the likely impact of future hydrological change. 

Hydrological models are classified as physical based, conceptual and empirical depending on 

the degree of complexity and physical completeness in the formation of the structure. Models 

are further classified as lumped, semi-distributed and distributed depending on the degree of 

decentralization when describing the terrain in the basin (Juraj, 2003). Today, most rainfall-

runoff models, whether physical or conceptual are distributed to some degree and larger 

basins are regularly split in to sub basins in model application (Bergstrom and Graham, 1998). 

1. Lumped models. Parameters of lumped hydrologic models do not vary spatially within the 

basin and thus, basin response is evaluated only at the outlet, without explicitly accounting for 

the response of individual sub-basins. Parameters of lumped models often do not represent 

physical features of hydrologic processes and usually involve certain degree of empiricism. 

The impact of spatial variability of model parameters is evaluated by using certain procedures 

for calculating effective values for the entire basin. The most commonly employed procedure 
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is an area-weighted average (Haan.Johnson, 1998). Examples of such type of models are IHAC-

RES, SRM. 

2. Semi-distributed models. Parameters of semi-distributed models are partially allowed to 

vary in space by dividing the basin into a number of smaller sub-basins. Sub division of sub-

catchments in to a number of different homogeneous zones can be accomplished based on 

various catchments characteristics (topographic elevation, soil type and land use). Examples 

of such type of models are HBV-96, HEC-HMS etc. 

3. Distributed models. Parameters of distributed models are fully allowed to vary in space at 

a resolution usually chosen by the user. Distributed model structures accounts for detail 

catchment characteristics (soil and land use, etc.), process calculation and highly resolved 

meteorological variables (e.g. Precipitation, temperature). The catchment is divided in to a 

number of sub catchment and each sub catchment is further divided in to a number of grid 

cells.  

2.4.1 Selection of Hydrological model  

There are numerous criteria which can be used for choosing a hydrologic model. These 

criteria are always project-dependent, since every project has its own specific requirements 

and needs. Furthermore, some criteria are also user-depended, and therefore subjective. 

Among the various project-depended selection criteria, there are four fundamental ones that 

must always be answered: 1) required model outputs important to the project and therefore to 

be estimated by the model; 2) hydrologic processes that need to be modeled to estimate the 

desired outputs adequately; 3) availability of input data; and 4) price.  

Based on these criteria HBV light model has been selected as a hydrological modeling tool. 

Besides, the main reasons the reasons behind for selecting HBV light model for this study are:-  

 Its semi-distributed nature, its structure is more physically-based than the structure of 

lumped model  

 It is less demanding on input data than fully distributed model. 

  Availability  
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2.4.2 Description of HBV model 

The model simulates daily discharge using daily rainfall, temperature and potential 

evaporation as input. Precipitation is simulated to be either snow or rain depending on 

whether the temperature is above or below a threshold temperature, TT [°C]. All precipitation 

simulated to be snow, i.e. falling when the temperature is bellow TT, is multiplied by a 

snowfall 

correction factor, SFCF [-]. Snowmelt is calculated with the degree-day method (Equation 

2.2). Melt water and rainfall is retained within the snowpack until it exceeds a certain fraction, 

CWH [-], of the water equivalent of the snow. Liquid water within the snowpack refreezes 

according to Equation 2.3. Rainfall and snowmelt (P) are divided into water filling the soil 

box and groundwater recharge depending on the relation between water content of the soil 

box (SM [mm]) and its largest value (FC [mm]) (Equation 2.4). Actual evaporation from the 

soil box equals the potential evaporation if SM/FC is above LP [-] while a linear reduction is 

used when SM/FC is below LP (Equation 2.5). Groundwater recharge is added to the upper 

groundwater box (SUZ [mm]). PERC [mm d-1] defines the maximum percolation rate from 

the upper to the lower groundwater box (SLZ [mm]). Runoff from the groundwater boxes is 

computed as the sum of two or three linear outflow equations depending on whether SUZ is 

above a threshold value, UZL [mm], or not (Equation 2.6). This runoff is finally transformed 

by a triangular weighting function defined by the parameter MAXBAS (Equation 2.7) to give 

the simulated runoff [mm d-1]. 
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         Figure 2. 3 HBV standard model structure (Model version using UZL and Ko in SUZ
box)   

 Recharge = Input from soil routine [mm/d]

  SUZ = Storage in soil upper zone [mm]

 SLZ = Storage in soil lower zone [mm]

 UZL = Threshold parameter [mm]

 PERC = Maximum percolation to the soil lower zone [mm/d]

 E = Evaporation from the lake

 P = Precipitation into the lake

 Ki = Recession coefficient [1/d]

 Qi = Runoff component [mm/d]

  runoff = Total amount of generated runoff [mm/d]

 Model routines 
 Soil Moisture Routine 

Input to the Model 

 Potential evapotranspiration 

 Precipitation 

  Snowmelt 

GW it )1(                                                               
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MAXBAS
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HBV standard model structure (Model version using UZL and Ko in SUZ

Recharge = Input from soil routine [mm/d] 

SUZ = Storage in soil upper zone [mm] 

SLZ = Storage in soil lower zone [mm] 

Threshold parameter [mm] 

PERC = Maximum percolation to the soil lower zone [mm/d] 

E = Evaporation from the lake 

P = Precipitation into the lake 

= Recession coefficient [1/d] 

= Runoff component [mm/d] 

runoff = Total amount of generated runoff [mm/d] 

Potential evapotranspiration  

15 

                                                                          2.7 
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HBV standard model structure (Model version using UZL and Ko in SUZ-



16 

 

   Model output 

 Actual evapotranspiration 

 Soil moisture 

  Groundwater recharge 

Parameters 

FC = maximum soil moisture storage (mm) 

LP = soil moisture value above which ETact reaches ETpot (mm) 

 

BETA= parameter that determines the relative contribution to runoff from rain or 

snowmelt (-)  

                                         
                                       Figure 2. 4 Soil routine parameter description 

 Response Function 

The model of a single linear reservoir is a simple description of a catchment where the 

runoff Q (t) at time t is supposed to be proportional to the water storage S(t). 
 

                         
                 Figure 2. 5 Simple description of catchment 

 

S= storage (mm) 

Q = outflow (mm day-1) 



17 

 

t = time (day) 

K = storage (or recession) coefficient (day-1)(A realization of a single linear reservoir 

is a box with a porous outlet, thus obtaining Equation (*) from Darcy's law.) 

Recession analysis 

If lnQ is plotted against time during a dry period, the slopes of the hydrograph at different 

runoff values provide good first estimates of the response-function parameter. 

                                       

                                        Figure 2. 6 Recession analysis 

Slope of the recession: 

Peaks: K0 + K1 + K2 

Intermediate: K1 + K2 

Base flow: K2 

Thresholds: Q (T1): PERC+K1·UZL 

                      Q (T2): PERC 

Routing Routine 
The generated runoff of one time step is distributed on the following days using one free 

parameter, MAXBAS, which determines the base in a equilateral triangular weighting 

function. 
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                                        Figure 2. 7 Routing routine 
 Model parameters 
The HBV model used in this study includes ten model parameters, as seen in table 2.3 below. 

Table 2. 3 Selected model parameters  
Parameter Description Unit 

FC Field capacity, maximum soil moisture storage [mm] 
BETA Non-linearity parameter [-] 
LP Factor limiting actual evapotranspiration [-] 
K0 storage (or recession) coefficient 0 [d-1] 
K1 storage (or recession) coefficient 1 [d-1] 
K2 storage (or recession) coefficient 2  
PERC Rate of percolation [mm d-1] 
UZL treshold parameter  
MAXBAS length of triangular weighting function  
Cet potential evaporation correction factor  
 
Model Calibration and Validation 
To make a hydrological model ready to use in practice for a specific application, calibration 

of the model should be performed. Calibration is the process of searching for a parameter set 

which closely simulates the behaviour of the basin [Madsen et al, 2002]. The goal of the 

calibration procedure is to adjust the model parameters to decrease the difference between e.g. 

observed and simulated values of discharge for a certain period in time [Viviroli et al, 2009]. 

The procedure to find the optimum parameter set in this study is Monte Carlo Simulation 

(MCS). MCS is a technique in which, through numerous model simulations, a best objective 

function value is sought by using randomly generated parameter values within a pre-defined 

model parameter range. Important aspects of MCS are the determination of prior parameter 

ranges.  

Model performance  
The performance of the model must be evaluated for the extent of its accuracy (Goswami et 

al., 2005). Hence, for this study, the model performance in simulating observed discharge was 
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evaluated during calibration and validation by; Inspecting simulated and observed runoff 

graphs visually (see figure 4.1), by calculating Nash and Sutcliffe efficiency criteria R2 

(commonly used in hydrological modeling) and by calculate the Relative Volume Error 

(RVE).  

The Nash and Sutcliffe coefficient (R2) is a measure of efficiency that relates the goodness-

of-fit of the model to the variance of measured data (see, equation 2.8). R2 can range from - ∞ 

to 1 and an efficiency of 1 indicates a perfect match between observed and simulated 

discharges. R2 value between 0.9 and 1 indicate that the model performs very well while 

values between 0.6 and 0.8 indicate the model performs well (Wale A., 2007). The largest 

disadvantage of this efficiency criterion is that larger value in a time series are strongly 

overestimated where as lower values are of minor importance. For the quantification of runoff 

prediction this leads to an overestimation of model performance during peak flows and 

underestimation during low flow conditions. 
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The RVE can vary between ∞ and - ∞ but it performs best when a value of 0 (zero) is 

generated. Since an accumulated difference between simulated, Qsim (i) and Qobs (i) 
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indicates a model with reasonable performance (Wale A, 2007). 
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2.5 Reservoir operation models 
Different models have been developed for the operation of the reservoirs and river systems 

namely Simulation technique, optimization technique, RRFM (Reservoir Release- Forecasting 

Model), RESOP (Reservoir Operation Study Computer Program Development), WEAP 

(Water Evaluation and Planning Model), Spread sheet, and HECResSim. Among them; the 

operation under take using simulation and optimization model is currently the major of the 

reservoir planning and operation especially for series and parallel reservoirs for downstream 

control.  

HEC-5                                                                                                                                                             

The program simulates the sequential period-by-period operation of a multiple-purpose 

reservoir system for inputted sequences of unregulated stream flows and reservoir evaporation 

rates. Multiple reservoirs can be located in essentially any stream tributary configuration. The 

program uses a variable time interval. For example, monthly or weekly data might be used 

during periods of normal or low flows in combination with daily or hourly data during flood 

events. The user specifies the operating rules in HEC-5 by inputting reservoir storage zones, 

diversion and minimum in stream flow targets, and allowable flood flows.   

WEAP                                                                                                                                                       

Water evaluation and Planning (WEAP) Model is a simulation model develops to evaluate 

planning of management issue associated with water resource development. WEAP can be 

applied to both Municipal and agricultural systems and can address a wide range of issues 

including: Sector demand analysis, Water conservation, Water right and allocation priorities, 

stream flow simulations Reservoir operation and project cost benefit analysis.     

HEC-PRM 

The HEC Prescriptive Reservoir Model (HEC-PRM) is a network flow-programming 

model designed for prescriptively oriented applications. Improved network flow 

computational algorithms have been developed in conjunction with the model. HEC-PRM 

applications to date have used a monthly time interval with historic period of-record stream 

flows. Unlike most of the other simulation models discussed in this review, HEC-PRM 
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performs the computations simultaneously for all the time intervals. Thus, model results show 

a set of reservoir storages and releases which would minimize cost (as defined by the user-

inputted penalty functions) for the given inflow sequences assuming all future flows are 

known as release decisions are made during each period. Since in the real world, future stream 

flows are not actually known when a release decision is made, the model provides an upper 

limit or best, possible scenario on what can be achieved (Wurbs R. A., 2005)                                                                                                                                                                            

HEC-ResSim 

Development of the Hydrologic Engineering Center (HEC) Reservoir System Simulation 

(ResSim) Model was initiated in 1996 in conjunction with the Hydrologic Engineering 

Center's Next Generation (NexGen) Software Development Project. HEC-ResSim will 

eventually replace the HEC-5 Simulation and Flood Control and Conservation Systems 

model, which has been extensively applied for over 20 years. ResSim is comprised of a 

graphical user interface, a computational program to simulate reservoir operation, data 

management capabilities, and graphics and reporting features. Multipurpose Multi reservoir 

systems are simulated using ad hoc algorithms coded specifically for the model rather than 

formal mathematical programming methods. Various routing options are provided. Features 

provide flexibility for detailed representation of reservoir system operating rules. Meeting the 

needs of USACE reservoir control personnel for real-time decision support has been a 

governing objective in developing HEC-ResSim. The model is also applicable in planning 

studies. The full spectrum of multiple-purpose reservoir operations is modeled. Particularly 

detailed capabilities are provided for modeling flood control operations (Wurbs R. A., 2005). 

SUPER 

The SUPER model is a suite of computer programs developed by the Southwestern Division 

(SWD) of the U.S. Army Corps of Engineers (USACE) to study multipurpose systems of 

reservoirs of SWD. The model is not available to the public. The SUPER model simulates 

daily operation of a multipurpose reservoir system based on pre-specified operation policy 

and performs an economic analysis of the simulation. The model has the ability to simulate 

flood control and conservation pool operations. Simulation results include stage or discharge 

hydrographs for each reservoir and river control point, which may also be integrated with 
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economic benefit functions. Economic results may include flood damages, recreation benefits, 

power value, and cost of purchased power, dredging costs, and navigation costs (Moreira, 

2009). 

