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ABSTRACT 

Water pollution and water stress is tremendous problem in the pastoral area of Somali region 

including Kebribeyah Woreda. This study was made to assess the performance of traditional 

rain water harvesting Birkas as a source of domestic and livestock water supply at 

Kebribeyah Woreda. For this study a total of 150 household questionnaires conducted and 15 

water samples from 15 Birkas for water quality test were analyzed from selected Lebeshek, 

Gerbe and Meregacho Kebeles. The design and physical capacity of the Birkas were studied 

with site visits and documents. Temperature, electric conductivity, pH, turbidity, total 

hardness, total dissolved solid, alkalinity, nitrate and total coliform was analyzed to 

characterize the water.  

 80% of the Lebeshek, 80% of the Gerbe and 100% of the Meregacho of the measured 

samples pH values satisfies WHO standards. 40%, 20% and 20% of the sample turbidity 

from Lebeshek, Gerbe and Meregacho respectively satisfied the WHO standards however, 

none of the samples were qualified the WHO standard for total coliform. The rest of the 

parameters are within the permissible limit of WHO standards for drinking water standard. 

The conducted survey indicated the highest proportion of water supply consumed by the 

livestock.  Little sense of ownership and responsibility among the community towards the 

Birka, luck of frequent maintenance and water treatment were the major problem. With 

regard to the quantity of water and quality loss, water loss due to evaporation, sedimentation, 

crack (seepage) and poor management condition was aggravating the problem of the water 

shortage in the area. 

These preliminary results can be useful for relevant stakeholders to take the necessary 

measures when designing, rehabilitating, managing Birkas in the area. The involvement of 

community is of paramount importance for sustainability.  

 

 

Key words: Kebribeyah Woreda, Birkas, Water quality, Water loss. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Back ground 

 Clean water is essential for the survival and well-being of human kind. Therefore the 

governments, NGO‟s and all other stake holders are working to the maximum of their 

capacity to achieve sustainable development goal to provide the world‟s population with safe 

drinking water supply and hygiene. However, still there is strong need in many parts of the 

world for sufficient, quantity and quality of water.  

Although the world met the MDG drinking water target, 748million people – mostly the poor 

and marginalized – still lack access to an improved drinking water source. Of these, almost 

quarter (173million) rely on untreated water and over 90% live in rural areas (WHO and 

UNICEF, 2014).  Millennium Goal 7 predicted that one-third of the population in developing 

countries will face water scarcity by 2025, with severe water deficits being experienced in 

arid and semi-arid regions (Laura, 2010). 

 In Ethiopia most of the population (approximately 63%) relied on sources that are 

unimproved, such as, lakes, rivers and open dug wells (Dagnew et al, 2005). But the 

government of Ethiopia is working hard to meet the safe drinking water for all during the 

period of sustainable development of 2030 (UNSCO, 2014). Rain water harvesting has been 

recognized by the Ethiopian government as a promising way for improving the water 

availability for crop production, domestic use and water for livestock. Currently, the country 

promotes the use of water harvesting technologies such as geo-membrane in different parts of 

the country especially in the semi-arid and arid regions. However, the adoption and its 

successfulness are still questioned due to lack of awareness of development agencies and 

users (Binyam and Desale, 2015). 

 To mitigate the erratic nature of the rain fall in the arid and semi-arid parts of the country, a 

national food security strategy based of the development and implementation of rainwater 

harvesting technology either at a village or house hold level was adopted (Melkam and 

Uttama, 2014). 
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Somali region is one of the nine regional states that constitute the federal democratic republic 

of Ethiopia located in Eastern and south eastern part of the country. The capital of the region 

is Jigjiga and the study area of this research is Kebribyah woreda about 55km far from the 

capital Jigjiga. As many other parts of Somali region, the main or we can say the only 

domestic and livestock water source of Kebribeyah woreda is rainwater which is harvested 

with a structure called cistern or locally known as Birka constructed by different stake 

holders either the Regional government water bureau, NGOs and house hold level. Birkas are 

very important for Woredas like Kebribeyah where there is no other option for domestic 

water; however the quality of the water and the quality of the system to store water is 

questionable either because of poor management and or quality construction. Therefore it is 

worth studying the drawbacks with regard to the quality and structure of the design in order 

to improve and correct the problems. 

The thesis work is intended to study the water management, quality and structure of the 

Birkas of the Kebribeyah Woreda. For the study house hold questionnaires, water quality 

analysis and the site investigation of the Birkas were conducted. The study was conducted 

from April 2015 - September 2015. The results were summarized in the thesis. 

1.2.  Problem statement 

In Ethiopia, pastoral areas cover about a one third of the country‟s landmass and produce 

about 33 percent of the livestock population (Gomes, 2006). However, the most burning 

problem for this socioeconomically important area is adequate quantity and quality of water. 

Pastoralists in Somali region suffer tremendously from frequently recurrent droughts and 

they lose their livestock assets because of a lack of water and pasture land and in some cases 

conflicts as well as epidemic diseases. Such a problem could be solved if there is access to 

water. Water is the major concern for the pastoralists. If these communities can access 

pasture and drinking water easily, they will have a better opportunity to access markets for 

their livestock and thus improve their living standards (Fareh, 2011). 

The regular fluctuation of weather pattern make the rainy seasons more erratic and 

unpredictable. In the dry season most of the ponds and Birkas in the study area become dry 

or severely poor quality water in the foot of the Birkas then large number of people and their 

livestock move long distance in search of water and some may be forced to use the poor 
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quality residual water of their Birkas. The water shortage and water quality problem in the 

area is throughout the year although; it is severe in the dry period. Therefore population 

especially women and children have to struggle with contaminated drinking water and suffer 

for continuous water related health problem. 80% of the disease cases in developing 

countries are attributed to inadequate sanitation, use of polluted water or water unavailability 

(WHO, 1997). 

Water shortage and food shortage are intrinsically interrelated (Smith et al, 2000). Water 

scarcity results in reduction of livestock production which is the main source of livelihoods 

in the area and which in turn causes food in security. 

Unavailability of surface water and ground water aggravated the problem of the water 

shortage in Kebribeyah woreda. So rain water harvesting is good option to alleviate the 

problem. Harvested rain water is much cleaner than water from any other ground or surface 

sources. However, when rain falls after long dry period, water collected from catchment may 

carry debris arising from dust and leaves (Zinabu and Melat, 2012). 

1.3. Objective  

The overall objective of this research is to study the performance of the rainwater harvesting 

systems Birka/cistern as a source of domestic and livestock water supply at Kebribeyah 

Woreda, Somali Regional State. 

Specific objectives  

 To analyze the physical, chemical and microbiological qualities of Birkas 

water and compare with WHO guide lines. 

 To identify the main factors contributing for the water loss in the 

storage/Birkas/ and check if the system is properly designed. 

 To assess water demand of livestock and household and identify the how 

Birkas are widely used. 

 To assess the attitudes of the community towards water from the rainwater 

harvesting system. 
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CHAPTER TWO 

2. LITRETURE REVIEW  

2.1.  Water harvesting 

Water harvesting systems have been successfully utilized by people in some parts of the 

World where water shortage exists. The application of water harvesting techniques although 

potentially high is still actually low in practice in Ethiopia. Local approaches and indigenous 

experiences have to be encouraged and be applied easily at both village and household level 

(Mitiku and Soressa, 2001). 

2.1.1. Rain water harvesting  

Rainwater harvesting is one of water harvesting techniques which can be defined as 

gathering and storing of rain water running from surfaces on which it has directly fallen. The 

harvesting system has been in use for the last thousands of years in many parts of the world 

specially Africa and Asia. The collection of rainwater for human and livestock water 

consumption has increased greatly in recent decades. Even though, there is great potential for 

expanding the use of rainwater in Ethiopia; the application trend in the country is still very 

low (Mitiku and Soressa, 2001). 

 There are different techniques that are known to harvest rainwater. Some of them are: Roof 

catchment, Ground catchment, check dams, subsurface dam, permeable rock dams, pond and 

cisterns. 

 Roof Catchment: Is a system of collecting rainfall water from a roof of a house or a 

building and store it in some storage facilities for future use when there is shortage of water 

(see Figure 2.1). 
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Figure 2-1: photo example of roof catchment rainwater harvesting system (source; Sengupta, 

and Dalwani, 2008) 

Ground Catchment: Is a system of collecting rainfall water from a defined ground surface 

and store it in some storage facilities for future use when there is shortage of water. 

A selected area of ground surface can be fenced to prevent contamination by livestock and 

produce runoff, which will be stored in some storage facilities for domestic purposes. The 

ground surface has to be treated mechanically or by chemical to reduce infiltration and 

increase runoff. For better result if possible the ground surface can be covered with some 

conventional paving materials.  

Collection 

surface 

Tank 

Filter 

First flush 

system 

Gutter 

system 
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Figure 2-2: Example of ground catchment rainwater harvesting system (source; 

http://www.gdrc.org/uem/water/rainwater/rainwaterguide.pdf) 

Check Dam: A check dam is a small, temporary or permanent dam constructed across a 

drainage ditch, swale, or channel to lower the speed of concentrated flows for a certain 

design range of storm events. A check dam can be built from logs of wood, stone, pea gravel 

filled sandbags or bricks and cement. 

 

Figure 2-3: Wood board check dam and cement check dam (source; Ruffino L., 2009) 

Permeable rock dams: Permeable rock dams consist of long, low rock walls with level 

crests along the full length across valley floors. This causes runoff to spread laterally from 

the stream course. This is a floodwater harvesting technique. 
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Figure 2-4: Permeable rock dam (source; Ruffino L., 2009) 

 Cistern: is a large storage tank for holding water. Cisterns may be used as a household 

water supply in areas with low water availability or poor water quality. It is normally a 

rectangular tank (see Figure 2.5), made of concrete or any other suitable materials in contact 

with potable water such as reinforced concrete, fiberglass, or polyethylene. Tanks are 

normally located underground or in some case above ground. 

 

Figure 2-5: Photo of brick tank/above ground cistern in Sri Lanka (source; 

WWW.practicalaction.org)  

2.1.2. Components of Rainwater Harvesting  

Some of the main components of water harvesting systems are: Catchment area: the part of 

the land that contributes some or its entire share of rainwater to the target area outside its 

boundary. Catchment surfaces can be either natural or treated (runoff inducement). It is a 
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runoff producing area which may include agricultural, rocky or marginal land, rooftop and 

paved road (Desta, 2004).  

Silt trap/sediment pond: it is a small pit used to catch sediment carried by the water. It 

prevents the tank from becoming clogged. The size of the trap depends on the amount of 

runoff (heavier runoff means a bigger trap) and the amount of sediment it carries. If there is a 

lot of sediment, it is preferred to make two-chamber trap- one chamber to catch sand and the 

second one to trap finer silt. We can add filter mesh to trap leaves and other debris. Mostly 

we dig the silt trap at least 3 meters away from the storage tank. This is to prevent water from 

overtopping during heavy rains and damaging the tank (Nega, 2005).  

Diversion channels: it leads water from the catchment area to the silt trap and then to the 

tank. It should be made of compacted earth, or lined with cement. It should have a very 

gentle gradient to prevent it from being damaged.  

Storage facility: the place where runoff water is held from the time that it is collected until it 

is used.  

