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Abstract 
Energy crisis has emerged as a serious issue all over the world in recent years. Ethiopia 

is facing a similar crisis that has resulted in frequent power failures and load shedding 

throughout the country for past several years. The utilization of renewable energy 

resources may help reducing fossil fuel dependency of the country for power generation. 

There are various renewable energy options for Ethiopia including solar, wind and 

hydropower. The objective of this study is to assess the run-of-river hydropower potential 

of GumaraRiver using geospatial data and techniques. Gumara River is a tributary Of 

Abay River located in the Amhara (South Gonder) province of Ethiopia. Satellite data 

used in this study include ASTER Digital Elevation Model (DEM). Flow data are 

acquired from regional hydrologic gauges. Geographical Information Systems tools are 

used for processing the satellite images, delineation of watershed and stream network, 

and identification of potential sites for hydropower projects.20 suitable hydropower 

potential Sites were selected and The total amount of theoretical power for Gumara River 

Basin was 18217.899 Kw, 7596.841Kw, 3985.037 Kw and 425.544Kw for 30%,40%, 

50% and 90% flow exceedance respectively and the total Energy output of 

105.89GWh/year was obtained from the selected hydropower potential Sites. From the 

total order of suitable sites, site-5 and site-8&14 were ranked at the first and last 

respectively based on their suitability. This study will aid decision-makers in the energy 

sector to optimize the available resources in selecting the suitable sites for small 

hydropower plants with high power potential. The proposed approach can further be 

utilized to assess an overall hydropower potential of the country.  

Key Words: GIS, Hydropower, Remote Sensing, Renewable Energy, Run-of-River 

hydropower plant 
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Moreover, because of the considerable amount of financial requirements and 

insufficient financial sources of the national budget, together with the strong 

opposition of environmentalist civil organizations, large scale hydropower projects 

cannot be completed in the planned construction period generally, which lead to 

widely use of SHP in developing countries with its low investment cost, short 

construction period, and environment friendly nature. 

 

The supply of power for remote rural areas is not an easy task by large scale station, 

since transmission cost is high due to topographic and socio-economic problems; 

however micro and small hydropower is the ultimate choice to supply power to 

remote areas where the national grid does not extend, since it can be used for 

domestic and communication purpose or directly coupled with drive machinery. 

 

 

 

 

 

 

 

 

 

 

  



 

1.2. Statement of the Problem 

One of the most important infrastructures for sustainable development is the 

availability of electric power. In contrary to this most of the rural part of the 

country has not electrified yet. Rural electrification for the country like any other 

countries in the developing world is major challenge for central and local 

government and other investors. The major problem for the rural electrification 

from either thermal or electricity tapped from other distance major electric source 

lies on financial viability. This is because consumers in our typical villages and 

rural towns have low purchasing power thus casting doubts to the investors whether 

their investment cost shall be recovered on the commercial terms. The challenge of 

today is now to provide electricity on cheap means for rural development hence 

alleviating poverty. On the other hand, almost all rural areas and some small towns 

depend on energy from wood, fuel, dung and the like for various purposes such as 

cooking, warming and illumination. This dependence on biomass is leading to 

drastic damage on the environment. There is a fear that some decades later the 

country will be devoid of any kind of forest. The use of fuel wood as a source of 

energy should be reduced and replaced by environmental friendly source of energy, 

hydropower. EEPCo has built numerous decentral power stations apart from the 

main interconnected system. But, these plants are largely diesel power stations 

which are operated with imported fuel oil. The rise in cost of fuel does not justify 

the installation of similar diesel stations to rural communities in future endeavors. 

On the other hand, the high expense of transmission line makes capital investment 

for grid extension prohibitive. One of the solutions for this problem is to identify 

micro to small scale hydropower potential in the rural areas and develop them to 

electrify the rural areas. 

 

 

 
  





 

1.5. Significance of the Study 

The significance of this study is to provide piece of information for national and 

regional policy makers and water resources implementing agency on available 

potential of Micro to Small hydro power potential and available demands .Thus 

concerned bodies especially EEPCO will hopefully consider the study and put into 

action by reviewing their plan of expansion of transmission line from main grid  of 

Hydro power stations to the site as some of hydroelectric projects can be easily 

developed at cost lower than the identified in the EEPCO expansion plan (ministry 

of water resource, irrigation and electricity, 1997). Therefore, off-grid alternative 

electric supply should be given due attention. As a result, the development gap 

between urban and rural dweller reduced to some extent as far as the use of energy 

is concerned. And even also by doing natural landscape of the environment, gained 

economic benefit from the schemes and satisfaction of the social needs of the rural 

population in the area, can be improved. 

1.6. Scope 
This study does not deal with detail and deep investigation of micro to small 

hydropower development. It is limited to assessment of the hydropower potential of 

the basin. So that thedoor is opened for further study and detail investigation and 

project implementation. It also deals with only micro to small hydropower; not with 

the higher capacities. 

 

 

 

 

 

 

 



















 

High Head 

The greatest fall over the shortest route is preferable when choosing a micro hydro site as 

a long penstock can be quite costly. More head is usually better, since power is the 

product of head and flow. Thus less flow is required at a higher head to generate similar 

amounts of power. Also with a higher head, the turbine is able to run at a higher speed, 

resulting in a smaller turbine and generator for a given power output. However, pipe 

pressure ratings and pipe joint integrity require careful design at very high heads. 

Close Proximity to Distribution (Transmission) Lines or Load 

The closer a site is to distribution lines, or the load center in the case of an off-grid plant, 

the less costly it will be to transmit electricity. For grid connection it is generally only 

economical to connect a micro hydro plant to the 12 or 25 kV distribution system. 

Connecting to the higher voltage transmission system greatly increases the 

interconnection cost. 

 

Site Accessibility 

The terrain surrounding the stream must be suitable for running a length of pipe from the 

proposed intake structure to the powerhouse location. Anticipated high and low water 

flows and levels must be taken into account when sizing and sitting these facilities. The 

site also requires access for construction and maintenance purposes. 

2.10. A RUN-OF-THE-RIVER SCHEME 

Power is generated by natural runoff without flow regulation. Firm power is guaranteed 

by a natural base flow with high reliability. Many MHP stations belong to this scheme. 

This is because the scheme costs less in engineering, especially in the case where water is 

diverted from rivers with a high base flow.However, inthis study some sites are of 

diversion scheme for the purpose of taking advantage of the promising heads which are 

by far greater than those which can be found from fall in the water course. 

2.11. A DAILY REGULATION SCHEME 

Power is generated by the natural daily flow, but with a daily regulating pond by which 

the natural daily flow can be regulated in accordance with the fluctuation of the daily 

load, i.e., storing water in the regulating pond at off-break times and discharging it from 















 

The type of modeling depends upon the objective of the study and may be chosen as 

lumped, semidistributed, distributed models(Þórarinsdóttir 2012). 

2.16. GIS IN HYDROPOWER POTENTIAL ESTIMATION 

Traditionally hydropower potential is estimated for a particular site by using historical 

data of discharge. Very limited tools were available to estimate the stream flow at 

ungauged locations. Due to the complexity involved in hydrological phenomena, the 

estimation of discharge at ungauged location based on the observed data of some specific 

sites using the traditional estimation method poses doubts regarding the accuracy and 

reliability of the assessment. Furthermore, the assessment based on the location specific 

recorded data does not cover the entire potential basin, thus leaving the more potential 

sites at other locations. The collection of observed data from a large number of gauging 

stations is costly as well. 

With the advent of modern computation tools such as GIS, remote sensing (RS) and 

hydrological models, the aforementioned constraints have been addressed 

comprehensively. The realistic representation of: (i) terrain, (ii) complex hydrological 

phenomena and (iii) varying climate are now possible through the spatial tools and 

modeling techniques. GIS is a computerized data management system that is used to 

digitally represent, store, manipulate, analyze and manage all types of spatial or 

geographical data (WIKIPEDIA, Geographic Information System).RS is the acquisition 

of information about an object or phenomenon without making physical contact with the 

object.GIS is also used to locate and select the potential hydropower sites. GIS was used 

to identify quickly the potential sites for micro and macro hydropower sites in South 

Africa(Ballance et al. 2000).Selected the potential sites for a small ROR hydropower 

project in Thailand using GIS, economic and environmental criteria(Rojanamon et al. 

2009). However, some of the limitations of GIS-based hydrological models are the 

requirement of the enormous amount of data, expensive GIS software and resolution of 

temporal data. The simulated results from the GIS-based hydrological model can be used 

for the water resource planning wherethe observed data are not available or insufficient.  

 

 





 

3.1.2. Topography 

The watershed consists of rugged and undulating topographies which vary from 

1790masl up to 3700 masl. The area has a steep slope (greater than 25%) in the high 

mountainous region in the east which rises above 2000 masl elevation, and of lower slope 

(below 3%) towards Lake Tana, the area that ranges from 1700 - 1900 masl altitude. 

Thelower down plain reaches, near the confluence of Gumera with Lake Tana, is subject 

toinundation in wet seasons. This is because of the flat slopes, further worsened by 

backwater effects of the Lake which is at higher levels during the flood(Abate et al. 

2015). 

 
Figure 3.2: Topography of Gumara Watershed 

Table 3.1: Percentage of Elevation coverage for Gumara Watershed 

Range of Elevation(m) Percent coverage 
1793-1973  16.09 
 1973-2109 16.64 
2109-2240 16.80 
 2240-2375 18.75 
 2375-2526 14.77 
 2526-2702 9.69 
 2702-2917 5.00 



 

 2917-3236 1.48 
3236-3712  0.78 

 
 

 
Figure3.3: Slope of Gumara Watershed 

Table3.2: Percent coverage of slope variation in Gumara watershed 

 

3.1.3. Climate 

3.1.3.1. Rainfall 

The annual Rainfall is relatively higher in the watershed ranging between 1145 mm up 

to1523 mm; the eastern plain having lower rainfall, 1145-1300 mm/yr, and the 

mountainous areas having higher rainfall, greater than 1300 mm/yr. 

Range of Slope Percent Coverage 
0-7 23.40 
7-15 28.94 
15-23 20.67 
23-31 13.10 
31-40 7.88 
40-51 3.98 
51-66 1.56 
66-96 0.39 
96-229 0.08 



 

Source (Aster DenekewYilma and SeleshiBekeleAwulachew 2009) 

Figure3.4: Rainfall Distribution in Gumera Watershed 

3.1.3.2. Temperature 

The maximum and minimum monthly temperature in the watershed varies between 230C-

29.90C and 70C-140C respectively. Annual maximum and minimum temperature 

variesbetween 160C-270C and 20C-120C. 

3.1.4. Land Use/Cover 

The land use practice in the watershed as shown in the figure and table below is 

dominated by cultivated land and followed by Grass land.  

 
Figure3.5: Land Use in Gumara Watershed 



 

Table 3.3: percent of area coverage for land use in Gumara Watershed 

Land Use Land Cover 
type 

Area-coverage 
(km2) 

Percentage of Area 
Coverage 

Built Up Area 9 0.70 
Cultivated Land 986 76.97 

Forest Land 35 2.73 
Grass Land 220 17.17 

Shrub and Bush Land 31 2.42 

3.1.5.Socioeconomic Aspect of the Watershed 

3.1.5.1. Administrative Structure of the Watershed 

The Gumera watershed is located in four weredas, Fogera, Dera, Farta, and Esite which 

are under the administration of DebubGonder Zone ofAmhara Regional State. The 

weredas covering an area of 6346.03 km2 have a total population of 1,324,044 resulted in 

an average population density of 217.55 persons per square kilometer. 