2.5.1 Description of HEC-ResSim Model   

It has been designed by the Hydrologic engineering Center of the U.S. Army Corp of 

Engineering specifically to perform the reservoir system simulation. It has a capability to 

model any reservoir system and designed to perform reservoir operation modeling at one or 

more reservoirs. It has also HEC-DSSVue option which is used to view (and possibly edit) 

dss files that are used for storing primarily time-series data. HEC-DSSVue is a tool that 

allows to access data stored in HEC-DSS database files. DSS files refer to time-series data by 

Pathnames representing records. When HEC-DSSVue is selected from the Tools menu within 

the network module for storing time series data and within the simulation module, the 

simulation.dss file is opened. In the reservoir network module in combination with HEC-DSS 

we use to store or to insert data in alternative part of time series data where as in simulation 

module part we used a screening listing of pathnames can be obtained by selecting a 

pathname part from the lists in the search by parts, then it is easy to observe the result in the 

form of either plotted in graph or tabulated in table of the model output for result and 

discussion (USACE, 2007). 

2.5.2. HEC-ResSim Environment for Model Building 

The model allows the user to define alternatives and run simulations simultaneously to 

compare results. Schematic elements in HEC-ResSim allow the representation of watershed, 

reservoir network and simulation data visually in a geo-referenced context that interacts with 

associated data. Additionally, HEC-ResSim is compatible with ArcGIS shape files, which can 

be used as a background layer and facilitate the better representation of the physical system. 

HEC-ResSim is unique among reservoir simulation models because it attempts to reproduce 

the decision making process that human reservoir operators must use to set releases.  

The program represents the physical behavior of reservoir systems with a combination of 

hydraulic computations for flows through control structures, and hydrologic routing to 

represent the lag and attenuation of flows through segments of streams. It represents operating 
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goals and constraints with an original system of rule-based logic that has been specifically 

developed to represent the decision-making process of reservoir operation. Watershed 

boundaries, reservoirs, channel networks, diversions, etc. can be superimposed over the shape 

file. The HEC-ResSim program is divided into three modules (Fig 2.8) which are 

respectively, the watershed setup, the reservoir network definition and the simulation scenario 

management.  

                                                                                                                           
                                      Figure 2. 8 HEC-ResSim module concept 
 

 

Watershed Setup Module  

The purpose of the watershed setup module is to provide a common framework for watershed 

creation and definition among different modeling application. A watershed may include all of 

the streams, projects (e.g., reservoirs, levees, diversions etc), gage locations, impact areas, 

time-series locations, and hydrologic and hydraulic data for a specific area. All of these 

details together, once configured, form a watershed framework.  

Reservoir Network Module  

The purpose of the reservoir network module is to isolate the development of reservoir model 

from the output analysis. In the reservoir network module, we can build river schematic and 

describe the physical and operational elements of reservoirs model, and develops the 

alternative that we wants to analyze. Using configurations that were created in the watershed 

setup module as a template, on the basis of a reservoir network module, add routing reaches 
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and possibly other network elements to complete the connectivity of reservoirs network 

schematic. Once the schematic is complete, physical and operational data for each network 

element are defined.  

Simulation Module  
The purpose of the simulation module is to isolate output analysis from the model 

development process. Once the reservoir model is complete and the alternatives have been 

defined, the simulation module is used to configure the simulation. The computations are 

performed and results are viewed within the simulation module. When we create a simulation 

we must specify a simulation time window, computation intervals and the alternatives to be 

analyzed. Then, ResSim creates a directory structure within the rss folder of the watershed 

that represents the simulation. Within this module, we can also edit element data and view 

results. Once a simulation is defined, a compute is performed and results are analyzed using 

graphical and tabular output (USACE, 2007).    

                   

                              

                                       Figure 2. 9 Gidabo reservoir network                                                                                                                       
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2.5.3 Reservoir Operation Rules 

A reservoir in HEC-ResSim must have a target elevation. A reservoir’s target elevation, 

represented as a function of time, is called its Guide Curve. It is the dividing line between the 

upper zones of the reservoir (typically called the flood-control pool) and the lower zones 

(typically called the conservation pool). The release decision logic in HEC-ResSim starts and 

ends with the guide curve. When the reservoir’s pool elevation is above the guide curve (“in 

flood control”), the reservoir wants to release more water than is entering the pool; when 

below guide curve (“in conservation”), and the reservoir wants to release less water than is 

entering the pool. All operating rules and physical limitations act as constraints upon the 

reservoir’s ability to meet the goal of returning the pool to its guide curve elevation. Without 

rules, the reservoir will be constrained only by physical capacity of the outlets to get to and 

stay at the guide curve elevation (HEC, 2003).  

 The general procedures used for HEC-ResSim setup/development are:-  

i. In the watershed module of HEC-ResSim, drawing of the river network and the 

reservoir system using appropriate drawing tools for; streams, reservoirs, diversion 

outlet and computational points.  

ii.  Preparation of the monthly data for evaporation, time series data for stream flow, and 

storing the data into the HEC Data Storage, (in HEC-DSS in tool Manu).  

iii. Making the reservoir network module locked (editable) draw reaches, diverted outlet 

& then make editing and saving the network to develop reservoir network or water 

resource development projects for the watershed.  

iv.  For each the reservoir network module, fix the reservoir elevation for the Inactive, 

conservation, and the flood storage. Add additional zones (minimum operation) and 

parameters for controlled outlet, uncontrolled outlet, and power plant.  

v. At the operation window of reservoir network module, add the operational rules at 

each zone of reservoir and assign the required information.  

vi. Create an alternative and retrieve the input time-series data from HEC-DSS and fix at 

the required nodes or junctions found in each network scenario. Finally bring and run 

all alternatives in the simulation window, and evaluate and compare each system. 
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2.6 Previous Studies in the Study Area 

Even though, there is no academic research works done on the same title “Irrigation reservoir 

operational planning for hydro power development” in the study area, few studies are 

conducted with different title. Some of the study that was done in the Gidabo watershed are: 

“Evaluation of Gidabo reservoir performance under changing climate” (Melkamu, 2014). The 

main objectives of this study was to evaluate impact of the climate change on Gidabo 

reservoir operation with specific objective of examining historical climate change trend and 

generate future climate change scenarios and Estimate the current and future inflow volume of 

the reservoir using HEC-HMS hydrologic model, thereafter examine the reservoir capability 

to meet the target demand in the future climate condition. According to this study findings the 

result of climate projection reveals that the RegCM3 has very good ability to replicate the 

historical maximum and minimum temperature for the observed period; but manifested poor 

replication and trend in the case of precipitation, which is true for this climate model in any 

scenario yet. The main reason might be its conditional nature and high variability in space 

(Melkamu, 2014).  

The study entitled as Evaluation of climate change impact on runoff in th Gidabo river basin: 

southern Ethiopia was carried out by Amba Shalishe in 2016. The objectives of this study 

where to to quantify potential impacts of climate change on runoff of Gidabo river basin 

based on downscaled climate scenario data using selected hydrological model and to  evaluate 

the future pattern of precipitation and temperature with respect to the baseline period. The 

study evaluated the impacts of climate change on runoff of Gidabo catchment, for 2020’s, 

2050’s and 2080’s under HadCM3 (GCM) A2a and B2a climate scenario using SDSM 

climate model and SWAT hydrological model. According to this study findings the average 

annual maximum temperature will be increased by about 0.2 °C for A2 and 0.24 B2 scenarios 

in 2020s and 0.65°C for A2 and 0.53 °C for B2a scenarios in 2050s. The mean annual 

minimum temperature will also increase by 0.17°C for both A2 and B2 in 2020s and 0.4°C for 

A2 and 0.3°C for B2 scenarios in 2050s. And in 2080s it will also increase by 0.6 °C and 

0.5oC for A2a and B2a scenario respectively.  (AMBA, 2016). 



27 

 

3. METHODOLOGY AND DATA ANALYSIS 

3.1 Description of the study area 

3.1.1 Location 

The project area is located in the Abaya-Chamo sub-basin of the Rift Valley, Lake Basin is 

found in the southern part of the country within Oromiya and SNNPR States. The dam site is 

approachable from Addis Ababa to Dilla town by 360 Km, asphalt road and from Dill town to 

Gidabo dam sit 17 km by dry weather road.     

The river is one of the most flow contributors to Lake Abaya. The general location of the 

Abaya-Chamo sub-basin and its sub catchments are given in Figure 3.1.  

 

                     

                  

                            Figure 3. 1 Location map of Gidabo river catchment 

The project area lies approximately between 6°20' and 6° 25' N  and 38° 05' and 38°10'E, a 

short distance east of Lake Abaya and just south of Gidabo river flood plain, at an average. 

The total drainage area of Gidabo is 3446.62 Km 2 which lies in the low land, very close to the 

Dure and Gola marsh. To provide irrigation facilities to the Lower delta region, Gidabo dam 

site has been identified on the Gidabo River.  The population density generally decreases as 

we go from east (i.e edge of eastern high plateau) to West (i.e. shore of Lake Abaya) across 

the Catchments. The human settlement in the study area can be broadly categorized into two 

distinct groups: The Sidama-Gedeo and the Guji-Oromo, (Raunet, 1977). The Sidama-Gedeo 
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constitutes by far the greatest part of the population of the Gidabo and partially Gelana 

catchments. The Sidama-Gedeo region is densely populated with more than one hundred 

inhabitants per square kilometers. The Guji-Oromo, on the other hand, are semi-nomadic 

breeders; they occupy the eastern shore of Lake Abaya. But the population is highly scattered 

and not numerous (Raunet, 1977) 

3.1.2 Topography 

The altitude of the water shed ranges from 1199-3065 m.a.s.l. The water shed is categorized 

in to three agro ecological zones, namely, dega, woyna dega and kola Zone .The topography 

in the area is characterized by moderately dissected to undulating local reliefs. 

                                      
 

                                  Figure 3. 2 DEM of Gidabo watersheds 

The Gidabo Basin can be treated in three different sections: The Upper, Middle, and Lower 

Courses of the major rivers. The relief of Gidabo Basin, mainly at the upper courses of the 

rivers in the basin, is characterized by strong vertical differences over short distances between 

the rift valley floors. It is supposed to be the reflection of the terraced / stepped slope nature of 

the eastern escarpment of the rift valley system mainly in Sidama and Gedeo Zones. The 

middle courses of the rivers in the basin is characterized by fragmented patches and pockets 
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of considerable open lands largely in Sidama zone and particularly at the south of Gidabo 

River. There are considerable wetlands both at the upper and lower courses in Borena, Sidama 

and Gedeo Zones. The lower courses of the major rivers are confined to the rift valley floor. It 

is characterized by relatively flat and plain of extensive land. This part forms the mouth of the 

major rivers in general and the delta of the Gidabo River (AMBA S. , 2016). 

3.1.3 Climate  

The Gidabo river Catchment is characterized by Bi-modal pattern of rainfall with two big 

rainy seasons (April to May and August to October) separated by a dry season (June and July) 

and relatively small rainy months, November to February and June–August respectively. The 

available record of 1987-2005 shows that mean annual total rainfall is about 1130mm. Mean 

monthly temperature in the Gidabo area ranges from 19.1 0C in July to 23.680C in March. 

Accordingly, for the year 1987 to 2005 the average minimum and maximum depth of 

evaporation recorded is 108 mm in July and 145 mm in March, respectively. According to 

(WWDSE, 2008). 

3.1.4 Soil 

According to their texture, the soil types in the Catchment mainly range between the sandy 

alluvial deposits (transported soils) of the river flood plains and the in-situ clayey loam soils 

which have developed on their parental bed rocks (i.e. on volcanic terrain). Seven major soil 

types are identified for the study watershed. These are Eutric Leptosol, Eutric Vertisols, 

Haplic Nitosols, Chromic Luvisols, Dystric Cambisols, Calcic Cambisols and Haplic Luvisols 

(Tatek, 2012).                                   

The Eastern high plateau and the escarpment area have mainly reddish-brown silty loam soil 

derived from weathering of trap-series basalts and post-rift ignimbrites. Thefoot part of the 

escarpment is mainly covered with red to reddish sandy loam soil which supports the dense 

vegetation cover for the densely populated human settlement. This soil is developed from 

weathering of underlying ignimbrites 

3.1.5 Land use/Land cover 

The land use condition of Gidabo catchment has been changed rapidly due to extensive 

deforestation that converted large forest cover in to agricultural and settlement area. 
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Agriculture is the main land use practice in the catchment. Gidabo catchment LU/LC 

comprises of farmland and settlement (32.89%), bush and shrub (14.28%), forest (46.4%), 

wetland (0.84%) and waterlogged area (0.03%) (Tatek, 2012).  

Thick bush lands, open woodland, forest and grassland with cultivated land are the major land 

use/land cover units in the floor of the catchment. The highland part of the study area is 

commonly cultivated for Inset and cereals. A few juniper and conifers trees characterize the 

lower humid mountainous part, i.e. the escarpment (1,800-2,400 m). In this zone of altitude, 

Coffee Arabica plant is commonly cultivated (with the upper 2,200m limit of altitude, above 

which not cultivated) in association with false-banana tree (WWDSE, 2008). 

