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ABSTRACT 

 

Environmental flow assessment and maintenance are relatively new practices for the 

water sector, especially in developing countries. The concept of environmental flow 

assessment is new to Ethiopia; so far no studies have been conducted, despite the fact 

that the country is endowed with many natural lakes and rivers. The main objectives of 

the research were to determine the environmental flow requirements downstream of the 

Lake Tana and to investigate the associated social, economic, and environmental impacts 

of the Chara Chara weir. To accomplish these objectives both the survey data and 

historic records of hydrological data were used. To analyze the hydrological data the 

desktop reserve model (ver.2) were employed. The research indicates that, in order to 

maintain the Abay River at an ecological category of C class, requires an average annual 

total environmental flow allocation (sum of low and high flows) of 1197.977 MMC, 

which is 30% of the Mean Annual Runoff. The model results indicate that the absolute 

minimum dry season flow required to maintain the aquatic organisms in the vicinity of 

the Tis Issat Falls is 5.271m
3
/s. However, the actual minimum dry season flow in the area 

was found to be 2.754 m
3
/s, (i.e. just 51.9 % of the proposed minimum instream flow 

requirement). The  Water Stress indicator over the falls was calculated to be 1.99. This 

implies that the too little water goes to the falls, which is overexploited by the near by 

hydropower station. Furthermore, the study investigated both the adverse and beneficial 

impacts of the Chara Chara weir on the downstream villages. The provision of 

environmental flows is not only a scientific question but also a social, economic, and 

political issue. Therefore, establishing an environmental flow regime will involve many 

different actors, from the highest levels of government to local communities. This study 

provides sound options that could be used to improve the current situation and to 

alleviate the environmental problems in the downstream of Laka Tana;  especially in the 

vicinity of the Tis Issat Falls, in order to maintain the aquatic biodiversity and to keep the 

visual amenity of the Falls for tourists without, unduly compromising the energy out  of 

the hydropower station.  
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Introduction 

          1.1 Background 

Water is an important part of any ecosystem, both in qualitative and quantitative terms. 

Reduced water quantity and deteriorated water quality both have serious negative impacts 

on ecosystems. The water environment has a natural self cleaning capacity and resilience 

to water shortages. But when these are exceeded, biodiversity is lost, livelihoods are 

affected, and natural food sources (e.g. Fish) are damaged and high clean-up and 

rehabilitation costs result.  

 

The flows of the world’s rivers are increasingly being modified through impoundments 

such as dams and weirs, abstractions for agriculture and urban supply, maintenance of 

flows for navigation, drainage return flows, and structures for flood control. These 

interventions have had significant impacts, reducing the total flow of many rivers and 

affecting both the seasonality of flows and the size and frequency of floods. In many 

cases these modifications have adversely affected the ecological and hydrological 

services provided by water ecosystems, which in turn has increased the vulnerability of 

people especially the poor who depend on such services. There is an increasing 

recognition that modification of river flows for human needs should be balanced with 

maintenance of essential water dependent ecological services. The flows needed to 

maintain these services are termed “environmental flows and the process for determing 

these flows are termed environmental flow assessment or EFA.” (Brown & king 2003). 

Environmental flow assessment and maintenance are relatively new practices for the 

water sector, particularly in developing countries. There is a lack of awareness 

throughout the sector and among the general public about this concept and its application. 

Most countries in Latin America, Africa and Asia do not have at present either clear 

environmental flow legislation, or accepted approaches for assessment of these flows. 

Existing assessment methods, developed elsewhere, are either not known, inappropriate, 

or seldom being applied. The data for developing such methods and the expertise 

required are lacking and existing initiatives are poorly documented. 

 At the same time initiatives related to environmental water management and ecosystem 

restoration are emerging in the world (Lalith and Vladimir, 2004) 
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Lake Tana is the largest freshwater lakes in Ethiopia and is the source of the Blue Nile 

River in the central Plateau of the Ethiopian Highlands. The lake has a catchment area of 

15320 km2, length of 70km, a width of 60km, a maximum depth of 14m, and a mean 

depth of 9m. Presently the lake is modified at its outlet by the Chara Chara weir. This is 

used to store large amounts of water in the rainy season and to deliver water persistently 

in the dry season to the Tis Abay II hydro power station, which is located 35 km 

downstream of the Lake Tana (Howard et al., 1997) 

 

Lake Tana has several ecological and economical functions such as: domestic water 

supply, recreation, hydropower, fisheries, and ecotourism.  It is also an important hotspot 

region for freshwater fish diversity and endemism. About a quarter of the nearly 65 fish 

species are endemic including a Loach Nemacheilus Abyssinnicus and 14 large Cyprind 

Barbs. 

 

One of the most fundamental infrastructures required for the development of a nation is 

that needed for power generation. Hydropower is by far the most prevalent source of 

power generation in Ethiopia as the country is endowed with plenty of rivers and lakes. 

Although Ethiopia has a large potential resource in the form of hydropower, according to 

the Ethiopian Energy Authority report in 1993, over 90% of the final energy consumption 

came from renewable energy sources, 76% of which was fuel wood and charcoal and 

only the remaining was obtained from the hydropower.  To meet the growing electric 

power demand of the citizens and to upgrade the total power supply in the country the 

Ethiopian Electric Power Corporation (EEPCO) installed the Tis Abay II hydro power 

station on the Abay River.  

The downstream flow in the Abay River is controlled by the regulating weir on the outlet 

of Lake Tana at Chara Chara. The main components of the existing structure, 

commissioned in 1996, are a 635m long weir section, at an elevation of 1787m asl and a 

gated section to control the discharge. The modification works consisted of adding five 

identical radical gates; in order to increase the total discharge capacity to 110m3/s under 

El.1784m.The weir effectively provides a regulated storage volume of around 9000Mm3 

between El.1787m and El. 1784m asl (Howard et al, 1997).  
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1.2 Statement of the Problem 

 

The climate of the Ethiopian Highland is highly influenced by the Inter Tropical 

Convergence Zone (ITCZ) and the rainfall distribution of the region is significantly 

seasonal. Consequently, the level of water in the rivers and the lakes varies from season 

to season as the amount is fully dictated by the rainfall pattern.  Ethiopian rivers carry 

very little water throughout much of the year. Dry season river flows cannot satisfy the 

water demand for various water projects as most of the flows in Ethiopia occur during 

very short rainy seasons. In order to ensure sustainable agricultural or other 

developments, a reliable supply of water at the right time is required. At present, a very 

small fraction of the potential for irrigation, hydropower or other developments has been 

tapped. To reverse the situation, reservoirs must be created to store high flows that occur 

during the short rainy season for use during the long dry seasons. Prior to the construction 

of the additional new regulatory weir at Chara Chara in 1996, outflow from Lake Tana 

used to follow its natural regime and waned and waxed depending on the amount of 

water in the river (Admasu, 2004). 

 

The Chara-Chara weir is located 1km upstream of the Gondar-Bahir Dar Bridge locally 

known as Kamforo Bridge. The shape of the lake narrows towards the south from the 

center reaching its minimum width at its natural outlet, where the Abay (Blue Nile) River 

originates, and where the Chara-Chara weir is located. At this location the topography of 

the lake is complex, and during the dry period the lake outlet has four water courses, one 

major and three minor. During the wet period the lake level raises covering all the high 

spots available between these minor courses and widening the watercourse. 

 

The active storage of Lake Tana between 1784m asl and 1787m asl is 9100Mm3. This 

represents approximately 2.4 times the average annual outflow of the Lake Tana. The 

resulting regulation of the lake inflow by the weir is quite high. The operation model of 

the lake shows that 110m3/s can be released continuously at the Chara Chara weir, with 

95% reliability (Howard et al. 1997). 
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An increase in the lake level and surface area has occurred as the result of the 

construction of the weir. Therefore the regulation of lake water has resulted in an overall 

increase of the total surface area that may bring in nutrient loads from agricultural fields 

to the shallow lake, thus eventually increasing its productivity and resulting in algal 

blooms. This may indirectly affect the zonation of the macrophyte vegetation community 

and avifauna of the lake since the bloom could physically choke the aquatic plants and 

could deprive them of the necessary aeration (Zerihun Woldu 1996). Another associated 

problem possibly caused by the weir is flooding as the amount of water stored is very 

large. Another important environmental issue is the need to sustain the Tis Issat Falls, by 

maintaining both a minimum residue flow for the river during the dry season and a 

significant flow on the falls in the wet season to preserve their visual amenity. Taking in 

to account all these potential environmental and socio-economic problems it is necessary 

to study the pros and cons of the Chara Chara weir and the environmental flow 

requirements. 

 

The concept of environmental flow assessment is new to Ethiopia; so far no studies have 

been made in this regard despite the fact that the country is endowed with many natural 

lakes and rivers. Therefore the main objective of this research is to conduct an 

environment flow assessment in the downstream of the modified Lake Tana till the Tis 

Abay II hydro Power Station which is located 35 km downstream of the Chara Chara 

weir.  
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1.3 objectives of the study 

 
 
     1.3.1 General Objective:  
 

� To asses the minimum amount of water flow that is required to maintain the 

ecological and environmental balance in the downstream areas. 

    1.3.2 Specific Objectives 

 
� To investigate some environmental impacts as well as the positive and negative 

socio-economic impacts of the Chara Chara weir after 2001.  

� To investigate environmental flows of the downstream of the Chara Chara weir 

before and after 2001. 

� To estimate the environmental flow requirements of the down stream of the Chara 

Chara weir 

� To generate water research information that enables to assist water resource 

decision making in the Blue Nile Basin. 

 

       1.3.3 Hypothesizes  

 

� There is a significant difference between the environmental flow requirements 

and the current modified flow downstream of the Lake Tana. 

� There is a significant difference in relation to the socio-economic impact of 

the weir to the downstream people. 

� The visual amenity of the Tis Issat falls is critically affected.   

� There is an environmental water scarcity over the Falls. 
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1.4 Scope and Limitations of the Study 

 The scope of the study was to make an environmental flow assessment in the down 

stream of Lake Tana using the Desk Top Reserve Model along with the questionnaire 

result and determine the impacts of the weir on flows and livelihoods. 

 

         Limitations 

      Apart from the benefits for water resource managers for planning and the informative 

ness of the research output; it has limitation in estimating the flow requirements of the 

river owing to the reasons mentioned below. 

 

1 Some hydrological flow data of the Abay River at Bhair Dar station were missing 

during dry seasons since the hydrological gauge of the station does not sense the 

flows when levels drop below a critical threshold level of the sensors.  This 

caused some problems in calculating the Tis Issat Falls water allocation.  

2 The biggest limitation of the Desktop Reserve model is that the out put results 

given by the desk top reserve model have to be considered as an initial low 

confidence estimates for ecological description and should not be considered as 

the final solution. Since the variability of climate, geology, topography, 

vegetation, etc. that can be found within a country might have different effect and 

may be difficult to explain using hydrological index only. Therefore it is 

reasonable to suggest that a single relationship, between the annual totals of the 

building blocks and a hydrological index (CVB) is unlikely to be adequate; hence 

the result needs to be compared with detailed and time-consuming studies of the 

effects of flow modifications on ecological functioning. However, the ability of 

determining environmental requirements within short period of time and its 

inexpensiveness; and also its application in the absence of long term hydrological 

data, and any ecologists made it preferable especially in developing countries. 

3 The natural hydrological flow records of the Abay River prior to 1964 were not 

sufficient to determine the environmental flow requirements; therefore the least 

modified period of the river i.e. 1964-2000 were used as a natural river condition 

in determining the environmental flow requirements. 
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2 Literature Review 

 

       2.1 Review of what environmental flows are and why they are important  

 

Over half of the world’s accessible surface water is already appropriated by humans, and 

this is projected to increase to 70% by 2025 (Postel et al., 1996; Postel 1998). Water 

resource developments such as impoundments, diversion weirs, inter basin water transfer; 

run-of-river abstraction and exploitation of aquifers for the primary uses of irrigated 

agriculture, hydropower generation, industry & domestic supply are responsible 

worldwide for impacts to riverine ecosystems (Rosenberg et al., 2000) 

  

Recognition of the need to establish the extent to which the flow regime of a river can be 

altered from natural for the purpose of water resource management while maintaining the 

integrity (Rapport et al., 1998) or an accepted level of degradation of the ecosystem has 

provided the impetus for accelerated development of the relatively new science of 

environmental flow assessment (Tharme, 1996). An environmental flow assessment 

(EFA) for a river may be defined simply as an assessment of how much the original flow 

regime of a river should continue to flow down it and on  to its flood plains in order to 

maintain  specified, valued features of the ecosystem (Tharme & King, 1998,  King et 

al.,1999). 

 

An EFA produces one or more descriptions of possible hydrological regimes for the river, 

the environmental flow requirement (EFRs) are each linked to a predetermined objective 

in terms of the ecosystems future condition. For instance, these objectives may be 

directed at the maintenance or enhancement of the entire riverine ecosystem, including its 

various aquatic & riparian biota and components from source to sea, at maximizing the 

production of commercial fish species, at conserving particular endangered species, or 

protecting features of scientific, cultural or recreational value. 