Target area: where the harvested water is used. In agricultural production, the target is the 

plant or the animal, while in domestic use, it is human being or the enterprise and its needs 

(Rebeka, 2006). 

2.1.3.  Design consideration of rainwater harvesting systems  

According to Mitiku and Soressa (2001) design work should take the following into 

consideration:-social assessment cost of the rainwater harvesting system, technical 

assessment and user water need/demand.  

Social Assessment: Before selecting a specific technique, due consideration must be given to 

the social and cultural aspects prevailing in the area of concern as they are paramount and 

will affect the success or failure of the technique implemented. This is particularly important 

in the arid and semi-arid regions and may help to explain the failure of so many projects that 

did not take into account the people‟s priorities (Rebeka, 2006). In arid and semi-arid areas, 

most of the population has experienced basic subsistence regimes which resulted over the 

centuries in setting priorities for survival. Until all higher priorities have been satisfied, no 

lower priority activities can be effectively undertaken (Hatibu et.al, 1999) 
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According to Mitiku and Soressa (2001) in the commencing construction of rainwater 

harvesting facilities the following social data are necessary.  

   • Existing rainwater harvesting practice  

• Opinion of local people about the usefulness and quality of water collected from roofs, 

ground surface and other harvesting areas  

• Views of individuals on how much time and money they would wish to expend  

To determine the volume of water to be stored or capacity of cistern to be constructed the 

following points have to be considered:-amount of rainfall, available harvesting area, 

required quantity of water and size that is appropriate in terms of costs and construction 

methods.  

In practice costs and construction methods tend to limit tanks to smaller capacity than would 

otherwise be justified by harvesting area or quantities of water required.  

The amount of rain that falls depends on the climate of the area. Rainfall amount vary 

between seasons and years and rainfall record will allow only approximate estimate to be 

made. Deciding the optimum size of tank is largely a matter of local judgment and 

experience.  

Cost of Rainwater Harvesting System: The success of rainwater harvesting systems in a 

given community depends on if it is technically effective and economically efficient. It 

should give sense in terms of productivity of resources used. It is difficult to judge if the 

resource is used efficiently in case where the water harvested is essential for survival. 

Efficient resource utilization can be judged very easily where water harvesting is a means of 

profit.  Carrying out cost benefit analysis is very difficult. Real benefits should include 

improved health and reduced time spent for collecting water. Saved time can be used for 

productive activities such as agriculture production. At least the economic issue that should 

be addressed is rainwater harvesting system has to be affordable (Mitiku and Soressa, 2001). 

Technical Assessment: The design of rainwater harvesting system for specific area requires 

detailed analysis. Information will be needed on rainfall, existing water sources, and 

availability of materials and harvesting surface or area. Professional personnel should not 

design the technical aspect of rainwater harvesting without reference to local views. One 
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might make a precise technical calculation of optimum size of storage tank or area to make 

construction easier or to cut costs. If users draw water from the tank at different quantities or 

at different intervals from those assumed, the constructed tank would not give service as 

expected.  It is not possible to design appropriate rainwater harvesting system by simple 

process of data Collection to come up with optimum design. System design should be based 

on information and opinion, which come from users and designers.  

Users Water Needs/Demand: Studies have shown that people with water supply next to 

their houses will often use above 20 liters of water per person per day. If the water supply is 

located long distance from their house water consumption per person is less than 10 liters per 

person per day. For designing of water supply system in dry areas where rainfall harvesting is 

the only option assuming 10 liters per person per day appears to be reasonable.  

Most arid and semi-arid regions in Ethiopia have one rainy season, which yields significant 

runoff that can be harvested. The rainy season is usually from June to September for about 90 

days. To supply drinking water throughout the dry period the tank volume should be large 

enough to supply a family or group of families for 270 days.  

Demand=Number of dry days X daily consumption X Number of people  

This is also the basis for calculating the volume of the tank. The water system owners should 

clearly understand how much water the family can expect to receive each season and how 

that compare to their needs. If household use higher than estimated, the tank will run dry 

before the next rainy season. In most cases the cost of constructing rainwater-harvesting 

system is beyond that a family or a group of families can afford. Under such circumstances 

rainwater harvesting facility can be constructed in stage until the demand is met. The 

harvested water can be used effectively during peak harvest period when the demand for 

labor is relatively high.  

Sizing the storage: Usually the main calculation should be carried out by the designer, when 

planning a domestic rainwater harvesting systems, will be to correctly size the water storage 

and to give adequate storage capacity. The storage requirement will be determined by a 

number of interrelated factors. These include:- local rainfall data and weather patterns, size 

of collection area, runoff coefficient (this varies between 0.3 and 0.9 depending on the 

catchment characteristics and slope), user numbers and consumption rates 
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(WWW.practicalsection.org). There are a number of different methods used for sizing the 

storage tank. The choice of method used to design system components will depend largely on 

the following factors: - the size and sophistication of the system and its components, the 

availability of the tools required for using a particular method, the skill and education levels 

of the practitioner / designer. Below are 2 different methods for sizing RWH storage. 

Method 1 – Demand approach 

Data required; 

Consumption per capita per day, C  

Number of consumer , n 

Longest average dry period = D days 

Storage requirement, T = C*D*n 

This simple method assumes sufficient rainfall and catchment area, and is therefore only 

applicable in areas where this is the situation. It is a method for acquiring rough estimates of 

storage size. 

Method 2 – Supply approach 

In low rainfall areas or areas where the rainfall is of uneven distribution, more care has to be 

taken to size the storage properly. During some months of the year, there may be an excess of 

water, while at other times there will be a deficit. If there is enough water throughout the year 

to meet the demand, then sufficient storage will be required to bridge the periods of scarcity. 

As storage is expensive, this should be done carefully to avoid unnecessary expense. 

Table 2-1: Rain water storage tank design 

Demand:  

Number of consumer, n 

Rate of consumption (lpcd), R 

 

Total daily demand = nR 

 

Supply: 

Catchment area(A) 

Runoff coefficient (for new corrugated GI 

roof)(f): 0.9 

Average annual rainfall,  P  

Daily available water,  Pa  

Supply= (A*Pa*f)/365 lpcd 

 

http://www.practicalsection.org/
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Run-off coefficient values vary between 0.3 and 0.9 depending on the material of the 

catchment area. It takes into consideration losses due to percolation, evaporation, etc. 

2.2 Runoff Water Quality  

Understanding the quality of runoff from rooftop surfaces and their potential for public 

health concerns reinforces the need for use of a first flush diverter as an additional level of 

protection (Justin, 2009). Microbial contamination and other water quality problems 

associated with rainwater harvesting systems are most often derived from the catchment area, 

conveyance system, or storage components (Lye, 1996).  

Rainwater is relatively free from impurities, except those picked up by the rain from the 

atmosphere. However, the quality of rainwater may deteriorate during harvesting, storage and 

household use. Wind-blown dirt leaves faecal droppings from birds and other animals, 

insects and contaminated litter on the catchment areas and in cisterns can be sources of 

contamination of rainwater, leading to health risks from the consumption of contaminated 

water from storage tanks. Poor hygiene in water storage and water abstraction from tanks or 

at the point of use can also represent a health concern. However, risks from these hazards can 

be minimized by good design and practice. Well-designed rainwater harvesting systems with 

clean catchments, covered cisterns and storage tanks, and treatment, as appropriate, 

supported by good hygiene at point of use, can offer drinking-water with very low health 

risk. In contrast, a poorly designed and managed system can pose high health risks (WHO, 

2008). 

Microbial and Viral Contamination: Bacterial and viral contaminants found in collected 

rainwater can lead to gastrointestinal, respiratory, blood infections, and stomach ulcers 

(Koplan, 1978; Schlech, 1985; Moore, 1995; Klein, 1991). These contaminants are most 

likely transferred to the catchment surface as a result of contact with animals such as birds, 

rodents, and insects. Typical, healthy adults tend to tolerate the low levels of bacteria that are 

present in properly maintained rainwater harvesting systems (Lye, 1996) although the effect 

of these contaminants, just like others, are amplified in the very  young, elderly, and those 

with weakened immune systems. One-hundred and twenty-five individual residential 

rainwater collection systems were sampled by Simmons (2001) and microbial pathogens 
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such as cryptosporidium, and salmonella were found in samples. Massey University in New 

Zealand conducted a 5 year study of microbial roof water quality from individual homes 

(Abbott et al., 2008). The study collected samples from 560 homes and determined that at 

least half of the samples exceeded the local acceptable standards. It was also found that more 

than 40% of the samples were found to have heavy fecal contamination (Abbot et al., 2008). 

In these systems, Abbot et al. (2008) found evidence that they were poorly maintained, 

collected water was not properly disinfected, the conveyance and storage components were 

poorly designed, and in most cases, even simple measures were not taken to ensure the 

quality of the water.  

The likely sources of the problems were determined to be deposition of fecal material and 

dead animals and insects on the roof, in gutters, and in storage containers. A study conducted 

by Abbott et al. (2006) testing 6 different devices designed to reduce microbial 

contamination on 6 different tanks, concluded that a tank linked to a first flush diverter 

yielded very low counts of total coli-forms and Escherichia coli during the study. Abbott 

(2006) stated that high levels of these constituents were found in the diverter. This result 

suggests that first flush diverters are effective in reducing microbial contamination in stored 

rainwater.  

Microbial contamination of collected rainwater, indicated by E. coli (or, alternatively, thermo 

tolerant coliforms), is quite common, and particularly in samples collected shortly after 

rainfall. Pathogens such as Cryptosporidium, Giardia, Campylobacter, Vibrio, Salmonella, 

Shigella and Pseudomonas have also been detected in collected rainwater. However, the 

occurrence of pathogens is generally lower in rainwater than in unprotected surface waters, 

and the presence of non-bacterial pathogens, in particular, can be minimized. Higher 

microbial concentrations are generally found in the first flush of rainwater, and the level of 

contamination decreases as the rain continues. A significant reduction of microbial 

contamination can be found in rainy seasons when catchments are frequently washed with 

fresh rainwater. Storage tanks can present breeding sites for mosquitoes, including species 

that transmit dengue virus. Rainwater is slightly acidic and very low in dissolved minerals; as 

such, it is relatively aggressive and can dissolve metals and other impurities from materials 

of the catchment and storage tank. In most cases, chemical concentrations in rainwater are 

within acceptable limits; however, elevated levels of zinc and lead have sometimes been 
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reported. This could be from leaching from metallic roofs and storage tanks or from 

atmospheric pollution. Rainwater lacks minerals, but some minerals in appropriate 

concentrations are essential for health, such as calcium, magnesium, iron and fluoride. 

Although most essential nutrients are derived from food, the lack of minerals, including 

calcium and magnesium, in rainwater may represent a concern for those on a mineral-

deficient diet. In this circumstance, the implications of using rainwater as the primary source 

of drinking-water should be considered. 

The absence of minerals also means that rainwater has a particular taste or lack of taste that 

may not be acceptable to people used to drinking other mineral-rich natural waters. 

Water quality should be managed through the development and application of WSPs that 

deal with all components of the rainwater harvesting system, from catchment areas to point 

of supply (WHO, 2008). 