 
Source (Aster DenekewYilma and SeleshiBekeleAwulachew 2009) 

Figure3.6: weredas in Gumara watershed 

3.1.5.2. Population 

Farta has the most densely populated, 254.5 p/km2, followed by Fogera and Dera, 246.8 

p/km2, and 190 p/km2respectively. Esite is least populated, with 179.1 p/km2. 

Thepopulation and the area of the weredas are shown in the table below. 

 

 



 

 

Table 3.4: Population of Weredas in Gumera Watershed 

WEREDAMALE            FEMALE        TOTAL       AREA               DENSITY 

Fogera          137919                 132324                270243        1095                        247 

Farta             166091                 158179                324270        1274                         254 

Esite              214738                 209303               424041         2368                        179 

Dera              156828                 148662                305490        1608                       190 

Source: (CSA, 2007) 

 

Source (Aster DenekewYilma and SeleshiBekeleAwulachew 2009) 

Figure3.7: Population of Weredas in Gumera Watershed 

3.2.DATA AVAILABILITY AND ANALYSIS 

3.2.1. INTRODUCTION 

Availability of data is a necessary and crucial condition for any research work. Without 

adequate data and information it is impossible to anticipate reliable result. A package of 

data and information is required to come up with reliable and sensible results. Thus, data 

are collected from different sources and their systematic and careful integral no doubt 

leads to an organized useful result provided the researcher really has the know-how of 

what he/she is going to deal with and if there are promising fertile conditions such as 

getting the data in the time available. For this study, some numbers of data were collected 

from different institutions. In order to achieve reasonable result for assessment of 



 

hydropower potential sites,at least 15 to 20 years duration of stream flow and above 10 

year rainfall data should be available. Some of the main data which are used to estimate 

the potential of a river catchment are stream flow, rainfall and digital elevation model. 

All of these and other related primary and secondary data were necessary for the study 

and therefore the first step to begin the research was collection of these data from the 

respective institutions. Therefore, the topographical data, meteorological data and runoff 

data availability, processing and analysis will be dealt with in the following sections of 

this chapter.  

3.2.2. Digital elevation model 

DEM is a digital cartographic/geographic dataset of elevations in xyz coordinates(USGS 

2012). DEM is widely used in many applications such as geomorphology and landscape 

studies,archeology, forestry and wildlife management, geological and hydrological 

modeling, GIS,climate impact studies and educational programs. There are two publicly 

availableDEM dataset: SRTM (Shuttle Radar Topography Mission) and ASTER GDEM 

(AdvancedSpace borne Thermal Emission and Reflection Radiometer Global-DEM). 

ASTER GDEM has 30m resolution compared to 90 m resolution in SRTM DEM 

(Tachikawa 2011) and is better formountainous terrain than SRTM. So that, the Gumara 

watershed is delineated using ASTER DEM and used for further analysis.  

3.2.3. Gumara Watershed and Stream link 

The process of delineating watersheds by using DEM isreferred to as terrain pre-

processing(Merwade 2012). In this study, the watershed was delineatedusing the 

"Hydrology" tool within the Spatial Analyst tools in Arc Toolbox. Stream network can be 

defined from DEM using the output fromFlow Accumulation function.In this study 1% of 

the maximum flow accumulation was used to define the stream, which is 0.01*1343697 

(13436) used as a threshold value to define the stream in the watershed. When threshold 

value becomes smaller in number perennial as well as non perennial streams was defined 

through the watershed. Selecting the hydropower site on non perennial streams require 

the construction of dam for long term storage. But in this study micro to small 

hydropower potential was assed. This much potential more of the time addressed with the 

help of runoff river type of hydropower plant, which is constructed on Perennial River to 



 

get power throughout the year. So the threshold value must amplify the streams which 

flow throughout the year. 

 
Figure 3.8: Gumara sub- Watershed and Stream link 

3.2.4. METEOROLOGICAL DATA 

3.2.4.1. Rainfall 

The relevant data in the research area is precipitation in the form of rainfall. Monthly 

precipitation data of 13 stations namely Bahirdar,Wereta, Addiszemen, Amedber, 

Arbgebaye, Amebesami, Lewaye, Hamusit, Zenzelima, Mekaneyesus, Wanzaye and 

Yifagehave been collected from the National Meteorological services Agency of Ethiopia 

from Baherdar branch. The rainfall data obtained from such nearest station to the Gumera 

catchment should be taken in to consideration to develop Rainfall grid map of the 

catchment. The respective distance of these rainfalls gauging station with respect to the 

respective base station was obtained by using GIS from Rain gauge stations map and 

authenticated by their respective coordinate system. There is an intermittent or break of 

data for a short period of time or even for a particular month. Missing rainfall data with in 

such gauging stations have been calculated and even also their consistency and 



 

homogeneity was also checked. The selected meteorological stations are also presented in 

Table 3.5and Figure 3.9. 

Table3.5: Selected Meteorological Stations 

Station Name 
Station 
Class 

Period of 
Record  Degree  Altitude 

Years Easting Northing m 

yifage 3rd 2003-2016 37.60 12.10 2020 

Amebesami 3rd 2008-2016 37.625 11.700 2076 

AmedBer 3rd 1984-2015 37.886 11.914 2051 

Wanzaye 3rd 2003-2015 37.631 11.758 1928 

Mekaneyasus 3rd 2003-2016 38.054 11.608 2374 

Bahirdar 1st 1961-2016 37.360 11.680 1800 

Debratabor 1st 1951-2016 37.995 11.867 2612 

Lewaye 4th 2003-2016 38.072 11.720 2709 

Hamusit 3rd 2003-2016 37.562 11.783 1930 

Werata 3rd 1978-2015 37.696 11.922 1819 

Addiszemen 3rd 1997-2016 37.773 12.117 1940 

Arbegebaye 4th 2006-2015 37.750 11.636 2228 

Zenzalim 3rd 2008-2016 37.462 11.625 1910 

Source: - Information collected from Metrological Agency Bahirdar Branch. 



 

 

Figure 3.9: Location of selected Rain gauge station 

From the above stations Lewaye, Arebegebaye and Wnzaye were located within the 

watershed, the other stations located around the watershed. The estimator stations for the 

base stations ware selected based on their relative distance from the Base stations. 

 

 

  







 

 

Figure 3.10: Mean monthly Rainfall at Bahirdar station 

 

 

Figure 3.11: Annual Rainfall at Bahirdar station 

 
Figure 3.12: Mean monthly rainfall for lewaye station. 
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Figure 3.13: Annual average Rainfall for Lewaye station 

The figures given above indicate that the rainfall characteristics are a bimodalrainfall 

pattern. The main rainy season among the above given stations are from July to 

September while the second rainy season is from March to May and from October to 

November. 

3.2.6. CONSISTENCY ANALYSIS 

A double mass curve technique is used to test the consistency and accuracyof rainfall 

records at all stations. It is used to check the consistency of many kinds of hydrologic 

data by comparing data for a single station with that of a patterncomposed of the data 

from several other stations in the area. The double-masscurve can be used to adjust 

inconsistent precipitation data. In hydrologic studies, the use of the cumulations of two 

measured variables plotted as a double-mass curve may give indefinite resultsbecause we 

may be unable to say which of the variables caused a break in slope. The pattern, which 

is composed of the average of many records, is less affected by an inconsistency in the 

record of any one station. After constructing the double mass curve, it was found that 

there is no inconsistency observed for all stations.  The Double Mass Curve for Lewaye 

(M/eyasus and D/tabor as Base station), D/tabor (Lewaye and Amedber as a Base station) 

and Wnzaye (Hamusit, Werata and A/gebaye are base station), which are the nearest 

Raingauge station for Gumera Watershed, were shown below. The double Mass Curves 

for the rest of stations were plotted in Appendix III. 
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Figure 3.14: Double Mass Curve plot for Lewaye Station 

 

Figure 3.15: Double Mass curve for D/tabor station 

 
Figure 3.16: Double mass Curve for Wanzaye Station 
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(estimated) and at gauge (recorded) can be used to transform the flow duration curve 

from gauge to the site of interest. The stream flow data of Gumara river basin at Gauged 

station transferred to the un Gauge (Runoff Factor and Parametric duration curve 

estimator sites) was done by area ratio method for those sites suitable for area ratio 

method and by Regionalization of monthly flow characteristics using GIS and 

SpatialInterpolation Algorithmfor those sites deviate from the requirements of area ratio 

method. Runoff factor estimator Site number 2, 4, 7 & gauge station are also used as 

parametric duration curve estimator sites. Estimator sites for development of 

representative Runoff factor and parametric duration curve equation was selected based 

on the criteria of area ratio method and have relatively the same land use, soil type, main 

stream slope, topography, morphology and Drainage area and even also projected along 

the same stream line. The drainage area ratio between the gauged site and the estimated 

sites for Runoff Factor are 1.015, 1.017, 1.026, 1.042, 1.049, 1.15, and 1.18 respectively 

from the downstream to upstream in the Gumara watershed. Most of these sites found at 

the downstream side of Gumara watershed in order to detect the effect of whole 

watershed Runoff Formation factors upstream of estimator points. This estimator points 

lay on relatively lower elevation of Gumara watershed. Due to this reason it is batter to 

analysis the runoff formation factors, which relate rainfall and runoff of among part of 

the watershed in the upstream side was detected through these points. The distance 

between the gauged station and the last estimated site (estimator station -7) is 25.6km 

following the natural River structure. The distance between the estimated stations 

arranged according to the topography of the watershed. More distance was given for 

those sites, which have drainage area similar to the topography of drainage area of 

gauging station. The topography of Gumara is extremely flat at the downstream side of 

the watershed. So that the drainage area ratio of  gauged site to estimated sites, which are 

lay on 25 km River stretch starting from the outlet, are in between 0.8 and 1.2 or within 

20% of the gauge station. This implies that the drainage area difference of extremely flat 

surface is not that much huge within a considerable distance. Figure 3.21and table 3.8 

shows the location of the outlet as well as Runoff factor estimator sites on the Gumara 

watershed. 

 



 

 

Table 3.8: Location of Outlet and Runoff Factor Estimator Sites of Gumara River 
Basin 

Station Name 

              UTM Altitude 

Easting Northing m 
Gumara outlet 4202122.137 1314140.742 1796 

Estimator site_1 37.6417 11.8148 1797 

Estimator site_2 37.6487 11.8020 1798 

Estimator site_3 37.6588 11.7978 1801 

Estimator  site_4 37.6791 11.7877 1808 

Estimator site_5 37.6955 11.7887 1827 

Estimator  site_6 37.7104 11.7795 1878 

Estimator  site_7 37.7483 11.8062 1881 

 

 

Figure 3.21: Gumara watershed of runoff factor estimator sites 



 

 The stream flow data for runoff factor estimator sites was attached in appendix V. 