 There is a growing awareness that increased water use by humans does not only reduce 

the amount of water available for future industrial and agricultural development but also 
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has a profound effect on aquatic ecosystem and their dependent species. Balancing the 

needs of the aquatic environment and the other uses is becoming critical in many of the 

world river basins as population and associated water demands increase (Postel et al., 

1996, Voresomary et al., 2000, Naiman et al., 2002). In this context, what is often lacking 

is the understanding that planning environmental water allocation means striking the right  

balance between allocating water for direct human use (e.g. for agriculture, power 

generation, domestic purposes & industry) and indirect human use (maintenance of 

ecosystem goods and services) (Acreman, 1998). 

 

The degree to which the environmental flow concept is being applied around the world   

shows the growing recognition of the need to consider the environmental water 

requirements when making decisions about water resource allocations. Now a day’s at 

least 72 countries worldwide apply the concept at present at some level, illustrating the 

emergence of the concept over the last several years. (Lalith and Vladimir, 2004). 

 

However despite the growing awareness many areas do not yet apply the concept and 

there are significant obstacles for implementing the concept within existing water 

management practices, particularly within developing countries. In areas where the 

concept is not yet applied this is generally attributed to a severe lack of awareness among 

stakeholders and insufficient policy guidance and management capacity (Lalith and 

Vladimir, 2004). 

 

The services that fresh water ecosystems provide to humans such as fisheries, food 

protection, recreation and wild life are estimated to be worth trillions of US dollars 

annually (Constanza et al., 1997). A recent global assessment of the status of freshwater 

ecosystem showed that their capacity to provide the full range of such goods and services 

appears to be drastically degraded. Many fresh water species are facing rapid population 

decline or extinction and yields from many wild fisheries have dwindled as a result of 

flow regulation, habitat degradation, and pollution (Revenga et al., 2000).  
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2.2 Methods of environmental flow determination 

 

The majority of Environmental Flow methodologies can be grouped into four distinct 

categories, namely hydrological, hydraulic rating, habitat simulation (or rating), and 

holistic methodologies, although differences in group classification do occur among 

authors (Loar et al., 1986; Gordon et al., 1992; Swales and Harris, 1995; Tharme, 1996; 

Jowett, 1997; Dunbar et al., 1998). These methodologies include the Holistic Approach 

(Arthington et al., 1992a), the Building Block Methodology (King and Tharme 1994; 

King and Louw 1998), the Expert Panel Assessment Method (Swales and Harris 1995), 

the Scientific Panel Assessment Method (Thoms et al., 1996), the Habitat Analysis 

Method (Walter et al., 1994; Burgess and Vanderbilt, 1996), and the Flow Restoration 

Methodology (Arthington and Zalucki, 1998). 

 

The simplest typically desktop environmental flow methodology (i.e. based on 

hydrological approaches) relies primarily on the use of hydrological data, usually in the 

form of naturalized, historical monthly or daily flow records. They are often referred to as 

fixed-percentages or look-up table methodologies where, a set proportion of flow often 

termed the minimum flow (Cavendish and Duncan, 1986; Milhous et al., 1989) 

represents the EFR intended to maintain the freshwater fishery, other highlighted 

ecological features, or river health at some acceptable level usually on an annual, 

seasonal or monthly basis.  

 

Occasionally, hydrology based Environmental flow methodologies include catchment 

variables (e.g. O’shea 1995) which  are modified to take account of hydraulic, biological 

and/or geomorphologic criteria (Estes, 1996) or incorporate various hydrological 

formulae or indices (e.g. Ubertini et al., 1996; Gordon et al., 1992). Stewards and Gippel 

(1997) and Smarkhtin (2001) review many of the well established approaches. 

Hydrological and rationalization techniques are used to derive the flow indices for 

gauged and ungauged catchments. As a result of their rapid non-resource intensive, but 

low-resolution environmental flow estimates, hydrological methodologies are considered 

to be most appropriate at the planning level of water resource development or in low 
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controversy situations where they may be used as preliminary flow targets (Tharme, 

1997, Dunbar et al., 1998). 

 

2.3 Environmental flow estimation in Africa  

 

The South African Water Act of 1998 stipulates that future water developments should be 

environmentally sustainable and that a component of the natural flow of rivers should be 

reserved to ensure some level of ecological functioning. Detailed methods for quantifying 

the environmental in stream flow requirements of rivers have been available 

internationally and in South Africa for some time, but the implementation of the new Act 

introduced a degree of urgency and pointed towards the need for rapid, low-confidence 

assessments that could be used for initial planning. The desk top reserve model was 

developed to fulfill this requirement but since its development in 1999 there have been 

more detailed IFR determinations. During 2001 the model under went a complete review 

based on the results from 97 detailed IFR determinations involving groups of specialists 

applying the building block methodology (BBM) (Hughes and Hannart, 2002).  

  

During the late 1980 and 1990s, IFR in South Africa was quantified using the building 

block methodology (BBM). In simple terms it involves the quantification of the modified 

flow regime that will retain some pre determined level of ecological functioning in the 

river according to the expert  judgment of a range of specialists (normally invertebrate 

and fish biologists, riparian vegetation botanist and a geomorphologist ) they use their 

knowledge of the functioning of the river based on an understanding of habitat 

requirements, which are then translated in to flow requirements through the hydraulic 

characteristics of the channel (Hughes and Hannant, 2003). The BBM approach is 

summarized in King and Louw (1998) and more fully explained in King et al. (2000). 

Hughes (2001) outlines the hydrological information requirements and data analyzing 

tools that have been developed to support the application of the BBM. It was clearly 

recognized that these would not provide information with as high a level of confidence as 

the more detailed procedures. The so-called desk top reserve model  was therefore 

developed at the Institute for Water Research in 1999 (Hughes and Munster, 2000), to 
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provide a method for generating low confidence, initial IFR estimates for rivers in South 

Africa. One of the other initial purposes of the desktop reserve model was to generate 

ecological reserve estimate for all rivers in the South Africa to provide input in to a 

national water balance model that is used for strategic water resource planning (Watson 

et al., 1999) 

 

The desktop reserve model has also been used in the neighboring countries of South 

Africa such as Swaziland, Zimbabwe, and Mozambique to provide an indication of the 

likely environmental flow requirements of several rivers in the absence of any specialist 

knowledge of their ecological functions(Hughes and Hannart, 2002). 

 

The concept of environmental flow assessment is new to Ethiopia and so far no study has 

been made in the country in this regard. Despite the fact that Ethiopia is endowed with a 

lot of natural lakes and rivers there is no comprehensive research conducted in the 

downstream of Lake Tana and yet a few studies have been made on other issues. 

 

The provision of environmental flows is not only a scientific question, although the 

science of environmental flows is an important component of EFA and is constantly 

developing. The provision of environmental flows is also a social and political issue. 

Therefore, establishing EF regime will involve many different actors, from the highest 

levels of government right through to local communities. Researchers and experts can 

only provide the technical advice and possible alternatives but politicians, decision 

makers and communities need to accept the need for environmental flows for it to be 

enacted. In an ideal situation environmental flow requirements will be a dynamic process 

written into legislation, provided by water managers and monitored by a government 

body or river basin organization with assistance from research organizations.  
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2.4 The desktop reserve model  

 

To compensate for the lack of ecological information, several methods of estimating 

environmental flows have been developed that are based solely on hydrological indices 

derived from historical flow data (Tharme, 2003). Although it is recognized that a myriad 

of environmental attributes influence the ecology of aquatic ecosystems (e.g., 

temperature, water quality and turbidity), the common assumption of these approaches is 

that flow regime is the primary driving force (Richter et al., 1997). The hydrological 

index methods include: a) the Tennant (or Montana) method (Tennant, 1976), b) the 

Texas method (King et al., 1999), c) Flow duration curve analysis (Pyrce, 2004) and d) 

Range of variability approach (Richter et al., 1996, 1997). 

 

Most of these methods have been developed in Europe and the USA. However, as noted 

above, considerable work on environmental flows has also been undertaken in South 

Africa. This includes the development of what is known as the “desktop reserve model”, 

which is intended to quantify ecological flow requirements in situations when a rapid 

appraisal is required and data availability is limited (Hughes and Hannart, 2003). To date, 

the model has not been used extensively outside South Africa. However, because it was 

developed specifically for conditions experienced in southern Africa Rivers, it was felt to 

be the most appropriate tool to use in the current study. Results derived from the model 

were compared with flow duration curve analysis, the method used most commonly 

elsewhere in the World (Tharme, 2003; Pyrce, 2004). 

 

As mentioned earlier the model was originally designed to provide a quick-low 

confidence estimate of the river quantity component of the ecological reserve. However 

the supporting software has been developed in such a way that the model has found much 

more widespread application in the full range of reserve determinations. The default 

options in the model make use of national original parameter values for estimating annual 

values. Distributing these in to monthly values and establishing the assurance rules. 

However, the software allows any user to modify these values and full control can be 

exercised over the final results that are generated. As a result the software has been 
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applied in detailed reserve determination. Where the ecological specialists have specified 

the BBM values for key months and the model has been used to construct the full 

seasonal distribution and the assurance rules. The assurance rules are assumed to be 

equivalent to flow duration curve percentage points.  If a flow would have occurred 

naturally, which is equalled or exceeded 70% of the time in the natural flow regime, then 

the IFR would be the BBM flow for the same month with a 70% assurance. (Hughes and 

Hannart, 2002). 

 

One of the features of the model is that assurances rules can be used, together with the 

time series of natural flows, to construct a representative time series of natural flows, to 

construct a representative time series of reserve requirements i.e. in stream flow 

requirements for aquatic biodiversity in a river. The pattern of flows can then be 

considered relative to natural and present day time series, by the team of ecological 

specialists to asses if the result is likely to meet their objectives for the river. If not, 

further modification (Site specific calibration) of the model can take place. 

 

The model incorporates the concepts of the building block method (King et al, 2000) 

which is widely recognized as a scientifically legitimate approach to setting 

environmental flow requirements (Hughes and Hannart, 2003). The approach is based on 

the fact that, under natural conditions, different parts of the flow regime play different 

roles in the ecological functioning of a river and, so, it is necessary to retain fundamental 

differences between wet season and dry season flows. Hence, so called, Building Blocks 

(BBs) are different components of flow, which combined comprise an ecologically 

acceptable, modified flow regime.  The major BBs are low flows (base flows), small 

increases in flow (freshes) and larger high flows, required for river channel maintenance 

(Hughes, 2001).  

BBs differ between “normal years” and “drought years.” The first are referred to as 

“maintenance requirements” and the second as “drought requirements” (Hughes, 2001; 

Hughes and Hannart, 2003). The frequency with which maintenance and drought years 

occur is defined on the basis of the variability of the natural hydrological regime, which 

is largely a function of climatic conditions. Hence, maintenance years occur quite 
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frequently (typically 60–70%) in wetter, more reliably flowing rivers, while they occur 

much less frequently in semi-arid and arid rivers (typically 20% or lower) (Hughes and 

Hannart, 2003). The set of BBs, therefore, includes maintenance low flows, maintenance 

high flows and drought flows, reflecting the natural variability of flow. The desktop 

reserve model provides estimates of these BBs for each month of the year.   

The major assumption of the desktop reserve model, which emerged from an analysis of 

comprehensive environmental flow studies conducted in South Africa, is that rivers with 

more stable flow regimes (i.e., a higher proportion of their flow occurring as base flow) 

have relatively higher low-flow requirements in normal years (i.e. “maintenance low flow 

requirements”) than rivers with more variable flow regimes. This assumption is founded 

on the premise that, in highly variable flow regimes, the biota will have adjusted to a 

relative scarcity of water, whilst in more reliably flowing rivers, the biota are more 

sensitive to reductions in flow (Hughes and Hannart, 2003). The consequence is that, 

generally, the long-term mean environmental requirement is lower for rivers with more 

variable flow regimes. 

In South Africa, rivers are classified in relation to a desired ecological condition, and 

flow requirements set accordingly. The classification system recognizes that while some 

rivers are environmentally important, the requirements for socio-economic development 

mean that not all rivers can be retained in a near natural state. Thus four possible target 

“environmental management classes” (A-D) are defined. Class A Rivers are largely 

unmodified and natural. Class B rivers are modified but largely natural; Class C rivers are 

moderately modified. Class D rivers are largely modified, with large loss of natural 

habitat, biota and basic ecosystem functioning. Class B and C Rivers lie between these 

extremes. However it is acknowledged that all resource development must be 

environmentally sustainable and so even category D rivers should retain some basic 

ecological functioning. Transitional categories (e.g. A/B and B/C) are also used to 

increase the range of possible environmental flows. This classification system is used 

within the desktop reserve model, and flow requirements computed accordingly; the 

higher the class, the more water is allocated for ecosystem maintenance and the greater 

the flow variability preserved.  
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2.5 Review of the survey on the socio-economic impacts of the Chara Chara weir  

 

              
An Environmental Impact Assessment (EIA) was conducted in the area 10 years ago 

when the Tis Abay II hydropower station was built. Nevertheless, the socio-economic 

impacts attributed to the modification of the river flows arising from the outlet of Lake 

Tana, require study to understand the existing situation. Moreover, setting environmental 

flows becomes a matter of “dialog” between social preferences and eco-hydrological 

science. Linking the two is the challenge for the future, particularly in developing 

countries like Ethiopia. This could lead to the development of new field of work (e.g. 

using the assessment methods mentioned above). To identify the importance of different 

levels of flow regime to sustain rural livelihood in the area, methods like participatory 

rural appraisal should be carried out. This may be done as part of a comprehensive 

environmental flow assessment, which brings together many disciplines and produces the 

results of higher confidence.  