3.1.6 Proposed Irrigation Project 

Ministry of Water and Energy in collaboration with other authority have a plan to implement 

different infrastructural facilities in the country. Gidabo reservoir is one of such planned 

infrastructures in the targeted to irrigate a net area of 7,982ha through its canal distribution of 

which 5633 hectare of land is irrigated by left bank main canal (LBMC) and 2349 hectare by 

the right bank main canal (RBMC) (MoWR, 2008). The project area lies in the low lands, 

very close to the Dure and Gola marsh. It lies approximately between 6°20' and 6° 25' N and 

38° 05' and 38°10'E, a short distance east of Lake Abaya and just south of Gidabo river flood 

plain, at an average elevation of 1190 m.a.s.l. 

3.2 Materials and Method  

3.2.1 Material Used 

The materials used for this research are Arc view GIS version 9.3 tools to obtain hydrological 

and physical parameters and spatial information, SWAT software to delineate the basin and 

sub basin of the study area, HBV model for runoff generation, HEC-ResSim model for 

reservoir operation and Microsoft EXCEL 2007 to analyze model outputs. 

3.2.2 Methodology 

The methodology serves to describe the overall steps describing the activities applied to carry 

out the research. In general the GIS data are collected, processed and verified for accuracy by 

ground truth to extract useful information’s like land cover map, drainage network, stream 
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alignment , location of dam site and catchment boundary of the study area. At the same time 

the necessary hydro-metrological data such as daily rain fall, net evaporation loss, reservoir 

inflow, down stream flow condition, spill way and water way data input, maximum, 

minimum, and mean temperature, reservoir storage-elevation-area curves, channel reaches 

data are collected and processed to make the data ready for use in the models. Once preparing 

input data for the model such as time series stream flow data, watershed set up and reservoir 

network set up in to the model parameters entered simulation was conducted. The 

hydrological model was estimates the inflow at the dam site for different time horizons with 

good model performance. Hec-ResSim model simulates reservoir operation and the optimized 

release from reservoir considering the objective function and different constraints was the 

expected output of the model. The optimized release trough the controlled outlet was used to 

estimate the hydropower potential of Gidabo reservoir. Discussion and explanation of the 

output was conducted. Finally conclusion and recommendations are drawn.  

3.3 Data collection and Analysis  

The primary assignment of the study was getting relevant information and data of the study 

area. This sub topic identifies and discusses the types and source of data required for the 

study, and their analysis. 

Before starting hydrological and metrological data analysis and simulation, it is important to 

check whether the data are homogenous, correct, sufficient and complete with no missing 

data. Because erroneous data resulting from lack of appropriate recording, shifting of station 

location and processing are serious because they lead to inconsistency and ambiguous results 

that may contradict to the actual situation. 

The data sets used in this study include daily river flow, precipitation, temperature (maximum 

and minimum), LU/LC and Digital Elevation Model (DEM). All the data’s are secondary and 

collected from different organizations through contact. Table below shows data sets used in 

the study and respective organizations disseminating the data. 
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            Table 3. 1 Data used and method of inquiry 
Stream flow data Daily MOWE 

Precipitation Daily NMA 

Temperature (Min and Max) Daily NMA 

DEM  MOWE 

3.3.1 Hydrological data 

The most important data required for this research is the long term daily stream flow record. 

The hydrological data made available comes from Ministries of water resource (MOWR), 

daily flow data of 3 stations namely Gidabo at Aposto, Kola near Aleta Wondo and Miessa 

close to dam sited.   

                         Table 3. 2 Hydrometric stations for the study area 
No. Station name Drainage 

area(km2) 
                    Location 

     
Easting 

    
Northing 

1 Gidabo at aposto 646 431850 
 

746088 
 

2 Kolla near 
aletawondo 

206 433677 
 

733189 
 

3 Sala near dilla collage 
 

67.5 
 

424432 
 

709250 
 

4 Bedessa near dilla 81 
 

422584 
 

705568 
 

5 Gidabo near Miessa 
 

2446 437336 
 

711077 
 

 
Infilling missed hydrological data 

The quality, quantity and characteristics of hydrological parameters should be carefully 

assessed in order to make a sound decision on water resource allocation and utilization. In this 

study, filling of the missed data has been conducted by developing correlation between the 

station with missing data and any of the nearby station. Missing data were filled by 

considering a good correlation.  

 

 Stream flow Homogeneity Test 

Rainbow software has been used to check the homogeneity of the stream flow data. 

Frequency analysis of data requires that the data be homogeneous and independent. The 

restriction of homogeneity assures that the observations are from the same population. 
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RAINBOW (Raes et al., 1996) is a software tool designed to study agro-meteorological or 

hydrologic records by means of a frequency analysis and to test the homogeneity of the 

record. RAINBOW offers a test of homogeneity, which is based on the cumulative deviations 

from the mean. 

       
 




k

i

XXiSk
1                                                                             3.1                                                                 

Where Xi are the records from the series X1, X2… Xn and X bar the mean. The initial value 

of Sk=0 and last value Sk=n are equal to zero (as shown below in the Figure). When plotting 

the Sk’s (also called a residual mass curve) changes in the mean are easily detected. For a 

record Xi above normal the Sk=i increases, while for a record below normal Sk=i decreases. 

For a homogenous record, one may expect that the Sk’s fluctuate around zero since there is no 

systematic pattern in the deviations of the Xi’s from their average value X .k=1... , n. 

To test the homogeneity of the data set, the cumulative deviations are often rescaled. This is 

obtained by dividing the Sk’s by the sample standard deviation value (s). By evaluating the 

maximum (Q) or the range (R) of the rescaled cumulative deviations from the mean, the 

homogeneity of the data of a time series can be tested: 
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When the deviation crosses one of the horizontal lines the homogeneity of the data set is 

rejected with respectively 90, 95 and 99% probability. As presented in Figure 3.3, the rescaled 

cumulative deviations from the mean would not crossed one of the horizontal 90, 95 and 99% 

probabilities lines. The range of cumulative deviation and maximum cumulative deviation 

could not be rejected on 90%, 95% and 99% probability levels which show the homogeneity 

of the annual data series, assures that the observations are almost from the same population.  
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Figure 3. 3 Rescaled Cumulative deviations from the mean for the total annual flow at Meissa           
gauging station 

            

Figure 3. 4 Probability of rejecting homogeneity of annual flow at Meissa gauging station 

 

3.3.2 Meteorological Data 

The metrological data such as daily precipitation, daily maximum and minimum temperature, 

sunshine hour, and daily wind speed were collected from the Ethiopian National Meteorology 

Agency.  

There are number of Meteorological stations in the river basin, however, due to limitation of 

data only nine station were considered out of which seven of them are found in and two of 
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them are on the border of Gidabo river basin. The criterions for the selection of the 

metrological data were based on the availability of data, the data quality and possibly whether 

the station is within the watershed or not? And if not it is within the sub-basin or nearby. The 

data collected covers a period of 1984 - 2015. Except few of the station most of the station 

data are incomplete. Table 3.3 below shows list of some meteorological stations with their 

respective location. 

Table 3. 3  List of some Meteorological Stations in Gidabo River Basin 

S.No Station Name Location Data Availability (years) Total years  
Easting Northing From To 

1 Aletawondo 435670.4 
 

729998.1 
 

1984 2014 31 

2 Yergalem 424475.9 
 

737129 
 

1991 2014 24 

3 Telamo Kentso 
 

426345.1 
 

762745.7 
 

1990 2008 19 

4 Morocho 
 

433709.6 
 

759054.5 
 

1984 2013 30 

5 Hisawita 
 

466859.9 766385.9 
 

1984 2013 30 

7 Kebado 
 

426242.2 
 

711151 
 

1984 2014 31 

8 Dilla 
 

422582.9 
 

703793.1 
 

1988 2012 25 

9 Bilate  Tena 
 

426289 
 

746162.8 
 

1991 2013 23 

10 yirgacheffe 
 

417026.4 685371.7 
 

1991 2012 22 

11 Amarokele 
 

380065.2 644896 
 

1983 2005 23 

 
 
Checking Homogeneity of meteorological stations 

By checking consistency and homogeneity of individual stations, the data qualities with 

regard to possible temporal and spatial variations or errors have been investigated. Rainfall of 

stations within the sub-basin was non-dimensionalzed and plotted to compare the 

homogeneous stations within the watershed. This helps in filling missed values in the stations. 

The results of the homogeneity (non-dimensionalzed) form data analysis are show in figure 

3.6. The non-dimensional zing of the month‟s value was calculated as; 
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                 P

P
Pi i*%100                                                                       3.4                       

Where:- Pi =Non dimensional Value of precipitation for the month i 

  Pi Over years averaged monthly precipitation for the station i 

          P The over years average yearly precipitation of the station 

The selected stations are also plotted for comparison with each other; for illustration figures 

below show the result of homogeneity analysis.  

                                  

                      Figure 3. 5 Homogeneity tests of selected Meteor 

  

Filling rainfall Data 

Measured precipitation data are important to many problems in hydrologic analysis and 

design. Because of the cost associated with data collection, it is very important to have 

complete records at every station. Obviously, conditions sometimes prevent this. For gages 

that require periodic observation, the failure of the observer to make the necessary visit to the 

gage may result in missing data. Vandalism of recording gages is another problem that results 

in incomplete data records, and instrument failure because of mechanical or electrical 
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malfunctioning can result in missing data. Any such causes of instrument failure reduce the 

length and information content of the precipitation record. 

The two procedures for estimating daily totals rely on the data from any adjacent stations. The 

locations of the adjacent stations are such that they are close to and approximately evenly 

spaced around the site with the missing data. When the average annual precipitation at each of 

the adjacent stations differs from the average at the missing data station by less than 10%, the 

following formula can be used to estimate the missing monthly data. 
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                                                  3.5 

Where,  Px =Estimated daily precipitation at station x, PA, PB, PC and PN are daily 

precipitation depth at the adjacent stations A, B, C and N adjacent stations.  

When the difference between the average annual rainfall at any of the adjacent stations and 

the missing data station is greater than 10% a normal ratio method is normally used and it is 

given by: 
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3.6 

Where, PX and Nx are corresponding values of the missing station. Ni=Average annual 

precipitation at the adjacent site. N is the number of stations surrounding the missing station.  

After analyzing rainfall records of the selected stations it is found that the difference between 

the average annual precipitation (PPT) at any of the adjacent stations and the missing data 

stations is greater than 10%. Therefore to fill all the missed rainfall data normal ratio method 

is used. 

Table 3. 4 Mean Monthly Rainfall Values Over the Study Area 

station Duration Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Dilla 
1991-
2012 152 127 159 145 177 168 106 106 94 89 80 100 

Morocho 
1991-
2012 111 114 136 133 123 122 104 114 70 55 44 79 
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Aleta 
wondo 

1991-
2012 146 152 171 190 193 179 122 132 92 72 49 107 

Yergalem 
1991-
2012 117 103 147 128 129 124 101 116 76 56 40 93 

Kebado 
1991-
2012 153 134 165 168 152 132 118 100 86 68 57 92 

Haisatawita 
1991-
2012 118 112 123 126 114 115 104 84 40 51 44 98 

 
 
 Test for consistency of rainfall record 

If the conditions relevant to the recording of a raingauge station have undergone a significant 

change during the period record, inconsistence would arise in the rainfall data of that station. 

This inconsistency would be felt from the time the significant change took place. Some of the 

common causes for inconsistency of record are: (i) shifting of raingauge station to a new 

location, (ii) the neighborhood of the station undergoing a marked change, (iii) change in the 

ecosystem due to calamities, such as forest fires, landslides and (iv) occurrence of 

observational error from certain date. The checking for inconsistency of a record is done by 

the Double-mass curve technique. This technique is based on the principle that when each 

recorded data comes from the same parent. 

In order to check the consistency of all the rainfall stations, the double-mass curve is 

developed between the cumulative rainfall of a single station as ordinate and the cumulative 

rainfall of the group of stations as abscissa. Except two station i.e. Dilla & Morocho, all the 

stations were consistent, for Dilla & Morocho the necessary adjustment has been applied. 

                               M

M
PP XX

'
*' 

                                              3.7 

             Where:   Px'= corrected precipitation at station x, PX =original recorded precipitation 

at     station x,   M' =corrected slope of the double mass curve, M= original slope of the double 

mass curve. For illustration the double mass curves for some selected stations are presented 

below. 
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                           Figure 3. 6 Consistency Test for selected meteorological station 
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b) 

       Figure 3. 7 Double mass curve for dilla station before adjustment and after adjustment 
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Estimation of Areal Rainfall 

Estimation of the areal rainfall over a given catchment is useful for estimating the total 

response (runoff) generated from the entire catchment or to estimate the intervening 

catchment runoff response that is generated between the observation station and the dam site. 

There are commonly three ways of deriving the areal precipitation over a catchment from rain

gauge measurement. These methods are the Arithmetic mean, the Thiessen polygon and the

Isohyetal method. However, the Thiessen polygon was used for this study for its sound

theoretical basis and availability of computational tools. But the method is dependent on a 

network of representative rain gauges and does not allow the hydrologist to consider 

(McCuen, 1989). 

To determine the mean areal rainfall, the rainfall amount of each station is multiplied by the 

of its polygon and the sum of these products is divided by the total area of the catchment. 

P3……Pn are the rainfall magnitudes recorded by the station

the areas of Thiessen Polygon A1, A2, A3...…An, are formed as 
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Double mass curve for dilla station before adjustment and after adjustment  
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Where, P1, P2, P3 ….....Pn= the point rainfall measurement of the i station, mm/d 

             A1, A2, A3……... An= the area of the polygon, km

                       

                                   Figure 3. 