3.2.10.DEVELOP FLOW DURATION CURVE FOR GAGE SITE 

Flow duration curve is used to relate flow rate with duration. The discharge Qp or more 

will be available for p percent of the time of the total data period. Thus Qmin = Q100 would 

be that discharge available for 100 percent of the time. Perennial streams would show a 

finite value for Q100, while intermittent stream would show zero ordinates corresponding 

to the duration for which they are non flowing(Dandkar and Sharma 1997).The number 

of monthly flow values for Gumara stream flow data series greater than or equal to the 

upper limit of specified category was calculated. This value was divided by the total 

number of flows to find the percent of monthly flows greater than or equal to the highest 

flow in that category. A flow duration calculation for Gumera River basin is shown in 

appendix VI. A graph is made by plotting the exceedance percentage versus the value for 

the upper limit flow in each category. This graph is the flow duration curve. Figure 3.22 

shows a typical flow duration curve for the Gumara River basin at gauged site. Note that 

the duration curve is normally plotted on a semi-log axis system. This is done because of 

the large variability between the high and low flows in the streams and to help straighten 

the flow duration curve for easier interpolation between values. This procedure was 

repeated for each of the hydropower sites or parametric duration curve estimator sites in 

Gumera.Flow duration curve for Runoff factor and Parametric Duration Curve estimator 

sites was attached in appendix VII.  

 

 

Figure 3.22: flow duration curve for Gumera River at gauge station 













 

Discharge: - The power output of the sites is highly depending on discharge. In turn 

discharge depends on so many factors such as weather condition, which is very dynamic. 

That is why heavy weight is given to this criterion.  

Head: -The potential energy that makes the turbine to rotate while the water strikes it is 

as a result of the head above the turbine. Especially in Ethiopian condition the head plays 

a great role in amplifying the power. Therefore, head is taken as one of the parameters to 

evaluate the rank of the sites. It does not incur much cost upon its increment when 

compared with power output due to head increment. Therefore sites with high head shall 

be exploited. 

Accessibility: - accessibility is one of the most important criteria for project prioritization 

because accessibility influences duration of study, construction period, and cost of 

projects. Using these criteria the sites are prioritized using the equation (3.18) 

R=a1X1+a2X2+a3X3+a4X4 3.18 

Where  

a= assigned value for each criteria (0 up to1)  

X=the score attached to each criteria. It is the ratio of value of the criteria to the 

maximum value of that criterion for all sites.  

R= Ranking Value. 

 

 

 

 

  



 

3.7. GIS based raster grid value development of discharge to establish 

Parametric duration curve 

3.7.1. PREDICTION OF DURATION CURVES AT UN GAUGED SITES 

In this sectionthe application of a technique to predict duration curves at ungauged sites 

in Gumara river basin was performed. Many of the potential hydropower sites in Gumara 

are not located at or near stream gage location. Almost all sites located upstream from 

gauged station.The method that was applied involved the development of parametric 

curves of flow versus average annual flow for chosen specific exceedancepercents. This 

method was originally developed by the co-investigator in a study of hydropower 

potential in the Pacific Northwest (Gladwell, et al, 1979). The method was applied to all 

of the streams in Idaho to assist in determining the hydropower potential for that 

state.The first step in applying the method was to take the flow values for the key 

exceedance percentages of Q95, Q30, Q40, Q50, and consider Q30,Q40 and Q50 from each of 

the duration curves developed for the gauged station and the corresponding parametric 

duration curve estimator sites. These exceedance values were chosen because these 

percentages are important in the sizing of hydropower plants. The long-term average 

monthly flow was computed for each site. The values of Q vs long-term Average 

monthly Flow were plotted for each exceedance value at each site and a best fit curve, 

which is linear trendline, was matched to the data set recorded in Gumara River 

Basin.The best fit equations are shown at the end of the curves for each exceedance 

percentage. Although there were limited number of data points the high R2 values 

indicates a very good fit to the data by the prediction equations. These equations were 

used later to predict actual flows at ungauged sites or stream reaches. 

3.7.2. PREDICT AVERAGE FLOW AT UN GAUGED POINTS ON STREAMS 

In this phase, predict average flows at ungauged points on Gumara river basin. The 

technique called for the development of grid based maps of elevations and average 

annual rainfall and then applying various GIS Watershed functions available in the 

computer program Arc Map. The end product was a grid based map of average annual 

flow in the streams. Following is a detailed explanation of this process. 



 

3.7.2.1. Development of an average rainfall grid 

The raster map of elevation with resolution of 30m by 30m digital elevation model (the 

data obtained from Abay basin Authority of Bahirdar branch) was an input for 

development of an average Rainfall Grid. Rainfallgrid map is the map that represents the 

average annual rainfall amount falling into each grid cell. In this section the average 

annual Rainfall for 13 Rain gauge stations within and around the Gumarawatershed were 

collected. In this study 14 year monthly rainfall data was collected from Ethiopian 

Metrological Agency ofBahirdar branch. The Annual Average Rainfall from this point 

Rain gauge stations were used to develop Rainfall Grid map of Gumara Watershed 

through Inverse Distance Weight (IDW) surface interpolation method. 

 

Figure 3.24: Rainfall Raster Map of Gumara Watershed 

3.7.2.2. Combining the flow direction and rainfall grid 

In this section combine the flow direction raster and the average annual rainfall raster. 

The result was a raster map that shows the total amount of rainfall accumulating in each 

cell each year. To accomplish this step the "Accumulation" Spatial Analyst function was 

applied. The rainfall raster map of Gumara watershed was used as the input weight raster 

in the "Accumulation" function. In this manner the spatial analyst sums up the total 



 

accumulation of rainfall traveling down gradient through the Gumera stream systems. 

Proper conversions factor are applied to the raster map so that the resulting values come 

out in units of cubic meter per second (cms) average annual flow of Gumara River basin. 

 

 

Figure 3.25: Discharge Output of Each cell in Gumara Watershed without loss 

 

Figure 3.26: Rainfall accumulation Raster near Gumara stream flow gauging station 

When developing Rainfall accumulation grid in the above way, loss in the hydrologic 

system was not consider. This value is sometimes referred to as the Precipitation Area 

product as it is the product of the average annual precipitation in a watershed times the 





 

Estimator Station_5 32.403 51.066 1220 0.635 

Estimator Station _6 29.481 46.246 1110 0.637 

Estimator Station _7 28.764 45.085 1083 0.638 

Average Runoff Factor 0.635 

 

The total annual runoff coefficients ranged between 0.23 and 0.81in 2012 in the Lake 

Tana basin (Ethiopia) (Meketa et al. 2012).The runoff coefficient obtained through this 

process(0.635) is within the above recommended range.  

This factor was applied to the rainfall accumulation map that was developed previously 

to predict the average flow at the ungauged sites. In the figure 3.28plottedthe rainfall 

accumulation or Precipitation Area product versus the computed runoff factor for the 

stream flow gage station and Runoff Factor estimator sites of Gumara watershed to get an 

equation, which represent relation between Rainfall accumulation and Runoff factor of 

the Watershed. Polynomial curve fits the data set better than other trend line curves. It 

represents the data with an R2 of 0.974. TheFigure shown below, represent the equation 

of the polynomial curve, which represents the given dataset. Then apply this equation to 

the rainfall accumulation map using the grid "Map Algebra" functions available in the 

Spatial Analyst. This result is a map of runoff factors for the Gumara watershed. Multiply 

this map by the rainfall accumulation map, the results is an average annual flow map for 

streams on the Gumara watershed. Figure 3.30 shows the average annual flow grid for the 

area near the Gumara River gage station. The pixel value of estimated average annual 

flow at the gauge station of Gumara river basin is 33.73m3/s. This is very close to the 

actual average annual flow measured at the outlet site of Gumara watershed of 33.99m3/s. 

 



 

 

Figure 3.28:  Rainfall Accumulation Vs Runoff Factor. 

 

Figure 3.29: Runoff Factor Map 
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Figure 3.30: Average Flow Grid near the area of Gumara river gauge station 

3.7.3.Development of parametric duration curve forkey percent of 

Exceedance 

To develop parametric duration curve for Gumara Watershed for the corresponding Key 

percent of exceedance, which is used for sizing of the hydropower plant, estimator sites 

should be required. This estimator sites must be selected based on discharge grid value 

distribution throughout the longitudinal river reach in order to develop representative 

parametric duration curve. In this study seven (7) representative sites selected from 

different discharge ranging scale (for instance one cell (pixel value of cell) was selected 

which represent the discharge pixel value from 10-20m3/s). Most of the parametric 

duration curve estimator sites extremely far away from the gauge station. Due to  this 

reason their drainage area size, main stream line slope, topographical condition differ in 

some extent to that of the drainage area of gauging station. So that, stream flow transfer 

from gauge site to those parametric duration curve estimator sites, which is deviate from 

the requirement of drainage area ratio method was done by Regionalization of monthly 

flow characteristics using GIS and Spatial Interpolation Algorithm. 







 

term mean monthly stream flow of each site was determine from the above Average flow 

grid map in figure 3.30. The location of parametric duration curve estimator sites and 

Gumara gauging station was shown in figure 3.31 

 
 

 
 
Figure 3.31: Parametric Duration Curve Estimator sites. 

 
Table 3.11: MAP and long-term mean monthly flow for parametric Duration Curve 
estimator Sites. 

    Site Name Draina

ge 

Area(s

qmi) 

Latitu

de 

Longit

ude 

Duration 

of- Data 

Long Term 

Mean 

monthly- 

flow(ft3/s) 

Mean Annual 

Precipitation 

(in) 

Gauge station 494.48 37.64 11.83 1978-2016 1159.53 
 

52.84 

Estimator station_1 
 

485.71 37.65 11.80 1978-2016 1141.35 52.77 

Estimator station_2 474.13 37.68 11.79 1978-2016 1113.14 52.63 

Estimator station_3 418.15 37.75 11.81 1978-2016 981.80 52.21 



 

Estimator station_4 227.10 37.79 11.79 1978-2016 555.60 57.18 

Estimator station_5 131.39 37.89 11.76 1978-2016 323.33 57.09 

Estimator station_6 78.48 37.98 11.78 1978-2016 194.41 57.03 

Estimator station_7 9.75 38.11 11.72 1978-2016 23.84 56.43 

 

3.7.5. The result of Multiple Linear Regression 

The independent variables of multiple linear regressions are Mean Annual Precipitation 

and Drainage Basin Area.Once the value of independent variables (MAP, Drainage area) 

at each parametric Duration Curve estimator sites, was determine, the equation of 

multiple linear regression was computed like 

lnQmean = -1.2512 +0.99878 ln (A)+ 0.53326ln (MAP)                               3.24 
Where, R 2(Coefficient of Determination) = 0.99, SSE (Sum of Square Error)=0.00511 

The coefficient of determination is the criteria of consonance between the real value and 

the regressed value. The sum of square error is the criteria of differences between the line 

of regression and the real values. The coefficient of determination and sum of square 

error of the result shows the regressed value is very satisfactory. 

Because the site Gumara was assumed to be ungauged, the drainage basin area at the 

Gumara was computed and the respective Mean Annual precipitation of the watershed 

was determine from the point rain gauge station within and around the watershed 

throughThiessen Polygon method in proximity function of GIS. This is very important to 

visualize the effectiveness of this method to transfer the stream flow data for other 

ungauged sites.Now, we know the two independent variables at Parametric Duration 

curve estimator sites; the long-term mean monthly flow was computed using eq. (3.24). 