 

Tourism in Africa has grown rapidly over the last 25 yrs. Between 1988 and 1994 tourist    

arrivals to African countries increased by an average 7% a year (Tour Consult 

1995).There is every reason to believe that with careful planning and development, 

tourism can become a major industry in Ethiopia. The economic value of the potential 

contraction in the tourism industry brought about by the diversion of water to the Tis 

Abay II hydropower plant was assessed. 

 

According to Brett (1996), the result of a tourist survey suggest that Ethiopia may expect 

to experience a 10% reduction in the days spent by international tourists in the country, 

whilst the Bahir Dar region, that encompasses the falls may witness as much as a 70% 

decline . Based on his cost-benefit analysis suggests that these reductions would translate 

in to a loss to the Ethiopian economy as a whole, of around $ 14.3 million and for Bahir 

Dar in particular, of nearly $ 11.4 million per annum. This compares to a value of $ 22.4 

million put on the benefit derived from electricity production. Clearly the benefit from 

the production of electricity would appear to outweigh that from tourism. However, the 
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author argues that this comparison does not present the whole spectrum of benefits that 

might be derived from the Tis Issat falls.  

 

Howard et al (1997) reported that the Tis Abay II hydro power station will help to reduce 

existing energy shortages and decrease the countries dependency on local biomass and 

imported hydrocarbon fuel. The power plant has particular benefits for women in that 

energy for lighting, food preparation, and cooking replaces the requirement for fuel 

wood, which is traditionally collected by women. Furthermore, it was anticipated that it 

would have positive effects on the immediate residents in the area by providing 

temporary jobs during construction. Actually, the Tis Abay town is supplied by electricity 

from the power station and there is a rudimentary piped water supply from a spring to 

certain areas within the town. Most domestic water in the area, however, is drawn from 

shallow wells and all other needs including cattle watering are obtained from the Abay 

River.  

 

It was reported that, due to the magnitude and the frequency of change of the river flow 

the short term effect of the expansion of the river bank on the arboreal riparian vegetation 

is rather worrying. Riparian vegetation normally aggregates along a river bank to make 

use of the wetter condition provided by the river. The trees play important biological 

roles. The shade regulates the temperature of the water and creates refugia for large 

mammals like hippos when they occur near pools. The roots give physical stability to the 

banks and leaf falls may contribute to the nutrient demand for invertebrates and 

microphytes which are important in the food web of the aquatic habitat. No arboreal plant 

is capable of tolerating complete submersion of its root zone in water except mangroves 

since this will deprive them of the aeration (Zerhiun Woldu, 1996).  

 

Previous findings about health problems in the study area predominantly focused on 

malaria. The findings of blood examination collected from the kebeles located within ten 

kilometers radius of Tis Abay area over a period of one year (1995-1996) indicate a 

64.8% positive rate for malaria. Of these infections those due to plasmodium falcciparum 

and plasmodium vivax were found to be 56.1% and 43.9% respectively (Kamal, 
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1996).Currently there is no evidence on whether malaria prevalence aggravates or has 

declined as a consequence of the Chara Chare weir therefore the survey is required to 

address this prevalent health problem. 

 

Previously some studies have been conducted on the Lake Tana region. These include: 

Feasibility report on power development at Lake Tana region, Ethiopia, JICA (1977), 

Environmental impact assessment of the Tis Abay II project (Howard et al 1996) and 

Environmental impact assessments on Lake Tana (Molla and Menilik 2004) and 

environmental impact studies, Tana Beles project (1990). Feasibility study of the Tis 

Abay II hydropower project (1996) and the Abay River Basin Master Plan Study (1999). 
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3 Description of the study area 

 
3.1 Location  

 
The study area is located from 11037.11 N and 37024.43 E to 11029.90 N and 

37035.82 E within the Blue Nile drainage basin on the high plateau of the Ethiopian 

highlands to the south of Lake Tana (Fig 1). The gently undulating plateau falls from 

an elevation of around 1780m asl at the Chara Chara weir to 1620m asl at the town of 

Tis Abay, 35km downstream of the Abay River. Basically the study area includes 

kebele 11, kebele 10, kebele 9, and Sabatamit, Magi Deberenegest, Andassa and Tis 

Abay area partly that is on the average 1.94km from the main road to the great Abay 

River. 

 

 
 
Fig 1    The Study Area 
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 3.2 Population 

The study area encompasses various kebeles which are located on the banks of the Abay 

River extending from kebele 11 of the Chara Chara area to Tis Abay town. Based on the 

data collected from the administrative zone of Bahir Dar and from different local officials  

the number of households in the study area is found to be around 17,802 and the 

corresponding total number of population is around 81,506.The average family size per 

household is 4.6 

 3.3 Hydrology  

The Chara Chara weir (Fig 4) regulates the out flow of the Lake Tana, which controls a 

catchment area of 15320 km2 including approximately 3000 km2 of Lake Tana (Fig 2) 

The intermediate catchment between Chara Chara and Tis Abay has an area of 1,100 km2 

two thirds of which is the catchment of the Andassa River, the main tributary of the Abay 

River on the right bank (Fig 3). The Andassa river is the principal tributary between the 

lake and Tis Abay, with a mean annual flow of 8.1m3/s from a catchment area of 683 

km2. The controlled active storage of Lake Tana, between elevation 1784.00 and 

elevation 1787.00 m asl, is 9.1 Billion m3, which represents approximately 2.4 times the 

average annual out flow of the lake.(Howard et al., 1997) 

Fig 2   The Lake Tana (Sept 2006) 
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Fig 3    The Abay River (Sept 2006) 

 

3.4 Geology 

The study area lies entirely in a series of Lava flow of the Aden formation, which is also 

most probably the cause of the formation of Lake Tana. The lake is believed to be created 

by basalt out flow in the Pleistocene cutting off the basin at the southern extremity of the 

lake at Chara- Chara or Bahir Dar. In other words it is thought to have originated by 

volcanic blocking of Blue Nile River two million years ago (Mohr, 1962). Geologic 

evidence shows that these volcanic activities resulted from tectonic movements and the 

present lake was caused by damming by a 50km long quaternary volcanic (Aden 

Volcanoes) basalt flow, which filled the exit channel of the Blue Nile River.  
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Fig 4 The new Chara Chara weir (Sept 2006) 

3.5 Climate  

 
According to the Ethiopian agro ecological zonation, the study area is situated in the 

Woina-Dega zone (warm to cool temperate) with the mean annual temperature, at Bahir 

Dar, of 18.5°C (max. 26°C and min. 10.7°C). The mean annual rainfall is 1447mm (from 

35 yrs of recorded data starting in 1961) ranging from a max of 2,036mm to a min of 

895mm at Bahir Dar. On average 80% of the annual rain fall total occurs between June 

and September with the highest mean totals in July (449mm). The rest of the rain fall 

occurs during autumn. The coldest month is December with average temperature of 

16.3°C and the hottest month is May with average temperature of about 21°C. Water 

temperature ranges between 21°C and 26°C. Wind directions are dominantly east to 



 22 

south-east in the dry season and west to north-east during the rainy seasons. The mean 

annual wind velocity is about 2.4m/s(Howard et al., 1997) 

 

3.6 Aquatic communities 

Between The Lake Tana and Tis Abay the river and its natural pools and wetlands 

provides a habitat for crocodiles (Crocodiles niloticus) and hippopotamus (Alcelapus 

boselaphus), most notably in the hippopotamus pool upstream of Tis Issat falls. Fish are 

present in the river, the most important species being barbus and tilapia but no 

information is available regarding their densities, habitat preference or seasonal 

distribution (Seyoum, 1996). The Zooplankton species and benthic macro-invertebrate 

fauna were found in the river during a survey undertaken in September 1996 (Seyoum, 

1996). The benthic fauna predominates over plankton in the river, and consists of typical 

afro-alpine forms such as Ephemeroptera, Tricopetra and Coleopetra (Howard et al., 

1997). 
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4.0 Materials and Methods 

 

In order to accomplish the objectives mentioned above it was required to make use of 

both primary and secondary data therefore different techniques were employed to 

synthesis the required information and ultimately generate what is hoped to achieve. 

These includes, field observation, field visit, data collection, data analysis, and 

professional judgments. First and foremost, existing documents were reviewed and 

environmental as well as the socio-economic information about the study area was 

gathered from different sources. Based on the information obtained, a household level 

questionnaire was designed for the assessment of some environmental and socio-

economic impacts of the Chara Chara weir on the downstream dwellers. 

 

4.1 Reconnaissance Survey 

 

A visit was made to the study area to gain familiarity with the environmental setting and 

to gather some basic information from the local officials of various organizations as well 

as from the local community. This was made in the month of August 2006 for the period 

of one month. This helped clearly to identify which villages are encompassed within the 

study area and to determine the corresponding populations. Moreover, a Global 

Positioning System (GPS) was used to record the geographical coordinates of the 

hydrological stations namely, the Tis Abay II hydro power station, the Tis Issat Falls and 

the Chara Chara weir. In addition, some important pictures of the study area were taken 

using a digital camera. 

 

4.2 Questionnaire Data collection 

 

A close ended questionnaire was used to elicit information on the positive and negative 

impacts of the Chara Chara weir. This was conducted in households in each village 

extending from Kebele 11 of the weir up to Tis Abay town and interviews in each sample 

area were recorded on a standardized questionnaire that was prepared to obtain direct 

responses from the householders (Appendix 1).  
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The villages in the study area and sample households were selected purposely to be on 

the average 1.94km from the main road to the great Abay River. This is because the water 

level of the river is closely associated with the day to day activity of livelihoods residing 

on just near to the Abay River rather than settled on the other side of the main road. So, 

to see the effects clearly the researcher decided to choose the households located on one 

side of the main road to the riverside.  The number of sample households selected for the 

questionnaire was determined using equation (2) (Cochran, 1977). Based on this, a total 

of 380 householders comprising of 130 females and 250 males representing from five 

villages were interviewed as shown in Table 1. In the study three data recorders were 

appointed who went to each household and filled the format by asking the specified 

questions.   

                                                                          

         n     =           NZ2pq         ----------   (Eq 1)                  

                       d2 (N-1) + Z2pq                                                 

             no     =             Z2pq   ----------------- (Eq 2)                                                                                              

                                                d2                                         

Where:  no = the desired sample size when the population is greater than 10,000. 

              n = number of samples size when population is less than 10,000.i.e       

              Z = 95% confidence limit i.e.1.96. 

              p = 0.5 (proportion of the population to be included in the sample)  

              q = 1 – P i.e. (0.5). 

              N = Total number of population.i.e 81 506 

              d = margin of error or degree of accuracy desired (0.05). 

Table 1:  Number of samples taken at different village. 

 Name of village 
Number of          
samples Percentage (%) 

Kebele 11 (Bahir Dar) 14 3.7 

Kebele 10 (Bahir Dar) 14 3.7 

Kebele 9   (Bahir Dar) 14 3.7 

Sabatamit area  71 18.7 

Magi Deberenegest area 71 18.7 

Tis Abay area 196 51.6 

Total 380                   100 
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4.3 Hydrological Data Collection. 

 

 A monthly basis summarized historical record of hydrological flow data for Andassa 

River, and The Abay River at Bhir Dar Station were collected from the Ministry of Water 

Resources. Similarly, a monthly basis summarized historical record of water discharge 

data for the Abay River was collected from the Tis Abay Hydropower station. These 

were water discharge data from the turbines both from Tis Abay I and Tis Abay II.  The 

study incorporated all the available hydrological data records of both organizations from 

1959 to 2005. 

 

4.4 Data Analysis 

 

After gathering all the required primary and secondary data, different   data analysis 

techniques were enacted to compute the collected data. This includes:  

 4.4.1 Socioeconomic data 

� The collected sample questionnaires from various villages were analyzed by 

the Statistical Package for Social Studies (SPSS) ver.11 software and 

displayed the results in descriptive percentage statistics (Appendix 6). 380 

samples were collected from the different villages to elicit the different 

problems results from the Chara Chara Weir.  

4.4.2 Hydrological data 

� All the available data from the discharge of the power station as well as from 

the runoff were computed using Excel Software and produced a flow 

summary. First the collected data of the Abay River at Bahir Dar station was 

summed to the Andassa River to get the total amounts of water flows in the 

Abay River prior to the diversion to the hydropower station. Then, the water 

discharge from the Tis Abay I and Tis Abay II were added to obtain the total 

amounts of water used for power production, since there is no water loss in 

power production. Next, the discharge from the Power Station deducted from 

the total river runoff to obtain the flows over the Tis Issat Falls (Appendices 2, 

3, 4, and 5). 
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� The computed hydrological data by the Excel Software were organized in 

such a way that to be compatible with an input data for the Desk Top Reserve 

Model ver.2. 