Chemical Contamination: The presence of pollutants such as pathogens, suspended 

particulate matter, decomposable organic matter, nitrate, salts, trace metals and organic micro 

pollutants in water bodies can induce marked impairment of water bodies from their use 

(drinking, habitat for aquatic wildlife, recreation), when they enter into them in excess 

amounts from different point (e.g. industries) and non-point (e.g. agricultural runoff) sources 

(Manahan, 2000; Taylor and Smith 1997; Chapman, 1996; McEldowney et al., 1993; Miller, 

1987). However, non-point source pollutants are more difficult to measure and regulate 

because of their dispersed origins and variation with seasons and weather than point source 

pollutants (ESA, 1998). Today water pollution remains a global problem, with impacts on 

health of fresh water ecosystems and human communities that relay on them for water supply 

(Revenga and Mock, 2000). 

pH is a very important variable in water quality assessment as it influences biological and 

chemical processes (Chapman, 1996). Acids and base can affect the pH of a water body and 

may eliminate those aquatic organisms that are pH change intolerant (Manahan, 2000; Fifield 

and Haines, 1995). Besides, a reduction in pH will increase the mobility of trace metals and 

makes them bioavailable for organisms (McEldowney et al., 1993). 

Temperature is also an important variable in water quality assessment since it affects 

physicochemical and biological processes in water bodies (Chapman, 1996). An increase in 
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temperature changes the physical environment in terms of reduction in oxygen concentration 

of water bodies while increasing the metabolism of species such as fish that are very 

sensitive to changes in temperature (Harrison, 1990). 

Suspended particulate matter in water systems reduce clarity and contribute to a decrease in 

photosynthesis, act as binding sites for toxic substances and leads to increased water 

temperature through the absorption of sunlight (Manahan, 2000). Furthermore, it provides 

surfaces for bacterial growth and decreases the depth of a water body while settling. 

Suspended particulate matter (SPM) regulates the transport of all types of water pollutants in 

dissolved and particulate phases in water bodies. It regulates the depth of photic zone, and 

hence primary and secondary production. It also regulates mineralization, oxygen 

consumption and oxygen concentration, in addition to regulating sedimentation (Hakanson, 

2005). 

Total Dissolved Solids (TDS) includes inorganic salts, principally calcium, magnesium, 

potassium, sodium, bicarbonate, chlorides, sulfates, and small amounts of organic matter that 

are dissolved in water (WHO, 2004). TDS in water originate from natural sources, sewage, 

urban runoff, and industrial wastewater. Concentrations of TDS in water vary considerably in 

different geological regions owing to differences in the solubility's of minerals and the 

presence of high levels of TDS in drinking water may be objectionable (WHO, 2004). 

Higher level organic matter, measured commonly as Biochemical Oxygen Demand (BOD) 

and Chemical Oxygen Demand (COD) when discharged into a water body deplete the 

oxygen present in them and cause gradual deterioration of the aquatic ecosystem as a whole 

(Harrison, 1990; Miller, 1987). Once the oxygen is depleted, anaerobic microorganisms will 

flourish in the water bodies and produce noxious and harmful substances which are 

aesthetically unpleasant, and make the water bodies virtually unfit for utility (Leonard, 

1963). The sources for these pollutants include effluents from sewage treatment plants, 

industries such as breweries, dairies and food processing plants (Chapman, 1996). Moreover, 

significant quantity of organic matter can enter in to water bodies from urban and agricultural 

runoff (Harrison, 1990). 

The level of nutrients such as nitrate and phosphate in freshwater ecosystems is a problem 

worldwide (Shiklomanov, 1997). Natural waters have very low concentrations of nitrate (a 
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soluble form of nitrogen) and phosphate, because they exist in forms not readily available to 

the biota (Harrison, 1990; McEldowney et al., 1993). However, excessive inputs of 

phosphorus (P) and nitrogen (N) into surface waters from various human activities made 

water bodies unsuitable for designated uses such as drinking, irrigation, industry, recreation, 

or fishing .These pollutants may enter into water bodies as raw sewage, effluents from 

sewage treatment plants, urban and rural runoff, septic tanks, landfills, open damps, and 

agricultural practices (Hassan et al., 2005; Wakida and Lerner, 2005; WHO, 2004; Revenga 

and Mock, 2000; ESA, 1998; McEldowney et al., 1993; Israel,2007). Nitrogen and 

phosphorus act as fertilizers, stimulating algal blooms and may bring Eutrophication of many 

inland waters. Eutrophication leads to changes in the structure of ecological communities 

indirectly through oxygen depletion and directly by increasing nutrient concentrations (ESA, 

2000). However, a shortage in phosphorus limits the productivity of most freshwater systems 

due to its immobilization in the biota and insolubility of its compounds (Beeby, 1993). The 

bioavailability of phosphorus in water is largely pH dependent (McEldowney et al., 1993).  

At a lower pH, phosphorus is strongly bound to clay particles and is found at a lower 

concentration. Similarly, phosphorus is immobilized at higher pH„s, too. Therefore, the 

concentration of dissolved phosphorus is higher at around pH 6-7 (McEldowney et al., 1993). 

On the other hand, dissolved nitrate can easily leach into surface and groundwater to become 

a significant pollutant (WHO, 2004; Fennesy and Cronk, 1997; Harrison, 1990; Israel, 2007). 

Now, there exists a considerable public concern over the possible health hazards linked with 

elevated levels of nitrate in drinking water such as its carcinogenic potential and 

methaemoglobinaemia (blue-baby syndrome) (WHO, 2004). For instance, a positive 

association between nitrate in drinking water and non-Hodgkin lymphoma and colorectal 

cancer has been reported (Gulis et al., 2002; Israel, 2007). 

Ammonia in water is an indicator of possible bacterial, sewage and animal waste pollution 

(WHO, 2004). In water it originates from the breakdown of nitrogenous organic and 

inorganic matter from excretion by organisms, reduction of nitrogen gas (N2) by 

microorganisms, urban and rural runoff and releases from industrial processes (Manahan, 

2000; Chapman, 1996). Natural levels in surface and groundwater are usually below 0.2 mg/l 

(Chapman, 1996). It mostly exists in water in the form of ammonium ion (Manahan, 2000). 

The presence of higher level of ammonia in drinking water compromises disinfection 
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efficiency, result in nitrite formation in distribution systems, cause the failure of filters for the 

removal of manganese and also results in taste and odor problems in water (WHO, 2004). 

Sulfate occurs naturally in numerous minerals (e.g. gypsum) and is used principally in 

chemical industries. It is discharged into surface water bodies from industrial wastes and 

through atmospheric deposition. However, higher levels usually occur in groundwater from 

natural sources (WHO, 2004). Greater concentrations of sulfate can deteriorate the quality of 

groundwater from being used in drinking (Jeong, 2001; Israel, 2007). For instance, higher 

levels of sulfate in drinking water may result in gastrointestinal effects (WHO, 2004). 

The problems associated with chemical constituents of water arise primarily from their 

ability to cause adverse health effects after prolonged periods of exposure. Of particular 

concern are; contaminants that have cumulative toxic properties, such as trace metals, and 

other substances that are carcinogenic (WHO, 1993). Metals in water may be present as ionic 

species, inorganic and organic complexes or associated with collides and suspended 

particulate matter (McEldowney et al., 1993). The sources of these metals into the 

environment could be natural processes such as weathering of rocks or volcanoes, and 

anthropogenic activities related to industrial effluents and mining activities (McEldowney et 

al., 1993; Manahan, 1991). Because of their health significance, the US-EPA listed trace 

metals such as Cadmium (Cd), Copper (Cu), Chromium (Cr) and Lead (Pb) as priority 

pollutants in water (McEldowney et al., 1993). However, Mn is also required in water quality 

assessment (Chapman, 1996). According to Fifield and Haines (1995), the increased 

incidence of various diseases including Asthma, birth abnormalities, impaired mental 

development, Cancer and Alzheimer‟s disease may be directly related to the ever-increasing 

trace metal pollution of water bodies. 

Cadmium is a non-essential trace metal for plants and animals (APHA, 1998). It is widely 

used in metal plating; steel industry and its compounds are widely used in batteries 

(Manahan, 2000). Cadmium is released to the environment in wastewater, fertilizers and 

local air emission sources. The average abundance of cadmium in streams is 1µg/l while in 

groundwater it varies from 1-10µg/l (APHA, 1998). Chemically, Cadmium is very similar to 

Zinc, and contamination in drinking water may also be caused by impurities in the zinc of 

galvanized pipes and solders and some metal fittings (WHO, 2004; Manahan, 2000). The 
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effects of acute cadmium poisoning in humans are very serious and it may lead to high blood 

pressure, kidney damage, destruction of testicular tissue, and red blood cells. It is believed 

that much of the physiological action of cadmium arises from its chemical similarity to zinc 

(Manahan, 2000). 

Copper is a micronutrient and is both an essential nutrient and a drinking water contaminant. 

Its average abundance in streams varies from 4-12µg/l and in groundwater it is less than 

100µg/l (APHA, 1998). Copper may result in gastrointestinal effects (WHO, 2004) and 

Wilson‟s disease while using contaminated drinking water (Fifield and Haines, 1995). 

2.3  Vitals on rainwater harvesting works 

2.3.1 System risk assessment 

Important factors in collecting and maintaining good-quality rainwater include proper design 

and installation or construction of rainwater harvesting systems. Materials used in the 

catchment and storage tank should be specifically suitable and approved for use in contact 

with drinking-water and should be non-toxic to humans (WHO, 2008). 

Rainwater can be harvested using roof and other above-ground catchments and stored in 

tanks for use. The roof catchment is connected with a gutter and down-pipe system to deliver 

rainwater to the storage tank. The quality of rainwater is directly related to the cleanliness of 

catchments, gutters and storage tanks. Debris, dirt, dust and droppings will collect on the roof 

of a building or other collection area. When the first rains arrive, this unwanted matter will be 

washed into the tank. This will cause contamination of the water and the quality will be 

reduced (WWW.practicalaction.org).  

Many RWH systems therefore incorporate a system for diverting this „first flush‟ water so 

that it does not enter the tank. Care should also be taken to avoid materials or coatings that 

may cause adverse taste or odor. Regular cleaning of catchment surfaces and gutters should 

be undertaken to minimize the accumulation of debris. Wire meshes or inlet filters should be 

placed over the top of down-pipes to prevent leaves and other debris from entering storages. 

These meshes and filters should be cleaned regularly to prevent clogging. The first flush of 

rainwater carries most contaminants into storages. A system to divert the contaminated first 

flow of rainwater from roof surfaces is therefore necessary. Automatic devices that prevent 
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the first flush of runoff from being collected in storages are recommended. If diverters are 

not available, a detachable down-pipe can be used manually to provide the same result. Even 

with these measures in place, storages will require periodic cleaning to remove sediment. 

Storages without covers or with unprotected openings will encourage mosquito breeding and 

sunlight reaching the water will promote algal growth. Covers should be fitted, and openings 

need to be protected by mosquito-proof mesh. Cracks in the tank and water withdrawal using 

contaminated pots can contaminate stored water. Storages should preferably be fitted with a 

mechanism such as a tap or outlet pipe that enables hygienic abstraction of water. Some 

households incorporate cartridge filters or other treatments at the point of consumption to 

ensure better quality of drinking-water and reduce health risk (WHO, 2008).  