           
Figure 3. 9 The annual areal rainfall of Gidabo catchment
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= the point rainfall measurement of the i station, mm/d 

= the area of the polygon, km2 

                              

Figure 3. 8 Theissen polygon for Gidabo catchment 
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stations then the average rainfall over the catchment P is given 

                              3.8 
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3.3.4. Potential Evapotranspiration (PET) 

Evapotranspiration  and potential evapotranspiration are amongst the most important climatic 

parameters that will affect the long term water balance of catchment. There are several 

methods of measuring evaporation and calculation of evapotranspiration. Evapotranspiration 

is the measure of the amount of water vapor thet leaves the land surface including 

transpiration from vegetation to the atmosphere and calculation of evapotranspiration is 

usually complicated and laborious. The evapotranspiration of a given area depends on the 

meteorological and atmospheric conditionsand is usually presented as potential 

evapotranspiration (SYLVESTER, 2008).   

In general, PET estimation methods give inconsistent results due to their different 

assumptions and input data requirements, or because they were often developed for specific 

climatic regions (Grismer et al.,2002 as cited in Lu et al., 2005). Some of the most commonly 

used methods include-methods combining energy and aerodynamic process e.g. FAO56-PM, 

radiation based methods e.g. Makkin (1957) and Priestley and Taylor (1972), temperature 

based methods e.g. Thornthwaite (1948), Blenny and Criddle (1950), Mohan (1965), 

Hargreaves and Samani (1985), Kharrufa (1985) and Moges (2010).  

Due to lack of sufficient and reliable meteorological data like wind speed, relative humidity 

and solar radiation for this particular study, the 1985 Hargreaves equation (Samani, 1985) is 

used to compute monthly PET for Gidabo catchment from monthly temperature observations. 

   ameanO RTTTET
5.0

minmax8.170023.0                                        3.9 

Where, Ra is water equivalent of extraterrestrial radiation (in same unit as PET, usually 
mm/day) 

Tmean is mean monthly air temperature in 0C estimated from minimum and maximum 

temperatures as (Tmax + Tmin)/2. 
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GSC = solar constant in MJ m-2 min-1 

              GSC = 0.082 

σ = Steffan-Boltzman constant in MJ m-2 d-1 K-4 

         σ = 4.90 × 10-9 

φ = latitude in radians converted from latitude (L) in degrees  

       
180

L
 

                                                                                                         3.14
 

Di = number of days per month for i = 1 to 12 Ji = midday of each month i = 1 to 12  

J1 = 15.5 Ji = Ji-1 + Di for months i=2 to 12 dr = correction for eccentricity of Earth’s orbit 
around the sun 

 

     Figure 3. 10 Monthly average potential evapotranspiration of Gidabo catchment  
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3.3.5 Evaporation from Reservoir  

Evaporation is the process of a substance in a liquid state changing to a gaseous state due to 

an increase in temperature and/or pressure. Evaporation is a fundamental part of the water 

cycle and is constantly occurring throughout nature. Evaporation losses may contribute 

significantly to lower the water surface elevation in large reservoirs. Monthly, seasonal, or 

annual evaporation losses may have to be considered in the design of the reservoir. A number 

of studies have been made to evaluate the sensitivity of evaporation rates to causative factors. 

The factors believed to be most important are the temperature, the humidity or vapor pressure 

deficit, radiation rates, and the wind speed. Although other variables may be used in equations 

for predicting evaporation rates, these four factors are the most common (Richard, 1998) 

Evaporation from lakes and reservoirs cannot be measured directly, it should be determined 

indirectly by one or more of several methods used to estimate evapotranspiration.  

In this study, the Penman Monteith and Hardgrave method was used to estimate monthly 

evapotranspiration. The FAO ETO Calculator, which was developed to estimate 

evapotranspiration from a reference surface (Reference evapotranspiration ETO) was used to 

calculate open water evaporation from reservoir by applying an aridity correction factor 

(FAO., 1998) According to FAO Irrigation and Drainage paper 56 (FAO, 1998), the 

conversion of ETo to open water evaporation with depth higher than 5 m, clear of turbidity, in 

temperate climate would be varied between 0.65 and 1.25. For Ethiopia, as stated in the 

feasibility study of Lake Tana sub basin dam project, the aridity correction factor was 

estimated to be 1.2 (WWDSE, 2009) 

Table 3. 5 Gidabo Reservoir Evaporation (mm/month) 

Month  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991-
2012 

86 
 

104 
 

149 
 

164 
 

181 
 

173 
 

163 
 

151 
 

126 
 

105 
 

82 
 

75 
 



 

                  

                                Figure 3. 

3.3.6 Hec-Ressim  input data configuration 

The data that defines an individual reservoir element within the reservoir

two conceptual types: Physical and Operational data. The physical components of a reservoir 

include the pool, the Dam (and its outlet). The physical reservoirs pool data are; elevation

storage-area curve, pool evaporation, seepage. The

and height of dam, hydropower plant data (outlet capacity curves, turbine capacity and 

overload factor, overall efficiency, station use, and losses), tail water level, and spillway curve 

(elevation versus maximum d

zones and their elevation level data, monthly irrigation, Water supply and environmental 

water requirement. All above data were taken from their respective feasibility, previous study 

document and engineering assumption.

3.3.7 Reservoir Physical Characteristics

The Elevation Area Capacity relation of the proposed Gidabo reservoir is as

3.13 below. The maximum and minimum topographic limit for the reservoir site is given as 

1235 and 1205 m.a.s.l. From the topographical point of view, as much as 240 MCM storage 

space could be available. 
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11 Gidabo Reservoir Evaporation 

Ressim  input data configuration  

The data that defines an individual reservoir element within the reservoir network consists of 

two conceptual types: Physical and Operational data. The physical components of a reservoir 

include the pool, the Dam (and its outlet). The physical reservoirs pool data are; elevation

area curve, pool evaporation, seepage. The dam element input data are: crest length 

and height of dam, hydropower plant data (outlet capacity curves, turbine capacity and 

overload factor, overall efficiency, station use, and losses), tail water level, and spillway curve 

(elevation versus maximum discharge). Reservoir Operational data including; operational 

zones and their elevation level data, monthly irrigation, Water supply and environmental 

water requirement. All above data were taken from their respective feasibility, previous study 

d engineering assumption. 

Reservoir Physical Characteristics 

The Elevation Area Capacity relation of the proposed Gidabo reservoir is as 

below. The maximum and minimum topographic limit for the reservoir site is given as 

1235 and 1205 m.a.s.l. From the topographical point of view, as much as 240 MCM storage 
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network consists of 

two conceptual types: Physical and Operational data. The physical components of a reservoir 

include the pool, the Dam (and its outlet). The physical reservoirs pool data are; elevation-

dam element input data are: crest length 

and height of dam, hydropower plant data (outlet capacity curves, turbine capacity and 

overload factor, overall efficiency, station use, and losses), tail water level, and spillway curve 

ischarge). Reservoir Operational data including; operational 

zones and their elevation level data, monthly irrigation, Water supply and environmental 

water requirement. All above data were taken from their respective feasibility, previous study 

 shown in Figure 

below. The maximum and minimum topographic limit for the reservoir site is given as 

1235 and 1205 m.a.s.l. From the topographical point of view, as much as 240 MCM storage 

11 12
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            Figure 3. 12 The Elevation Area Capacity Relation of the Proposed Gidabo Reservoir 
 
 Spillway  
In determining the spillway type, the best combination of storage capacity and spillway flood 

capacity of Gidabo dam and reservoir, all pertinent factors of hydrology, hydraulics design 

and cost are considered. 

As discussed in the feasibility stage of the study the spillway will be ungated. The maximum 

spillway discharge (Qmax), required spillway crest length (L) and the maximum reservoir 

water level (MWL) have been determined by flood routing. For flood routing study, 

1in10000year return period inflow hydrograph is considered. 

Based on the USACE (United States Army Corps of Engineers) and the Forest Service of the 

U.S. Department of Agriculture, the recommended design flood for Gidabo dam with Low 

Hazard category and Intermediate Size classification is 100 year to 0.5 PMF flood. In the case 

of Gidabo dam, the 0.5 PMF flood (1753.91 m3/s) is the same as the 1 in 10,000 year flood  

(1797.38 m3/s). Accordingly, the Spillway Design Flood for Gidabo dam shall be the 1 in 

10,000 year flood. The present bed level of the river at the dam site is 1205 masl. As per 

calculation shown in the Hydrology section, after 50 years the minimum bed level will rise to 

1209 masl due to sedimentation. Considering 4 m minimum operating head required to pass 

required discharge through the outlets, the minimum operating level (MOL) will be 1213 

masl. For uncontrolled spillway, whose crest level is fixed at FRL, with a crest length of 75.0 
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m, the maximum routed outflow discharge for the 1 in 10,000 year flood is 1391.94 m3/s 

(WWDSE, 2009).  

Controlled outlet in relation to reservoir   
The outlet should be in a position for discharging maximum water requirement, when the 

reservoir water level is at the minimum operating level (MDDL). The outlet openings invert 

elevation should be kept above the reservoir dead storage level (DSL = 1209.00 masl).  

3.3.8 Irrigation Water Demand 

The Gidabo irrigation project is proposed to irrigate 7,982ha of land. The Project has been 

planned for cultivation of maize, soybeans, cotton, rice, banana, groundnut, tomatoes and 

grapes. Therefore, the crop water requirement has been calculated based on the proposed 

percentage of land allocated for different crops. A cropping intensity of 170 % has been 

proposed, which includes 100% cropping intensity during season one and 70% during season 

two. To determine the Irrigation demand, the latest version of CROPWAT-8 model was used 

to simulate the monthly crop water requirement (CWR) and irrigation requirements (IR) for 

the present and the future periods. The algorithm for the calculation of the future CWR and 

irrigation need in this model is based on estimation of the downscaled potential 

evapotranspiration (PET), and the crop parameters. Effective rainfall (Re) was calculated 

using empirical formula. Crop Irrigation efficiency is taken as 60 % for both rice and non-rice 

crops (WWDSE, 2008).  

Table 3. 6 Irrigation water demand considering 4.76 Mm3/month compulsory releases   
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
IWD  
Mm3 

25.62 12.2 6.4 6.02 12.3 14.9 13.1 8.6 9.8 17.2 24.2 28.8 

                         

3.3.9. Defining Reservoir Operation Data 

Reservoir Operation Zone                                                                                                                                           

The amount of water to be released at each time step of a simulation run has been determined 

for reservoirs in Gidabo reservoir network. To make this possible, an operation plan 

(Operation Set) described, upon which it could base its decisions. The operation set consists 

of Zones, Rules, and the identification of the Guide Curve. Zones are operational subdivisions 
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of reservoir pool. Each zone defined by a curve describing the top of the zone. These zones 

are Flood Control, Conservation, minimum release zone, and Inactive. Figure 3.13 shows 

zones and rules applied to Gidabo reservoir network model.                                 

Reservoir Operation Rules 

Operation Rules represent the flow goals and constraints upon the releases for each zone of 

the operation set. Each zone can contain a different set of rules depending on the flow limits 

and requirements of that zone within the regulation plan. For each individual reservoir, 

system operation rules are prioritized among other rules in the operation set. The operation 

plan of this study is reservoir described by constant target pool elevation. The conservation 

guide curve was 1215.5m.a.s.l. The storage of the reservoir above this target elevation up to 

1222 m.a.s.l referred to as the flood control zone. The storage between the guide curve and 

Minimum Operation level, 1213 m.a.s.l, called the Conservation Zone; and the storage below 

this level up to inactive zone level, 1209 m.a.s.l, is referred as minimum operation zone. 

 

               

        Figure 3. 13 Shows zones and rules applied to Gidabo reservoir network model. 

Defining Alternatives 

An alternative consists of reservoir network (previously created from a configuration), Run 

control specifications, an operation set for the reservoir in the network, a storage balance 

operation set for reservoir system, a definition of initial (look back) conditions, and mapping 

of time-series records to identify local inflows. The alternative was developed in the 



49 

 

alternative Editor with Name (Gida Alt.), Description, Defined time step (1day), Flow 

Computation method (Period Average), selected Reservoir Operation Sets, Selected System 

Operation Sets, select a Lookback Type, associated time-series data with locations, 

Associated observed data with locations, and save created Alternative. 

Simulation Data Setup  

After all the required data have been entered and the alternative has been created, the next 

step was to perform simulation. Gidabo reservoir simulation was created in the simulation 

editor of a simulation module then the look back, simulation, and end of date have been set. 

For a given Multi-purpose reservoir system, the purpose of the model was to determine the 

reservoir operation released over a given period of time with known stream flow at input point 

to the reservoir and other control points throughout the system. Even though this paper had 

employed optimization method within simulation methods, the indirect method approach 

required successive trial and error procedure. In simulation/Optimization analysis, the 

research for an optimum alternative was dependent on the analyst’s ability to manipulate the 

design variables and operating policies in an efficient manner. 

3.3.10 Hydro power estimation and Assumptions  

Principal parameters necessary in making hydro- power studies are water discharge (Q) and 

hydraulic head (H). The measurement and analyses of these parameters are primarily 

hydrologic problems. Good contour maps may be sufficient to determine the value for the 

head. The theoretical power (P) available from a given head of water is in exact proportion to 

the head and the quantity of water available.  