<Table 3.12> shows the result of computing long term mean monthly flow at site 

Gumara. 

 

 

 

 



 

 

Table 3.12: MAP and long-term mean monthly flow for Gumara Gauging station 
Sites. 

site Drainage 

Area(sqmi) 

Mean Annual 

Precipitation(in) 

Mean 

Annual 

Precipitation 

(mm) 

Long term 

Mean 

monthly 

flow(ft3/s) 

Long term 

Mean 

Monthly 

flow(m3/s) 

Gumara 

gauge 

station 

 

494.479 

 

52.841 

 
 

1342.16 

 
 

7.060328 
 

 

32.984 

 

3.7.6. Computing Flow Duration curve at the Gumara gauging Station. 

The flow duration curve (FDC) was computed at Gumara outlet point by averaging FDCs 

of another 7 sites. <Figure 3.32> shows the comparison between the observed and 

computed FDC at the Gumara outlet. As shown from the graph there is no significance 

difference between the observed and simulated FDCs. so that, the simulated FDC were 

decided as the FDC of destination site. 

 

Figure 3.32: observed and simulated flow duration curve comparison 
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The relation between the observed and simulated FDCS implies that, the application of 

this method to transfer data from the gauge station and those stations estimated by area 

ratio method was satisfactory. The stream flow data for parametric duration curve 

estimator sites, which are not satisfy the requirement of drainage area ratio method was 

done by Regionalization of monthly flow characteristics using GIS and Spatial 

Interpolation Algorithm. To construct the parametric duration curve for the Gumara 

watershed based on flow for the key percent of exceedance and mean annual flow of each 

site ,it should be necessary to compute the corresponding magnitude of discharge of those 

key percent of exceedance from the FDCs of each site by the spatial interpolation 

algorithm equation given in (3.20&3.21) ;the key percent of exceedance of gauged site 

with the corresponding quantile of discharge computed by spatial interpolation algorithm 

was shown in table 3.13.The simulated flow duration curve and the quantile of discharge 

for the key percent of exceedance by the method of spatial interpolation algorithm for 

estimator sites of Gumara River basin were shown in appendix VII. 

Table3.13: Key percent of Exceedance with the corresponding discharge quantile 

Q(30)     
 

 

Q(40)      

b ln(Yi-1)   3.22 
b Ln(Yi-1) 2.30  

c (ln(Yi)-ln(Yi-1)) 0.182 
c (Ln(Yi)-Ln(Yi-1)) 0.41  

d (Xi-(Xi-1)) -1.67 
d (Xi-(Xi-1)) -6.04  

e (X-(Xi-1))   -1.042 
e (x-(Xi-1)) -2.29  

f c/d   -0.11 
f c/d -0.07  

g Exp(b+f*e) 3.33 28.02 
g Exp(b+f*e) 2.46 11.66 

 
 

Q(50)       

 

Q(10)      

 b ln(Yi-1)   1.61 
b ln(Yi-1) 4.74  

c (ln(Yi)-ln(Yi-1)) 0.69 
c (ln(Yi)-ln(Yi-1)) 0.043  

d (Xi-(Xi-1))   -11.667 
d (Xi-(Xi-1)) -0.625  



 

e (x-(Xi-1))   -3.96 
e (x-(Xi-1)) -0.208  

f c/d   -0.06 
f c/d -0.07  

g EXP(b+f*e) 1.84 6.33 
g Exp(b+f*e) 4.76 116.64 

 
Q(0)       260 

 

The long-term mean monthly flow was computed for each site. The values of Q (the 

discharge quantil of key percent of exceedance) vs long-term mean monthly Flow was 

plotted for each exceedance value at each site. This is so called parametric duration curve 

of the Gumara watershed for the corresponding key percent of exccedanec. The discharge 

and long-term mean monthly flow at each site for Q30 was shown in table 3.14:the 

discharge andlong-term mean monthly flow for other probability of exceedance for 

parametric duration curve Estimator sites was shown in appendix VII. Figure 3.33 show 

parametric flow duration curve of Gumara Watershed. 

Table 3.14: Average annual flow with Q30 

Station_Name Q30 
  Long Term Mean 
monthly flow(m3/s) 

site_7 0.55536769 0.677 
site_6 4.721703954 5.464 
site_5 7.502097165 9.149 
site_4 13.70755093 15.815 
site_3 24.1563201 28.764 
site_2 27.38612788 32.615 
site_1 28.01742948 33.412 
Gauge Station 28.01742948 33.997 

Q(80)       

 

b ln(Yi-1)   0 

c (ln(Yi)-ln(Yi-1)) 0.69 

d (Xi-(Xi-1))   -11.875 

e (x-(Xi-1))   -5.000 
f c/d   -0.06 
g=a Exp(b+f*e) 0.29 1.34 

Q(90)       

 

b ln(Yi-1)   -0.69 
c (ln(Yi)-ln(Yi-1)) 0.69 
d (Xi-(Xi-1))   -10.0 
e (x-(Xi-1))   -5.0 
f c/d   -0.069 

g Exp(b+f*e) -0.35 0.71 



 

The value of annual average flow for each parametric duration curve estimator sites was 

obtained from average flow Grid map shown in Figure 3.30 above. 

In the figure shown below the parametric duration curve, which represent the flow nature 

of the stream in the Gumara Watershed was presented with the corresponding 

representative equation. Based on those equations the discharge pixel value of each and 

every cell in the Gumara watershed was estimated. 
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Figure3.33:Parametric duration curve of Gumara watershed 
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3.8. CONCEPTUAL FRAME WORK OF THE OVERALL WORK FLOW OF THE STUDY 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.34: Conceptual Frame work
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

In this section the outputof feasible hydropower potential sites, sites power potential and 

prioritization of hydropower sites were described and discussed. 

4.1. IDENTIFICATION OF SUITABLE SITES FOR HYDROPOWER PLANT 

BASED ON SENSITIVE CRITERIA 

The sites which are suitable for hydropower potential Development throughout the 

streams within the Gumara Watershed were analyzed and suitable sites were selected 

based on Raster based value of  In-stream power, Head and Discharge. The sites, which 

are suitable for hydropower plant development was presented in table as well as in the 

figure format as follow. 

Table 4.1: Suitable hydropower potential Sites 

Station_Id Longitude Latitude Elevation 
Head 
Drop 

Distance between 
sites(meter) 

1 37.681 11.787 1825 5 - 

2 37.688 11.788 1831 7 690 

3 37.697 11.784 1852 7 1155 

4 37.703 11.777 1854 9 1013 

5 37.707 11.778 1872 13 710 

6 37.791 11.755 1920 20 9574 

7 37.950 11.768 2035 5 6110(from site-5) 

8 37.777 11.704 1968 9 5853 

9 37.775 11.702 1973 15 820 

10 37.774 11.697 1990 6 920 

11 37.769 11.695 1997 5 605 

12 37.767 11.692 2007 8 593 

13 37.765 11.690 2013 12 725 

14 37.759 11.688 2020 5 502 



 

15 37.756 11.688 2027 10 672 

16 37.754 11.685 2047 13 850 

17 37.752 11.682 2058 10 520 

18 37.744 11.681 2067 8 500 

19 37.742 11.676 2096 12 847 

20 37.743 11.673 2106 7 650 
 

 

Figure 4.1: Suitable Sites for micro to Small scale hydropower potential in Gumara 
Watershed. 

Most of suitable Hydropower potential sites were found in the stream of Gumara 

Watershed locally called LichaRiver, which is turned from the main Gumara River at a 

place where known asSafo.The minimum flow conditions represent practical limits to 

generating power from an economic standpoint is 0.1m3/s (Ron Monk.et al, 2007). In this 

study the flow above 0.1m3/s from a Grid based map of long term dependable (Firm) 

flow of Gumara stream (Q90) was extracted for hydropower generation to make the 

practical limit more acceptable as well as residual flow take in to consideration.The 

discharge of all selected hydropower sites from Gumara Watershed were above 0.1m3/s. 



 

The streams, which are close to the Guna mountain or around all marginal edge of the 

Gumara Watershed were not have enough Discharge for hydropower potential above the 

coverage of residual flow. The head of those selected hydropower sites werevarying in 

the range 5 to 20 meter. From the total order of 20 hydropower sites 12 sites have the 

head which lay in the range of 5 to 10 meterwhereas the head of the remaining sites lay in 

the range between 10 to 20 meters. The distribution of head over the river stretch was 

described in table and figure shown below. 

          Table 4.2: Range of Head for Hydropower potential sites 

Range of  Head(m) Number of Sites 

5< H   <  10 12 

10<   H < 20 8 

 

 

Figure 4.2: Range of Head for Hydropower Potential sites. 

In this studyL/H [ratio between longitudinal channel length (L) and total head (H)] was 

used to fix the minimum feasible head based on the specified length of waterway.A run-

of-river plant does not require space for water storage and 500 meter horizontal distance 

between two plants is usually considered feasible (Khan andZaidi 2015). A site with a 



 

smaller L/H value is more advantageous for small-scale hydropower. The maximum and 

minimum L/H ratio for selected hydropower potential sites in Gumara watershed was 100 

and 25 respectively. The sites which found in the upper south East edge of Gumara 

Stream, especially in Licha stream have lower length to head ratio. Figure 4.3 shows the 

relation of the ratio between the total head (H) and the channel length (L) (L/H) among 

existing small-scale hydropower sites(May 1986). 

 

Figure 4.3: Relation between head and waterway length. 

During identification of the site consecutive cells were occur which satisfy the given 

range. In such case the cell, which have the maximum head could be selected with in 

500m interval in the Google Earth environment. Because the variation of head within a 

short distance is significantly high relative to the variation of discharge within the same 

increment of reach segment. In case the production of power also increases significantly, 

when selecting successive sites based on Head increment rather than increment of 

discharge. According to the rangeof site selecting criteria 117 suitable cells for 

hydropower potential were occurred. But there were sites, which occur successively. In 

order to maintain 500m distance between successive suitable hydropower sites (cells), 

measuredthe distance in the Google earth environment between proposed sites. Thefigure 

has shownbelow shows how the hydropower sites visualized and extract from  



 

Google Earth. By doing this the final suitable sites for hydropower potential development 

reduces to 20 numbers of sites.  

 

Figure 4.4: partial view of hydropower sites in the Google Earth Environment. 

4.2. POWER AND ENERGY DETERMINATION FOR THEIDENTIFIED SITES 

The power and energy output for selected hydropower sites in the Gumara river basin 

was basically based on the discharge raster map and head raster map. 

4.2.1. Discharge Raster Map 

Most of the time discharge is useful for sizing the hydropower plant. Key probabilities of 

exceedance (Q30, Q40, and Q50) are used most of the time to fix the size of hydro power 

plant and Q90 used to fix the dependable or firm power potential of the site. The 

wateravailability for SHP is based on 90% dependability (Nwachukwu, 2005). The 

selection of such probability of Exceedance is based on economical point of view. To 

develop discharge Raster map of Gumara Watershed for Q30, Q40, Q50,and Q90 the equation 

y=0.832x+0.116,y=0.342x+0.107,y=0.187x-0.034 and y=0.02x-0.004 respectively,which 

is developed from parametric duration curve estimator sites were used.This   

Suitable Hydropower 
site 1 

Suitable Hydropower 
site 2 

Hydropower site 
3 



 

equation is shown in figure 3.33above. Among the tributaries in the Gumara Watershed 

like Chan, Metare, Gonta, Gunagunit,TineshuChan,Anzoke, Mimita,shobeliwenzeand the 

like small streams have not been flow throughout the year and were not satisfy the 

selection criteria,which is discharge greater than 0.1m3/s. only the tributary locally called 

LichaGumara satisfy the above discharge selection criteria. Figure 4.5 below show Raster 

map for Q30.The Discharge Raster map for Q40,Q50 and Q90 were attached in 

Appendix VIII. 