2.3.2 Operational monitoring 

Sanitary inspections should be a focus of operational monitoring. These should include 

checking the cleanliness of the catchment area and storage, the structural integrity of the 

system and the physical quality of the rainwater (turbidity, color and smell). The pH level 

should be monitored frequently where new concrete, reinforcement or masonry storage tanks 

are being used, as leaching of carbonates will produce water with high pH (WHO, 2008). 

In general, when the system is in a good condition, and adequately protected from 

contamination, it is not necessary to disinfect rainwater. Disinfection is required to safeguard 

human health where, rainwater harvesting systems are not well constructed or maintained. In 

cases where the water has a bad odor or color, the tank should be emptied and disinfected. 

Disinfecting the water before consumption is also recommended for persons with weakened 

or compromised immune systems, such as the ill, the very young or very old, and recovering 

patients. Boiling and chlorination are common means of disinfection (CEHI, 2009). 

2.3.3 Verification 

The microbial quality of rainwater needs to be monitored as part of verification. Rainwater, 

like all water supplies, should be tested for E. coli or thermo tolerant coli forms. The levels of 

lead, zinc or other heavy metals in rainwater should also be measured occasionally if the 

water is in contact with metallic surfaces during collection or storage (WHO, 2008). 
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2.3.4 Management 

Management plans should document all procedures applied during normal operation as well 

as actions to be taken in the event of failures. Remedial actions will generally involve 

physical repair of faults and cleaning of catchment areas, filters or storage systems. 

Disinfection of rainwater should be practiced when microbial contamination is detected or 

sanitary inspections indicate a likelihood of contamination (WHO, 2008). The application of 

innovative technologies and the improvement of indigenous ones should therefore include 

management of the water sources to ensure sustainability and to safeguard the sources 

against pollution (Hatibu and Mahoo, 1999). 

2.4 What is Birka? 

Birkas are manmade structures that have traditionally been built by families with the help of 

the community. Birkas are used to catch and store rainwater runoff collected from a small 

catchment. Similar to ponds, the Birkas depend on the runoff generating potential of rain 

events during a rainy season. Rainfall events intense enough to fill a Birka may only occur 

once a season or less often in some areas. Being technically enhanced with cement plastered 

walls and floors; water loss through seepage is small while evaporation causes significant 

losses. Roofing, introduced by some NGO´s as Somali Region Water Sector Review 

2009/10, Ethiopia trials is reducing solar radiation, introduction of dust and rubbish and 

evaporation, though not significantly. Long storage times as well as poor hygienic conditions 

in the catchments have a deteriorating effect on water quality where especially rubbish 

disposal and defecation within the catchments is a point of concern. 
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Figure 2-6: Typical example of Birka taken from Lebeshek Kebele may, 2015 

2.5 The history and emergence of Birka in Somali region of Ethiopia  

For centuries, the Haud plateau, in the Jijiga, Degehabur and Warder zones of Ethiopia, was 

used and shared by two Somali family-clans (Isak and Darod) as a wet grazing area and the 

sole water supplies available were seasonal surface water (pans and dams). In the 50s, the 

Isak pastoralists, whose dry grazing areas are located in Somaliland, started to settle more 

permanently inside the Ethiopian plateau thanks to the development of a new water 

catchment system of an average of 70-150 m
3
: the Birka, in ground cistern, often in cement 

which harvests and stores surface runoff and rain harvested water (Figure 2.5and 2.6). 

According to Cossins, the Isak pastoralists built themselves the first concrete water reservoir 

(Birka) in Somalia in 1952 and in the Haud in 1956. The initial builder brought the idea from 

Aden (Yemen). At Harshin, Mohamed arrived with 100 gallons of drums. He dug a dam 

(harr) and sustained himself meantime with a bush coffee shop, then built the Birka. The 

town grew around it. Within two years, there were 30. In 1971, the anthropologist estimated 

the number of Birka between Harshin and Aware at 910 (the Birka belt) (Cossin, 1971). The 

Darod also adopted this new technique to settle in the Haud. Birka were built in Araarso, 

Degehabur and Dusmo in 1973. In 1998, they respectively counted 100, 4 and 40. The 

construction of Birka in Mermesame and Dikrile is more recent (1981, 1991).  According to 
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Gomes (2006) the Ethiopian government also supported the construction of public Birka in 

the Haud for health centers and communal Birka to be collectively used by villagers. 

However, most of these infrastructures have been neglected and abandoned due to 

mismanagement. Mismanagement was linked to the lack of community participation in their 

construction (cost-sharing) and lack of capacity building of community management 

institutions such as cooperatives of groups of families. 

Development agencies (MSF-B, ACF) and humanitarian organizations such as UNHCR and 

ICRC financed the construction/rehabilitation of Birka in the entire Somali region of Ethiopia 

(Ethiopia National Somali Regional State, ENSRS). With the Somali civil war, in 1989, 

UNHCR established three camps (Cam Abokor, Rabaso, Daroor), for 79 389 refugees and a 

number of large Birka in the Haud. 

These do not include the refugees self-settling in villages, which created a demand for water 

and fuelled the unplanned growth of new water points (Walker, 1998). In Afder zone, for 

example, the development of Birka was introduced in 1999, with the Go Usbo community 

seeking ICRC support in the form of tools for the excavation of a large Birka. After the 

drought of 2000, ICRC financed the construction of the first Birka in the region at Malkasala. 

This experience triggered the interest of other communities and NGOs. Beside communal 

Birka constructed with NGO support, by 2002, some 10 small Birka had been privately build 

in Go Usbo. The owners purchase water, which is brought by water tanks, which is thereafter 

sold to the community (Frélechoux, 2002). Once again, development agencies feel that they 

responded to a demand for water from the local communities. 
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Figure 2-7: Map: Permanent water points in the 1960s (Source: Nathalie G., 2006) 

2.6 Adverse impacts on the environment 

Meant to be seasonal water supplies and to primarily cater for domestic use, in the Haud, the 

Birka have been converted into permanent water storage tanks earmarked both for human 

and animal consumption. This development is associated with the introduction of water 

trucking. Filled up with water taken from permanent water sources located in Somaliland 

(Jijiga, Hargeysa, Burco, Las Anod), the Birka can now function almost perennially and 

allow permanent settlement with once again dramatic ecological impacts. As Matt Bryden 

observed, pastoralists are no longer obliged to migrate in search of water during the dry 

months, and often choose to remain static. This evolution of the transhumant migratory 

patterns towards a more settled, stable model has a tremendous impact on social, economic 

and political arrangements within the pastoral communities, inducing new and intolerable 

pressures on the local ecosystem and populations (human and animals), which depend on it 

(Bryden, 1994). Farah pointed out that the development of the Birka and the attached 

settlement encouraged further diversification of the traditional husbandry. In addition to 

camels and small ruminants, Birka owners start raising water-dependent cattle in this 

otherwise traditionally waterless camel land. The cattle husbandry creates additional 
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advantages (milk, purified ghee and adult cow for sale) to the wealthy owners of Birka in an 

average year. However, this has the effect of increasing livestock population in an already 

populated region and puts additional pressure on a shrinking resource base. The vicinity 

around the settlements have become overgrazed by cattle belonging to the villages, thus 

driving the poorer nomads raising camels and small ruminants in the eternal search of pasture 

and water (Farah, 1997). 

2.6.1 Impacts on animal and human health 

Range degradation and the decrease of key forage species affect the milk productivity of the 

herds and thus the livelihood and health of the Somali pastoralists. However, it must be 

indicated here again that this impact has not been documented enough. 

Moreover, the water quality of the Birka is low, both for animals, and human consumption. 

The herds of the Haud are said to suffer from mineral deficiency leading to a disease called 

Shimbir of which weakness and apathy are the main symptoms. Blocks of salt have to be 

added in animal troughs. Human palatability of the water harvested in the Birka, is also 

questioned and rarely assessed (Gomes, 1998). 

2.6.2 Impacts on livelihoods 

The impacts of the development of Birka on the pastoralists‟ livelihood are linked to the 

introduction of water charging and the rise of agriculture. 

The impacts of water charging: In the Haud, the construction of a Birka has been identified 

as an individual and private enterprise along with its maintenance.  Most of them suffer from 

accumulation of silt and cracks. The cost of repairs has been estimated at 800 birrs (100 kg of 

cement 100 birrs). These expenses are recovered with the introduction of water marketing 

both for animal and human consumption. The price of the water increases during the long dry 

seasons (jilal) to recover the cost of water transportation.  

Many private investors have constructed drought-resistant “Birka” from which they sell 

water at high prices in times of scarcity. In the early 1970s in the Haud area, it used to cost, 

in dry years, the price of a whole sheep to water 175 sheep once (Sandford, 1983). In normal 

years, Birka water is 6 birr per 200 liters barrel, but in early 2000, this price rose to 15birr, a 
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price that drought stricken pastoralists can ill afford (World Bank, 2001). On the other side, 

possession of a Birka has been identified as a crucial element of promoting stratification 

among kinsmen in the grazing region of the Haud. Availability of permanent water allows 

Birka owners to further diversify and raise cattle and ultimately become rich elders keeping 

large stocks produced partly for export. All this happens to the detriment of the non Birka 

owning herders and places further pressure on the fragile nomadic ecosystem (Farah, 1997). 

2.6.3 The impacts on land uses and land tenure 

The growth of the Birka and the introduction of water trucking, especially in the belt between 

Aware and Dikrile (the Haud) have allowed herd owners to stay year round in what were 

formerly wet season grazing areas only. This has, in turn, resulted in some of these herd 

owners turning to cultivation to supplement pastoralism (Hogg, 1997). The shift towards 

rain-fed or spate agriculture is associated with land privatization and physical enclosure. In 

response, rangeland enclosures (seere) also sharply spread in the Haud: "As more and more 

land has become fenced for farming and thereby effectively privatised, there is less land for 

communal grazing. This has led to increasing resentment on the part of the nomadic 

livestock herders who depend on communal access to the range. In some areas, livestock 

owners themselves have taken to fencing large areas of land as dry season grazing reserves 

in order to prevent the area to becoming farmland "(Hogg, 1997). 

Local conflicts: Pastoralist livelihoods have always been exposed to the vagaries of climate 

and harsh environmental conditions. However, in the recent years, pastoralists have faced 

increased competition for water and pastures in a context of decreased rangeland access. 

The appropriation of the wet grazing area of the Haud with the construction of Birka and the 

introduction of water trucking generated clashes between the two Somali clan families 

(Darod and Isak) who were using it as wet season grazing area. Conflicts also arose between 

closely related lineages amongst the Isak, for example between the reer Liban and the reer 

Samater in Harshin. The reer Samatar was forced to migrate to a new location (Darbiga) as 

the result of the appropriation and fencing of the rangelands after the introduction of Birka in 

Harshin (Nathalie, 2006). 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1. Description of the Study Area  

3.1.1. Location  

The Jijiga Zone is located in the Northern part of the Somali Regional State. It is bordered in 

the East with the Republic of Somalia, in the West with the Oromia Regional State and Fiq 

Zone of the SRS, and in the South with Degehabur. Generally, the zone is found at about 750 

kms south east of Addis Ababa. It covers 40,861km
2
, of which the rangeland extends over 

36,629 km
2
 (World Bank, 2001).  