� The Desk Top Reserve Model ver.2 was used to analyze the data and estimate 

the environmental flow requirement of the downstream flow.  Fist of all, 

MAR, SD, CV and the Mean Monthly Flows for the period of (1964-2000) 

was calculated by Microsoft Excel. Then the data was feed in to the model to 

set the instream flow requirements. The model provided different monthly 

distribution types (e.g. dolomites), this is simply to identify the geology and 

the nature of rock types similar to the study area. When the researcher selects 

one from the lists provided, the different ecological class (i.e. A, A/B, B, B/C, 

C, C/D, D) categories will be displayed with their corresponding values; that 

are required to maintain the aquatic ecology of the river.  The choice of this 

ecological class is purely on judgmental basis; therefore, it is up to the 

researcher to choose the appropriate class to show the reality of importance of 

abstraction of water from the river. Finally, the values obtained from this Desk 

Top model was used as requirement and applied over the Tis Issa Falls for the 

period of 2001-2005 to determine the impact of the Chara Chara Weir. 
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5.0 Results and Discussion 

 

This chapter covers the findings of the study obtained from the desk top reserve model as 

well as from the socio-economic survey conducted. In the absence of any specialist 

knowledge on the relationship between hydrology and ecological functioning of the river, 

the desk top reserve model was felt to be the most appropriate method for estimating the 

environmental flow requirements needed to maintain the aquatic biodiversity. The study 

has clearly demonstrated the values of the relatively simple model results combined with 

other computations. As such the study has provided a credible scientific basis to underpin 

decisions relating to environmental water allocation 

 

5.1 Desktop Reserve Model 

 

The model was applied to the Abay River (Blue Nile) in the down stream of the Chara 

Chara weir to determine instream flow requirements; however, the natural flow series of 

the river could not be obtained. For this reason, the monthly flow series of the least 

modified period (i.e. prior to the establishment of the new Chara Chara weir (1964-2000), 

as shown in (Table 2) were used as input data for the model. Moreover; in order to 

highlight the importance of the abstraction of water from the spectacular world historic 

site of the Tis Issat Falls but recognizing the importance of hydropower production in 

Ethiopia, the ecological condition of the river was set as a C class, (i.e. a moderately 

modified type) 

In computing the results, the model assumes that the primary dry season months are 

October and November. This can not be altered within the model. However; in the case 

of Ethiopia the dry months are May and June; in order to reflect this, the input data was 

modified and the results were then readjusted.  

 

The results obtained from the computation of the desktop reserve model are presented in 

the Table 2 .According to the model, in order to maintain the Abay River at Ecological 

class of C level, requires an average annual total environmental flow allocation (sum of 

low and high flows ) of 1197.977 MMC, which is 29.90% of the Mean Annual Runoff. 
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Table 2   Summary of Desktop estimate for the Abay (Blue Nile) River (1964-2000) 

        MAR                               =   4006.224 MMC 

        SD                                   =   1587.428 

        CV                                   =   0.396 

        Q75                                 =   60.500 

        Q75/MMF                       =   0.181 

        BFI Index                        =   0.389 

        CV (JFM+ASO) Index   =   1.037 

         Ecological Category      =    C (moderately modified type) 

         Distribution Type          =   Dolomite  

         Monthly Distributions   =     (MMC or Million Meter Cube)  

Total IFR   = 1197.977 (29.90 %MAR),   Drought Low flow     = 158.563 (3.96 %MAR)              

Maint Low flow = 659.362 (16.46 %MAR), Maint. High flow = 538.615 (13.44 %MAR     

Table 3 Summary output from the desktop reserve model for C class applied to the          

              Abay River (Blue Nile) based on 1964-2000 monthly flow series. 

                      Observed Flow (MMC)             Environmental Flow Requirement (MMC) 

Month Mean SD CV 

               Low flows 
      
 Maintenance      Drought                     

High 

flow 

 Total Flows 

Maintenance        

May 39.638 40.35 1.018 
14.83 0 0 

14.830 

Jun 41.733 41.12 0.985 
13.969 

6.962 1.924  15.893 

July 146.386 76.494 0.523 
22.176 

11.052 80.704 102.88 

Aug 543.295 243.708 0.449 
54.590 

27.206 40.352 94.942 

Sep 982.138 464.001 0.472 
97.003 

48.343 278.117 375.12 

Oct 863.621 390.004 0.452 
103.442 

19.4 40.352 
143.794 

Nov 538.374 227.035 0.422 
91.544 

9.5 70.857 
162.401 

Dec 345.471 136.602 0.395 
82.975 

29.5 26.308 
109.283 

Jan 211.907 94.261 0.445 
71.418 

 
6.60 

0 71.418 

Feb 128.757 66.09 0.513 
50.454 

0 0 
50.454 

Mar 95.862 74.794 0.78 
33.674 

0 0 
33.674 

Apr 69.04 80.618 1.168 
23.289 

0 0 23.289 
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 Table 4 Comparison of environmental flow requirements computed by the desktop 

reserve model and the actual mean monthly flows at the Falls between 2001& 2005 

Month 

      Estimated DTR Flow for 
 (C Class) Total Maintenance 
 
            MMC                M

3
/s 

  Observed Tis Issat falls  for the 

period of  (2001-2005)  

              MMC                    M
3
/s     

Ratio of 
Observed to 
DTR Flow 
   

MAY             14.830 5.721 20.975 8.092 1.414 

JUN 15.893 6.132 7.138 2.754 0.449 

JUL 102.88 39.691 158.937 61.318 1.545 

AUG 94.942 36.629 126.034 48.624 1.327 

SEP 375.12 144.722 200.831 77.481 0.535 

OCT 143.794 55.476 150.619 58.109 1.047 

NOV 162.401 62.655 102.479 39.537 0.631 

DEC 109.283 42.162 80.123 30.912 0.733 

JAN 71.418 27.553 53.06 20.471 0.743 

FEB 50.454 19.465 39.497 15.238 0.783 

MAR 33.674 12.992 40.302 15.549 1.197 

APR 23.289 8.985 24.327 9.385 1.045 

(Source: Own Computation) 

 The minimum flows of the river water are obtained during the dry months of the year 

particularly in May (14.830 MMC) and June (15.893 MMC); where as the highest 

amounts are found in September and October with mean values of (982.138 MMC) and 

(863.621 MMC) respectively (Table 3). Model results indicate that the absolute minimum 

dry season flow required to maintain the aquatic ecology is 5.721m3
/s; The underlying 

assumption is that a functional community will be maintained if this low-flow criteria is 

met (assuming acceptable water quality is maintained); however, the observed minimum 

low flow is found to be 2.754 m
3
/s (i.e. 48% of the minimum simulated instream flow 

requirement). Besides, as can be seen in (Table 4) ratio of DTR to actual is below 1 this 

implies that the water over the falls is critically affected and seems to affect the ecology. 

 

Unlike low flows which are required predominantly for the maintenance of habitat, high 

flow events are required to fulfill a range of different functions which include 

maintenance of channel geomorphology; mobilization of sediment; inundation of flood 

plains and recharge of isolated pools and aquifers; activation of seasonal side channels; 

provision of suitable habitat for riparian vegetation; and provision of cues for spawning 
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and migration. This makes the setting of high flow requirements inherently more 

complex than low flow requirements as consideration needs to be given not only to the 

magnitude of required flows but also to the frequency, timing and duration of events. 

However, in the desktop estimate these issues are simplified somewhat because results 

are required only as a time series of monthly volume requirements. 

 

As showed in Table 4, The high flow requirement of simulated by the model is found to 

be 144.722 m
3
/s in September but the observed flow over the Tis Issat falls was 77.481 

m
3
/s; (i.e.53.5% from the amount  required ) to sustain the aforementioned functions of the 

river as well as to keep the visual amenity of the site. Furthermore; the comparison result 

of the observed flow data to the estimated total maintenance requirements of the Falls 

during November to February is below 1.0; which indicates that, extremely large amounts 

of water was diverted to the hydropower station at approximately 300 m upstream of the 

Falls.  The following (Fig 5) shows the comparison. 

Comparison of DTR to Observed flow data (2001-2005)
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Figure 5 Comparison of Desk top reserve result to Actual flow data of Tis Issat falls. 
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5.2 Flow Allocation for the Tis Issat Falls 

 

The issue of determining the allocation of water between the Hydropower station and the 

Tis Issat Falls has been the major focus of the Environmental Flow Assessment. The 

current study incorporates all the available monthly time step data of the water discharge 

from Tis Abay I and Tis Abay II power stations and the hydrological flows of both the 

Andassa as well as the Abay River. The deduction of flows of the discharge from flows 

of the rivers would result in the flows over the falls. Although the Tis Abay I Power 

station was commissioned in 1964 its impact on the water allocation of the Tis Issat Falls 

and the environment in general were very insignificant as compared to the new Power 

station II established in 2001. The analysis of the two scenarios are computed and 

presented in the subsequent tables and figures.  

 

 Table 5 Summary of the Mean Monthly Flow distributions of the Abay River prior 

to the establishment of the new Chara Chara weir for the period of (1964-2000) 

Month 

Sum of Abay at Bahir Dar and 
the  Andasa River  (1964-2000)  

              
              MMC                 M

3
/s 

Tis Abay I Discharge from  
power station   (1964-2000)  

           
              MMC                M

3
/s 

Flow over the Tis Issat 
Falls    (1964-2000) 

  
         MMC               M

3
/s 

MAY 40.341 15.564 12.065 4.655 28.935 11.163 

JUN 43.152 16.648 13.022 5.024 30.129 11.624 

JUL 149.186 57.556 14.608 5.636 134.578 51.920 

AUG 528.776 204.003 17.501 6.752 511.275 197.251 

SEP 943.597 364.042 17.419 6.720 926.178 357.322 

OCT 831.149 320.659 17.214 6.641 813.967 314.030 

NOV 518.180 199.915 18.172 7.010 500.346 193.035 

DEC 326.488 125.960 17.854 6.888 308.634 119.072 

JAN 200.872 77.497 17.686 6.823 183.631 70.845 

FEB 125.097 48.263 16.597 6.403 108.898 42.013 

MAR 86.392 33.330 16.156 6.233 70.792 27.312 

APR 59.696 23.031 13.665 5.272 46.500 17.939 

(Source: Own Computation) 

As shown in Table 5, the dry months of the year are May and June with mean monthly 

runoff of 40.341 MMC (15.564 m
3
/s) and 43.152 MMC (16.648 m

3
/s) respectively; giving 

the corresponding 11.163 m3/s and 11.624 m3/s of the minimum dry flow over the Falls.  
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Maximum runoff occurs after the rainy season which are September and October with 

mean monthly runoff of 943.597 MMC (364.042 m3/s) and 831.149 MMC (320.659 

m3/s); giving the corresponding 357.322 m3/s and 314.030 m3/s to have a spectacular 

natural event over the Tis Issat Falls for the period specified (Table 5) 

 

The Mean Annual Runoff (MAR) of the Abay river during 1964-2000 was 3852.93 

MMC; about 46.1% of the MAR was obtained only from both the peak months of 

September and October which together provide a mean sum of 1774.75 MMC. However; 

the MAR of the Abay River during 2001-2005 was 5820.17 MMC (i.e. 51.1% increment 

of the total flow) as shown in (Appendices 2 and 3) 

 

Table 6 Summary of the Mean Monthly Flow distributions of the Abay River after 

the establishment of the new Chara Chara weir for the period of (2001-2005) 

Month 

Sum of Abay at Bahir Dar 
and  Andassa River (2001-

2005) 
                  
          MMC                      M3/s 

Tis Abay I & II 
Discharge from Power 
St. (2001-2005) 

                               
      MMC        M3/s                       

Flow over the Tis Issat 
Falls  (2001-2005) 

            
       MMC                 M3/s 

MAY 254.937 98.355 240.671 92.851 20.975 8.092 

JUN 253.869 97.943 261.987 101.075 7.138 2.754 

JUL 378.092 145.869 237.689 91.701 158.937 61.318 

AUG 401.099 154.745 294.288 113.537 126.034 48.624 

SEP 441.260 170.239 289.091 111.532 200.831 77.481 

OCT 368.072 142.003 243.591 93.978 150.619 58.109 

NOV 304.211 117.365 241.749 93.267 102.479 39.537 

DEC 282.549 109.008 243.832 94.071 80.123 30.912 

JAN 273.468 105.505 228.445 88.135 53.060 20.471 

FEB 253.721 97.886 237.112 91.478 39.497 15.548 

MAR 308.869 119.163 270.232 104.256 40.302 15.549 

APR 297.024 114.593 284.406 109.725 24.327 9.385 

(Source: Own Computation) 

As indicated in Table 6, the minimum flow of the Abay River in the normal dry season of 

May and June were 254.937 MMC (98.355 m3/s) and 253.869 MMC (97.943 m3/s) 

respectively. If we compare these values of the dry months with that of the values of the 

year 1964-2000; of May 40.341 MMC (15.564 m
3
/s) and June 43.152 MMC (16.648 

m
3
/s); the former exceeds the later more than five times, this indicated that the water level 
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of the Abay River in the upstream of the Falls to the weir has increased significantly 

during the dry seasons. On the one hand; this may have a great significance to some 

aquatic organisms because of the increased dry season flow and may have created a 

suitable water environment for their ecological functions. On the other hand, it may have 

perturbed the natural cycle of some aquatic organisms and it is likely to harm others some 

way. Besides, the all year round submersion of the root system of the trees would be 

detrimental to the trees themselves. 