 

Figure 4.5: Discharge Grid Map 

The discharge pixel value for streams in the Gumara watershed, which is found in the 

upper edge of the watershed in every direction, is very low. It satisfies only the residual 

flow for ecosystem in the Stream.  

 

 

 

 

 

  



 

4.2.2. Head Drop Raster map 

The head raster map of Gumara watershed was shown in the figure 4.6 below. 

 

Figure 4.6: Raster Map of Head Drop for Gumara Watershed 

The southeastern and northeastern edge part of theGumara watershed has higher Amount 

of head, which is represented by the white color in the digital elevation model. The 

Northwestern part of the watershed has very flat area and not recommended for 

hydropower potential development. The percentage area coverage for the range of Raster 

map of head drop for Gumara Watershed is summarized in the table below. 

Table 4.3:  Percent area coverage of Head drop distribution within 500m increment 

Range of Head drop Percentage of area 

coverage (%) 

0-15 36 

15-30 29.8 

30-48 20.57 

48-73 10.75 

73-217 2.84 

From the table shown above around 70% of the Gumara watershed have a drop of Head 

in the Range between 0-30m within 500m searching radius. But only 3% of the Gumara 

watershed have a head above 70m.This indicates that most of the topography of the 

Gumara Watershed have relatively lower head.Comparison between Measured Head 

Drop and Head Drop through Focal statistic for selected sample Hydropower potential 

sites was expressed in table and figure format as follow. 







 

From the above figure each suitable hydropower potential sites holds theoretical power 

potential for a discharge of 30% probability of Exceedance. From the total order of sites 

site-5, which is found on the main Gumara River basin holds the maximum amount of 

power potential (3246.873kw).On the other hand site-14, which is found in the tributary 

locally called LichaGumara holds minimum amount of power potential (238.398kw).The 

other 18 hydropower sites holds power potential between the above described maximum 

and minimum value. Thetable (4.5) shown below describes the total hydropower 

potential sites with the corresponding theoretical power capacity in (kw). The values of 

Hydropower potential for individual suitable hydropower potential sites were attached in 

appendix IA. 

Table 4.5: Power for Q30,Q 40 and Q50(in Kw) 

Total Theoretical 

hydropower potential 

P30 P40 P50 

18217.899 7596.841 3985.037 

 

Since power potential is directly proportional to the head and discharge at any site, 

therefore, greater head and discharge will produce higher energy. Based on this 

information, all proposed sites within Gumara River Basin can be grouped into various 

classes depending upon their power potentials as shown in Table 4.6. Figure 4.9 presents 

spatial distribution of proposed sites with their power potentials for 30th percentile flow 

in the Gumara River Basin. Similar layout can be drawn for Q40 and Q50 discharges in 

Appendix VIII (B). 

Table 4.6: Number of Potential sites for Q30, Q40 and Q50 for the Given Range of power 

capacity. 

  
Power Potential(kw) 

 

 
No of Sites 

 Q30 Q40 Q50 
0-300 4 13 15 

301-600 9 2 4 
601-900 1 3 1 



 

901-1200 - 1 - 
>1200 6 1 - 

 

 
 
Figure 4.9: Spatial distribution of suitable sites for ranges of hydropower potentials. 

4.2.4. Prediction of dependableplant capacity 

The total amount of Firm power obtained from suitable hydropower potential sites (20 

sites) is425.544Kw.Firm power potential for individual suitable hydropower sites was 

attached in appendixIA.The spatial Distribution of hydropower potential for Suitable sites 

of Gumara stream is shown in figure 4.10. 

 

Figure 4.10: Spatial distribution of suitable sites based on their Firm power potentials. 



 

A hydropower station generates firm power for consumer needs with a firm flow that 

guarantees a consumer highly dependable electric energy supply. Accordingly, the 

dependability of flow for an isolated hydropower stations must be greater than 90 percent 

(Jiandong et al. 2000), however, the installed capacity of a hydropower station is always 

greater than the firm power so as to utilize seasonal hydro energy when the additional 

flow is needed to meet maximum power generation. The sites which found on the main 

Gumara river section generates relatively higher amount of Firm power above 30kw.the 

other suitable sites, which lays on the tributary sections are generates small amount of 

firm power, which is less than 30kw.This is due to the fact that, the flow in the tributary 

section of Gumara river basin have been reduced highly during the lean period.  

4.2.5. Mean Power of Gumara stream 

The mean flow rate Qmean (Nwachukwu, 2005) is computed from; 

Qav=0.025(Q0+Q100) +0.05(Q5+Q95) +0.075(Q90+Q10) +0.1(Q20+Q30Q40+Q50 

+Q60+Q70+Q80)                      4.2 

The parametric equation, which represents the discharge of each percent of exceedance 

found in the above equation, was developed based on the parametric duration curve found 

in figure 3.33 above. Each equation for the corresponding percent of exceedance was 

used to generate the discharge of each cell of the Gumara watershed. In such case the 

discharge value for every exceedance probability was estimated for Gumara stream and 

by using equation 4.2 mean power could be estimated.The figure 4.11 and 4.12 below 

shows the grid based mean discharge and mean power of the Gumara River Basin. The 

total amount of theoretical mean power obtained from the whole suitable sites 

is22736.849kw or 22.74Mw.site-5, which found at the main Gumara river has higher 

amount of mean power (4053.024kw).On the other hand site-14, which is found at the 

upper end of Lich Gumara has minimum amount of mean power (297.435kw).The mean 

power of remaining sites vary between the above described minimum and maximum 

value. Mean power for individual sites in the Gumara Watershed was attached in 

appendix IA. 

 



 

 

Figure 4.11: Mean Discharge of Gumara River Basin 

 

Figure 4.12:Grid Based Hydropower Potential for Gumara watershed 

4.2.6.Technical Power and Energy Output from Gumara Stream 

Before any power plant is contemplated it is essential to assess the inherent power 

available from the discharge of the river and the head available at the site. The theoretical 

power potential of key percent of exceedance for Gumara Watershed was obtained in the 

previous section. But the technical power potential of the stream also very important. 





 

7 1.503 

8 2.589 
9 4.308 
10 1.699 

11 1.427 
12 2.260 

13 3.341 

14 1.407 
15 2.783 
16 3.487 

17 2.680 
18 2.131 
19 3.160 

20 1.841 
 

4.3. PRIORITIZATION AND SUITABILITY ANALYSIS OF THE 

HYDROPOWERSITES BASED ON GIS BASED MULTI CRITERIA ANALYSIS 

(GIS- MCA) 

Prioritization of suitable hydropower potentialsites of Gumara river basin was performed 

based on the Grid based Raster map of In-stream power,Discharge, head and 

Accessibility of Gumara watershed. The raster map for In-stream power, Discharge and 

head was developed in the previous section. But the map which represents accessibility 

(the road map of Gumara watershed) should be developed. The road map for accessibility 

was digitized from Google Earth (image Landsat at 2017) by using Editor Toolbar in the 

GIS environment. The road suitable for accessibility analysis through the Gumara 

watershed is extend from different small towns around Gumara Watershed, such as 

Debratabor, Hageraselam, Hamusit, Gasay, Tigura and  Dilala. These roads are extending 

from those towns towards the watershed. The road map for Gumara watershed is shown 

in the figure below. 



 

 
Figure 4.13: Road Map for Gumara Watershed. 

4.3.1. Standardization of Criteria 

The output for standardization of raster maps of in-stream power, discharge, Head and 

accessibility of Gumara watershed were described in the figure shown below. The 

standardization value ranges between 0 and 1.The higher the value of the score, the more 

attractive is the criterion value, if the criterion is of the maximization type.If the criterion 

is of the minimization type, the lower the score indicates the better performance. Since 

each criterion has a different value, a table was prepared and the criteria were determined 

as maximum or minimum (Table 4.9).  

Table 4.9:Maximization and Minimization of Criteria 

Criteria Value 

InStream Power Maximization 

Discharge Maximization 

Head Maximization 

Accessibility(Rod proximity to the Site) Minimization 

 







 

 

Figure 4.18: Standardized Euclidian Distance to road of Gumara Watershed 

The sites closer to any one of the road extend from towns around the Gumara Watershed 

have a higher standardized pixel value. On the other hand those sites not closer to any 

one of the road extend from the Gumara watershed have standardized pixel value close to 

0. Site-6 has relatively closer distance to the road, which is extend from the town Debra 

tabor. 

4.3.2. Criterion Weights 

The pairwise comparison method and trade-off analysis methods offer much more 

precision in terms of calculating weights and both have underlying theoretical bases; 

however, research has shown that the pairwise comparison technique is simpler to use 

and just as effective as trade-off analysis (Malczewski 1999).For this analysis, factors 

selected to evaluate the hydropower potential sites, were standardized using the pairwise 

comparison method. In this process, each factor is rated for its importance relative to 

every other factor using a 9-point reciprocal scale. This leads to an n x n matrix of rating 

where n is the number of factors being considered (Eastman 1999). 

 

 



 

1/91/71/51/31 35 79 

Extremelyvery    stronglymoderately equallymoderately     strongly veryextremely 

Less   importantmore important                                                                                                                           

The value given for the factors was based on requirements for suitability analysis of 

hydropower sites.In-stream power considered as greater importance than the other three 

criteria, because it holds the impact of both head and discharge on a specific site.   

Table 4.10:Pair wise Comparison of the Evaluation Criteria 

 
Criterion 

 

 

In-stream 

power 

 

Discharge 

 

Head 

 

Accessibility (road 

proximity) 

In-stream power 1 2 3 5 

Discharge 1/2 1 2 5 

Head 1/3 1/2 1 4 

Accessibility (road 

proximity) 

1/5 1/5 1/4 1 

Total 2.033 3.7 6.25 15 

 

Table 4.11: Normalization and Weight Determination 

 
Criterion 

 

 

 In-stream 

power 

 

Discharge 

 

Head 

 

Accessibility 

(road 

proximity) 

Priority 

Vector or 

Weight  

In-stream power 0.492 0.54 0.48 0.333 0.461 

Discharge 0.246 0.27 0.32 0.333 0.292 

Head 0.164 0.135 0.16 0.267 0.182 

Accessibility 

(road proximity) 

0.098 0.054 0.04 0.067 0.065 





 

 

Figure 4.19: Suitability of Hydropower potential sites Using WLC Method. 

Most of the hydropower sites lay on the main Gumara river basin was ranked to the 

first.Site-5 was ranked at the first. The primal focus was given for this site from rural 

electrification expansion stockholders. Site -14 and site-8 was ranked from the last. So 

that rapid investigation and power plant implementation may not be given.Suitability 

rank of suitable hydropower potential sites was summarized in the table shown below.  