The Jijiga Zone is divided into six administrative Woredas. These are Jijiga, Kebribeyah, 

Harishin, Babile, Awebare, and Gursum and from which Kebribeyah is the area in which this 

research was conducted. 

Kebribeyah is one of the Woredas in the Somali region of Ethiopia, part of the Jijiga zone 

and it was bordered on the South by Degehabur zone, on the South West by the Fiq zone, on 

the North by Jijiga and Awbere, on the North West by Somalia and on the East by Harshin. 

The average elevation of this Woreda is 1530m.a.s.l. (Wikipedia). Based on conducted 

census (CSA, 2007), the Woreda has a total population of 165,518 of whom 89,703 are men 

and 75,815 women. While 25,493 (15.4%) are urban inhabitants and 19,806 (12%) are 

pastoralists.  

3.1.2. Socio-Economic Setting of the Somali Region 

The Somali National Regional State is divided into nine administrative zones, 52 Woredas 

and 67 urban centers refer, Figure 3.1. Pastoral society as it is, the social organization of the 

Somali is based on the principle of clanships with its various levels of segmentation.  

Division of labor among the Somali pastoralist is based on gender differentiation. Women are 

exclusively responsible for jobs like building nomadic huts, preparing food, collecting fire 

wood, fetching water, milking cows and small ruminants. While males are culturally 

assigned to perform out-door tasks like herding, watering, farming and mediating. 
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The settlement pattern of the Somalis can be characterized as small and temporary. In areas 

suitable for agriculture, the Somalis‟ are settled in permanent villages and in areas of non-

sedentary settlement; they live in a cluster of 3 to 50 huts in one place. There are also larger 

settlements around permanent water points. The seasonal availability of water and pasture as 

well as rapid exhaustion of pasture owing to heavy grazing often cause mobility of Somali 

pastoralists. The movement can mostly be within 50-200 km radius (IPS, 2002). 
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Figure 3-1: Location map of Somali Regional State (Source: Disaster prevention and 

preparedness) 

Kebribeyah 
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3.1.3. Climate  

The Somali Regional State has a bimodal pattern of rainfall regime. Hence, there are two 

Cropping seasons Gu and Deyr. According to Shashie (2007) the relatively long rainy season 

Gu (March to April) and  short rainy season Deyr (October to November) characterize the 

lowland parts of the Ogden  basin while the highland parts of the region, mainly Jijiga and its 

surrounding have Gu (Kiremt) (July to September) as their cropping seasons (IPS, 2002).  

According to the National Meteorological Service Agency NMSA (2000) the mean annual 

rainfall which is 660mm is bimodal. In the zone, there is generally low, unreliable and 

uneven distribution of rainfall.  

3.1.4.  Water resource  

In the Somali Regional State, the main sources of water for livestock and the people are 

Ephemeral ponds, perennial and seasonal rivers, seasonal streams, shallow wells and cisterns.  

Ponds and seasonal streams are mostly used during rainy seasons while wells and cistern are 

used during the dry period. Most of the sources are empty at the time of the extended dry 

periods or during recurrent droughts (Shashie, 2007).  As a result, the pastoralists are often 

forced to migrate along with their animals around perennial rivers.  

Birka is the main source of water for livestock and human in the study Woreda therefore, 

people in the area much dependent on rainfall as water resource for themselves as well as 

their livestock.  

Other sources include natural depressions which collect rain water, or hand-dug ponds. Water 

quality is often a problem for all sources – boreholes are better but are very few. Water 

scarcity is an endemic problem in most areas, particularly those with no permanent water 

points. Areas that are known for their chronic water shortages in the dry seasons are all Birka 

users. 
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3.2.  Methods  

3.2.1. Household survey 

Household survey using structured questionnaire was one of the research tools which was 

used for quantitative primary data collection to analyze and understand the information such 

as attitude or perception of the Birka user communities towards the rainwater harvesting 

system, the present water scheme management practice and existing critical problems with 

the system. 150 household survey questionnaires were conducted on selected households 

from three selected Kebeles who are using Birkas.  

Observation: Physical status of the system like: - storage-silt trap relation, catchment-

storage relation, sedimentation condition, fencing condition, handling or utilization manner, 

cracks were surveyed to understand the system. 

During the visits the width, length and the depth of the Birkas were taken and the volume and 

the water demand supply balance was analyzed. 

3.2.2.  Key informants’ Interview (KII) 

 Key informants were among the important sources of detail information especially of the   

qualitative type.  KII was made with individuals of both sexes from Kebele representatives, 

community elders, Kebribeyah Woreda staffs, regional water bureau experts, and OXFAM 

Kebribeyah project office staffs project coordinators. 

Through KII, the necessary and relevant data depicting the attitude or perception of the Birka 

user communities towards the rainwater harvesting system, the existing water scheme 

management practice, about the period length of which alternative water supply is necessary 

per year and other related data were collected. 

3.2.3. Sampling 

The selection of representative Kebeles for the sample taking and for the survey was 

purposively decided to be Lebeshek Kebele, Gerbe Kebele and Maregacho Kebele after a 

discussion the Woreda water bureau staffs and Kebele administration.  
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Purposive selection was chosen because of accessibility, degree of dependency of the 

Kebeles on the Birka as a major water resource (the other Kebeles in the Woreda have 

additional water sources from boreholes). 

 From each of these three Kebeles 50HH was randomly selected and 5 Birkas from each 

selected Kebeles, summing up 15 for the water sample.  

This study focused only on three Kebeles in Kebribayah Woreda of the Somali Region of 

Ethiopia and fifteen sample of water Birkas that are considered to be ideal representatives of 

the Woreda particularly, and even the pastoral communities in the region as a whole, because 

there is little difference among the type of the Birka, the management and utilization system, 

social, environmental, and climatic factors. However, it is fair to say that the study would 

have been better if it had included more districts and samples in order to reveal more precise 

information out of the study. This was mainly due to the logistic and financial constraints 

during the research. 

3.2.4.  Secondary data  

Secondary data was collected from Woreda water bureau, investment bureau, OXFAM 

which is working in the region. 

3.2.5.   Method of Data Analysis 

Upon successful completion of the data collection work, the collected data were edited, 

coded & entered in to Microsoft Excel 2010. Using quantitative and qualitative analysis, the  

HH characteristics: average number of families, Cattle, Goat, Sheep, Camel, and Donkey 

were analyzed in addition to existing physical status of the system structure, the perception of 

the users towards the HRW, the community water management practice, the water quality 

status, the current water demand and supply balance of the community, per capita water 

consumption of user communities, was depicted using descriptive statistics such as 

percentage, ratio, frequency, mean and ranges. 
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CHAPTER FOUR 

4. RESULTS AND DISCUSION  

In this chapter the site visit, focus group discussion, interviews, laboratory and the survey 

results are discussed and presented. A total of 150HHs were interviewed in three Kebeles of 

Kebribeyah Woreda for 15 sample taking Birkas i.e. 5 in each Kebele. 

4.1.  Physical Status and Management of Birkas 

The existing physical status of the overall system of the rainwater harvesting Birkas; the 

fencing condition, the design of the catchment-storage relation, and the system management 

condition is presented. 

4.1.1.  Physical status of Birkas  

 Both the survey data and observation during field visits of the Birkas identified that solid 

waste was dropped at the mouth and surrounding the Birka system. The type of solid waste 

identified includes plastics, cow sheet, and wood. The solid waste like cow sheet decreases 

the quality of the water for any purposes. The wide spread of solid waste appeared because of 

the unawareness of the community in that aspect.  

Fences build around the water source precisely mark the inner protection zone and prevent 

animals from entering, defecating or destroying installations (SSWM, 2015). Fencing is 

mainly applied for ponds, as they are more susceptible to surficial contamination. The Birkas 

are not protected properly from interference from animals and human. They are fenced with 

dried shrubs or thorny tree branches which can easily be trespassed. Figure 4.1 shows typical 

fencing of Birkas. 
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Figure 4-1: Photo of a Birka fenced with thorny shrubs and dried thorny Acacia branches at 

Gerbe Kebele. May, 2015 

In a properly fenced Birkas let‟s say with a radius of 10 – 20 m, all activities posing a risk of 

contamination are restricted (e.g. farming, grazing, firing, application of pesticides and 

fertilizers, construction of latrines, use of chemicals, etc.). The inner zone should only be 

planted with grass - all trees and bushes should be uprooted if they are closer to the Birkas. 

Roots can damage the walls and the structure of water collection pond by cracking the 

structures or by blocking the inlets. Besides, an extended protection zone (at least 100 m in 

radius) should be put up. Its size depends on the depth and the type of the covering soil. The 

area in this zone should be planted with mixed trees and bushes to prevent erosion and heavy 

run-off The planting of trees that absorb large amounts of water (such as eucalyptus) is not 

recommended for the protection zone. Local varieties, which do not absorb large quantities 

of water, should be given priority for planting in the far end of the Birkas. 

http://www.sswm.info/glossary/2/letterf#term1085
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4.1.2. Design of Birkas 

Well-designed rainwater harvesting system with clean catchment, covered cisterns and 

storage tanks, and treatment as appropriate supported by good hygiene at point of use can 

offer drinking water with very low health risk (WHO, 2008) but, Birkas are lacking this. 

In the process of rain water harvesting system design:- social assessment, technical 

assessment, user water demand determination and cost aspects are some of the procedures to 

be carefully considered so that the system be more effective to its intended purpose. 

However, during this study no such design documents was found rather the trend by which 

the Birka construction was understood to be only traditional experience without any 

professional public need assessment and design procedure considerations. As a consequence 

many Birkas remain empty after even a heavy rainfall without receiving any runoff. Some 

have over topping problem with their silt trap and system damage and silt entry to the storage 

structure may occur because the space length between the silt trap structure and the main 

storage structure was designed very small Nega, 2005 also described these phenomena. 

 

Figure 4-2: Typical Birka photo showing inappropriate design of silt trap at Meregacho 

Kebele. (Photo taken on May, 2015) 

  



35 
 

The survey data and site visit showed that sedimentation, water quality and water loss are 

major problems of the system. Accordingly, from the total of 150 respondents; 146 

respondents sedimentation, 43 respondents water loose due to different factors, 48 

respondents water quality, 67 respondents crack are mentioned as existing critical challenges 

in the Birkas. The results are depicted in Figure 4.3. 

All the above described problems; the waste, the design problem, the poor fencing condition 

and sedimentation are obviously contributes for the quality deterioration like turbidity and 

biological contamination of water in the Birka. 

 

Figure 4-3: The critical problem of the rainwater harvesting system pointed out by the 

respondents 

4.1.3. Management of Birkas  

When we say management condition any, well organized activity strategically planned and 

implemented to improve the performance and, provide the intended service of the rain water 

harvesting system to the desired extent. Sanitation and waste disposal is a problem in the 

area. With surface water being a major water source, observed contamination of surface 

water catchments by uncontrolled waste dumping as well as introduction of human and 

animal faeces through the local population is leading to water contamination and subsequent 

waterborne diseases and health problems as  described by Somali Region Water Sector 
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Review (Georg, 2009) . Looking to these problems, one may easily understand that hard 

work is needed to change the condition of this poor management practice. 