 

Furthermore, because of the constant diversion of large volume of water in the 300m 

upstream of the Falls to the power station; both the ecological and the recreation values 

of the flows over the Falls are critically affected. 

Flow Allocation Over The Falls
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Figure 6 Comparison of the Tis Issat Falls water allocation between the period of 

1964-2000 and 2001-2005. 

A Previous study indicated that, the minimum flow likely to satisfy the visual 

requirements of the waterfalls was 60 m
3
/s (Nicolas 1996); however, currently only in the 

two months of the year is this requirement met the (Table 6), the rest of the months were 

not suitable for the tourists. The Mean Annual Runoff (MAR) of the Tis Issat after the 
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construction of the weir was found to be 1004.32 MMC; this indicated that a 72.59% 

flow decline from the pre 2001 MAR. (Appendix 4 and 5) 

 

 According to, the data obtained from the Tis Abay Tourism Bearu the peak months of 

the Tis Issat visitors were in December and January but the average flows on the Falls 

over the period of 2001-2005 for the months specified were 80.123 MMC (30.912 m
3
/s) 

and 53.060 MMC (20.471 m
3
/s) respectively (Table 6). One can imagine the disappointment 

this reduced flow might cause for tourists who have traveled to see the water Falls. 

Consequently this could lead to a drastic drop in the number of visitors in the near future 

and cause an inevitable negative impact to the national economy at large; apart from the 

destruction of the aquatic ecosystem. Therefore, it is good to release 60 m
3
/s for tourists 

only for few hours in a day by arranging a constant programme in discussion with Tis 

Abay Tourism Bureau. 

 

An attempt was also made to use Environmental water scarcity index to investigate the 

environmental water stress or environmental water scarcity caused by abstractions of the 

Falls. According to, (Smakhtin, et al 2004) report, basins where water use is not tapping 

in to or even close to the water reserved for the environment are considered to be 

ecologically safe; but in basins in which the total water use is close to the estimated 

Environmental Water Requirements (EWR) are considered to be environmental water 

stressed; Basins where the use is tapping into EWR are “environmentally water scarce”. 

In basins like this; the discharge has been reduced by total withdrawals to such levels that 

the amount of water left in the basin is less than estimated EWR. And the scarcity of the 

river was calculated by the following formula (Smakhtin et al.,2004). 

WSI   =   Withdrawals 
                 MAR - EWR 

 
Where WSI = Water Stress Indicator which reflects the scarcity of river water by human 

use taking in to account Environmental Water Requirements (Table 7) 
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            Table 7    Categorization of environmental water scarcity of rivers 

 

WSI (proportion) Degrees of Environmental Water Scarcity of River Basins 

WSI > 1 Overexploited  -environmentally water scarce basins (current use 

is tapping into EWR) 

0.6 < WSI < 1 Heavily exploited – environmentally water stressed basins (0 to 40 

% of the utilizable water is still available in a basin before EWR is 

in conflict with other uses. 

0.3 < WSI < 0.6 Moderately exploited (40 % to 70 %) of the utilizable water is still 

available in a basin before EWR is in conflict with other uses. 

WSI < 0.3  Slightly exploited. 

 

Source (Smakhtin.V.et al 2004)  

Based on the Computation of the current study, the average amount of water withdrawn 

from the Abay River for the period of 2001-2005 was found to be 3073.09 MMC and the 

Mean Annual Runoff (MAR) of the Tis Issat Falls was 2747 MMC (i.e. MAR of Abay 

river minus the mean annual diverted to the power station) and Environmental Water 

Requirement of the river as computed from the desk top reserve model shown previously 

was found to be 1197.98 MMC. Substituting these values in the above formula would 

give a value of WSI (Water Stress Indicator) to be 1.99 this implies that the water goes to 

the Falls are overexploited by the neighboring hydropower station. Therefore, the Tis 

Issat Falls is environmentally water scarce basin, which really endorses the results 

obtained from the computation of the desk top model.  

5.3 Results of the survey data 

 

In the study an efforts was made to investigate the social, economic, and some 

environmental impacts of the Chara Chara weir on the livelihoods of people living 

downstream. This was done only as part of the environmental flow assessment, and 

supplementary of the desk top reserve model results which brings together the results of 

higher confidence. The results obtained from the survey are presented in the next 

sections.  
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5.3.1 Social issues 

 

 A previous study indicated that the prevalent health problem prior to the establishment of 

the weir was pneumonia (23.2%) and malaria (22.6%) respectively. (Kamal,1996). 

Although, the area is situated in at a higher altitude the prevalent health problem in the 

study area is malaria particularly in dry seasons; this may be attributable to the extensive 

areas of marshes and the abundance of water in the river all over the year since this is 

favorable habitat for mosquitoes. Question has been forwarded to the downstream 

householders to investigate the distribution and 87.9% of the respondants said malaria is 

the prevalent health problem in the area and other internal diseases only 12.1%.To the 

question whether malaria occurs during dry season, during rainy season or all year round 

they responded 65.5%, 24.2%, and 10.3% respectively(Fig 7). 
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Fig 7   Distribution of malaria occurrence in the different season. 

 

Despite the fact that, the Tis Abay hydropower station is located near the villagers 

majority of the residents do not have access to the electricity; only 27.9% of the 
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respondants in the towns have access to electricity the rest 72.1% use kerosene lamp and 

fuel wood as a source of light and for cooking. Therefore the villagers are continued to 

denude the remaining shrubs and trees for their daily needs. This might aggravate 

degradation of the lands and enhance soil erosion in the area and may end up in fragile 

ecosystem unless alternative options are provided. 

 

In the survey attempts have been made to determine whether the regulation of the river 

was beneficial to the residents; 26.1% of the sample households use municipal water and 

water from water wells; the remaining 73.9% of the households obtain water for their 

daily consumption and for their livestock from the Abay River. According to the 

respondants the regulation of the river at the Chara Chara weir was beneficial to the 

households for their daily consumption as well as for their homestead gardens because 

the water level of the river is more abundant than before even in the dry months of the 

seasons; thus making access easier. This assisted women especially since it is they that 

have to fetch water from the edge of the river. 

 

In addition, some farmers diverted water from the bank of the river to their garden and 

produced some vegetables and cash crop plants both for their consumption and market. 

Although the weir made it the river very suitable for irrigation so far very few formal 

irrigation farms are located in the study area; this may be due to the lack of awareness of 

the residents in the area or/and the gorge nature of the Abay river i.e. the unsuitable shape 

of the path the river follows made it untouchable for extensive farming. Also, likely of 

that the EEPCO are against large scale irrigation upstream of the power station, since it 

would reduce flows to the station. 

 

During the survey, attempts were made to collect information about the availability of 

fishes in the Abay River for the consumption of society after the weir was established. 

The household survey indicated that only 12.5% of the respondents in the study area were 

engaged in fishing at the Abay River. Of these 52.4% of them replied that the availability 

of fish in the Abay River has increased because of an increase of the water level of the 

river throughout the year even in the dry seasons; this could be because vulnerability of 
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fishes to their natural prays is very high naturally during dry seasons due to the restriction 

of water path available for spawning and migration. However; this natural trend of the 

river is significantly modified by the weir in the upstream and may have created a 

suitable environment for fish. On the contrary, 26.1% of the respondants believed that the 

fish population in the river has decreased and the remaining 21.6% of the householders 

claim that they did not see any difference in the quantity of fish. 

 

About 51.85%, of the respondants confirmed that the rate of flooding in the area during 

rainy season has decreased after the construction of the Chara Chara weir. Similarly, 

questions have been forwarded to the downstream dwellers whether there was any 

systematic information system when there was excess release of water from the weir and 

if they were ever notified of any accident as a result of that. 85.3% of the respondants 

said that there was no any information system to warn the downstream people. Owing to 

this reason sometimes people and cattle were taken up and died as a result of excess flow 

released from the weir as shown in (Fig 8).During a load failure emergency, water was 

diverted over the Falls with no warning; consequently, several people including students 

from Bahir Dar University, swimming in the river downstream of the Tis Issat Falls were 

drowned. Consequently, the residents are scared that their children and cattle may be 

taken up by the river as levels change very rapidly from time to time.  
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Fig 8 Rate of accident (death) occurred as a result of excess release of water 
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5.3.2 Economical and Environmental Issues 

 

A question was asked to the Tis Abay area householders to ascertain if the establishment 

of the Tis Abay hydropower station created job opportunity to villagers. The survey 

indicated that about 38.9% of the respondent assured the project created temporary and 

permanent job opportunity to their householders. 

 

All of the Tis Abay householders i.e. 51.6% of the total respondents confirmed that both 

local and foreign tourists have visited the Tis Issat falls in the past six years after the weir 

was established; despite the drastic decline of flow over the Tis Issat falls and the 

reduction of the spectacular visual amenity of the world historic site.  This may due to the 

fact that the number of tourists visiting the country has increased significantly in the past 

few years. The villagers catered different services to the tourists such as traditional wears, 

cultural gifts and soft drinks, however; they were claiming that as most of the tourists 

would not be satisfied with the visual amenity of the Tis Issat Falls as they had expected; 

as shown in (Fig 9 and 10) and they would be upset and do not even get interested to buy 

their commodities; as a result this affected the economy of the households in the Tis 

Abay area. 

 

However; so far the reduction of the Tis Issat falls has not affected the national and 

regional revenue obtained from the tourists rather it has increased compared to the 1995 -

1996 year data; this may be simply because the awareness of the domestic tourists as well 

as foreign tourists were increasing from time to time and a strong promotion work about 

the site may have been done; and yet the trend may not continue  at the present rate 

unless some remedial action is taken in the near future to safeguard the optimum amount 

of flow over the Falls. For the sake of comparison a 10-month tourist revenue data before 

and after the Chara Chara weir was made are depicted in the Tables 8 and  9 respectively. 
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Table 8.  Monthly visitor Numbers to Tis Issat Falls, 1995-1996  

MONTH DOMESTIC 

TOURIST 

FORIEGN 

TOURIST 

TOTAL 

VISITOR 

NUMBER 

TOTAL REVENUE 

GENERATED(Birr) 

SEPTEMBER 902 406 1308 7717 

OCTOBER 719 723 1442 13002 

NOVEMBER 627 882 1509 15112 

DECEMBER 536 1041 1577 17223 

JANUARY 622 704 1396 17331 

FEBRUARY 748 702 1450 13394 

MARCH 594 695 1289 12204 

APRIL 448 437 885 7899 

MAY 803 284 1087 7356 

JUNE 679 173 852 4835 

10-month 

TOTAL 

6,678 6,117 12,795 116,073 

Source: (Howard et al 1997) 

 

Table 9. Monthly visitor numbers to Tis Issat Falls, 2005-2006 

MONTH DOMESTIC 

TOURIST 

FORIEGN 

TOURIST 

TOTAL 

VISITOR 

NUMBER 

TOTAL REVENUE 

GENERATED 

     (Birr) 

SEPTEMBER 1775 755 
2530 18186 

OCTOBER 1299 1128 
2427 23439 

NOVEMBER 1007 661 
1668 14820 

DECEMBER 3168 934 
4102 

19254 

JANUARY 878 1421 
2299 

27269 

FEBRUARY 1345 769 2114 
17834 

MARCH 973 605 1578 
13108 

APRIL 1205 748 1953 
14765 

MAY 1540 258 1798 
8468 

JUNE 1543 230 1773 
8809 

10-month 

TOTAL 

14,733 7, 509 22, 242 204,474 

Source: (Tis Abay Tourism Commission) 
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Fig 9 The Tis Issat Falls (Sept 2006) 

 

 

 

 

Fig 10 The Tis Issat Falls (Jan 2006) 
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Moreover, the householders were also asked to explain whether they collect fruits from 

the riparian vegetation to supplement the supply of the cultivated crop or for market. The 

respondants confirmed that about 76.8% of the households used to collect wild edible 

plants (fruits) from the riparian vegetation such as Syzygium guineanse (Dokma) and 

Mimusops kummel (Eshee) and then sell it in the market and obtained good sum of 

money every season to support their life. However the productivity of the riparian 

vegetation has declined significantly since the weir became operational. Consequently, 

this income source of the villagers has been interrupted. The fact that the productivity of 

the riparian vegetation has declined may be due to the very controlled nature of the river 

water at the Chara Chara weir. 

During the survey, the down stream householders were asked to point out the major 

benefits they had obtained from the weir. As shown in the Table 10 about 17.6% of the 

respondent said the weir was important to increase the electricity production supply, 

20.5% of them confirmed that because the water level of the Abay river was full 

throughout the year farmers could not denude trees grown in the  river. Hence the weir 

protected the remaining trees found in the middle of the Abay River from 

deforestation.18.7% of  the Sabatamit area respondants said that the weir helped them to 

have a constant and required amount of water needed to use grain mill service throughout 

the year. The remaining 30.7 % of the total households concluded that the weir did not 

bring any benefit to their lives. 