Table 4.13: suitability Rank of feasible hydropower potential sites. 

Site_id Longitude Latitude Elevation 
Standardized 

Suitability weight 
Suitability 

Rank 
1 37.681194 11.787234 1825 0.44 5 

2 37.687519 11.788033 1831 0.47 3 

3 37.697071 11.784436 1852 0.58 2 

4 37.702865 11.777216 1854 0.47 3 

5 37.706793 11.777996 1872 0.76 1 

6 37.790746 11.754684 1920 0.29 6 

7 37.950066 11.768178 2035 0.16 8 

8 37.776699 11.703504 1968 0.10 19 

9 37.774864 11.701796 1973 0.13 13 

10 37.773527 11.697410 1990 0.12 15 

11 37.768598 11.694992 1997 0.12 15 



 

12 37.766707 11.691584 2007 0.12 15 

13 37.764870 11.689618 2013 0.15 11 

14 37.758984 11.687956 2020 0.10 19 

15 37.756349 11.688405 2027 0.13 13 

16 37.754493 11.684843 2047 0.16 8 

17 37.751759 11.681824 2058 0.14 12 

18 37.743904 11.680521 2067 0.11 18 

19 37.741947 11.676256 2096 0.19 7 

20 37.742746 11.672696 2106 0.16 8 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

 The recent energy crises in the country and overexploitation of non-renewable energy 

sources have created a gap between supply and demand of this vital commodity. 

Unserved communities living in small settlements far from the main energy grid stations 

are the main sufferers of this situation. This study is an effort to establish the importance 

of renewable energy sources and to present a methodology to investigate the feasibility of 

installing small plants at locations which have adequate hydropower potential. Locating a 

good site for installation of a new plant is one of the main obstacles for small 

hydroelectric power generation. The site where the small hydropower is installed must 

have sufficient head and enough water flow rate to produce sufficient amount of energy 

and the site must also be close to the location where the energy is going to be utilized. 

Flow rate is very essential for hydropower generation since the head at a proposed site is 

practically constant while the available flow is highly variable. Having known the water 

discharge, annual energy output of the proposed site under consideration can be estimated 

which will serve as an input energy to run hydro turbine of the SHP scheme to generate 

electricity. Since the entire quantity available at a site is utilized in power production, the 

study of water demand for hydropower amount to collection of stream flow data and their 

analysis. Therefore, stream flow is an important parameter in determining the maximum 

power derivable from any flowing river. 

 

The theoretical and technical  Run-of- River Hydropower potential was estimated based 

on different algorithm and feasible hydropower potential sites was identified based on 

Multi Criteria Analysis on the GumaraWatershed. Accordingly the estimated total 

theoretical ROR hydro potential of Gumara River basin is18217.899 Kw,7596.841Kw, 

3985.037 Kw and 425.544Kw for 30%,40%, 50% and 90%flow exceedance respectively 

and the total Energy output of 105.89GWh/yearwas obtainedfor selected hydropower 

potential Sites. 

 



 

The finding of this research provides valuable insights. The estimated theoretical hydro 

potential in this study has provided the new potential figure for the major rivers of 

Gumara. This will provide the fundamental information to the government and concerned 

stakeholders to formulate plans and policies to develop hydropower in the country. 

Furthermore, this information is also valuable for the power developers to select the 

particular river of high potential during the desk study. 

5.2. RECOMMENDATIONS 

This study has highlighted the need for the developing country like Ethiopia as a whole to 

adopt rural electrification as a key policy of government as it improves the living 

standards of the people and reduce poverty by the creation of new income sources in rural 

areas. It is clear that the utilization of small-scale hydropower can provide a viable source 

of energy to increase the electrification levels in Ethiopia. Exploring the potential of SHP 

scheme as eco-friendly source of energy serves the least cost option for provision of 

electricity to underdeveloped rural areascompared to the extension of grid. They are 

affordable if necessary subsidy is provided. Furthermore, the value added benefits of the 

scheme is as follow: Availability of local labor and materials; thereby, increasing the 

income of the poor.They help to check rural/urban immigration. They are flexible and 

can usefully be integrated into almost any kind of development program such as rural 

development, poverty alleviation program and environment protection programs. 

However, small-scale hydropower will only be able to fulfill this role if certain policy 

and other issues are addressed before implementation of projects. As a result, this study 

has made a number of recommendations, a summary of which is provided below: 

 

i. More hydrological data needs to be collected over a period of time. In order to 

achieve this goal, technical equipment such as a network of gauging stations is 

required along with human capacity building.  

ii. Build or improve local manufacturing capacity to produce components such as 

low cost turbines for small hydropower plants.  

iii. Providing clear and agreed environmental compliance standards at licensing.  

iv. With a well arrangement of system of power plant structures, new 

environmental impacts will not be introduced. 
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APPENDIX 
Appendix IA: Hydropower potential for key percent of exceedance 
Table IA.1: theoretical Hydropower potential for suitable Hydropower sites  

Station_Id Longitude Latitude Elevation P30 P40 P50 
1 37.681 11.787 1825 1331.029 550.039 296.215 
2 37.688 11.788 1831 1861.946 769.440 414.365 
3 37.697 11.784 1852 1859.613 768.481 413.841 
4 37.703 11.777 1854 2248.389 929.455 500.043 
5 37.707 11.778 1872 3246.873 1342.217 722.105 
6 37.791 11.755 1920 1799.547 751.356 392.679 
7 37.950 11.768 2035 254.585 107.558 54.274 
8 37.777 11.704 1968 438.736 185.583 93.306 
9 37.775 11.702 1973 730.169 308.870 155.273 
10 37.774 11.697 1990 290.485 122.898 61.753 
11 37.769 11.695 1997 240.700 101.851 51.153 
12 37.767 11.692 2007 383.071 162.120 81.384 
13 37.765 11.690 2013 573.275 242.632 121.777 
14 37.759 11.688 2020 238.398 100.905 50.636 
15 37.756 11.688 2027 466.166 197.440 98.882 
16 37.754 11.685 2047 591.282 250.616 125.235 
17 37.752 11.682 2058 454.317 192.570 96.219 
18 37.744 11.681 2067 361.245 153.148 76.479 
19 37.742 11.676 2096 535.908 227.272 113.379 
20 37.743 11.673 2106 312.165 132.391 66.037 

 



 

Table I.2: firm power for individual suitable Hydropower sites. 
Station_Id Longitude Latitude Elevation Firm Power(P90) 

1 37.681 11.787 1825 31.663 
2 37.688 11.788 1831 44.292 
3 37.697 11.784 1852 44.236 
4 37.703 11.777 1854 53.448 
5 37.707 11.778 1872 77.184 
6 37.791 11.755 1920 41.926 
7 37.950 11.768 2035 5.787 
8 37.777 11.704 1968 9.947 
9 37.775 11.702 1973 16.553 
10 37.774 11.697 1990 6.583 
11 37.769 11.695 1997 5.453 
12 37.767 11.692 2007 8.676 
13 37.765 11.690 2013 12.982 
14 37.759 11.688 2020 5.398 
15 37.756 11.688 2027 10.540 
16 37.754 11.685 2047 13.348 
17 37.752 11.682 2058 10.255 
18 37.744 11.681 2067 8.151 
19 37.742 11.676 2096 12.083 
20 37.743 11.673 2106 7.038 

 

Table I.3: Mean power of individual Suitable hydropower potential Sites. 

Station_Id Longitude Latitude Elevation Mean Power 
1 37.681 11.787 1825 1661.516 
2 37.688 11.788 1831 2324.257 
3 37.697 11.784 1852 2321.344 
4 37.703 11.777 1854 2806.632 
5 37.707 11.778 1872 4053.024 
6 37.791 11.755 1920 2245.863 
7 37.950 11.768 2035 317.643 
8 37.777 11.704 1968 547.394 
9 37.775 11.702 1973 911.001 
10 37.774 11.697 1990 362.425 
11 37.769 11.695 1997 300.309 
12 37.767 11.692 2007 477.937 













 

 
 
Appendix IIA:summary of filled rainfall datafor selected Rain Gauge Station 

Table II.1: Filled Rainfall Data for the stations 

   
Amed_ber 

         Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2004 1.0 11.6 9.0 63.5 14.2 226.6 340.2 274.5 138.3 104.2 16.7 1.7 
2005 0.0 0.0 18.6 6.2 41.1 211.4 352.1 400.2 249.1 0.0 12.4 0.0 
2006 0.0 0.0 0.0 11.7 177.2 132.3 456.6 366.3 233.3 79.4 0.0 14.2 
2007 1.0 0.0 3.4 74.7 44.7 318.6 326.0 354.1 232.8 34.8 4.2 0.0 
2008 10.8 0.0 0.0 112.3 217.5 376.4 364.1 315.8 151.6 35.0 5.4 0.0 
2009 0.0 3.0 17.7 13.7 0.0 161.8 429.1 427.1 59.1 77.1 0.0 1.4 
2010 11.6 0.0 12.3 76.5 69.7 169.8 567.3 490.7 135.5 18.5 10.6 0.0 
2011 6.2 0.0 0.0 17.9 0.0 165.4 318.4 285.6 247.0 59.8 18.3 0.0 
2012 0.0 0.0 0.0 0.0 34.0 168.9 403.1 390.8 162.4 39.0 0.0 0.0 
2013 0.0 0.0 9.8 45.9 60.7 171.6 424.1 361.8 104.0 266.0 41.5 0.0 
2014 0.0 0.0 40.0 83.6 83.6 191.3 251.5 313.8 234.9 155.1 19.4 0.0 

2015 0.0 0.0 0.0 0.0 202.8 134.0 351.3 367.1 200.5 108.8 83.5 37.6 
 

  
D/TABOR 

          MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2003 0.0 13.9 24.1 28.1 10.5 86.2 435.7 396.8 221.7 16.7 33.3 14.8 
2004 0.5 37.6 33.7 75.5 19.1 141.0 333.7 295.2 120.8 85.8 42.5 12.7 
2005 1.3 0.0 34.1 10.3 56.3 224.4 473.6 436.0 216.2 5.0 29.7 0.0 
2006 0.0 1.4 6.8 63.2 147.3 170.0 482.2 452.5 255.0 47.5 0.0 7.9 

2007 19.9 0.5 22.2 87.8 65.6 281.4 424.7 439.1 183.1 8.1 0.0 0.0 
2008 81.4 0.0 1.5 81.9 211.5 209.4 376.4 341.8 228.6 51.8 2.5 18.5 
2009 0.0 5.1 63.2 19.1 28.2 66.8 418.3 667.4 113.2 107.4 3.0 2.0 
2010 13.1 0.0 33.3 52.1 65.3 151.2 499.3 527.9 203.0 41.4 21.1 9.7 
2011 0.0 0.0 43.9 20.9 175.9 132.9 359.6 392.2 259.7 50.4 86.6 0.0 



 

2012 0.0 0.0 33.8 0.0 57.2 277.7 389.3 447.7 214.0 24.4 41.3 4.0 
2013 2.1 4.2 26.9 34.3 165.0 169.2 423.0 439.1 191.3 176.4 33.9 5.5 
2014 5.4 4.3 151.5 63.7 206.3 165.2 340.8 453.6 222.2 86.1 50.8 0.0 