The survey result also indicates that 47% of the respondents believe government is the main 

responsible body for the Birka management, the other 35% of the respondents (less than half 

of them) stated, there is selected water committee for the management responsibility and the 

other 10% responded they don't know who responsible is. Reflecting, very little ownership 

sense of the community towards the Birkas, only 8% of the total respondents know that they 

have responsibility in the management of the Birka (refer Figure 4.4). Therefore, Birka 

damage, water loss, sedimentation and waste disposal and accumulations due to over grazing 

and animal entry are common problems of the Birka. 

 

Figure 4-4: Major responsible body for the Birkas management, according to the 

Questionnaire respondents 

The community was also interviewed to reply how frequent the Birka is maintaining. Among 

the 150 respondents 45% of them were replied that the Birka was maintaining very rarely, 

27% of them were replied that the Birka was maintaining only when it is deteriorated or 

when it ceased its function, the other 28% of the people do not know when it is maintaining 

and surprisingly no one stated that the Birka was maintaining regularly Figure 4.5. 
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Figure 4-5: Community response on the frequency of the Birka maintenance 

However, as the Figure 4.6 shows the beneficiaries or the user are participating in different 

labor requiring works such as fencing, cleaning and other. This can be taken as good practice 

and shows that if the communities are mobilized and given a chance to involve in every 

aspect of the Birkas management they can contribute for the system efficiency. A case study 

done in Kajiado district of Kenyan pastoralists shows that the failure of water management 

system by donors to sustainability was completely changed to successful sustainable water 

management system when a complete responsibility was given to the inhabitants (Sabona and 

Alan, 2013). Therefore, the community should be given responsibility to manage the system 

by themselves, to keep away their animals from the system, to avoid their children to drop 

any waste material in and around the system and catchment treatment practices and so on.  

 

Figure 4-6: The role of the respondents (users) on the rainwater harvesting system 

0

5

10

15

20

25

30

35

40

45

50

Regularly Very rerly  When it is deteriorated I don't  know

P
er

ce
n
ta

g
e 

0

5

10

15

20

25

30

35

40

Fencing Taking care Fencing & Taking care Cleaning & Fencing

p
er

ce
n
ta

g
e 



38 
 

4.2. Water Loss from Birkas and its factor 

Jijiga zone follows climate pattern more similar to the high land areas of the country (Farah, 

2011) in the study area Gu falls between March and late May and followed by the hagaa 

which continuous to mid-July. The karan rains fall from mid-July to late September Figure 

4.7. 

 

Figure 4-7: The climatic pattern of the study Area 

The jilal season which is normally the most difficult time of the year makes the most 

challenging periods for the pastoralists and agro pastoralist (Farah, 2011) lasts from 

November to mid-February Figure 4.7 and Figure 4.8. 

 

Figure 4-8: Mean monthly rainfall of JIjiga zone (2005 - 2014) 
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During the other rainy season the community use the rain water from the Birka, natural ponds 

and any land depressions. Then in Jilal (dray months of the year) it is almost three months 

supposed to be covered by the Birka stored rain water and other supplementary means like 

water tracking, and boreholes from farthest Kebele and towns.  

Below the calculated water demand and supply balance for the dry period, elaborates the 

water loss from the Birkas. 

Demand = No of dry period X water consumption X No of Population  

The demand for livestock watering from the public water supply shall be assessed for each 

town or area individually during the socio-economic survey. When animal watering is to be 

allowed for, the following specific demands will be adopted (MoWR, 2006). 

- Cattle, donkey, horse etc………………50lit/head/day 

- Goats/sheep……………………………..10lit/head/day 

- Camel…………………………………...150lit/head/month OR 0.005lit/head/day. 

Accordingly the calculated demand verses supply balance result of each Kebele is shown in 

the Figure 4.9. 

 

Figure 4-9: Water Demand and supply balance of the three selected Kebeles in Kebribeyah 

Woreda 
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even, the balance is relatively small(1356.24m
3
) the demand is less than the supply but, still 

there is shortage of water in the Kebele during the dry periods. This shows clearly that there 

is a severe loss of water in the system. 

However, in Meregacho Kebele demand is greater than the supply and, the case is much 

Severe than the two Kebeles. There is very big difference between the demand and the 

supply, the gap is 26154.6m
3
 without accounting the loss. This is because of different 

reasons. 

The number of Birkas in Meregacho Kebele is very less (only 10) unlike the number of 

population and livestock but in the other two Kebeles (Gerbe & Lebeshek) 25 and 22 

respectively.  

The other reason as the survey conducted in the Kebele indicates that sedimentation and 

crack is more severe than the other Kebeles resulting to increased water loss. Therefore, 

during the group discussion elders in Meregacho were strongly raising their request for deep 

well ground water if possible, or more Birkas at least to minimize the problem of wasting 

their time on traveling very far distance in search of water (25km) to Kebele called Qaha. 

The result of the field survey supports this fact that more than 40% of the respondents 

confirm that water loss is the main problem of the Birkas (Figure 4.3). 

According to different studies performed in the area and the data taken from Jijiga 

meteorology station (see Figure 4.10), the average temperature of the area is high. 

Consequently, there is high anticipated evaporation being one of the main factors for the 

water loss within the system  

As indicated in Somali Region Water Supply Report (Georg, 2009) the potential evapo 

transpiration in the region is estimated with 1500 - 2500mm/year.  
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Figure 4-10: Mean monthly maximum and minimum temperature of the study area (2005 - 

2014). 

As is seen from the survey result in the Figure 4.3, the other major factor for the considerable 

water loss in the Birka is sedimentation. This is common problem for the system due to 

different reasons such as flat topographic situation with mainly sandy soil type combining 

with strong wind speed results huge amount of dust to enter in to the Birka. In addition to 

this, different earth materials erode in to the Birka with the surface run off although, the 

system has silt trap due to design problem and the erosion/silt property the silt trap cannot 

completely control the silt material.  

 The last factor that contributes to the water loss was crack of the Birkas. The main cause can 

be may be due to design problems. This type of water loss was observed in some of the 

Birkas. Some of the Birkas are even, become non-functional because of the crack. The main 

factors for the water loss are high evapotranspiration, siltation and cracks.  

4.2.1.  The community suggested solutions for the Birkas improvement. 

In any community project it is quite advisable the community participation on the plan, 

implementation and in any problem solving process of the project for more increased 
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system performance. The solution suggested by the respondents for the general improvement 

of the visited Birka, was chemical treatment which accounts by more than 50% of them, and 

regular maintenance by about 36% of the respondents (Refer Figure 4.11). The community 

said so because they believe that Birkas that are not functional because of lack of 

maintenance would increase their water supply safety and by a chemical treatment the water 

quality would be improved. 

 

Figure 4-11: User suggested solution for the system performance improvement 

4.3. Water Quality of the Birkas 

The quality of harvested rainwater is an important issue, as it could be utilized for drinking 

purposes. Quality of collected water from any catchment depends on both the catchment 

quality and surrounding environmental conditions: - local climate, atmospheric pollution, and 

so forth. Tests must be performed to check its safeness before using as drinking water 

(Drouiche and Meulenberg, 2014). 

In this section the result of quality of rainwater collected in Birkas were presented. The 

physical, chemical and biological status of water quality for drinking water was tested and 

compared with WHO standard guide of drinking water as shown in the Table 4.1.  
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Table 4-1: The Birkas water quality analysis result after collecting with Garb samples. 

Kebele 

 

Water 

source 

 Selected drinking water parameters   

Tem

p. 

C
0
 

PH Turbidit

y 

(NTU) 

Conducti

vity 

(µs/cm) 

T.hardnes

s 

(mg/l) 

TDS 

(mg/l) 

Alkalin

ity 

(mg/l) 

Nitrate 

(mg/l) 

TC 

(CFU/mm) 

 

Lebeshe

k 

WHO 

standar

d value 

 6.5-

8.5 

5 <4000 300 (as 

CaCo3) 

1000 350 50 (as 

No3) 

0 

L1 24.3 5.85 2.15 192 189 230 60 0.06 710 

L2 24.5 6.95 27.09 161 155 175.5 44 0.14 88 

L3 24.4 6.8 4.65 170 157 172.6 68 0.09 1040 

L4 24.5 7.1 52.5 163 117 163.8 80 0.32 220 

L5 24.6 7.4 8.12 186 168 194.2 65 0.56 490 

Gerbe G1 23.8 5.3 20.08 162 155 107.9 56 0.24 376 

G2 24.2 6.8 3.34 152 262 84.5 47 0.70 110 

G3 24.1 6.2 10.8 173 105 93.7 53 0.08 1200 

G4 24.2 7.85 5.2 146 275 71.9 83 0.95 74 

G5 24.5 7.65 7.05 143 116 76.9 120 0.18 800 

Meregac

ho 

M1 24.6 7.3 98.0 122 187 220 86 0.48 2200 

M2 24.5 7.9 76.0 156 298 105 264 0.99 940 

M3 24.6 7.4 4.25 164 125 121 114 0.05 1400 

M4 24.7 6.8 41.63 136 182 128 96 0.58 600 

M5 24.5 7.6 11.0 148 209 170.6 140 0.83 170 

The codes; (L1,L2,L3),(G1,G2,G3) and (M1,M2,M3) stands for (Lebeshek)1,2,3 (Gerbe)1, 

2,3 and (Meregacho)1,2,3. 

Temperature important variable in water quality assessment since it affects physicochemical 

and biological processes in water bodies (Chapman, 1996). In terms of reduction in oxygen 

concentration of water bodies while increasing the metabolism of species such as fish that are 

very sensitive to changes in temperature, an increase in temperature changes the physical 

environment (Harrison, 1990). 
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Temperature was one of the physical parameter conducted in the laboratory study and it was 

found to be in the range of 24.3
0
c -24.5

0
c in Lebeshek, 23.8

0
c -24.5

0
c in Gerbe and 24.5

0
c-

24.7
0
c in Meregacho Kebeles.  

pH value is the indicator of alkalinity or acidity of the water, and its value were ranged from 

5.85-7.4 in Lebeshek, 5.3-7.85 in Gerbe and 6.8-7.9 in Mergacho Kebele. pH is an important 

operational parameter particularly in terms of the effectiveness of chlorination. Water with 

high pH value needs longer contact time or a higher free residual chlorine level at the end of 

the contact time than water with low pH value (Zinabu and Melat, 2012). The pH value of 

the samples indicated that 80% of the sample in Lebeshek, 80% of the samples in Gerbe and 

100% of the samples in Meregacho were within the WHO limit (6.5-8.5).  

The other parameter was EC (electric conductivity) value which ranges from 161-192µScm
-1

 

in Lebeshek, 143-173µScm
-1

 in Gerbe and 122-164 µScm
-1

 Meragacho Kebeles. These all 

values are below the WHO standards as a result we can say that the water is suitable for 

human and livestock consumption.  

According to the samples taken from the study area and analyses done in the laboratory the 

value of turbidity in Lebeshek Kebele was found to be in the range of 2.15 -52.5 NTU, in 

Gerbe Kebele 3.34 -20.08NTU and in the Meregacho Kebele 4.25 - 98NTU. WHO 

maximum limit of turbidity for drinking water is 5 NTU. However, only 40%, in Lebeshek, 

20% in Gerbe and 20% in Meregacho was within the WHO standard so most of the water 

samples were failed to meet the drinking water quality in terms of turbidity.  About 73.4% of 

measured turbidity value of total samples were exceeded the maximum allowable value of 

WHO (5NTU). 