Table 10.Beneficial impacts of the Chara Chara weir  

No. 
Benefits obtained  

Number of 
Households Percent (%) 

1 
Increased electricity production 67 17.6 

2 
Reduced deforestation in the river 78 20.5 

3 Provide grain mill service always to the 
villagers 71 18.7 

4 
Fishing and small scale irrigation farms 48 12.6 

5 
No benefits were observed 116 30.7 

 
Total 380 100 
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The householders were also further questioned to mention some of the adverse impacts of 

the Chara Chara weir they observed ever since its establishment. Their response is 

summarized in the Table 11.  

Table 11 Adverse impacts of the Chara Chara weir 

 
 
No. Adverse effect 

Number of 
householders Percent (%) 

1 Significantly decreased the Tis Issat fall 
there by affect the Tis Abay  Villagers 
revenue 196 51.6 

2 Reduced the productivity of the riparian 
vegetation or wild fruits ( Eshe and 
Dokma) 14 3.7 

3 Affect the household economy of the 
villagers 86 22.6 

4 They fear their children and cattle will 
taken up by the river during sudden 
excess flow 80    21.05 

5 
No adverse impacts were seen 4 1.05 

 
Total 380 100 

 

In the study, an attempt was made to determine the attitudes of the population about the 

construction of the weir. Based on the information obtained; 52.4% of the sample 

householders indicated that they have a positive attitude towards the establishment of the 

Chara Chara weir and 31.1% of the respondants concluded that they a negative attitude 

towards the weir and the remaining 16.6% of the householders replied that they even do 

not have any idea if there is such a weir.  
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6.0 Conclusion and Recommendations 

 

  6.1 Conclusions 

 

The concept of environmental flow requirements has a paramount function in evaluating 

the conflict of interest between development and ecological maintenance of rivers.  

Recognizing the indispensable role of rivers in national economic development and 

establishing environmentally adequate and socially acceptable limits of their exploitation 

is of utmost importance. The provision of environmental flows is not only a scientific 

question, but also a social, economic and political issue. Therefore, establishing an EF 

regime should involve many different actors, from the highest levels of government 

officials through to local communities. In the current study, model results and survey 

methods were employed to investigate the environmental flows in the downstream of 

Lake Tana. 

  

Based on the desk top model computation, in order to maintain the Abay River at 

Ecological class of C level, requires an average annual total environmental flow 

allocation (sum of low and high flows ) of 1197.977 MMC, which is 29.90% of the Mean 

Annual Runoff (MAR). From ecological point of view, the ratio of environmental flow 

requirements obtained from the Desktop Model to the actual flow below the diversion 

point is calculated to be less than 1 in most of the months; this implies that there is a 

water scarcity from the point of diversion to the Tis Issat Falls and the ecology seems to 

be affected seriously. 

 The minimum flows of the Abay river are obtained during the dry months of the year 

particularly in May (14.830 MMC) and June (15.893 MMC); where as the highest 

amount occur in September and October with mean values of (982.138 MMC) and 

(863.621 MMC) respectively. From the model, The high flow requirements was 

determined to be (375.12 MMC) 144.722 m
3
/s in September but the actual flow data of the 

Tis Issat falls was (200.83 MMC) 77.481 m
3
/s; this is a reduction of 46.5% from the 

required amounts and hence fails to sustain environmental high flow functions of the 

river as well as to maintain the visual amenity of the Falls. 
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A Previous study indicated that the minimum flow likely to satisfy the visual 

requirements of the waterfalls was 60 m
3
/s (Nicolas 1996), It is found that the peak months 

of the Tis Issat Falls visitors were in December and January but the average flows on the 

Falls over the period of 2001-2005 for these months specified were 80.123 MMC (30.912 

M
3
/s) and 53.060 MMC (20.471 M

3
/s) respectively. Moreover; the Mean Annual Runoff 

(MAR) of the Tis Issat after the construction of the weir was found to be 1004.32 MMC; 

this is a 72.59% flow decline from the pre 2001 MAR. Despite the fact that, the 

unsatisfactory low flows over the Falls a reasonable number of tourists have visited the 

site in recent years; and fortunately the total revenue from this historic site has not been 

adversely affected to date. However; it is obvious that unless some remedial actions are 

taken as soon as possible to mitigate the problem; in the near future the Tis Issat Falls 

will cease to be a major tourist attraction. Therefore, it is advised to release the optimum 

60 m3/s for a few hours per day to tourists especially in the weekend to meet their 

demand. 

  

A household survey was carried to assess the social, economical and some environmental 

impacts which have resulted from the establishment of the weir at the out let of Lake 

Tana; and accordingly the following positive (beneficial)) impacts of the Chara Chara 

weir were reported by local people. 

� The establishment of the weir increased the renewable energy resource 

capacity of the country by 72 MW and this was a remarkable break-through to 

utilize the immense and intact hydropower potential of the country as well as 

to meet the growing power demand of the citizens. 

� As Abay River was full throughout, there by preventing farmers from 

denuding trees grown in the river.  

� Majority of the respondants confirmed that the rate of flooding in the area 

during rainy season has decreased after the construction of the Chara Chara 

weir. 

� Sabatamit area respondants stated that the weir helped them to have a constant 

and required amount of water needed to use grain mill service throughout the 

year.  
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� About 38.9% of the Tis Abay area respondent indicated that the project 

created temporary and permanent job opportunity to their householders. 

� Regulation of the Abay River was beneficial especially to women to fetch 

water from the edge of the river rather than going to the middle of the river in 

dry seasons.  

� Majority of the downstream households replied that the availability of fishes 

in the Abay River has increased because of an increase of the water level of 

the river throughout the year even in the dry seasons. 

� Since the water level of the river was suitable for small scale irrigation; some 

farmers diverted water from the bank of the river to their garden and produced 

important vegetables and cash crop plants both for their consumption and 

commercial purposes. 

As opposed to the aforementioned beneficial impacts of the weir; the result of the survey 

also indicated the following adverse (negative) impact of the weir. 

 

� Majority of the respondants stated that there was no any information system 

to warn the downstream people before releasing excess water from the weir; 

for this reason sometimes accidents occurred and they also fear the loss of 

their children and their cattle. 

� Although Tis Abay hydropower station is located near the villages the 

majority of the residents do not have access to the electricity; only 27.9% of 

the respondants in the towns have access to electricity the rest 72.1% use 

kerosene lamp and fuel wood as a source of light and for cooking. Therefore 

the villagers continue to denude the remaining shrubs and trees for their daily 

consumption. 

� The people were used to collect wild edible plants (fruits) from the riparian 

vegetation such as Syzygium guineanse (Dokma) and Mimusops kummel 

(Eshee) and also sold it and obtained cash every season to improve their 

living. However the productivity of the riparian vegetation has declined 

significantly since the weir became operational. Consequently, this income 

source of the villagers has been interrupted. 
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� The Tis Abay villagers catered different services to the tourists such as 

traditional wears, cultural gifts and soft drinks, however; they claim that as 

most of the tourists would not be satisfied with visual amenity of the Tis Issat 

Falls as they had expected; they would be upset and could not be interested to 

buy their commodities; this affected the economy of the households in the Tis 

Abay area. 

� The amount of water flows over the Falls is significantly reduced and so its 

visual amenity is lost. 

       

  6.2 Recommendations  

 

Based on the findings of the study in order to minimize the above mentioned problems 

and for further scientific assessment the following points are recommended.  

1. The environmental problems associated with the Tis Issat Falls are surely reversible 

provided that a joint effort is made to overcome the situation. Therefore; the Ministry 

of water resources should take the initiative and work in collaboration with other 

organizations such as: Ethiopian Electric Power Corporation (EEPCO) Environmental 

Protection Authority (EPA), Tourism Commission, Cultural and heritage protection 

and the scientific community to arbitrate the conflict of interests and come up with 

sustainable solutions.  

 

2. The Tis Abay Hydropower Station (EEPCO) should establish a systematic 

information system to warn the downstream people when they plan to release excess 

water during load failure or spillage at the Lake Tana. 

 

3. From tourism point of view, during weekends when the number of tourists visiting 

the Tis Issat Falls would be high and the power consumption is low; it is judicious to 

divert the water to the Tis Issat Falls at least the optimum 60m3/s for tourists for 3-4 

hours and then back to the power station leaving the ecological requirements.  
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4. The current impacts of the Chara Chara weir on the terrestrial and aquatic ecology are 

not clearly known. So, further more detailed scientific assessments are recommended 

in this regard.     

  

5. Currently the Tana-Beles project is under construction when the time comes for it to    

     be operational it will use water from the Lake Tana. Therefore, it is strongly  

     recommended that further scientific assessment of the inflows and out flows of the  

     Lake and its sustainability are undertaken.    

 

    

. 
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(Appendix1) 
 

A house hold level Questionnaire to asses the impacts of The Chara Chara weir, 
in the downstream villages. 

 
Name:                                                                                        Town:  
 
Sex. Male           Female                                                            Age: 
 
Occupation:                                                                          Martial Status: Single               Married          
 
Date:                                                                                        Divorced:           
 
 

1. What are the most common health problems in your village? 
. Malaria.                  Intestinal disease                                        others (specify)                                              

 
2. How frequent does malaria occur in your village? 

             During rainy season            during dry season            all year round                No malaria   
  

3. Do you know the reason why malaria is so frequent in the village? 
Yes                  No                              If yes specify:                                                                   

                                                    
4. What is the source of light in your village? 

Electricity             Kerosene lamp            Fire wood                  other, specify:    _______________________                         
                                       

5. How is the availability of fishes for the consumption of the society in the river  
After the Chara weir was built? 
 
 Increased                     Decreased                     No difference             
 

          6   Does your household engage in fishing in the Abay River?   YES                        No                       
           If no, why not?  _________________________________________                                                                                                           
 
 6.1 Do you sell some or all of your fish catch in the market?   YES      NO               If yes what proportion      
                         (¼, ½, ¾, all)? 
                 6.2 How much money did you earn from selling fish last year (birr)?  ___________________________ 
           7   Have you ever noticed any accident to human beings or cattle as a     

result of excess amount of water flow released from the Chara Chara weir? 
 
. Rarely.           Sometimes.               Often.              No accident encountered            
 

            8   Is there an information system when there is excess release of  
water from the weir?   YES                NO                  I do not know          
 

           9 Has the rate of flooding in the surrounding area decreased as a result of the  
 Construction of the weir?  
 
Yes                  No                   If no specify      ____________                                                            

 
10 Compared to the present, was soil erosion a great problem in your town before six years ago?  

   Easier      More difficult   No difference  
 

 If there has been a change, why is this? 
 

11   Was it easier or more difficult to obtain drinking water or for your livestock from the river six years ago? 
 

Easier            More difficult                 No different            
 

12   Are there any problems with water quality in the river after the construction of     the Chara Chara weir?     

     Yes  No   I don’t know   

  If yes, describe (what is the cause? what should be done about it? who should take the initiative? 

               _________________________________________________________________________________ 
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13   Do you obtain drinking water for humans and livestock from the   river? 
                      Yes               No                                Other, specify ____________________________ 

                
14   If your answer is YES to the above question, is the regulation of the Abay River at the Chara Chara wier beneficial to the 
households of the town for the daily consumption? 
 

Yes              No       No                               If yes explain how?                                                                
 
  
 

      15 Have tourists visited your village in the past six years?   YES                     NO  
            If not, explain why? 
           
          15.1 Did your household cater any service to the tourist        Yes                      No           
 
           If not, why not?                                                                                                
 
           If yes, in what way? 
           
          15.2 What attracts tourists in the village? 

 
16    Does the river dry up in the dry season more than it did in the past (before 2001)?     
              YES                     NO                      I do not know 

               
            If yes, describe what is the cause?  
 
 

 
17    Does the regulation of the river at the Chara Chara weir made the river water    

more suitable for irrigation all over the year   Yes               No              
If no, explain why?   
                                                                                                                  

18   Do you or members of your household collect wild plants/fruits/mushrooms from   the riparian vegetation to supplement the 
supply of cultivated crops OR to sell? 

     YES                NO                   If yes, name the most important species                                  

 

19   Did the Tis Abay II project provide you /your family temporary or/and  
Permanent job during its construction or operation times?   

                            Yes                             No                      
           
20   Has there been any conflict between the Tis Abay II hydropower station and the people living downstream?        
                 YES                      NO               I do not know 
                  
            If yes, explain    _____________________________________________ 
    
21    Mention some of the beneficial impact of the Chara Chara weir that you have 

Observed since 2001. 
 

 
22   Mention some of the adverse impacts of the Chara Chara weir that you have  

Observed since 2001. 
 