2015 0 4.4 17.9 8.3 176.3 129.2 234.1 284.2 200.5 26.6 83.5 37.6 
2016 0.0 0.0 16.6 16.6 193.0 162.3 375.6 398.8 168.4 27.9 1.5 0.0 

 

      
M/eyasus 

      MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2003 0.0 16.5 66.0 10.2 8.0 137.7 434.4 359.7 268.5 1.3 6.8 8.5 
2004 5.2 8.3 11.2 57.7 23.2 132.2 415.1 194.2 103.1 44.7 22.3 2.4 

2005 3.9 3.6 56.6 1.0 0.00.0 115.8 330.2 257.1 136.1 31.1 2.3 0.0 
2006 0.0 2.9 16.5 42.2 125.1 257.4 310.8 277.2 219.7 65.1 40.4 30.0 

2007 0.0 11.1 41.1 43.8 73.9 343.9 355.4 278.0 160.3 39.1 70.0 0.0 

2008 6.4 5.0 0.0 70.2 193.9 192.5 332.6 304.0 107.4 95.4 15.4 6.2 

2009 0.0 26.4 56.4 19.1 0.0 130.0 12.4 258.1 81.3 108.6 2.9 0.0 

2010 22.0 0.0 29.1 62.3 84.7 174.9 515.6 334.4 232.8 24.1 44.0 14.2 

2011 28.1 0.0 45.0 20.1 115.5 214.7 398.5 371.5 180.7 29.0 89.3 0.0 

2012 0.0 0.0 31.5 8.4 59.2 259.8 317.0 253.6 258.6 76.4 26.0 24.0 

2013 2.7 0 13.4 20.4 73.4 184.5 456.5 305.3 130.8 144 57.5 0.4 

2014 0.0 4.3 42.3 71.9 na 154.1 255.1 305.1 130.8 84.1 33.7 0.3 

2015 0.0 4.0 45.4 10.3 169.5 144.6 315.4 353.4 205.7 29 42.6 33.5 

2016 0.0 0.9 15.1 12.2 145.6 216.8 305.8 418.3 132.5 61.5 0.0 0.0 



 

    
wereta 

        MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2003 0.0 0.0 0.0 2.6 0.0 245.2 301.4 404.4 292.9 9.5 6.3 5.2 
2004 1.3 5.9 5.2 37.5 3.2 163.1 362.1 402.6 120.5 55.6 29.5 0.0 
2005 0.0 0.0 26.7 0.0 37.9 262.1 261.8 461.6 271.3 44.6 22.4 0.0 
2006 0.0 4.8 0.0 3.7 195.7 118.9 388.7 503.0 180.3 96.6 0.0 22.7 
2007 0.0 0.0 0.0 24.0 19.0 167.5 232.3 425.0 346.7 7.0 16.5 0.0 
2008 7.9 30.0 0.0 120.1 173.8 259.7 406.8 331.2 137.9 95.9 6.4 0.0 
2009 0.0 0.0 3.9 0.0 1.0 121.8 400.5 356.5 159.4 64.0 0.0 0.0 
2010 5.6 0.0 2.4 5.7 29.5 119.4 526.5 426.6 291.5 61.2 0.0 0.0 
2011 1.5 0.0 29.5 10.3 184.4 147.2 314.7 317.9 158.5 21.9 9.4 0.0 
2012 0.0 0.0 0.0 0.0 23.8 172.3 380.9 392.7 246.1 14.0 9.2 0.0 
2013 0.0 0.0 0.0 5.0 36.0 221.4 354.5 383.2 158.8 121.7 17.0 0.0 
2014 0.0 0.0 0.0 29.0 181.0 86.6 283.9 424.4 218.5 10.0 16.2 0.0 
2015 0.0 0.0 2.0 33.0 8.0 184.5 759.6 332.201 176.3 320.0 33.82344 17.10452 

 
 

    AddisZemen                     
MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1997 0.0 0.0 4.7 26.2 97.0 118.3 337.1 49.4 33.7 56.9 5.0 0.0 
1998 0.0 0.0 0.0 11.1 32.4 107.5 325.5 192.0 19.9 1.2 0.0 0.0 
1999 0.0 1.6 7.3 23.2 68.7 127.6 409.7 349.1 162.1 107.0 0.0 0.0 

2000 0.0 0.0 0.0 71.8 24.3 166.1 598.7 511.7 150.2 41.6 24.0 0.0 
2001 0.0 0.0 0.0 16.6 71.2 200.0 147.4 212.2 36.2 14.0 0.0 0.0 
2002 0.0 0.0 22.4 8.8 13.0 270.3 405.1 459.3 150.9 2.0 0.0 0.0 
2003 0.0 5.7 8.2 3.0 0.0 182.2 411.3 338.5 183.9 7.9 0.0 0.0 
2004 0.0 7.5 0.0 50.5 20.0 121.5 444.0 315.8 135.6 47.2 44.6 0.0 
2005 0.0 0.0 50.0 2.7 36.9 218.4 397.8 319.1 248.7 0.0 2.0 0.0 
2006 0.0 0.0 2.4 2.5 113.7 221.3 513.2 321.0 143.7 124.4 0.0 2.5 
2007 0.0 0.0 0.0 6.0 60.6 258.3 287.3 350.9 208.4 6.9 15.3 0.0 
2008 0.0 0.0 0.0 108.3 212.3 247.2 519.1 486.6 292.2 7.5 15.0 0.0 



 

2009 0.0 0.0 3.0 0.0 3.9 105.1 673.4 492.8 118.3 71.2 0.0 0.0 
2010 98.0 0.0 10.0 42.0 31.3 277.1 535.5 919.9 193.1 20.8 26.4 0.0 
2011 0.0 0.0 0.0 0.0 108.0 319.3 644.1 738.3 591.7 0.0 45.4 0.0 
2012 0.0 0.0 0.0 0.0 22.4 167.7 613.2 675.3 322.7 44.0 56.9 0.0 
2013 0.0 0.0 0.0 0.0 36.0 147.1 513.2 233.5 75.3 67.5 9.6 0.0 
2014 0.0 4.0 28.5 19.1 19.1 128.0 235.2 296.4 179.2 97.8 19.5 0.0 
2015 0 6.6 0.9 0 169.7 124.4 276.8 285 108.8 1.2 14.4 0.0 

2016 0 8.7 9.7 8.4 136.3 143.9 387.6 339.4 189.5 19.7 9.3 0 

 

 
 
  

      
Yifage 

      MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2003 0.0 9.6 13.8 3.3 6.2 100.2 323.9 354.3 155.7 2.0 0.0 0.5 
2004 2.4 5.0 0.0 48.5 7.3 115.4 351.9 247.0 118.6 20.5 28.1 0.0 
2005 0.0 0.0 20.1 4.6 40.5 188.5 252.6 379.0 181.4 0.3 3.2 0.0 
2006 0.0 8.2 0.0 3.4 87.2 87.5 387.3 335.2 160.8 96.7 0.0 7.1 
2007 0.0 0.8 3.5 10.4 32.9 154.2 379.1 248.7 139.0 8.1 7.5 0.0 
2008 14.8 0.0 0.0 61.5 123.2 211.1 325.6 294.0 166.6 19.1 12.6 0.0 
2009 0.0 0.3 0.4 0.0 2.7 78.1 337.5 278.3 56.3 21.4 0.0 15.0 
2010 5.1 0.0 7.1 24.0 28.0 114.5 271.5 402.9 126.0 16.4 3.0 0.3 
2011 12.4 0.0 36.9 6.5 70.2 126.7 260.4 345.9 206.8 12.0 36.3 0.0 
2012 0.0 0.0 0.6 0.0 12.5 91.9 387.1 299.8 166.4 24.0 0.8 1.1 
2013 0.0 0.0 0.0 2.1 32.1 150.3 394.6 na 82.4 86.5 1.0 0.0 
2014 0.0 0.2 15.9 20.0 61.4 82.7 268.4 262.6 214.2 132.2 30.8 0.0 
2015 0.0 8.8 100.6 0.0 169.7 83.0 267.5 336.3 137.0 6.2 22.7 7.3 

2016 0.0 0.0 7.8 17.5 108.2 108.7 322.6 272.9 124.1 33.5 8.2 2.4 



 

 
 

   
Ambesami 

     
    

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2008 5.4 0.0 0.2 121.6 147.4 226.7 392.5 382.5 154.8 146.0 7.9 0.0 
2009 0.0 3.6 32.1 6.1 13.9 139.2 423.7 549.2 199.9 152.5 5.3 1.9 
2010 7.6 0.0 16.9 47.8 84.1 204.3 534.4 522.4 285.2 0.0 8.7 0.0 
2011 0.0 0.0 9.8 0.7 164.4 91.4 454.6 442.8 273.0 37.4 43.4 0.0 
2012 0.0 0.0 8.5 0.0 55.3 108.6 546.4 425.3 406.3 25.2 19.1 3.9 
2013 0.0 0.6 5.0 9.8 83.0 214.6 714.1 464.6 181.2 231.2 36.7 0.0 
2014 0.0 0.0 66.0 83.0 291.0 248.5 345.6 683.9 303.5 222.0 19.0 0.0 

2015 0.0 0.0 4.0 0.0 288.0 253.5 524.0 468.5 253.0 161.0 90.0 24.0 

2016 10 0 56.1 3.9 308.2 316.6 591.2 408.9 269.3 107.3 0 3.7 

 
 

    
Arebgebaye 

        MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2006 0.0 2.6 9.1 104.3 63.7 15.7 157.6 194.3 73.2 14.8 30.4 6.5 

2007 0.0 2.6 34.3 68.4 17.8 145.3 191.7 193.2 87.8 2.5 1.5 0.0 
2008 2.6 0.0 3.0 7.7 70.3 48.7 216.2 233.4 169.1 17.7 55.3 0.2 

2009 0.0 13.0 19.2 14.3 18.8 100.9 199.7 351.1 96.7 134.2 2.3 15.9 
2010 0.0 0.0 0.0 0.0 0.0 280.9 10.6 323.2 245.4 31.3 9.9 1.7 

2011 3.5 0.0 16.2 7.3 21.0 45.2 424.3 412.3 275.2 48.2 15.1 3.1 
2012 0.0 0.0 7.5 8.7 92.8 337.4 414.4 326.7 23.2 25.0 25.0 25.0 
2013 0.1 0.0 0.1 0.1 12.8 155.6 306.5 219.9 61.9 79.5 38.3 0.1 
2014 0 1.5 62.5 67 215 194 343 374 195.5 165.8 13.4 0.0 

2015 0 1 9.5 1 124.5 201.5 183.5 415 203.5 111.5 83 56 

 
 



 

 
 
 

     
Bahirdar 

       Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1997 0.0 0.0 19.4 29.1 237.5 121.7 233.5 217.5 179.7 145.5 23.4 10.1 
1998 0.0 0.0 18.8 0.6 107.6 196.5 384.1 358.0 240.6 115.3 1.1 0.0 
1999 9.0 0.0 0.0 8.1 50.5 130.9 393.6 485.7 196.3 197.3 3.0 0.0 
2000 0.0 0.0 0.3 90.3 61.2 153.7 314.2 517.2 225.8 173.3 27.8 0.0 