Total dissolved solids (TDS) can be defined as the amount of inorganic salts and some small 

amounts of organic matter that are dissolved in water (Zinabu and Melat, 2012) and 

maximum guideline for TDS is 1000mg/l. Samples taken in the study area reveled 

concentration for TDS was ranged from 163.8 -230mg/l in Lebeshek, 71.9-107.9 mg/l in 

Gerbe and 105-220mg/l in Meregacho. 

The other tested chemical parameters were, nitrate (NO3), alkalinity and hardness. The 

concentration of nitrate in the water from the samples was measured as nitrogen in the form 

of nitrate. The value range of nitrate samples from Lebeshek, Gerbe and Mergacho Kebele 



45 
 

was 0.06 - 0.56 mg/l, 0.08 - 0.95mg/l and 0.05 - 0.99mg/l respectively which is very much 

lower than the maximum permissible limit of 50mg/l indicating that all samples were 

qualified for human and livestock water consumption standards in terms of nitrate. The value 

of nitrate in the samples found so small because there is little agricultural activity in the study 

area and no fertilizer application. 

Water hardness is a measure of the quality of divalent ions (salts with two positive charges) 

such as calcium, magnesium and/or iron in water (WHO, 2009). Degree of water 

classification in terms of hardness is shown in the Table 4.2. 

 Table 4-2: Degree of water classification of hardness (WHO, 1984) 

Hardness, mg/l(ppm) as CaCO3 Water Class 

0-75 Soft water 

75-150 Moderately hard water 

150-300 Hard water 

Over 300 Very hard water 

 Source; WHO, 1984 

The result of laboratory analysis shows that the range of the values of Lebeshek Kebele is 

117-189 mg/l, Gerbe Kebele is 105-275mg/l and that of Kebele Meregacho is 125-298mg/l. 

Therefore, all the values are less than 300mg/l, the hardness for the water samples analyzed 

are within the safe situation. Even, it is much better than the very hard well water of the 

region which is the result of water percolates through deposits of lime stone and chalk which 

are largely made up of calcium and magnesium carbonates 

(https://en.wikipedia.org/wiki/Hard_water). 

The alkalinity of water sample of the study area was found to be in the range of 44-80 mg/l 

for Lebeshek, 47-120 mg/l for Gerbe and 86-264 mg/l for Meregacho Kebeles. As these 

laboratory results indicate alkalinity of the whole water samples are within the acceptable 

limit of 350 mg/l for drinking water. 

when we see the value range of total coliform for the samples taken from each Kebele of the 

study area, Lebeshek 88-1040 CFU/ml, Gerbe 74-1200 CFU/ml and that of Meregacho is 

170 -2200 CFU/ml.  
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The guide line of WHO for total coli form in drinking water is 0 CFU/ml, but this study 

shows that none of the samples taken in the study area were meet the acceptable limit of coli 

form contamination. This indicates the users are at high risk of water born disease. 

Bacteriological contamination with the presence of the water near direct sources of 

contamination spreading water washed diseases (conjunctivas, trachoma, scabies, skin 

infections, louse born typhus) and oral-faecal diseases (diarrhoea, dysentery, cholera, 

typhoid, hepatitis A, poliomyelitis) been observed in the region (Nathalie, 2008). 

According to coli form treatment classification suggested by Al-kharib and orabi, 2004, the 

coli form contamination of the whole sample of this study area is fallen under the 

contamination degree of classification number 2 (refer Table 4.3). Therefore, sedimentation 

and chlorination is its recommended treatment procedure. Disinfection of rainwater should be 

practiced when microbial contamination is detected or sanitary inspections indicate a 

likelihood of contamination (WHO, 2008). In addition to chlorination boiling is another 

common means of disinfection (CEHI, 2009). 

Table 4-3: Classification of degree of contamination for recommended treatment category. 

Range of 

TC 

Degree of 

contamination 

No of tested 

samples  

%age Treatment procedures 

0-3 0 0 0 No treatment is required 

4 -50 1 0 0 Chlorination only 

51 -50,000 2 15 100 Flocculation, Sedimentation 

& chlorination 

>50,000 3 0 0 Very high contamination 

needs specific treatment 

Source; Al-Khatib and Orabi, 2004 and Zinabu, 2012 

4.4. Characteristics of the Birkas user/community 

According to the survey conducted in the three selected Kebeles namely Lebeshek, Gerbe 

and Meregacho of Kebribeyah Woreda, the average number of Family, Cattle, Goat, Sheep, 

Camel and Donkey in the house hold were 6.88, 4.23, 7.38, 2.98, 1.24 and 0.7, respectively 

(See Table 4.4). 
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From the survey data the number of Goat owned by the house holed in all Kebeles is higher 

than the other animals, refer Figure 4.12 and it is may be because it needs less investment 

and water demand than the other and can be owned by everyone. However, the number of 

Camels herd in all three Kebeles is relatively small. This shows that, it is not easy to satisfy 

the high water demand of a Camel (refer Table 4.5) with only Birkas harvested water. 

Because information obtained from the focus group discussion, interview made with the 

elder as well as the administrative staffs of the Kebele revealed that the only available water 

source in the study area is Birka. However, this Birka unable to cover the whole year water 

need of the household consumption as well as their livestock demand and this situation has 

negative impact limiting the number and type herd like Camel for example, the average 

number of which in a family is only 0.41, see Figure 4.12 and Table 4.4. 

 

Figure 4-12: Average sizes of House hold characteristics 

And the community explained the Birkas dry from two to three months in a year. Therefore, 

to fill the gap for their water need they use different alternatives such as traveling long 

distance in search of water and they expect the regional government and/or NGOs for water 

support.  
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Table 4-4: Households characteristics of the respondent's family obtained from the survey 

Data type 

 

                                     Kebeles  

Lebeshek Gerbe Maragacho Total  

Sex M 43 38 46 127 

F 7 12 4 23 

T 50 50 50 150 

Type of Water 

resource 

Birka Birka Birka  

Total no. of Family  304 315 324 943 

Ave. family size 6.08 6.3 6.48 6.28 

Total no. of Cattle 182 198 255 635 

Ave. no of cattle 3.64 3.96 5.1 4.23 

Total no. of goat 241 284 582 1107 

Ave. no. of goat 4.82 5.68 11.64 7.38 

Total  no. of Sheep 196 144 108 448 

Ave. no of Sheep 3.92 2.88 2.16 2.98 

Total no. of Camel 26 14 22 62 

Ave. no of Camel 0.52 0.28 0.44 0.41 

Total no. of Donkey 39 30 34 103 

Ave. no of Donkey 0.78 0.6 0.68 0.7 

 

4.4.1. The Attitude (Perception) of the user towards the rainwater, harvested in 

the Birka 

 Since Birka is the major water source in Kebribeyah area, the community strongly likes it 

although, the water quality is not good due to poor handling. As shown in Figure 4.13, 94% 

of the respondents said the Birka harvested water is very important and the other 6% 

respondent said fairly important. 
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Figure 4-13: Perception of the community on the importance of the Birka 

Again the water quality according to their attitude jugged as fair by 67% of the respondents, 

good by 16% and very good by 1% of the respondents. But it was perceived by 14% of the 

respondents as a bad quality and less than 1% of respondents were replied that they don't 

know about the quality status of the water (see Figure 4.14). 

Therefore, from Figures (4.13 & 4.14), the attitude towards to Birkas is very good. 

 

Figure 4-14: Perception of the community on the quality of the harvested Rainwater. 

4.4.2. The domestic water use distribution 

In the study area pastoralism is dominating life style, livestock water consumption is huge. 

According to the survey (see the detail calculation in appendix 6), specifically in this 

research area Cattle are consuming the highest (51%) proportion of the supplied water 

followed by Goat consuming the 18% of the water. This is also true regionally (refer Table 

4.5).  However, the families‟ water consumption was not more than 15% of the total supplied 
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water Figure 4.15. This is because the number of Cattle and Goat in the Woreda is higher 

than other domestic animals because of their social and economic importance and relatively 

low per individual water demand. 

 

Figure 4-15: Domestic Water use distribution in the study Area. 

4.4.3. Average water consumption as per the respondents 

Considering the livestock and population numbers of the census (2007), consumption rate 

could only be estimated, especially due to the strong dependence of consumption rate to the 

level of water availability. In rural areas people may live on 2 liters of waters a day during 

shortages, while consuming considerably more in other situations. There is also a general 

difference in consumption behavior between households connected to urban water networks 

or and households that collect their water from distant sources (Georg, 2009). 

Table 4-5: Average yearly water consumption figures of Somali Region (Somali Region 

Water Sector Review (Georg, 2009) 

User (Ltr/day) Ltr/year 

Human (10) 1730 

Camel (36) 13140 

Cattle (40) 14600 

Goat (5) 1825 

Sheep (5) 1825 

Donkey (20) 14600 

Based on the information obtained from the respondents, the HH water consumption per day 

per litter was <40lit for only 2% of the respondents ,40-59lit for 53% of the respondents, 60-
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79lit for 27% of the respondents and the remaining 18 % of the respondents were consuming 

>=80lit Figure 4.16. 

Therefore, when the given family consumption divided by the number of the respective 

family becomes about 10lit/c/d which is less than the WHO minimum requirement of 

20lit/c/d. 

 

Figure 4-16: Average domestic water consumption according to the survey. 

The community further elaborated that the percent coverage of their water need by the Birka. 

Accordingly, 37% of the respondents stated that the Birka is covering 80-89% of their 

domestic daily water need and 25% of them explained that the Birka meets >90% of their 

water need. The other 15% of the respondents replied that they cover their need for domestic 

water in the range of 70 – 79% and for 23% of the respondents cover below 70%. Therefore, 

this indicates that how much the rain water harvesting Birka is important for the study area 

specifically, and for the pastoral region as a whole Figure 4.17. 
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Figure 4-17: Average Water need covered by the Birka according to the survey. 

4.5. Summary of discussion 

The result of the study on performance assessment of the traditional rainwater harvesting 

Birkas as domestic and livestock water supply investigated through site visits, questionnaire, 

KIIs, Laoratory water quality test and referring documents were presented. Deteriorated 

water quality, water loss, siltation, and cracks were identified as a major problem of the 

studied Birkas. And Weak management, design problems, low community ownership feeling 

and involvement of the community were responsible aggravating the problem. 
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATIONS 

5.1.  Conclusion 

 The only available water source for domestic and livestock water consumption in the 

study area is the Birka. However, since there is a significant loss due to weak 

management condition, high evaporation, high sedimentation and crack the communities 

are still dependent on other supplementary sources such as water truck and traveling very 

long distance in search of water for their animals as well as for domestic use.  

 Since pastoralism is dominating life style in the study area live stocks are the highest 

consumer of the supplied water. 

 The water quality in terms of total coliforms and turbidity of the studied Birkas were not 

acceptable for drinking in all samples, ranging the value of total coliform in Lebeshek 88 

– 1040CFU/ml, in Gerbe 74 – 1200CFU/ml and in Meregacho 170 – 2200CFU/ml. And 

60% in Lebeshek, 80% in Gerbe and 80% in Meregacho Kebeles of the collected samples 

were failed to fulfill the WHO drinking water standard for turbidity. The poor hygienic 

condition, waste disposals, weak fencing situation and operational activities are 

responsible for the deteriorated water quality status and other physical problem and this 

shows the weak management and involvement and awareness of the community. The 

community expected from Government and they do not feel ownership. 