                                                                                                                                                               
23 What is your attitude towards the Chara Chara weir/Tis Abay II Hydropower station?   

                                                                                                                                                        
      

 
24 What do you think must be done in the near future to overcome the problems you have faced?  Explain how you think they can be 
solved? Who should take the initiative?  
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 (Appendix 2) 

 

                              Tis Abay I Discharge for the period of (1964-200) MMC 

 

                                                     

Y      Year JAN FEB MAR APR MAY JUN Jul AUG SEP OCT  NOV  DEC 

 1964 2.960185 5.44085 8.88165 7.79969 9.48005 11.1512 11.908 13.2872 0 0 0 0 

  1965 10.387 10.9047 12.2035 10.447 11.1717 12.1967 12.798 11.79545 11.1078 9.27945 10.5451 11.1784 

1966 10.7066 10.9888 11.2897 9.6458 11.2472 11.8864 11.751 13.056 11.3696 12.08615 13.5439 13.521 

1967 13.8873 13.7352 16.5131 12.9209 14.1627 12.1032 3.5156 15.2966 12.7849 12.42624 13.6867 13.6774 

1968 14.99655 15.0358 15.6706 14.3251 15.2363 15.4114 15.559 7.188875 14.4317 14.53245 14.5784 14.0701 

1969 6.7303 1.39802 0 6.19395 6.32485 6.51865 6.4549 6.98615 6.4583 6.2577 6.63085 6.77535 

1970 6.63765 7.23945 6.81105 6.20075 5.1306 5.8548 6.4974 7.511025 6.57688 6.86375 7.21395 7.01675 

1971 16.23075 16.7807 17.8118 13.8899 8.9709 9.5166 16.782 20.62015 8.45835 12.6905 16.8309 17.5066 

1972 9.265 8.77965 12.4415 11.8822 9.85575 7.70355 7.5727 14.81933 18.1998 16.75605 14.654 10.1652 

1973 14.0369 12.8478 9.83875 4.69455 4.44975 6.6946 0 0 16.0327 17.136 16.8674 16.9516 

1974 14.6064 17.8628 17.2304 10.5936 8.98535 11.3875 1.4535 17.90228 16.9222 17.22865 13.4479 14.1007 

1975 16.9745 16.6677 18.1484 16.4059 7.4409 8.4439 11.999 11.94548 12.0364 18.60225 18.6941 15.1181 

1976 14.8189 16.1075 16.1305 15.2057 16.3413 11.1478 16.4 17.61965 15.5584 16.66 18.9321 18.7808 

1977 14.60725 14.9311 15.9724 11.7793 11.2328 14.1755 11.638 14.1593 12.7194 14.2103 15.2881 15.3944 

1978 17.20485 18.2079 17.9325 17.0145 15.7021 16.5844 14.312 15.84868 15.8631 16.57755 18.5615 17.3307 

1979 19.8441 21.7379 21.0681 15.629 15.7046 15.8075 14.427 17.56738 17.1764 19.2406 19.2483 19.5611 

1980 20.0277 19.6112 20.0456 18.2708 11.0228 12.2936 20.621 20.59933 21.3847 20.70685 19.8331 20.3652 

1981 20.298 20.3465 20.1314 16.2367 12.6438 11.1809 20.664 22.9466 22.3482 18.02935 20.1909 19.6843 

1982 20.27165 21.6589 20.6703 12.9124 11.3033 10.9871 16.458 17.90058 20.3877 20.5156 22.0065 21.5679 

1983 21.8467 21.834 20.6474 10.5749 8.80175 11.5252 14.571 21.44975 20.3856 19.9274 20.6457 21.3044 

1984 25.9233 19.6826 12.5851 7.7027 7.1315 9.7716 11.507 21.62528 24.6105 22.78425 24.2539 21.8833 

1985 26.537 23.7065 17.7718 12.4474 12.5486 12.2579 21.426 26.3143 22.9526 26.095 25.6386 27.3471 

1986 26.95452 26.0456 24.9384 22.3724 16.8792 18.655 15.647 26.36091 25.8444 24.68233 26.188 27.0317 

1987 28.61777 27.5554 28.5075 23.9454 20.7516 26.1814 25.327 26.45829 26.7925 26.34438 26.7792 27.4402 

1988 30.48759 29.6261 28.1929 17.4141 12.578 15.6081 25.362 29.28485 28.7523 27.76625 29.3748 29.9141 

1989 22.25785 21.3613 23.4833 23.2622 18.6169 20.6711 24.374 27.7109 22.7568 20.3583 20.2517 21.5553 

1990 27.37357 21.8521 12.2696 17.1999 15.1237 14.8101 25.712 33.18794 32.3673 30.16705 32.165 27.0065 

1991 25.94156 15.094 12.0014 10.8745 15.4097 18.5576 21.983 20.65681 18.828 22.20226 23.17 24.7257 

1992 26.82372 26.1685 24.7346 21.6697 19.4787 17.3687 25.96 28.21825 25.4594 27.28123 27.9889 27.3861 

1993 27.29289 29.7708 31.4393 17.8118 23.7495 27.166 22.872 27.75456 27.8689 25.46586 26.6165 25.3838 

1994 26.72104 25.6244 27.3535 23.1128 21.2454 23.8788 25.41 17.75652 23.3963 23.92012 24.7165 25.4481 

1995 11.82404 11.6381 12.5758 10.3564 6.03755 4.5509 27.885 24.3355 15.3807 10.86919 11.5439 11.5825 

1996 26.04386 26.6816 28.7523 24.2499 22.9413 21.9625 9.2608 9.812893 9.61036 10.07964 25.2734 25.1175 

1997 18.81727 11.775 11.3244 10.1612 11.1782 12.3159 10.904 18.61107 11.8371 11.54008 18.4314 21.8394 

1998 16.41574 5.38523 0 0.5712 0.1649 0 11.493 18.46673 12.7724 14.33872 13.8396 12.7302 

1999 0 0 0 0 0 0 0 0 0 0 0 0 

2000 0 0 2.41613 19.8492 7.3695 15.5053 0 2.483063 35.0644 23.29808 14.7237 10.1312 

Average 17.68568 16.5968 16.1563 13.6655 12.0652 13.0225 14.608 17.50102 17.4188 17.21404 18.1717 17.8538 
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(Appendix 3) 

 

Sum of Abay at Bahirdar and Andassa River runoff for the period of (1964-200)  

 

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

1964 257.460 165.340 106.700 54.950 29.720 33.140 249.050 1024.230 1833.040 1513.830 934.210 603.230 

1965 338.240 252.700 0.000 0.000 0.000 38.360 69.340 360.490 560.420 633.940 498.620 368.580 

1966 247.420 149.870 107.740 59.330 32.690 25.660 62.150 321.020 730.850 645.790 473.940 324.500 

1967 206.150 115.740 81.040 49.790 29.240 19.890 125.100 653.560 1039.620 1041.640 700.690 497.290 

1968 6.600 208.280 133.420 71.130 42.350 45.850 244.770 723.280 917.780 819.550 538.670 385.880 

1969 254.890 152.460 106.610 63.810 42.950 26.630 131.690 589.850 916.250 724.080 460.970 299.240 

1970 193.310 110.470 73.540 34.630 3.970 7.130 48.230 412.700 711.670 671.600 461.050 304.320 

1971 166.260 105.730 76.030 41.130 23.580 22.110 89.800 431.350 759.540 640.280 422.760 276.510 

1972 211.640 5.220 90.760 47.380 27.040 20.860 79.400 254.930 451.150 397.000 243.650 155.710 

1973 96.150 58.000 38.410 17.300 10.610 12.720 63.420 322.470 598.820 634.990 408.260 262.480 

1974 175.780 110.220 75.460 38.330 31.250 36.060 158.230 690.580 1276.530 1040.220 558.620 354.240 

1975 230.430 150.800 110.650 59.130 30.110 24.650 115.240 658.700 1651.120 1372.110 772.100 488.810 

1976 315.630 191.880 128.980 72.950 51.030 48.160 152.140 643.170 1098.220 830.020 529.180 366.100 

1977 229.960 136.660 97.900 52.660 30.210 39.790 283.650 1029.450 1079.290 967.740 678.110 475.490 

1978 314.730 200.240 144.960 87.540 62.450 50.870 187.780 556.500 786.500 763.760 458.300 300.460 

1979 206.490 127.440 94.160 50.320 35.890 35.990 119.170 386.800 664.810 599.040 395.510 251.730 

1980 171.650 109.430 73.630 38.730 16.150 15.420 113.760 420.100 687.230 629.020 404.880 269.340 

1981 179.820 107.450 70.730 39.960 29.760 21.630 114.070 380.450 711.640 698.710 413.620 268.320 

1982 180.310 114.890 92.100 50.610 33.810 34.430 47.750 262.270 539.220 19.360 9.510 237.420 

1983 139.830 87.420 61.110 42.950 22.100 25.090 51.090 297.330 478.040 444.440 280.650 197.770 

1984- 126.910 62.980 34.670 20.810 14.560 25.730 63.300 129.930 210.350 209.250 146.940 107.590 

1985 18.500 83.620 51.250 45.150 29.100 28.850 87.430 142.920 79.440 40.660 49.560 29.460 

1986 177.370 117.050 85.270 50.620 31.670 37.380 124.510 309.990 761.900 794.940 432.340 258.820 

1987 168.100 106.650 83.140 49.270 48.870 69.320 112.200 307.640 512.330 497.540 332.660 207.340 

1988 143.150 92.070 67.060 40.230 30.390 35.390 91.170 968.410 1732.630 1531.340 814.870 426.680 

1989 236.580 132.500 97.860 57.200 45.150 43.780 162.870 581.540 979.690 806.530 471.640 274.770 

1990 165.574 95.064 63.804 39.513 27.444 21.668 82.623 278.480 662.078 655.623 358.628 203.102 

1991 123.423 3.965 3.610 3.939 3.354 22.191 229.301 901.635 1603.073 1211.196 620.421 349.460 

1992 198.580 118.380 80.850 49.930 35.700 25.770 125.430 555.630 899.970 920.000 668.730 400.570 

1993 213.440 114.850 84.490 53.676 41.179 67.335 243.142 567.236 1305.572 1227.487 732.878 405.708 

1994 229.910 119.390 77.070 39.290 29.020 49.960 213.260 1125.490 1972.250 1330.500 643.160 198.610 

1995 64.710 41.660 35.675 25.920 17.280 16.750 147.110 350.010 489.270 417.484 282.270 129.660 

1996 69.290 61.120 61.440 60.490 67.730 98.680 183.810 404.579 1496.830 1190.860 650.100 438.440 

1997 290.320 204.340 300.770 258.530 258.509 259.720 219.200 412.900 534.140 664.670 601.980 410.610 

1998 358.610 88.510 43.970 72.750 118.330 64.120 313.880 791.080 1807.920 1562.680 881.830 505.090 

1999 366.164 301.013 173.642 159.380 60.267 124.007 322.617 561.309 1112.452 1331.076 947.035 543.542 

2000 358.898 225.202 88.007 209.420 49.155 21.520 292.194 756.704 1261.455 1273.572 894.320 503.194 

AVERAGE 200.872 125.097 86.392 59.696 40.341 43.152 149.186 528.776 943.597 831.149 518.180 326.488 
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(Appendix 4) 

 

                          Tis Issat Falls for the Period of (1964-2000) MMC 

 

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

1964 254.500 159.899 97.818 47.150 20.240 21.989 237.142 1010.943 1833.040 1513.830 934.210 603.230 

1965 327.853 241.795 0.000 0.000 0.000 26.163 56.542 348.695 549.312 624.661 488.075 357.402 

1966 236.713 138.881 96.450 49.684 21.443 13.774 50.399 307.964 719.480 633.704 460.396 310.979 

1967 192.263 102.005 64.527 36.869 15.077 7.787 121.584 638.263 1026.835 1029.214 687.003 483.613 

1968 0.000 193.244 117.749 56.805 27.114 30.439 229.211 716.091 903.348 805.018 524.092 371.810 

1969 248.160 151.062 106.610 57.616 36.625 20.111 125.235 582.864 909.792 717.822 454.339 292.465 

1970 186.672 103.231 66.729 28.429 0.000 1.275 41.733 405.189 705.093 664.736 453.836 297.303 

1971 150.029 88.949 58.218 27.240 14.609 12.593 73.018 410.730 751.082 627.590 405.929 259.003 

1972 202.375 0.000 78.319 35.498 17.184 13.156 71.827 240.111 432.950 380.244 228.996 145.545 

1973 82.113 45.152 28.571 12.605 6.160 6.025 63.420 322.470 582.787 617.854 391.393 245.528 

1974 161.174 92.357 58.230 27.736 22.265 24.673 156.777 672.678 1259.608 1022.991 545.172 340.139 

1975 213.456 134.132 92.502 42.724 22.669 16.206 103.241 646.755 1639.084 1353.508 753.406 473.692 

1976 300.811 175.773 112.850 57.744 34.689 37.012 135.740 625.550 1082.662 813.360 510.248 347.319 

1977 215.353 121.729 81.928 40.881 18.977 25.615 272.012 1015.291 1066.571 953.530 662.822 460.096 

1978 297.525 182.032 127.028 70.526 46.748 34.286 173.468 540.651 770.637 747.182 439.739 283.129 

1979 186.646 105.702 73.092 34.691 20.185 20.183 104.743 369.233 647.634 579.799 376.262 232.169 

1980 151.622 89.819 53.584 20.459 5.127 3.126 93.139 399.501 665.845 608.313 385.047 248.975 

1981 159.522 87.104 50.599 23.723 17.116 10.449 93.407 357.503 689.292 680.681 393.429 248.636 

1982 160.038 93.231 71.430 37.698 22.507 23.443 31.292 244.369 518.832 0.000 0.000 215.852 

1983 117.983 65.586 40.463 32.375 13.298 13.565 36.519 275.880 457.654 424.513 260.004 176.466 

1984- 100.987 43.297 22.085 13.107 7.429 15.958 51.793 108.305 185.740 186.466 122.686 85.707 

1985 0.000 59.914 33.478 32.703 16.551 16.592 66.004 116.606 56.487 14.565 23.921 2.113 