     HQP 81.9                                                               3.15 

Where: P Power at the generator terminal, in kilowatts (kW)  

                    H The gross head from the pipeline intake to the tail water in meters (m)  

                    Q Flow in pipeline, in cubic meters per second (m3/s) 

The efficiency of the plant, considering head loss in the pipeline and the efficiency of the 

turbine and generator, expressed by a decimal (efficiency= 0.85) 9.81 is a constant and is the 

product of the density of water and the acceleration due to gravity (g) 
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For this study the discharge (Q) is the amount of water released through controlled outlet and 

varies depending on seasonal variation of inflow to the reservoir. The maximum discharge 

(Q) is equivalent to controlled outlet capacity. The other principal parameter in hydropower 

study is head (H), it considered as the elevation difference between reservoirs fully supply and 

turbine set. The power house is proposed to be located at 1.5 km downstream of the dam. The 

total elevation difference between the reservoir full supply level (1215.5 m.a.s.l) and power 

house (1200 m.a.s.l) is 15.5m. Out of total available head (15.5m), 2.5m is assumed to be total 

head loss due to deferent factors such as, loss due to conveyance property, entrance loss, 

contraction loss…etc. The reason that leads to assume the value of the head loss is because 

the study is not going through the design and selection of hydropower scheme components.  

So considering 13m net head availability the hydropower estimation was done.   
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4. RESULT AND DISCUSSION 

4.1 HBV Hydrologic Model Results 
The rainfall-runoff modeling was conducted using HBV light hydrological model to simulate 

runoff for the dam site. 

4.1.1 Calibration and Validation 

The HBV light model is calibrated and validate for the observed period of ten year (1997-

2006) and the best-fit parameters sets are selected.  Daily data for the sub-basin from 1998-

2002 was used for calibration and from 2002-2006 for validation and 1997 was used for warm 

up the model (warm up period). For ease of explanation in study monthly graph results are 

shown. 

 Flow Calibration  

 Calibration aimed at the water balance and over all shape agreement of the observed 

discharge using Nash and Sutcliffe model efficiency (NSE), (Nash, 1970), Pearson‟s 

coefficient of determination (R2) and Percent difference (D) for daily and monthly 

calibration. As discussed in data analysis section, the flow was calibrated automatically by the 

model using the observed areal precipitation, areal evapotranspiration and observed flow at 

Meissa station. As shown in figure 4.1 and table 4.2 the calibration result shows that there is a 

good agreement between the simulated and observed monthly flows. This is demonstrated by 

the Nash and Sutcliffe coefficient (NSE). The NSE was found to be 0.75, which is good 

correlation. Table 4-1 shows summary of calibrated parameter result of the stations. 

             Table 4. 1 The HBV model parameters used in calibration and values obtained after calibration 

Parameter Valid range                      Optimized value 
Vegetation 
zone 1  

Vegetation 
zone 2  

Vegetation 
zone 3 

FC [0,inf] 400 450 400 
LP [0,1] 0.7 0.7 0.7 
BETA [0,inf] 0.2 0.1 0.3 
PERC [0,inf) 1.8 1.8 1.8 
UZL [0,inf] 80 80 80 
K0 [0,1] 0.05 0.05 0.05 
K1 [0,1] 0.05 0.05 0.05 
K2 [0,1] 0.03 0.03 0.03 
MAXBAS [1,100] 1 1 1 
Cet [0,1] 0.3 0.3 0.3 
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The calibration for 1997 to 2002 gave an efficiency function Pearson‟s coefficient of 

determination (R2) of 0.74. Figure 4.1 shows the resulting runoff hydrographs for the period 

of calibration. The observed hydrographs shown as red curve and simulated runoff 

hydrographs shown as blue curve. 

 

   Figure 4. 1 Monthly Observed and calibrated hydrograph of Gidabo at Meisa 1998 to 2002 

 

                     

                   Figure 4. 2 Scatter diagram of simulated and observed flow during calibration 
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Verification 
Due to the complexity of the real world, representing the real world system by a model 

approach may not be accurate. Models therefore are uncertain and models cannot be stated 

reliable when only one field station is simulated. As such, it may occur that under different 

hydrologic stress conditions the model does not accurately represent the real world system 

behavior despite the fact that optimal and calibrated model parameter are used. Validation is a 

process of demonstrating that a given site-specific model is capable of making accurate 

predictions for periods outside a calibration period (Refsgaard and Knudsen, 1996). 

Simple model structures, calibrated over a certain period, are influenced by the rainfall-runoff 

sequence specific to that period (Lee et al., 2005) therefore in order to prove validity of a 

model; the model should be tested against a second, independent set of stress conditions. 

Validation was done for the Gidabo catchment with data from 2003 to 2006. The objective 

functions available in HBV-light were used for testing the validity of the modeling on Gidabo 

catchment. The objective functions used to measure the reliability of the model are the mean 

difference, coefficient of determination and the Nash-Sutcliffe coefficient (NSE). 

 Figure 4. 3 Monthly simulated and observed flow hydrograph during Validation  

The validation for 2003 to 2006 gave an efficiency function Pearson‟s coefficient of 
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of validation. The observed hydrographs shown as red and simulated runoff hydrographs 

shown as blue curves.  

                   
                Figure 4. 4 Scatter diagram of simulated and observed flow during validation 

For this study, the model performance in simulating observed discharge was evaluated during 

calibration and validation by; Inspecting simulated and observed runoff hydro graphs visually 

and by calculating Nash and Sutcliffe efficiency criteria R2 (commonly used in hydrological 

modeling) and by calculate the Relative Volume Error (RVE). Table 4.2 shows the result of 

model performance. 

                            Table 4. 2 Result of model performance                                                                                                  

Objective Functions Calibration Validation 

Nash & Sutcliff efficiency  

            (NSE) 

0.745 

 

0.72 

Pearson’s coefficient  

of determination (R2)  

0.756 0.68 

Relative Volume Error (RVE 0.042 -3.5 
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R² = 0.921

0

10

20

30

40

50

60

0 10 20 30 40 50 60

Q
s
im

Qob



55 

 

As the results of the objective functions shows the relative volume error is between +5% and -

5% for calibration and validation, NSE is between 0.745 and 0.72. This indicates that a model 

performs well.  

4.1.2 Reservoirs Inflow 

Once the HBV rainfall-runoff model simulates the flow at Meissa gauging station, there is no 

need of different methods in transferring the runoff to the dam site. Since this gauging station 

is within the dam site. The inflow volume of gidabo reservoir is shown in figure below. 

 

               
                               Figure 4. 5 Gidabo reservoir inflow (MCM)   
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Sensitivity analysis involves investigating the behavior of the performance of a model in 
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out to identify the sensitive model parameters and associate them with the catchment runoff 

generation characteristics. Parameters are considered sensitive if they enable achieving 

good/satisfactory model performance in a range of values below the full scale of the 

standardized range. Parameters are defined “more sensitive” if their values result in 

acceptable performance only over a small range in the standardized range.  Figure 4.6 shows 

the sensitivity analysis for the Gidabo catchment. 

          

                         Figure 4. 6 sensitivity analysis of Gidabo catchment. 

With respect to the NS value, among the 10 model parameters LP and FC act as sensitive 

parameters. The most sensitive parameter is the response routing K1 which govern subsurface and 

base flow contributions in Gidabo catchment.  

 4.2 HEC-Ressim model output  

4.2.1 Reservoir Operation Simulation Result 

The system reservoir simulation considers a comparison among alternatives to obtain the 

maximum value of objective function. The simulation model purpose is to operate the 

reservoir so as best to meet the flow requirements of different water uses. Reservoir 

Simulation model determines the reservoir operation release rule over a given time period 

with known stream flows at input point to the reservoir and other control points throughout 

the system for both dry and wet periods. 
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For this study, simulation was performed for the period of 1991-2012 using the daily time 

series inflow data, by dividing the total storage zone in to maximum flood zone, conservation 

zone, minimum operation zone and the inactive storage zone. In this study, the four operation 

zones have fixed reservoir level and their elevations are located at 1220m, 1215.5m, 1213m 

and 1209 m.a.s.l respectively, which are directly adopted from design report. Each zone has 

its own operation rule for flood control, conservation, environmental and for any additional 

activity either downstream or within the dam body. Based on 22 years of daily flow data, for 

the simulation of HEC-ResSim model, Gidabo reservoir inflow-outflow of the model output 

was generated.  

According to the standard HEC-ResSim reservoir plot for Gidabo reservoir, the upper plot 

region shows the computed reservoir pool elevation and operating zone, whereas the lower 

region shows the computed pool inflow and outflow (Figure 4.7). The upper plot region of 

Figure 4.7 indicates the fluctuation of reservoir level for the selected alternative between the 

inactive zone and flood control zone throughout the operation time. In dry years, the reservoir 

level will be below the minimum operating level (1213). However it returns to conservation 

zone within the short period of time. This indicates that it is possible to generate power 

throughout the operation period. 

                    Figure 4. 7 Reservoir Operation Model output 
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The lower plot region of Figure 4.7 illustrates the inflow outflow relationship of the reservoir 

under the operation of the Irrigation outlet throughout the year. The average annual inflow to 

the reservoir was estimated about 570 Mm3. 

 

                     Figure 4. 8  Gidabo Reservoir Storage 

            

                    Figure 4. 9 Outflow through controlled and uncontrolled outlet 

As shown in figure 4.9 the red curve indicates the surplus of water which was happening 

during wet period. The green one indicates outflow trough controlled outlet with maximum of 
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20 m3/s. The result of the operation simulation of reservoir with HEC-ResSim model can be 

summarized as shown in the table below.    

                   Table 4. 3 Summarized values of Gidabo reservoir operation 

                    

4.2.2 Reservoir Guide curve                                                                                                                        

It is a guide line for reservoir operation and it is developed based on detail sequential analysis 

for a combination of releases. Based on release decision criterion to achieve the objective 

function a reservoir rule curve is developed for Gidabo reservoir for current scenario. From 

the result one can easily understand that the water level elevation for reservoir in all scenarios 

shows some change in water level during all seasons. The reservoir water level should not fall 

below the minimum operation level. For Gidabo reservoir, the water level lies far above the 

minimum operating level and looks more or less constant along the full supply level. This 

shows that there was a big possibility to irrigate large irrigation land.  



 

             

                                  Figure 4. 

4.2.3 Hydropower Potential of 

From the simulation result, operation of Gidabo reservoir has been driven by an operating

rule called a released rule, which seek to produce continuous power in each day without

having the reservoir drop below minimum operating 

every day. The results from this study showed that Gidabo reservoir has a good potential

for hydropower generation while meeting the proposed priority demands. From the

simulation result the daily and monthly power ge

mean monthly values are analyzed and discussed below.

 The Whole Daily and Monthly Power Generated

The monthly powers generated from the simulation output for the whole year of

analysis are shown in Figures 

power generation for the daily and monthly values. This is the result of high variatio
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Hydropower Potential of Gidabo Reservoir                  

From the simulation result, operation of Gidabo reservoir has been driven by an operating

rule called a released rule, which seek to produce continuous power in each day without

having the reservoir drop below minimum operating level and seek to minimize spillage in

every day. The results from this study showed that Gidabo reservoir has a good potential

for hydropower generation while meeting the proposed priority demands. From the

simulation result the daily and monthly power generated for the whole year of analysis and

mean monthly values are analyzed and discussed below. 

The Whole Daily and Monthly Power Generated 

powers generated from the simulation output for the whole year of

Figures 4. As shown on the same figure there is a high fluctuation of 

daily and monthly values. This is the result of high variatio

the wet and dry years. During wet years, the inflow to the

release increased to generate more power. On the other han
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From the simulation result, operation of Gidabo reservoir has been driven by an operating 

rule called a released rule, which seek to produce continuous power in each day without 

level and seek to minimize spillage in 

every day. The results from this study showed that Gidabo reservoir has a good potential 

for hydropower generation while meeting the proposed priority demands. From the 

nerated for the whole year of analysis and 

powers generated from the simulation output for the whole year of 

there is a high fluctuation of 

daily and monthly values. This is the result of high variations of 

the wet and dry years. During wet years, the inflow to the reservoir 

release increased to generate more power. On the other hand, during dry 
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years, only first priority demands are satisfied and the potential for power generation will be 

minimum.  From the simulation result, the daily maximum and minimum power generated 

was 2.3 MW and 0.27 MW respectively. While the maximum monthly power generated was 

71.2 MW and the minimum monthly power generated was 8.4 MW. 

 

 

       Figure 4. 11 Monthly power generated for the whole year of analysis 

 Mean Monthly Power Generated 

The daily and monthly powers generated for the whole year of analysis discussed above are 

analyzed and converted to mean monthly values Table 4.4 below shows that the minimum, 

maximum and average monthly potentials of Gidabo Reservoir for hydropower generation. 

 

Table 4. 4 Optimum mean monthly power production 

Mont
h 

 Power in MW  Descending 
order 

Ran
k 

Probablit
y       % Minimum Average Maximum 

Jan 
25.1 29.5 69.4 69.4 

1 
8.3 

Feb 11.3 23.7 63.7 67.5 2 16.7 
Mar 8.4 38.7 62.8 63.8 3 25 
Apr 34.3 58.5 68.9 61.6 4 33.3 
May 

60.3 69.4 71.2 58.5 
5 

41.7 
Jun 40.8 61.6 68.9 57.5 6 50 
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Jul 
34.8 54.9 71.2 54.7 

7 
58.3 

Aug 
35.3 57.5 71.2 52.3 

8 
66.7 

Sep  40.8 63.8 68.9 38.8 9 75 
Oct  50.3 67.5 71.2 38.7 10 83.3 
Nov  35.2 52.3 68.9 29.5 11 91.7 
Dec  35.9 38.8 52.4 23.7 12 100 

Table 4.4 and Figure 4.12 show the monthly variability of the optimum power production. 