2001 0.0 0.0 1.0 22.7 54.8 249.3 380.6 562.1 142.5 92.7 12.5 16.9 
2002 0.0 1.2 8.2 15.9 2.0 437.2 465.0 405.0 154.9 17.8 0.5 1.0 
2003 0.0 0.0 0.3 0.0 1.2 239.2 616.2 451.1 258.3 74.2 5.2 5.7 
2004 8.7 20.5 5.1 39.2 7.3 144.3 503.3 294.5 232.0 89.9 7.4 0.0 
2005 0.7 9.0 85.6 9.9 74.6 188.8 533.3 247.5 278.0 52.8 7.4 0.0 
2006 3.1 0.2 0.1 6.7 151.2 225.5 563.9 364.1 211.0 153.7 0.0 3.7 

    
lewaye 

        Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2003 0.0 43.0 66.0 10.2 8.0 137.7 434.4 359.7 268.5 1.3 6.8 8.5 
2004 3.71 8.5 24.5 70.0 26.5 145.5 374.8 254.8 90.5 80.8 20.1 3.0 
2005 3.07 0.0 21.1 23.0 59.3 137.8 291.4 354.7 136.1 31.1 2.3 0.0 
2006 0.0 5.3 14.8 0.0 0.0 303.3 316.5 274.8 271.1 66.7 62.8 0.0 

2007 0.0 11.4 49.0 59.0 91.9 341.3 459.8 244.4 152.6 3.9 28.8 0.0 
2008 25.7 1.5 0.3 105.2 242.0 229.1 408.6 356.2 219.8 107.0 22.0 23.9 
2009 0.0 3.5 16.3 19.08 8.97 97.7 696.6 1048.5 217.1 138.0 2.97 2.4 
2010 28.3 0.0 0.0 0.0 0.0 211.6 554.1 538.4 325.1 7.3 26.9 15.1 
2011 0.0 0.0 43.6 8.3 204.1 239.0 468.4 556.4 230.2 40.4 91.7 0.0 
2012 0.0 0.0 76.1 6.5 23.7 203.3 428.1 253.4 157.0 44.0 49.0 12.1 
2013 8.3 5.4 13.7 36.8 119.01 166.7 na 363.3 108.6 na 21.7 3.5 
2014 7.7 0 13.5 52.5 na 159 482.5 299.3 191.5 75.1 39.14 0.20 

2015 0.00 4.40 30.8 11.6 176 136.4 408.1 366.7 184.6 17.3 36.8 34.80 
2016 5.1 7.1 7.7 32.7 152.3 231.9 376.7 203.5 138.0 79.5 11.5 0.0 



 

2007 0.0 0.0 1.1 29.2 16.2 285.6 314.8 328.8 203.4 115.6 11.4 0.0 
2008 1.8 0.0 0.0 104.3 87.8 175.6 481.5 337.6 150.2 56.5 33.1 0.0 
2009 0.0 0.0 7.7 3.0 8.0 66.3 319.5 618.5 112.1 56.8 3.0 0.0 

2010 13.3 0.0 0.0 34.0 72.1 127.3 407.8 449.3 182.2 54.6 1.5 0.0 
2011 0.0 0.0 28.4 12.9 103.0 169.0 415.4 312.8 144.0 37.9 28.1 0.0 
2012 0.0 0.0 1.0 0.0 25.4 122.0 466.5 504.4 255.9 7.6 2.0 11.2 
2013 0.0 0.0 1.4 1.4 88.0 148.6 594.0 350.3 137.9 169.1 16.6 0.0 
2014 0.0 0.0 65.9 66.6 163.7 178.4 378.4 480.8 260.0 117.4 0.0 0.4 
2015 0.0 0.8 0.4 0.0 136.8 89.3 302.2 248.9 223.9 116.7 12.2 31.8 
2016 0.0 0.0 23.8 8.5 171.2 248.8 409.6 274.4 104.8 0.5 0.0 0.0 

 
 

     
Wanzaye 

    MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2003 0.0 0.0 5.3 2.6 7.7 235.5 415.6 394.8 305.7 17.0 2.5 2.1 
2004 0.0 0.0 3.0 24.5 0.0 117.9 378.8 256.4 211.1 87.2 9.8 0.0 
2005 0.0 0.0 27.8 0.0 54.7 136.8 334.1 289.0 299.8 45.5 9.8 0.0 
2006 2.9 0.3 2.1 99.0 111.7 82.0 413.1 599.4 199.4 77.8 0.0 8.8 

2007 0.0 0.0 0.5 39.7 64.0 301.9 344.0 393.0 253.8 57.5 7.4 0.0 
2008 5.6 0.0 0.0 153.7 196.7 177.0 391.2 386.2 153.3 118.7 9.8 0.0 
2009 0.0 3.4 2.2 0.0 0.0 103.1 436.4 658.6 83.9 75.8 1.7 0.0 
2010 11.7 0.0 14.8 15.9 62.4 225.8 460.6 739.9 312.4 25.1 9.6 0.0 
2011 3.4 0.0 14.6 14.7 167.5 125.3 396.9 406.9 260.8 11.6 30.0 0.0 
2012 0.0 0.0 2.4 3.0 49.7 134.9 510.3 760.0 522.5 33.5 13.8 4.7 
2013 2.5 1.6 0.0 2.5 26.2 145.9 556.9 372.9 187.6 131.1 15.7 0.0 
2014 1.6 1.5 37.9 48.3 168.1 255.8 295.3 301.4 217.0 110.3 3.8 0.0 
2015 0.0 3.6 0.0 0.0 117.2 64.5 530.1 364.1 153.7 157.3 52.97 18.487 

2016 19.3 0.0 17.0 0.0 171.0 226.3 446.1 346.8 177.7 81.1 3.3 19.3 

 
 



 

 
 
 

    
zenzalima 

        Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2008 4.2 0.1 0.0 96.1 97.9 244.0 473.2 385.2 213.7 121.5 16.7 0.0 
2009 0.0 1.3 23.8 25.9 47.2 66.2 0.0 478.0 109.9 0.0 0.0 0.5 

2010 9.8 0.0 2.9 0.0 46.4 232.8 546.1 682.3 186.0 83.9 0.0 0.2 
2011 0.6 0.0 16.4 13.3 137.1 162.9 384.8 377.5 311.6 72.3 33.7 0.8 
2012 0.0 0.0 3.5 1.0 21.3 209.4 442.2 408.1 361.6 29.8 23.2 33.9 
2013 0.0 0.0 0.0 0.0 110.7 178.3 683.5 421.2 170.0 203.8 34.1 0.0 
2014 0.0 2.1 38.2 49.6 177.3 112.2 339.6 387.4 223.7 104.1 3.2 0.0 
2015 0.0 0.1 0.7 0.0 154.0 198.7 378.9 119.3 169.5 98.0 7.0 18.3 
2016 0.0 0.0 6.0 18.9 186.0 333.3 351.0 264.9 138.9 80.5 0.0 0.0 

  
Hamusit 

          MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2003 0.0 0.0 3.2 0.0 12.7 229.1 491.0 388.4 314.1 21.9 0.0 0.0 
2004 0.1 3.6 5.3 11.3 8.9 150.3 454.7 279.6 216.7 127.3 22.8 0.0 
2005 1.8 16.9 55.5 42.7 8.7 138.8 446.4 298.3 519.2 58.4 17.7 0.0 
2006 0.0 1.1 0.1 0.9 496.0 153.8 92.2 455.5 181.8 52.3 0.1 5.4 

2007 0.0 0.0 0.0 5.7 1457.0 329.0 532.2 0.0 109.7 0.0 3.9 0.0 
2008 1.0 0.0 0.0 127.9 129.6 197.8 522.5 380.0 98.5 94.3 1.8 0.0 
2009 0.0 0.0 8.0 1.0 4.5 133.1 362.8 477.5 0.0 109.6 0.0 0.0 
2010 0.0 0.0 0.0 8.5 0.0 186.2 708.1 573.1 313.2 66.7 1.5 0.0 
2011 0.0 0.0 30.9 2.4 186.5 158.1 496.1 435.3 294.2 26.5 12.0 0.0 
2012 0.0 0.0 1.5 1.0 31.9 147.7 535.2 0.0 296.7 58.0 9.3 9.0 
2013 0.0 0.0 0.0 0.0 678.2 166.5 580.6 588.7 2045.8 220.5 0.0 0.0 
2014 0.0 0.0 9.5 71.0 236.2 383.0 461.5 501.0 436.5 91.0 0.0 0.0 
2015 0.0 0.0 0.0 0.0 133.5 206.5 387.2 293.3 187.0 143.7 13.9 11.7 

2016 10.0 0 1.5 0 95.7 361.6 482.4 519.6 192.1 12.8 0 2.0 



 

TableI.2: Annual Rainfall Data for Different Stations 

 
 

 

    
year A/ber D/tabor M/eysus Werata A/zemen Yifage Ambesami A/gebaye wanzaye B/dar Hamusit Zenzalima Lewaye 

2003 1233.32 1281.8 1317.6 1267.5 1140.7 969.5 1773.005 1135.538 1388.7 1651.4 1460.4 1224.869 1344.1 

2004 1201.5 1198.1 1019.6 1186.5 1186.7 944.7 1817.102 1213.327 1088.7 1352.2 1280.6 987.8487 1102.7 

2005 1291.1 1486.9 937.7 1388.4 1275.6 1070.2 1827.315 1185.137 1197.5 1487.6 1604.5 1129.174 1059.9 

2006 1471.0 1633.8 1387.3 1514.4 1444.7 1173.4 1682.662 672.1 1596.5 1683.2 1439.2 1363.271 1315.3 

2007 1394.3 1532.4 1416.6 1238.0 1193.7 984.2 1482.679 745.1 1461.8 1306.1 2437.5 1499.733 1442.1 

2008 1588.9 1605.3 1329.0 1569.6 1888.2 1228.5 1585.0 824.2 1592.2 1428.4 1553.4 1652.6 1741.3 

2009 1190.0 1493.7 695.2 1107.1 1467.7 790.0 1527.4 966.1 1365.1 1194.9 1096.5 752.8 2251.1 

2010 1562.5 1617.4 1538.1 1468.4 2154.1 998.8 1711.4 903.1 1878.2 1342.1 1857.3 1790.4 1706.8 

2011 1118.6 1522.1 1492.4 1195.3 2446.8 1114.1 1517.5 1271.3 1431.7 1251.5 1642.1 1511.0 1882.1 

2012 1198.2 1489.4 1314.5 1239.0 1902.2 984.2 1598.6 1285.7 2034.8 1396.0 1090.3 1534.0 1253.2 

2013 1485.4 1670.9 1388.9 1297.6 1082.2 749.0 1940.8 874.9 1442.9 1507.3 4280.2 1801.6 847.0 

2014 1373.2 1749.9 1081.7 1249.6 1026.8 1088.4 2262.5 1631.7 1441.0 1711.6 2189.7 1437.4 1320.4 

2015 1485.6 1202.6 1353.4 1866.5 987.8 1139.1 2066.0 1390.0 1462.0 1163.0 1376.8 1144.5 1407.5 

2016 1298.92 1360.7 1308.7 1311.89 1252.5 1005.9 2075.2 1322.551 1482.939 1241.6 1675.7 1379.5 1393.59 
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Appenix III:Consistancy Analysis of  Rainfall Data  for Methorological stations 

Figure III.1:Double Mass Curve Analysis of stations 
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