1986 150.415 91.004 60.332 28.248 14.791 18.725 108.863 283.629 736.056 770.258 406.152 231.788 

1987 139.482 79.095 54.633 25.325 28.118 43.139 86.873 281.182 485.537 471.196 305.881 179.900 

1988 112.662 62.444 38.867 22.816 17.812 19.782 65.808 939.125 1703.878 1503.574 785.495 396.766 

1989 214.322 111.139 74.377 33.938 26.533 23.109 138.496 553.829 956.933 786.172 451.388 253.215 

1990 138.200 73.212 51.534 22.313 12.320 6.858 56.911 245.292 629.711 625.456 326.463 176.096 

1991 97.481 0.000 0.000 0.000 0.000 3.633 207.318 880.978 1584.245 1188.994 597.251 324.734 

1992 171.756 92.211 56.115 28.260 16.221 8.401 99.470 527.412 874.511 892.719 640.741 373.184 

1993 186.147 85.079 53.051 35.864 17.429 40.169 220.270 539.481 1277.703 1202.021 706.262 380.324 

1994 203.189 93.766 49.717 16.177 7.775 26.081 187.850 1107.733 1948.854 1306.580 618.443 173.162 

1995 52.886 30.022 23.099 15.564 11.242 12.199 119.225 325.675 473.889 406.615 270.726 118.078 

1996 43.246 34.438 32.688 36.240 44.789 76.718 174.549 394.766 1487.220 1180.780 624.827 413.323 

1997 271.503 192.565 289.446 248.369 247.331 247.404 208.296 394.289 522.303 653.130 583.549 388.771 

1998 342.194 83.125 43.970 72.179 118.165 64.120 302.387 772.613 1795.148 1548.341 867.990 492.360 

1999 366.164 301.013 173.642 159.380 60.267 124.007 322.617 561.309 1112.452 1331.076 947.035 543.542 

2000 358.898 225.202 85.591 189.570 41.786 6.015 292.194 754.221 1226.391 1250.274 879.596 493.063 

AVERAGE 183.631 108.898 70.792 46.500 28.935 30.129 134.578 511.275 926.178 813.967 500.346 308.634 
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(Appendix 5) 

 

Flow Allocation of Tis Issat Falls (MMC) after 2001 

     SUM OF TIS ABAY I AND II DISCHARGE  = MMC (2001-2005)   

Year JAN FEB MAR APR MAY JUN JULY AUG SEP OCT NOV DEC 

2001 15.198 40.8737 306.16 376.831 311.57 337.04 40.775 36.8118 14.504 15.98172 20.1852 48.4169 

2002 378.3835 359.374 300.093 341.667 230.092 299.503 402.96 387.9079 401.459 359.6233 362.844 358.066 

2003 295.1353 286.847 256.233 219.033 183.719 193.824 251.36 368.8965 401.547 358.0486 338.468 313.11 

2004 269.3918 266.104 262.344 191.977 187.277 187.047 269.61 354.9578 350.586 258.4558 282.102 308.123 

2005 184.1178 232.362 226.331 292.522 290.698 292.523 223.74 322.8642 277.361 225.8447 205.144 191.445 

AVERAGE 228.4453 237.112 270.232 284.406 240.671 261.987 237.69 294.2876 289.091 243.5908 241.749 243.832 

     
Abay at Bahirdar + Andassa 
= MMC (2001-2005)    

Year JAN FEB MAR APR MAY JUN JULY AUG SEP OCT NOV DEC 

2001 135.218 188.706 446.148 480.926 349.586 372.730 601.229 647.477 943.803 745.965 478.517 391.026 

2002 502.219 409.026 352.302 351.100 285.764 282.390 351.118 407.414 476.315 382.733 330.278 305.867 

2003 277.427 236.294 264.478 227.138 194.905 182.901 311.813 338.942 333.339 273.394 270.594 293.174 

2004 290.835 253.171 263.412 189.218 171.965 168.321 228.790 304.060 221.937 212.432 182.459 173.226 

2005 161.642 181.410 218.006 236.738 272.467 263.003 397.510 307.604 230.907 225.835 259.207 249.450 

AVERAGE 273.468 253.721 308.869 297.024 254.937 253.869 378.092 401.099 441.260 368.072 304.211 282.549 

             

  
Tab 
1*   

Tis Issat 
Falls MMC (2001-2005)    

Year JAN FEB MAR APR MAY JUN JULY AUG SEP OCT NOV DEC 

2001 120.020 147.832 139.988 104.095 38.017 35.690 560.455 610.665 929.299 729.984 458.332 342.609 

2002 123.835 49.652 52.209 9.433 55.672 0.000 0.000 19.506 74.856 23.110 0.000 0.000 

2003 0.000 0.000 8.245 8.105 11.186 0.000 60.458 0.000 0.000 0.000 0.000 0.000 

2004 21.443 0.000 1.068 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

2005 0.000 0.000 0.000 0.000 0.000 0.000 173.771 0.000 0.000 0.000 54.063 58.005 

Average 53.060 39.497 40.302 24.327 20.975 7.138 158.937 126.034 200.831 150.619 102.479 80.123 

Tab 2 *Tis Issat Falls  MMC (2001-2005) 

 

Note: Tab 2* was the original data computed as follows. {(sum of Abay +Andassa River) – (sum of Tis 

Abay I and II discharge)}= Flow over the Tis Issat Falls (MMC). 

However, as can seen in the above Table 2*  negative flow values do not have scientific meaning 

therefore all the negative values were converted to zero; then calculated the mean values 

for each month as seen in the above Table 1*.And used for analysis purpose. 

Year JAN FEB MAR APR MAY JUN JULY AUG SEP OCT NOV DEC 

2001 120.020 147.832 139.988 104.095 38.017 35.690 560.455 610.665 929.299 729.984 458.332 342.609 

2002 123.835 49.652 52.209 9.433 55.672 
-

17.114 -51.846 19.506 74.856 23.110 -32.566 -52.199 

2003 -17.708 -50.553 8.245 8.105 11.186 
-

10.923 60.458 -29.955 -68.208 -84.655 -67.874 -19.936 

2004 21.443 -12.933 1.068 -2.759 
-

15.312 
-

18.726 -40.821 -50.898 
-

128.649 -46.024 -99.643 
-

134.897 

2005 -22.476 -50.952 -8.325 -55.784 
-

18.231 
-

29.520 173.771 -15.260 -46.454 -0.010 54.063 58.005 
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(Appendix 6) 

SPSS results of the questionnaire 
Village

196 51.6 51.6 51.6

71 18.7 18.7 70.3

71 18.7 18.7 88.9

14 3.7 3.7 92.6

14 3.7 3.7 96.3

14 3.7 3.7 100.0

380 100.0 100.0

Tis Abay Area

Magi Debre Negest Area

Sabatamit Area

Keble 9

Keble 10

keble 11

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Common Health Problem

334 87.9 87.9 87.9

46 12.1 12.1 100.0

380 100.0 100.0

malaria

Intestinal Disease

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Occrance of Malaria in the village

92 24.2 24.2 24.2

249 65.5 65.5 89.7

39 10.3 10.3 100.0

380 100.0 100.0

During Rainy season

during dry season

all year round

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Reason of the frequent occurrence of malaria 

 Frequency Percent Valid Percent Cumulative Percent 

valid       yes 
              no 
           Total 

230 
150 
380 

60.5 
39.5 
100 

60.5 
39.5 
100 

60.5 
100 

 

the avilability of fish in the river

199 52.4 52.4 52.4

99 26.1 26.1 78.4

82 21.6 21.6 100.0

380 100.0 100.0

increased

decreased

no difference

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Does your household engaged in fishing 

 Frequency Percent Valid Percent Cumulative Percent 

valid       yes 
              no 
Missing system 
           Total 

47 
370 

3 
380 

12.4 
86.8 

0.8 
100 

12.5 
87.5 
100 

 

12.5 
100 

 
 

accident encountered as a result of excess flow released from the weir

56 14.7 14.7 14.7

121 31.8 31.8 46.6

203 53.4 53.4 100.0

380 100.0 100.0

rarely

sometimes

no accident encountered

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
is there an information system when thewre is excess release from the

weir

56 14.7 14.7 14.7

324 85.3 85.3 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
 has rate of flooding in the area after the construction of the weir

decreased

197 51.8 51.8 51.8

183 48.2 48.2 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent
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compared to now was soil erosion a big problem before six years ago

156 41.1 42.6 42.6

210 55.3 57.4 100.0

366 96.3 100.0

14 3.7

380 100.0

more difficult

no difference

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
was it easier or more difficult  to obtain drinking water from the river

46 12.1 12.1 12.1

292 76.8 76.8 88.9

42 11.1 11.1 100.0

380 100.0 100.0

easier

more difficult

no difference

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
are there any problem with water quality after the construction of the weir

152 40.0 40.0 40.0

189 49.7 49.7 89.7

39 10.3 10.3 100.0

380 100.0 100.0

yes

no

I donot know

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
do you obtain water for humans and livestock from the river

281 73.9 73.9 73.9

99 26.1 26.1 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
 
the regulation of the river at the weir beneficial to households for the daily consumption 

 Frequency Percent Valid Percent                      Cumulative Percent 

valid       yes 
              no 
       Missing system 
           Total 

172 
163 
45 

380 

45.3 
42.9 
11.8 
100 

51.3 
48.7 
100 

51.3 
100 

We use the  river because

182 47.9 66.2 66.2

93 24.5 33.8 100.0

275 72.4 100.0

105 27.6

380 100.0

Accesible to livestock and

human consumption

Posible to Harvest

homestade garden

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
Have tourists visited your village 

 Frequency Percent Valid Percent Cumulative Percent 

valid       yes 
              no 
            Total 

196 
184 
380 

51.6 
48.4 
100 

51.6 
48.4 
100 

51.6 
100 

did your houshold cater any service to the tourist

140 36.8 76.9 76.9

42 11.1 23.1 100.0

182 47.9 100.0

198 52.1

380 100.0

yes

no

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
Possible Caters to the tourists

118 31.1 70.2 70.2

50 13.2 29.8 100.0

168 44.2 100.0

212 55.8

380 100.0

tradititioinal wears

and cultiral gifts

soft drinks

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent
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Attracts Tourists in the towm

196 51.6 100.0 100.0

184 48.4

380 100.0

Tis Issat FallsValid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
The river dries in the recent than in the past

36 9.5 9.5 9.5

344 90.5 90.5 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
 does the Regulation of the weir makes suitable for irrigation

99 26.1 26.1 26.1

281 73.9 73.9 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Regulation of the weir is not suitable for irrigation due to

150 39.5 60.2 60.2

63 16.6 25.3 85.5

36 9.5 14.5 100.0

249 65.5 100.0

131 34.5

380 100.0

lack of awarness

the river is  gorge

3

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
Do you collect wild plants/fruits/from the riparian vegitation

292 76.8 76.8 76.8

88 23.2 23.2 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Name of the spicies that are coliected from the riparian vegitattion

320 84.2 88.4 88.4

42 11.1 11.6 100.0

362 95.3 100.0

18 4.7

380 100.0

Eshe and dokma

others

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent

 
 did Tis Abay II provide job opportunity

148 38.9 38.9 38.9

232 61.1 61.1 100.0

380 100.0 100.0

yes

no

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Conflict b/n Tis abay station and downstream people

116 30.5 30.5 30.5

180 47.4 47.4 77.9

84 22.1 22.1 100.0

380 100.0 100.0

yes

no

i dont know

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Beneficial impacts of the weir since 2001 
 

 Frequency Percent valid Percent Cummulative Percent 

  valid   increased electricity production 
            reduced deforestation in the river 
            provide grain mill service all over the year 
            fishing and farming 
           no benefit 
           Total 

67 
78 
71 
48 

116 
380 

17.6 
20.5 
18.7 
12.6 
30.7 
100 

17.6 
20.5 
18.7 
12.6 
30.6 
100 

17.6 
38.1 
56.8 
69.4 
100 
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Adverse impacts of the weir since 2001 

 Frequency Percent valid Percent Cumulative Percent 

valid significantly decreased the Tis Issat 
       reduced the productivity of the riparian vegetation 
       affect the economy of the households 
       they fear that their children and cattle will taken up 
       no adverse impact 
       Total 

196 
14 
86 
80 

4 
380 

51.6 
3.7 

22.6 
21.05 
1.05 
100 

51.6 
3.7 

22.6 
21.05 
1.05 
100 

51.6 
55.3 
77.9 

98.95 
100 

Attituide of downstream people towards the chara char weir

199 52.4 52.4 52.4

118 31.1 31.1 83.4

63 16.6 16.6 100.0

380 100.0 100.0

postive attitude

towards the weir

negative attitiude

towards the weir

I have no idea

Total

Valid

Frequency Percent Valid Percent

Cumulative

Percent

 
Possible solutions to overcome the problem

50 13.2 14.2 14.2

76 20.0 21.6 35.8

226 59.5 64.2 100.0

352 92.6 100.0

28 7.4

380 100.0

there must be an

information system when

there is excess rel

weekend time when

tourists are high the falls

must be full

others

Total

Valid

SystemMissing

Total

Frequency Percent Valid Percent

Cumulative

Percent
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