The mean maximum power production found is 69.4 MW during the month of May whereas 

the smallest power production is found to be 23.7 MW during the month of February. The 

Annual average hydroelectric power production is found to be 616 MW. 

             

 

          Figure 4. 12  Power production in Minimum, Average and Maximum monthly values 

Mean Power Duration Curve 

The resulted mean Power duration curve of Gidabo reservoir is presented in figure 4.13. The 

curve gives an idea of the power generated at any instant of time in a month over a year. It 

shows the power potential of Gidabo reservoir that is carried for more or lesser than any 

particular duration. It also gives the relation between times for which a particular power or 

power more than the particular power exists on the system (Figure 4.13 below). As shown on 

the same figure, the minimum power produced is the firm power, which is available 100 

percent of the time and this minimum power is around 33.1 MW, which can be represented as 
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P100. The term 'Firm power' as it applies to the area of energy can be defined as ' Power or 

power producing capacity, intended to be available at all times during the period covered by a 

guaranteed commitment to deliver, even under adverse conditions. 

 

                                       Figure 4. 13 Mean power duration curve 

The small power production is a power, which is available 95 percent of the time. It can be 

represented as P95. The average power production is a power, which is available 50 percent 

of the time, is 57.4 MW and can be represented as P50. 
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5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

From the results obtained as an output of Models, literature review and data processing and 

analysis made in the previous chapters, the following conclusions have been made. 

 The HBV light model which was calibrated and validated in daily time step, 

simulate the discharge in reasonably well manner with the model performance 

criteria. Hence, it is concluded that the HBV model is an acceptable 

hydrological model for this study, in order to generate the inflow at dam site. 

 

 Traditionally, reservoir operation was based on trial and error procedures 

embracing rule curves and subjective judgments by the operator. Thus, this 

study has provided an optimal operation rule for Gidabo reservoir releases 

according to the current reservoir level, hydrological conditions and the time of 

simulation year for the maximum net volume water released and develops a 

monthly average rule/guide curve. 

 

 Initially Gidabo dam was designed for Irrigation purposes only. Within the 

hydrological context that this study assessed the technical viability of 

incorporating a hydropower at Gidabo Reservoir and it was ascertained that the 

optimal hydropower potential of the Gidabo Reservoir estimated as 2.3 MW can 

be fully utilized for power generation to meet the  energy demands of the 

neighboring communities as well as those demanded by all potential small scale 

industries expected to bring about a rapid rural transformation of the 

neighboring villages within the study area.  
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5.2 Recommendation  

For better management of Gidabo Reservoir operation, this thesis recommends the following 

activities to be carried: 

 As repeatedly spotted out by different researchers the quality and availability of 

hydrologic data influenced the reliability of this paper. The historical flow data 

at the dam site found is short time length. That means it needs extending to the 

required time using appropriate method.  In that case the quality and reliability 

of the data will be compromised due to the different uncertainties takes place in 

the   process. Therefore, implementation of more modern gauging equipment 

and a proper management of already available stations will surely result a better 

realistic output. 

 As this study assessed the viability of incorporating hydropower to irrigation 

reservoir and it recommends the respective institutions and organizations, it is 

possible and is actually very wise to use irrigation reservoirs for hydroelectric 

power generation that is used by the community without affecting the existing 

irrigation requirement by applying water resource systems engineering as a 

planning tool.  

 Further study is required on the components of hydropower scheme (like 

turbine, powerhouse, penstock, etc.) based on the hydrological and 

Topographical conditions.  
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APPENDICES 

APPENDIX A: List of Tables 

Table A.1 Reservoir storage-elevation-area curve 

Elevation(m) Volume(m3) Area(ha) Elevation(m) Volume(m3) Area(ha) 

1205 41000 4.1 1221 75323000 882.9 
1206 224000 18.3 1222 84605000 928.2 

1207 663000 43.9 1223 94315000 971 
1208 1510000 84.7 1224 104427000 1011.2 
1209 3043000 153.3 1225 114936000 1050.9 
1210 5408000 236.5 1226 125861000 1092.5 
1211 8554000 314.6 1227 137207000 1134.6 
1212 12741000 418.7 1228 148953000 1174.6 
1213 17748000 500.7 1229 161077000 1212.4 

1214 23236000 548.8 1230 173566000 1248.9 

1215 29292000 605.6 1231 186410000 1284.4 
1216 35849000 655.7 1232 199624000 1321.4 
1217 42851000 700.2 1233 213218000 1359.4 
1218 50270000 741.9 1234 227185000 1396.7 
1219 58146000 787.6 1235 241525000 1434 
1220 66494000 834.8    

 
Table A.2 Irrigation and compulsory release 
          Months  Irrigation requirement at dam outlet considering 

4.76Mm3/mon compulsory release (Mm3) 

January 30.42 
February 17 

March 11.2 
April 10.82 
May 17.1 
June 19.7 
July 17.9 
August 13.4 
September 14.6 
October 22 

November 29 
December 33.6 
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Table A.3 Average monthly rainfall at DILLA station (mm/month) 

Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1991 72.3 51.9 123.6 195 201.3 142 99.76 114.5 143.6 101.8 9 45.3 
1992 14.1 37.8 44.9 208 179.9 156.9 100.9 97.4 186.1 250 54.2 46.4 
1993 74 186 59.1 154 340.8 158.1 34.5 78.7 114.8 163.2 50.5 17.6 
1994 1.3 10.2 132.7 384 147.6 105.5 257.4 164 142.6 92.1 38.4 0.4 
1995 0.5 55.4 73.9 263 190.3 67 151.8 105.4 200 174 42.4 18.4 
1996 87.6 33.2 165.8 280 252.9 232.8 123.8 151.6 237.8 86.1 27.9 12.4 
1997 17.5 5.3 25.5 257 272.3 161.3 111.5 93.1 149 220.3 203.5 85.5 
1998 58.4 45.6 108.4 233 210.6 67.9 124.7 146.2 107.5 155.2 82.3 7.2 
1999 20.7 15.1 120.3 148 241.5 75.5 46.6 44.2 144.2 178.3 35.1 13.8 
2000 0 0 20.4 190 312.9 19.7 98.7 113.3 144.6 162.8 69.8 13.1 
2001 15.7 25.2 105.6 227 194.8 144.4 72.4 145.3 157.4 197.4 52.4 28.8 
2002 35.6 18.7 208 86.6 137.9 104.8 69.6 109 88.2 57.4 69.9 115.7 
2003 56.7 4 76.1 147 100.3 102.9 55.5 118.7 67.3 128 95.4 22.2 
2004 87.3 32.1 63.3 276 113 40.2 73.7 63.4 136 70 112.2 45.4 
2005 44.6 9.3 77 273 246.2 63.7 76.9 95.9 144.8 183.4 58.6 4 
2006 15.5 51.4 151.1 206 158.4 151.4 53.7 159.5 130.3 292.1 82 39.4 
2007 81.3 10.5 95.2 150 340.2 164.5 83.2 276 212.2 193.3 54.5 0 
2008 10.5 4.5 983.2 199 213.9 85.1 143.8 89 789 815.7 74.6 0.6 
2009 52.6 40.8 39.5 207 134.6 72 25.9 46 177.3 156.5 15.9 127.1 
2010 45.4 141 203.9 217 313.7 139.8 80.5 147.5 126.6 238.7 7.3 8.2 
2011 11 94.2 39.5 136 276.4 110.5 99.2 180.3 190 223.6 198.7 11.5 
2012 14.8 12.6 29.2 136 198.9 113.7 119.7 114.6 175.9 181.2 54.1 8.952 

AVERAGE 37.2 40.2 133.9 208 217.2 112.7 95.62 120.6 180.2 196.4 67.67 30.54 
 

Table A.4 Average monthly rainfall at MOROCHO station (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 24.8 182 324.2 168.5 111.6 158 204.7 217.9 70.4 34.5 39.3 29.7 

1992 162.7 98.1 103.7 111.9 207.3 120.1 120.2 159.3 176.3 190.1 99.5 18.9 

1993 146.3 61.8 39.2 191.5 208.6 69.6 67 89.5 128.4 230.5 24.2 41 

1994 8 15.8 153.4 250.7 200.4 180.4 168 208.3 248.3 62.9 38.5 6.3 

1995 0 65.5 89.9 243.1 148.1 82.1 53.8 64 416.9 250.1 0 77 

1996 78.6 39.1 161.9 275.8 230.5 231.4 197.5 183.8 323.6 125.8 13.2 0.7 

1997 18.5 0 75.3 174.1 146.3 76.9 152.5 120.3 86.1 291.4 222.5 14.5 

1998 77.5 58.4 173.7 150.5 142 62 112.7 66.1 141.5 181.8 26.1 2.7 

1999 21.8 10.9 96.1 102.7 81.2 112.9 92.1 84.7 175.7 149.3 3.5 16.3 

2000 0.8 0.2 22.4 204.4 133.2 45.7 125.9 81 136.2 78 81.8 65.1 

2001 27.8 20 112.3 128.9 182.3 112.4 55.2 87.4 221 224.7 14.6 25.7 

2002 29 42.3 122.7 72.9 97.3 56.3 93.2 112.7 91.5 75.4 0 59.7 
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2003 45.5 19.2 89.2 209.6 48.9 77.1 80.5 134.8 151.5 73.5 65.2 23.2 

2004 89.8 127 101.1 94.8 105.3 45 67.5 97.6 169.9 70.5 60 16.2 

2005 43.1 6.2 126.4 282.7 175.3 53.9 161.7 70.4 197 120 52.7 0.5 

2006 12.6 74.9 152.1 192.5 150.4 118.3 134.4 63.1 79.4 204.8 9.7 25.7 

2007 70.4 140 96.7 127.1 217.5 109.3 111 142.2 142.5 141.4 8.3 0 

2008 17.4 14.6 5 85.6 76.5 77.3 162.2 96.2 290.5 28.5 116.8 45.5 

2009 0.9 26.6 44.9 49.7 104.3 88.4 28.7 100.8 53.4 118.8 16.8 25.6 

2010 25.6 73.1 130.5 47.2 93.3 59.3 48.5 123.2 118.9 17 30.9 18 

2011 14.4 2.6 17.9 100.4 239.2 79.2 121.5 211 120 59.5 67.4 4.8 

2012 0 1.4 84.9 103.8 146.8 26.1 136.4 132.8 147.4 24.9 72.1 3 

AVERAGE 41.61 49.1 105.61 153.1 147.6 92.8 113.4 120.3 167.6 125.2 48.32 23.64 

 
Table A.5 Average monthly rainfall at ALETAWONDO station (mm/month) 

Yr/Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 58.9 67 146.8 212 176.4 179 115 107 172 82.2 10 30 

1992 0 97.3 54.9 239 217.9 167 113 163 190.7 218.8 81.4 41 

1993 99.9 146 59.4 192 402.1 179 75.4 52.6 153 227 45.2 8.5 

1994 0 15.3 91.6 272 175.5 154 238 150 291.7 124 39 10.1 

1995 0 65.1 79.1 316 179.3 73.4 152 120 218.7 106.8 34.4 64.7 

1996 64.3 7.6 184.4 219 324.2 244 131 143 218.1 97.1 20.5 19 

1997 54.6 0 60 249 227.3 137 218 226 260 292.8 215 29.3 

1998 68.5 104 103.6 128 111.5 187 173 152 163.6 327.5 46.3 16.7 

1999 7.3 7.7 131.6 168 204.8 88.4 120 106 108.7 256.5 18.5 92.3 

2000 5.1 0 26.9 155 169.2 72.5 136 243 205.7 232.4 143 37.3 

2001 21.3 40.2 174.6 231 356.7 113 129 235 362.6 224.5 34.9 50.5 

2002 32.8 31.9 152.4 160 193.2 207 76.9 96.3 136.9 194.8 38.9 133 

2003 30.6 19.5 215.7 262 112.4 111 230 216 119.6 99.2 34.6 32.5 

2004 116.6 52.1 93.3 273 160.3 118 70.3 78.1 175.8 47.1 53.8 49 

2005 28.8 5.6 120.6 393 329.7 127 204 98.6 362.1 97.4 49.3 3.1 

2006 43.7 51.2 139.9 281 260.8 165 216 149 188 227.4 96.1 19 

2007 71.6 5.3 45.4 240 193.3 253 217 398 461.4 67.1 82.6 0 

2008 8.8 1.8 44 134 217.5 122 88.7 113 274 332.8 120 6.4 

2009 117.3 40.4 98.5 126 100.7 147 49.6 96.2 217.6 212.2 38.7 162 

2010 66.5 82.1 204.9 289 262.8 114 121 211 282.8 96.2 96.2 37.2 

2011 9 22.5 139.3 98.4 249.8 167 110 165 323.3 84.35 27.9 7 

2012 1.3 45.6 58.7 1.3 251.6 71.7 113 103 207.4 235.1 92 22.3 

AVERAGE 41.22 41.3 110.3 211 221.7 145 141 155 231.5 176.5 64.5 39.6 
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Table A.6 Average monthly rainfall at YERGALEM station (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 9.9 32 76.5 152.3 177 126 85.1 185.1 274.2 77.4 0 37.2 