 According to the finding, even the supply is significantly greater than the demand 

especially in Lebeshek and Gerbe Kebeles; still there is shortage of water. This shows 

that how much severe the water loss is and how the improved water system management 

practices should be applied to improve the system performance.  

5.2. Recommendation 

 To maximize the benefit from the RWHS, improved management system by ensuring the 

users participation and establishing scheme management committee is important. 
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  It is important that the region‟s water bureau and aid organizations to consider regular 

system rehabilitation, chemical treatment and performance investigations to keep the rain 

water harvesting system at its desired quality service condition. 

 To supplement the existing water delivery system, it is important to consider ground 

water supply in medium and long term plan. 

 To enhance the performance of the system appropriate design procedures like social 

assessment, technical assessment should be done before construction. 

 The Birkas should be roof covered to reduce evaporation, windblown dust, leaves, fecal 

dropping from birds and insects. 
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7. APPENDICES 

Appendex1: Questionnaire 

I. Household profile  

1. Location of the interview:          

kebele___________________village_____________________ 

2. Name of the interviewee(head of HH) 

_____________________________________________ 

3. Sex of the interviewee: ____________________________________ 

4. Family size______________________________________________ 

5. Date of the interview _____________________________________ 

6. Livestock owner ship currently (HH) 

Type of Animal                                                                                  Number of animal 

1. Cattle                                                                             ________________ 

2. Goats                                                                              ________________ 

3. Sheep                                                                              ________________ 

4.   Camels                                                                          ________________ 

5. Donkeys                                                                          ________________ 

6. Others                                                                             ________________ 

II. Water source, utilization and management conditions 

7. Sources of water available in the kebele 

______________________________________________ 

8. Which one of the sources is you are mainly using for your animal and domestic 

consumption? 

_______________________________________________________________________ 

9. How much is the birka rainwater important as a water resource in your kebele? 

a. I don‟t know                                                 c. fairly important                                          

b.  b.  less important                                       d. very important 

10. How is the quality of water harvested in the Birka in your perception? 

a. I don‟t know                                   c. fair 

b. Bad                                                   d. good                                  e.  very good 
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11. Who is more responsible for taking care of the birka? 

a. I don‟t know                                          c. there is selected committee 

b. Users/ beneficiaries                             d. Government                                e.  other, 

specify 

12. What is your role in the management of the birka? 

______________________________________________________________ 

13. What are the main problems of the birka ? 

a. design problem(run off does not flow enough in to the birka)   

b. limited capacity or size of the birka 

c. sedimentation  

d. loss 

e. crack  

f. other, 

specify__________________________________________________________ 

14. How frequent is the Birkas are maintaining? 

a. I don‟t know                            c.    very rarely     

b. No maintain ace at all             d. regularly      e.   only when it is deteriorated  

15. What should be done to improve the performance of the 

birka?________________________________________________________ 

16. How mach percent of your water demand is covering by the birka 

________________________ 

17. On average how much litrs per day of water  do you need for the consumption of 

a. Household 

b. Animals:     - camel____________ Cattle____________ Goat__________ Sheep 

                        Donkey_______________ Others, if any____________________ 
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Appendex 2:  Summary of Water Quality Status 

Kebele Tested Parameter Quality status, comparing WHO 

guide line 

Lebeshek Temperature 100% permissible 

pH 80% permissible 

Turbidity 40% permissible 

Conductivity 100% permissible 

T. hardness 100% permissible 

TDS 100% permissible 

Alkalinity 100% permissible 

Nitrate 100% permissible 

TC 0% permissible 

Gerbe Temperature 100% permissible 

pH 80% permissible 

Turbidity 20% permissible 

Conductivity 100% permissible 

T. hardness 100% permissible 

TDS 100% permissible 

Alkalinity 100% permissible 

Nitrate 100% permissible 

TC 0% permissible 

Meregacho Temperature 100% permissible 

pH 100% permissible 

Turbidity 20% permissible 

Conductivity 100% permissible 

T. hardness 100% permissible 

TDS 100% permissible 

Alkalinity 100% permissible 

Nitrate 100% permissible 

TC 0% permissible 
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Appendex 3:  Rain fall data of Jijiga station (2005 - 2014). 

    Rain fall Data of Jijiga station               

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

2005 6.2 69 216 75.9 21.4 65.3 86.8 71 26.8 48.4 155 0 

2006 28.2 82.4 83 57.2 59.7 71.1 137 2.3 131.1 16.8 30.2 0 

2007 34.2 8.9 123 124 29.2 38.4 84 72.3 17.7 5 0 0 

2008 0 0 0.6 39.7 43.8 0 28.5 44.2 14.4 13 0 0 

2009 17 0 78.3 9.9 66.3 20.1 33.4 31.1 7.1 0 4.9 0 

2010 0 101 192 131.1 112.7 21.6 50.2 53.4 79.5 0 4.9 0 

2011 0 0 0 21.9 46.4 39.8 78.1 66.2 127.7 0 0 0 

2012 0 0 2 116.6 50.9 90.5 36.9 68.5 44.6 0 1.2 0 

2013 0 0 0 185.2 101.6 3.8 80.2 85.7 81.2 130 27.9 0 

2014 0 1.5 58.7 43 49.2 9.3 9.3 82.4 169.4 123 11.9 0 
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Appendex 4:  Maximum Temperatures of Jijiga station (2005 - 2014). 

    Maximum Tempratre of Jijiga Station     

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

2005 27.5 30.4 29.6 28.9 27.3 26.7 25.9 26.9 27.3 27.9 27.1 26.7 

2006 27.6 29 29.2 27.5 28.6 28.5 27.6 26.4 26.6 27.7 26.9 25.5 

2007 26.6 29.5 30.5 29.1 28.7 27.3 27.5 27.5 27.4 28.6 27.4 26.9 

2008 28.6 28.1 30.6 30.3 29.3 28.1 27.1 27.5 28.5 28.5 27.1 27.4 

2009 27.1 37.2 31.1 28.8 30 29.7 28.3 29 29.4 28 28.6 28.2 

2010 28 28 28.1 28.4 28.6 28.1 25.1 26.5 27.4 29.7 27.7 29 

2011 28 29.4 30.6 31.2 29.2 28.4 27.8 27.2 27.3 28.5 28.1 29.91 

2012 27.5 28.6 30.4 29.4 30 28.5 26.5 28.1 28 29 27.9 28.2 

2013 27.5 29.8 28.8 28.6 28.4 28.2 24.4 26.2 27.7 27.1 27 26 

2014 28 28.9 35.9 29.3 29.7 29.8 28.2 27 26.6 27.5 27.4 26.4 
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Appendex 5:  Minimum Temperatures of Jijiga station (2005 - 2014). 

    Minimum Tempratre of Jijiga Station             

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

2005 8.2 7.6 14 13.6 16 16.3 16.2 16.2 16 9.9 6.6 4.9 

2006 7.3 9.5 11.6 12.5 14.8 16.9 16.6 16.5 15.4 13.6 8.6 10.5 

2007 9.6 9.7 11.1 14.4 15.4 19.6 17 16.7 15.8 9 7.6 6 

2008 6.4 7.5 7.4 12.9 16.6 16.8 16.3 16.7 16.2 12.2 9.6 6.3 

2009 8.9 8.7 12 14.1 14.2 17.2 16.5 17.1 15.8 12.8 6.4 9.2 

2010 6.3 12.4 14.9 15.8 15.5 16.8 15 15.9 14.4 8.7 7.6 7 

2011 5.7 6.7 7.7 13.6 11.8 13.4 16.2 17 15.8 9.7 8.6 7.1 

2012 8.6 7.4 9.2 14.4 14 15 16.3 16.9 16 9.7 7.8 9.1 

2013 10 8.1 9.7 15 11.1 15.4 14.1 15.2 14.4 10.2 8.4 4.4 

2014 4.4 9.2 10.6 1.3 13.4 15.1 16.9 16.5 15.8 10.8 9.2 11.3 
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Appendex 6: Detail surveyed and Calculated data 

Lebeshek 

no of 

days d.consn no.hh ave.family pop Demand(m3) 

people 90 0.01 900 6.08 5472 4924.8 

cattle 90 0.05 900 3.64 3276 14742 

goat 90 0.01 900 4.82 4338 3904.2 

sheep 90 0.01 900 3.92 3528 3175.2 

camel 90 0.15 900 0.52 468 6318 

donkey 90 0.05 900 0.78 702 3159 

SUM           36223.2 

Gerbe 

no of 

days d.consn no.hh ave.family pop Demand(m3) 

people 90 0.01 1338 6.3 8429.4 7586.46 

cattle 90 0.05 1338 3.96 5298.48 23843.16 

goat 90 0.01 1338 5.68 7599.84 6839.856 

sheep 90 0.01 1338 2.88 3853.44 3468.096 

camel 90 0.15 1338 0.28 374.64 5057.64 

donkey 90 0.05 1338 0.6 802.8 3612.6 

SUM           50407.812 

Meragacho 

no of 

days d.consn no.hh ave.family pop Demand(m3) 

people 90 0.01 1010 6.48 6544.8 5890.32 

cattle 90 0.05 1010 5.1 5151 23179.5 

goat 90 0.01 1010 11.64 11756.4 10580.76 

sheep 90 0.01 1010 2.16 2181.6 1963.44 

camel 90 0.15 1010 0.44 444.4 5999.4 

donkey 90 0.05 1010 0.68 686.8 3090.6 

SUM           50704.02 

 

Appendex 7: The Birka storage calculated 

Kebele  

no of 

f.birka ave.length 

ave. 

width ave.depth ave.volume 

tot. 

stoage 

Lebeshek 22 25 15 5 1875 41250 

Gerbe 25 25 15 5 1875 46875 

Meragacho 10 25 15 5 1875 18750 
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Appendex 8: The water demand and supply balance calculated. 

kebele Demand B.supply Balance 

Lebeshek 36223.2 41250 -5026.8 

Gerbe 50407.81 46875 3532.812 

Meragacho 50704.02 18750 31954.02 

 

Appendex 9: The water demand distribution calculated. 

Water use Volume(M
3
) %age 

People 18401.58 13.40 

Cattle 61764.66 44.97 

Goat 21324.816 15.53 

sheep 8606.736 6.27 

Camel 17375.04 12.65 

Donkey 9862.2 7.18 

TOT 137335.03 100 

Appendex 10:  Photos showing the sample taking activities and the current physical condition of the 

Birka: fencing, hygiene, the silt tap… etc. 

 

 

Photo of roof covered Birka in Gerbed Kebele taken in May, 2015 
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Photo of roof covered Birka with its silt trap in Gerbed Kebele taken in May, 2015 

 

 

Photo showing sample taking activity in Lebeshek Kebele taken in May, 2015 
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Photo showing very short space length between the silt trap and the main storage in Mergacho 

Kebele taken in May, 2015 

 

Photo of open Birka in Gerbe Kebele taken in May, 2015 
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Photos of Birka showing poor handling condition in Gerbe Kebele taken in May, 2015 
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Photos of Birka showing poor handling condition in Gerbe Kebele taken in May, 2015 

 

 

 