1992 30.1 40.5 64.5 126.8 164 95.8 131.2 147.4 170.2 260 48.7 21.2 

1993 53.7 82.2 32.5 149 298 138 35.6 48.6 127.8 290 23.3 2.5 

1994 2.9 13.5 77.3 215.6 192 150 174.8 136.6 131 75.2 48 17 

1995 0 26 75.1 328.9 149 48.2 84.6 98.9 181.2 42.9 32.2 54.1 

1996 86.3 0 201 248.8 160 175 123.5 91.9 291.7 85.3 6.6 2.4 

1997 22.6 5.4 31.7 59.9 56.2 98.7 156.7 150.7 202.8 370 194 38.2 

1998 68.1 46.7 99.4 227.7 165 84.9 194.2 200.3 108 443 21.4 0 

1999 16.5 24 98.5 108.4 163 62.2 105 184.6 107.7 183 13.7 8.7 

2000 3 0 28.8 170.9 254 100 120 82.7 102.2 108 55.1 47.1 

2001 16.1 38.7 130 103.8 272 110 78.3 228.3 241.9 322 9.6 23.5 

2002 47.1 6.2 217 106.9 109 119 50.9 87.9 89.7 64.1 4.5 40.6 

2003 52.5 0 90.8 167.5 32.1 38.1 61.7 76.9 114.6 96.6 72.7 49 

2004 86.7 28.5 51 75 88.4 56.1 107.9 96.7 101.1 114 26.6 1.3 

2005 44.4 1.1 81.3 162.8 223 77.2 124.4 75.3 146.2 126 39.4 0 

2006 5.5 38.7 169 235 121 91.4 147.2 183.4 111.5 165 53.8 91.5 

2007 66.9 13 112 172.6 165 165 128.3 206.7 231.3 155 67.3 0 

2008 36 32.7 38.4 151.1 192 105 163.5 109.8 103.6 198 87.9 6.6 

2009 55.8 53 88.3 192.2 90.2 172 28 66.1 129.9 146 25.1 44.3 

2010 24.6 94.8 117 211.4 241 145 79.2 186.6 81.2 0.3 18.4 28.2 

2011 0.8 19.4 0 160.6 277 17.3 159.5 38 17.3 119 44.8 0 

2012 0 0 29.9 116.3 167 69.8 154.7 239.4 261.2 158 17.6 8.6 

AVERAGE 33.2 27.1 86.7 165.6 171 102 113.4 132.8 151.2 164 41.4 23.7 

 
Table A.7 Average monthly rainfall at KEBADO station (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 60.9 74.1 106.3 99.2 131 97.4 108 25.2 191 108.3 16.6 9.5 
1992 46 56 71 175 258 119.8 66 97.6 163.9 314.7 12.5 59.3 
1993 38 152 140.5 217.7 284.6 175.9 56.1 52.2 126.2 193.8 19.2 16.9 
1994 0 20.9 119.2 374.7 297.2 158 170 159.9 177.4 72.4 62.9 9.8 
1995 0 80.3 99.1 419.7 244.8 52.4 77 104.5 176.2 158.2 23.4 76.1 
1996 77.7 78.8 245.1 298.1 250.8 169.4 105 148 180.5 118 40.5 50.5 
1997 61.9 0 34.3 308.2 272.9 127.6 152 102.7 162.8 236.9 157 68.9 
1998 73.4 94.7 98.5 171.4 137 120.8 124 99.8 185.8 192.7 90 16.1 
1999 18.8 25.9 194 98 312.4 99.3 75.6 99.8 141.4 211.9 28.2 26.1 
2000 4.4 0 20.8 139.1 175.7 42.2 106 121.1 190.1 211.1 82 30.9 
2001 18.7 39 105.1 188 167.5 193 73.7 172.7 215.2 292.6 70.6 40.1 
2002 35.8 6.6 188.2 65.5 182.6 139.5 30.8 91.6 174.8 144.1 18.6 183 
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2003 31.6 3.8 54.8 226.8 163.8 144.8 56.1 134.7 120.2 122 59.3 32.8 
2004 111 63.1 58.9 171.4 153 28.2 58.1 106.6 147.1 73.3 89.8 85.4 
2005 17.7 7.2 120.1 287.1 209.5 145.9 76.6 59.2 177.5 156.3 17.9 0 
2006 21 55.6 127.5 195.5 207.5 115.2 122 160.1 150.2 358.7 77.1 13.6 
2007 62.8 75.2 90.3 158.5 271.1 106.5 68.2 280.7 293.1 184.1 36.7 0 
2008 2.6 10.4 42.1 168 285.1 83.3 90.8 62 282.5 197.6 66.7 7.9 
2009 84.8 28 102 176.1 192.7 49 26.4 54.4 211.8 168.1 6 96.9 
2010 47.3 131 162.9 289.6 282 165.6 148 181.7 95.4 119.1 26.7 5.6 
2011 12.2 15.4 27.9 116.5 272 71.2 39.8 252.8 262.1 135.3 199 9.7 
2012 4.6 0 48.1 166 197.2 128.1 185 92.9 275.1 121 41.9 31.9 

AVERAGE 37.8 46.3 102.6 205 224.9 115.1 91.6 120.9 186.38 176.8 56.5 39.6 
 

Table A.8 Average monthly rainfall at HAISAITAWITA station (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 22.4 79.3 153.6 153.7 108.9 53 114.4 105 119.5 43 32.7 32.8 
1992 31.3 96.6 107.8 132 118.6 133.6 126.4 141 180.9 138 77.5 27.3 
1993 84.8 89.8 52 174.5 174.6 96.3 78.4 66.3 123.6 156 12.8 25.9 
1994 6.6 23.8 137.2 113.8 109.4 56.2 236.9 190 120.8 7.3 63.2 1.1 
1995 0 16.4 99.7 202.5 99.2 35.6 113.1 133 144.8 25.7 8.3 37.4 
1996 53.8 56.4 179.6 135.2 146.5 126.6 116.8 122 133.9 69.3 24.1 12.2 
1997 39.6 0 56.8 135.7 102.6 88.5 23.5 38.8 62.2 59.5 46.9 0 
1998 16.6 75.6 163.9 122.5 119.7 83 110.6 152 192.4 204 25.2 0 
1999 7.1 7.9 128.1 93.9 79.5 73.9 68.8 102 134.2 78.8 3.1 41.4 
2000 1.6 0 5.6 175.5 142.4 36 76.2 139 139.6 219 45.3 23.8 
2001 2.6 36.9 150.4 81.5 246.4 106.4 108.2 139 171 176 19.1 54.1 
2002 62.6 15.4 125.7 91.3 121.5 72.7 47.7 76.8 141.4 27 3.6 90.68 
2003 18.1 45.4 109.1 174.1 21.7 64.4 70.2 151 195 111 30.1 39 
2004 91.1 62.6 77.3 126.7 39.1 53.5 97.1 88.3 248.8 96.3 33.3 13.8 
2005 53.2 12 213.4 210.3 217.2 83.3 89.2 48.7 210.7 85.4 72.2 7.9 
2006 13.3 80.8 161.1 220.8 140.3 136.9 129.2 168 168.6 149 18.9 66.3 
2007 64.5 64.5 192.2 367.6 139.1 92.8 104.7 121 259.4 67.3 2.8 0 
2008 3.3 0 0 59.2 262.6 122.7 91.7 124 106 75.9 72.4 12.2 
2009 23 29.2 112.4 64.6 70 96.5 80.5 86.1 78.6 104 8.8 106.6 
2010 43.4 83.1 135.9 206.4 190.5 68.2 137.3 172 192.9 53.9 58.7 24.7 
2011 24.9 8.2 56.3 103.1 288.8 125.1 108.9 189 125.1 95.9 54.9 3.622 
2012 0 0 40.1 67.9 151.5 64.01 183.1 149 445.4 32.8 41.2 4.9 

AVERAGE 30.2 40.2 111.7 146 140.5 84.96 105.13 123 167.9 94.4 34.3 28.44 
 
Table A.9 Average monthly rainfall at BILATETENA station (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 35.1 37.8 73.4 72.85 102.6 86.5 60.1 101.6 58.9 54.17 6.57 27.7 
1992 13.3 51.3 50.3 138 119.4 95.6 108 112 167 186.4 55 36.3 
1993 76.9 91.1 10.3 128.3 205.2 65.4 18.6 31.54 54.1 122.9 34.2 5.51 
1994 0.35 10.6 52.5 186.1 111 72.3 145 61.54 69.4 58.77 51.7 15.4 
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1995 0.08 33.6 62.2 216.1 76.15 49.9 68.6 35.88 109 103.3 25.7 23 
1996 83 10.8 100 190.1 135.2 158 101 89.26 101 74.96 29.4 10.6 
1997 12.8 0.81 27.3 142.6 125.2 65.6 64.9 40.69 68.4 176.6 176 35.7 
1998 56.1 48.5 42.7 129 139.6 58.5 54.7 75.61 40.4 99.37 16.7 1.29 
1999 9.67 5.7 96.6 77.16 99.74 52.5 75 83.06 68.1 116.7 18.8 16.2 
2000 0.47 0.05 13.7 100.7 170.2 45 50.3 56.95 70.9 151.9 49.6 17.7 
2001 22.5 11.7 56.2 143 117.4 65.3 36.5 79.38 93.6 124.1 29.4 10.4 
2002 33.2 5.13 86 99.34 81.27 49.5 31.2 40.36 43.6 97.38 19 104 
2003 25.6 6.7 44.3 199 103.8 61.8 43.7 107.9 56.1 75.72 50.9 20.1 
2004 62.9 37.4 45.6 174.9 76.56 23.9 51.1 52.97 79 80.02 74.4 22 
2005 26.7 11.9 72 129.4 229 40.5 76.6 31.67 109 120.3 44.5 4.85 
2006 6.45 39.1 102 143.6 169.1 61.8 36.3 110.4 61.7 169.8 76 41.8 
2007 32.4 19.1 57.1 121.1 197 148 77.8 91.34 130 101.7 41.5 1.72 
2008 4.12 144 49.5 105.2 87.84 63.8 96.9 263.8 346 145.7 71.4 14.5 
2009 25.4 13.8 67.1 158.8 118.2 23.9 16.5 58.35 93.5 48.76 0 0 
2010 19.4 63 168 185.7 158.9 73.4 56 69.48 96.6 115.9 3.76 8.97 
2011 141 16 36.5 69.03 108.3 33.9 11.9 49.26 82 71.77 27.6 6.7 
2012 3.07 3.22 30.9 81.03 36.63 55.5 47.8 69.35 38.6 61.29 3.83 0 

AVERAGE 31.4 30.1 61.1 135.9 125.8 66 60.4 77.83 92.6 107.2 41.2 19.3 
 
Table A.10 Average monthly areal rainfall over the study area (mm/month) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 44.9 78 150 157.4 150.1 130.3 116.5 122.1 149.4 75.5 15.8 30.26 
1992 44 68 68.3 170 191.3 131.3 107 131.2 177.5 230.3 61.5 37.34 
1993 83.9 123 59.9 175.9 290 133.5 52.98 61.59 122 202 32.3 17.08 
1994 2.43 15 111 277.2 184.1 133.6 201.6 155.6 183.8 78.45 46.9 8.406 
1995 0.1 54 82.4 293.3 165.8 61.98 103.9 95.05 219.4 136.5 25.3 52.45 
1996 76.8 32 180 246.1 231.1 201.8 131.3 138.5 223 97.31 23.4 16.41 
1997 33.7 1.7 45.1 204.9 188.5 114 139.3 122.2 153.8 250 186 42.8 
1998 63.7 70 113 169 148.4 100.8 131.9 126.1 135.7 231.3 48.7 7.693 
1999 15.3 14 126 120.1 182.5 83.79 84.62 97.04 128.7 180.7 18.9 33.2 
2000 2.36 0 21.2 164.5 198.4 51.41 107.3 126.7 149 166.6 82.2 34.58 
2001 19.1 31 121 170.8 224.8 125.3 80.28 159.9 221.4 227.8 35.6 33.61 
2002 37.1 20 162 99.48 138.4 115.5 60.75 92.07 111.4 103.8 25.9 108.4 
2003 39.1 12 103 202.5 90.62 91.75 94.3 139.1 113.8 101.8 60.5 30.3 
2004 94.8 59 72.4 182.7 114.9 55.32 72.96 83.5 149.3 74.39 68.4 37.5 
2005 35.7 7.2 111 266.9 238.2 88.02 122.2 73.52 202.3 130.9 46.6 2.517 
2006 19.1 55 143 214.6 180.1 124.9 124.5 139.9 129.6 236.7 63.3 37.57 
2007 66.4 46 90.1 181 229 156.3 118 238.9 259.2 134.8 45.8 0.185 
2008 11.9 25 203 136.4 190.8 93.57 121.1 114.4 345.3 292.5 90.3 13.36 
2009 57.1 34 76.1 142.8 120.3 94.25 34.4 72.88 148.2 146.3 17.8 87.32 
2010 41.1 98 166 209.8 227.9 113.8 95.15 159.4 147.2 99.86 36.4 18.77 
2011 25.2 172 49.8 112.9 247.3 91.85 94.07 163.4 178.8 117.1 96.4 6.752 
2012 3.97 12 48.2 95.91 175.5 78.16 132.7 124.6 208.8 129.7 51.8 12.92 

AVERAGE 37 47 105 182 186.7 108 106 124 175 157 54 30.43 
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Table A.11 Mean monthly flow at Bedessa gauging station near Dilla (m3/s) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 0.649 0.509 0.58 0.754 0.694 1.46 2.09 1.25 4.022 2.23 1.395 0.66 

1992 0.049 0.056 0.02 0.263 0.948 1.45 1.59 1.44 2.503 7.61 1.614 0.66 

1993 0.375 0.481 0.24 0.144 3.849 3.62 0.96 0.96 2.607 3.15 2.396 1.38 

1994 0.742 0.384 0.18 0.425 5.702 2.2 4.21 4.59 1.834 1.31 0.909 0.44 

1995 0.223 0.143 0.12 1.485 3.586 1.1 1.38 1.38 3.832 3.61 1.303 0.54 

1996 0.401 0.192 0.31 1.252 2.295 7.07 3.69 4.84 8.929 3.18 1.449 0.73 

1997 0.412 0.194 0.17 0.975 2.022 0.88 2.02 1.27 0.794 2.81 5.725 2.58 

1998 3.409 1.976 0.89 2.41 4.474 2.94 1.84 2.98 1.872 5.6 1.645 0.65 

1999 0.334 0.163 0.45 0.967 1.892 1.08 1.54 1.78 1.615 5.8 3.283 1 

2000 0.497 0.239 0.15 0.339 2.275 1.16 1.27 2.67 2.803 7.32 2.822 1.83 

2001 1.137 0.603 0.4 0.817 2.679 3.2 1.52 4.35 10.17 6.14 2.884 0.8 

2002 0.542 0.199 0.39 0.532 4.332 3.74 1.05 1.23 1.963 4.65 1.579 0.97 

2003 0.755 0.348 0.23 0.809 1.681 3.04 1.29 4.13 3.731 9.97 3.202 1.19 

2004 0.966 0.714 0.98 1.221 4.064 2.05 0.79 1.73 3.514 2.68 2.118 0.79 

2005 0.405 0.212 0.21 0.324 4.085 2.21 1.27 1.43 4.782 6.32 2.704 0.51 

2006 0.252 0.217 0.25 2.541 3.14 2.78 1.88 3.46 1.66 4.17 2.422 1.22 

2007 0.792 0.442 0.27 0.509 3.643 7.31 3.09 3.76 7.668 6.24 2.288 0.93 

2008 0.506 0.281 0.26 0.434 1.016 2.43 1.96 3.26 3.425 2.96 5.734 0.7 

2009 0.348 0.256 0.73 0.964 1.696 0.91 0.41 1.73 2.053 2.48 0.489 0.27 

2010 0.204 0.278 1.45 3.232 11.94 2.9 2.82 4.29 14.13 4.82 0.849 0.12 

2011 0.039 0.092 0.04 0.042 1.39 0.88 1.3 2.68 4.23 2.59 2.794 0.9 

2012 0.124 0.032 0.01 0.104 0.335 0.79 1.53 1.5 3.432 2.07 1.418 0.31 
 

Table A.12 Mean monthly flow at Kolla gauging station near Aletawondo (m3/s) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 0.67 0.57 0.74 1.17 1.21 1.06 3.46 1.81 4.34 1.96 1.02 0.65 

1992 0.47 0.58 0.44 1.3 1.42 2.21 2.54 9.09 5.14 11.4 3.01 1.29 

1993 0.86 1.03 0.69 1.38 7.42 5.22 2.84 2.36 2.76 5.05 2.55 1.05 

1994 0.67 0.51 0.58 0.86 1.82 1.78 8.75 7.05 3.83 3.4 2.19 0.99 

1995 0.34 0.33 0.38 1.49 1.52 0.65 0.95 3.28 6.03 6.08 1.3 0.59 

1996 0.38 0.17 0.51 1.21 2.79 10.9 3.6 7.05 7.26 4.65 1.07 0.45 

1997 0.26 0.11 0.09 1.16 2.61 1.77 3.73 6.04 1.52 5.7 6.5 2.52 

1998 2.03 1.26 0.88 1.41 2.65 3.76 4.53 11.8 4.87 9.31 2.51 0.98 

1999 0.62 0.41 0.68 0.9 1.96 1.56 2.96 3.23 2.87 4.7 2.95 1.1 

2000 0.51 0.3 0.29 0.63 1.51 1.26 1.81 7.6 3.5 8.71 2.99 1.08 

2001 0.67 0.49 0.52 0.81 1.92 3.06 1.24 3.32 3.72 3.69 1.32 0.92 

2002 0.7 0.42 0.58 0.87 2.38 2.14 1.32 2.05 2.04 2 1.56 0.97 

2003 0.7 0.36 0.37 0.89 0.97 0.81 1.62 3.13 1.58 3.41 1.09 0.66 

2004 0.65 0.5 0.66 1.09 1.98 2.25 1.3 1.94 2.45 3.9 1.37 0.81 

2005 0.59 0.34 0.47 1.17 3.71 3.44 4.69 6.99 26.3 27.2 22.5 15.9 

2006 0.71 0.62 1.02 2.1 4.5 3.62 6.54 5.91 4.38 3.92 2.84 2.51 
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2007 1.28 0.9 0.61 1.08 3.17 4.98 3.98 7.8 4.87 4.18 1.79 0.91 

2008 0.59 0.37 0.29 0.43 0.97 1.99 1.4 3.28 3.58 2.81 4.87 1.08 

2009 0.64 0.49 0.43 0.65 1.13 0.82 0.9 1.67 1.87 4.04 1.26 1.34 

2010 1.2 0.73 2.51 4.74 6.39 3.61 4.41 4.79 5.85 5.01 1.66 0.79 

2011 0.6 0.36 0.26 0.28 1.39 2.77 3.26 4.94 5.14 3.91 2.07 1.15 

2012 0.58 0.31 0.2 0.49 0.74 1.17 2.5 4.28 4.17 3.2 1.5 0.89 

 
Table A.13 Mean monthly flow at Gidabo gauging station near Aposto (m3/s) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 3.19 3.44 3.75 4.6 4.65 3.37 4.82 4.35 10.4 5.46 2.11 1.77 

1992 1.16 1.55 1.2 6.63 6.51 5.04 7.14 22.8 19.5 27.5 10.7 4.47 

1993 2.92 4.31 2.33 5.57 16.3 16.6 7.74 5.45 9.31 16.5 7.54 2.7 

1994 1.81 1.45 1.72 3.13 9.79 6.87 16 17.7 12.6 6.37 5.31 2.44 

1995 1.64 1.67 1.85 9.51 9.07 4.23 4.76 6.53 17 12.5 3.84 2.94 

1996 2.86 1.87 5.98 11.3 14.8 16.4 15.9 18.2 18.8 19.2 4.13 2.6 

1997 2.12 1.53 1.55 5.38 8.08 5.8 10.1 13 8.16 21.4 16.8 5.83 

1998 2.06 1.05 1.19 3.34 10.1 4.48 7.58 23.1 10.9 29.7 6.11 2.73 

1999 2.17 1.74 1.91 1.91 3.67 2.47 2.47 3.07 3.95 6.83 2.99 1.89 

2000 1.41 1.3 1.27 1.96 4.91 3.02 2.51 7.83 7.2 18.5 6.27 2.45 

2001 2.24 1.81 1.9 2.77 5.63 8.36 3.93 8.81 9.92 9.83 4.14 2.48 

2002 2.01 1.56 2.04 2.93 3.94 5.29 2.71 3.66 4.89 3.53 2.19 2.24 

2003 1.84 1.47 1.71 4.02 2.99 2.4 3.01 6.55 4.84 9.05 3.48 2.3 

2004 2.31 1.86 2.34 2.76 7.35 3.24 2.79 4.02 6.21 7.94 2.62 2.17 

2005 1.77 1.37 1.72 2.84 10.5 6.76 5.56 6.01 8.78 6.27 3.67 2.02 

2006 1.65 1.67 2.75 4.56 9.25 5.27 11 13.9 8.87 11 6.37 4.54 

2007 3.04 2.53 2.29 4.96 9.96 10.6 7.16 16.7 11.6 10.9 4.08 2.51 

2008 2.01 1.73 1.53 2 3.43 4.06 4.34 5.47 6.2 6.25 13.5 2.93 

2009 2.36 2.22 1.8 2.31 3.66 3.54 2.71 3.6 5.03 8.23 2.99 3.51 

2010 3.41 2.79 5.74 10.9 13.4 6.2 8.29 9.55 13.8 7.86 3.51 2.41 

2011 2.07 1.74 1.79 1.94 5.32 5.07 5.8 9.37 13.9 9.24 4.82 3.24 

2012 2.18 1.84 1.74 2.33 3 2.88 5.44 7.83 8.39 5.75 3.44 2.46 

 
Table A.14 Observed mean monthly flow at Measo station (m3/s)  
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1997 5.4 3.7 6.9 14.6 21 26.6 20.3 20.8 15.9 25.5 22.7 12.6 
1998 21.9 19 11 14 23.7 13.5 13.1 24.9 19.7 38.6 28.3 7.07 
1999 4.7 3.1 5.9 6.69 17.4 10.6 10.1 9.98 14.3 27.5 14.5 9.36 
2000 3.55 1.7 1.6 5.01 16.7 11.9 9.65 15.1 17.2 19.4 14.3 7.91 
2001 3.79 2.9 12 18.4 20.5 15.6 28.4 39.2 42.9 28.2 14.7 8.02 
2002 7.29 3.1 3.6 11.3 18.2 20.8 9.51 9.45 12.3 19.7 12.2 12.4 
2003 9.18 3.1 5.5 15.5 13.4 13.6 10.9 19.9 16.3 18 11.7 9.17 
2004 9.19 9 11 16.8 16.8 12.6 10.7 14.9 25 29.3 19.6 6.36 
2005 3.38 3.2 3.2 14.2 38.7 20.1 14.5 16.2 38.5 38.9 17.3 10.3 
2006 3.45 3.6 8.8 21.4 24.7 29 26.9 21.6 22.6 27.7 17.4 13.9 
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Table A.15 Simulated mean monthly flow at Measo station (m3/s) 
Yr./Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1991 8.01 11 17 20.4 20.9 18.6 18.4 14 20.1 14.8 9.06 8.09 
1992 7.74 12 10 17.3 22 20.6 16.6 17.8 20.5 26.2 16.8 9.88 
1993 10.2 17 13 17.7 29 24.9 13 11.1 12.8 21.7 16 7.78 
1994 6 5.9 11 23.1 28.3 20 22.1 22.7 21.8 16.8 11.8 7.18 
1995 5.57 8.6 11 24.3 25.8 15.6 15.3 13.7 22.7 20.7 11.6 8.43 
1996 11.9 8.8 17 24.5 29.6 27.9 18.3 18.1 24.2 21.3 9.28 7.53 
1997 7.51 6.6 11 22.4 24.8 31.7 27 27.8 23.9 33.8 29 14.7 
1998 26.5 23 18 17.9 31.9 20.4 17 32.3 22.2 42.2 35.3 11 
1999 6.77 6.3 14 13.8 22.2 18.2 15.2 12.3 15.7 29.7 16.9 9.01 
2000 6.19 5.5 5.7 12.9 25.1 12.9 12.9 18.5 19.7 24.5 16.7 10.6 
2001 7.16 7.7 17 25.6 27.9 23.7 30.4 44.2 50.2 42.5 19 9.92 
2002 8.83 7 9.8 13.1 22.3 29.3 17.8 16.1 16.3 18.8 20.2 15.9 
2003 15 8.3 11 20 20.1 16.5 14.3 17.7 18.5 19.4 12.3 10.7 
2004 10.7 14 11 21.5 19.4 15.1 10.9 14.7 22.4 24.7 23.2 11.9 
2005 8.43 7.4 13 21 33 19.7 14.8 15.5 30 35.5 22.4 8.88 
2006 6.61 8.2 15 23.4 24.9 26.9 26.5 23.7 26.3 31.6 20.8 13.3 
2007 10.5 12 11 18.9 25.2 24.2 16.7 25 28.2 24.4 13.3 6.66 
2008 6.05 6.6 16 19.9 22.5 18.2 15.4 16.1 29.2 33.6 25.6 9 
2009 8.25 10 9.4 16.7 17.7 15.1 11.4 11 14.7 20.9 10.5 10.8 
2010 11 12 17 23.9 27.5 20.7 14.9 16.8 20.6 17.9 11.2 7.3 
2011 7.35 16 15 11.9 24 20.5 13.4 17.2 23.4 20.7 14.2 9.26 
2012 5.84 5.8 7.5 11.9 18.8 16.7 15.5 16.5 21.8 20.5 14.6 8 
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APPENDEX B: Figures 

 

Figure B-1 Daily simulated and observed flow hydrograph calibration result 

 

          Figure B-2 Scatter diagram of Simulated Vs Observed flow during calibration 
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                 Figure B-3 Daily simulated and observed flow hydrograph validation result 

 

 

Figure B-4 Scatter diagram of Simulated Vs Observed flow during Validation 
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                                      Figure B.5 Gidabo reservoir network 

                           

 

                 Figure B.6 Reservoir property editor     
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          Figure B.7 Reservoir operation set (Zones and Rule) 

                                                 

 

          Figure B-8 Inflow Data entry through HEC-DSS 
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                              Figure B-9 Reservoir water level  

 

                                 Figure B-10 Gidabo reservoir storage  
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                                                      Figure B-11 Release  
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