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INTRODUCTION

The impact of human population on surface and groundwater is increasing with the development of industry and population size in the city of Addis Ababa. The introduction of undesirable materials into soil, water and air can occur not only as a consequence of man's activities but also through the natural processes. As a result there is a change in the characteristics of soil, water and air, which may have effect on the health of people. Water quality degradation is one of the major environmental problems of these days. This is due to its unique characteristics that make it crucial for the existence of life and an important factor in many physical and biochemical processes. The physical, chemical and biological quality degradation can limit the intended use of water. 

Water Pollution is a global problem and has been evident for a long period of time. In the study of water quality degradation the term contamination (contaminants) has a meaning close to pollution (pollutant). However many researchers like Droscil (1995), Freeze and Chery (1979) and Todd (1980) defined the terms separately as: "Contamination refers to the degradation of water quality as a result of man's activities, with no implication of any specific limit; while the term pollution is reserved when the contaminant concentration levels restrict the potential use of water".

The state of groundwater pollution in the city of Addis Ababa is similar with the reality in most developing countries. The level of water pollution tends to rise with increasing human population and low level of economic development in the city. Consequently pollution of surface and groundwater is one of the most serious problems affecting the health of the population. 

Addis Ababa is the capital of Africa in general and that of Ethiopia in particular. The fast population growth, uncontrolled urbanization and industrialization, poor sanitation situation, uncontrolled waste disposal etc. causes serious quality degradation of surface and groundwater in particular. Currently water quality degradation in Addis Ababa becomes main threat to the health of the population specially those living in the down stream and in area where there is shortage of municipal water supply.

In recent years, there is a growing awareness of environmental degradation problem as a consequence of our day-to-day activities. That is why in order to live in harmony with the environment, the city council, and currently implemented policy that integrates economic development with environmental protection. Besides the implementation required, the efforts of individuals, communities, government and non-governmental organization hand in hand is indispensable.

DEMOGRAPHY

Understanding of the human population dynamics is extremely important when considering the impact of various human activities upon the water supply aquifers. 

Addis Ababa had a population of 65,000 in 1912, which grew to 100,000 in 1935. In a little over three years it had increased to 143,000 (Techeste, 1987). According to Central Statistic Authority (CSA, 1999), the population of Addis Ababa has grown from 443,728 in 1961 to 683,530 in 1967, 1,167,315 in 1978, 1,423, 111 in 1984 and 2,112,737 in 1994. Meanwhile, the projected population of Addis Ababa in the year 2000 will be 2,495,000. The results of 1994 census showed that out of 2,112,737 populations in Addis Ababa, 1,023,452 were males and 1,089,285 were females. Moreover, the population size indicated 3.26 percent increase from that of 1984. This change has occurred due  not only to natural increase and migration but also reclassification of the geographical area (CSA,1999). The population density of Addis Ababa is 3984 persons per square kilometer   and that of urban and rural parts of Addis Ababa are 7008 and 121 per square kilometer, respectively. It is wise to remember that the highest and the lowest population density of Addis Ababa was 224 people per hectar in the then Arada Wereda and 2 people per hectar in the outskirts (Bahru, 1987 & references therein).

In the city the population is not evenly distributed over the six zones. Total population size of Addis Ababa table 1 and fig 1. 
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Figure 1.  Population growth in Addis Ababa (immigration is not considered)

	Kifle Ketema
	Population

	Arada
	303810

	Addis Ketema
	320389

	Lideta
	296073

	Cherkos
	335330

	Yeka
	297050

	Bole
	274757

	Akaki-Kality
	167524

	Nefas Silk-Lafto
	330427

	Kolfe-Keranio
	261235

	Gullele
	318508


Table 1 Population Distribution within ten Kifle Ketema
The 1994 population and housing census revealed that 5,962 persons are homeless. The majority of the homeless are adolescents or adult males. The data on housing showed that a total of 380,307 housing units were found in Addis Ababa out of which 374,742 were found in the urban and 5,565 in the rural areas.

One of the measurements of environmental sanitation is the safe and efficient disposal of human waste. Thus, 74.1% of the housing units in the city have toilet facility, whereas 24.9% of the housing units did not have toile facility. In the urban parts, 12.0% of housing units had flush toilet private/shared and 63.2% had dry pit toilet private/shared.   

PHYSIOGRAPHY AND LAND USE

Addis Ababa is located on the shoulder of the Western Main Ethiopian Rift Escarpment. The morphology is a direct reflection of the different volcanic stratigraphic successions, tectonic activities and the action of erosion between successive lava flows. 

The city was founded at the southern flank of Entoto ridge (3199m a.s.l.) and expanded in all directions. This ridge marks the northern boundary of the city following the east-west trending major fault (Ambo-Kassam). Other prominent volcanic features surrounding the city are Mt. Wochacha in the west (3385m a.s.l.), Mt. Furi (2839m a.s.l.) in the southwest and Mt. Yerer (3100 a.s.l.) in the southeast.  

These typical volcanic features are mainly built up of acidic and intermediate lava flows. Thus, they are characterized by rugged landscapes and steeper slopes. The general inclination of the slope becomes lower towards the southern part of the project area.

The center of the city lies on an undulating topography with some flat land areas. The topography is undulating and form plateau in the northern, western and southwestern parts of the city, while gentle morphology and flat land areas characterize the southern and southeastern parts of the city. Moreover, it is not uncommon to see sharp changes in the inclination of the slope and some flat land areas in different parts of the city. 

On the top of the hills and ridges streams are dense and form radial drainage pattern, whereas on the slope and most parts of the study area they form denderitic features.  

The climatic condition and topography of the study area favors the development of thick soil profile by the decomposition of rocks on which it lies. Thus, residual soils are commonly seen in most parts of the city with varying thickness. On the other hand, due to intensive erosional activities there is poor soil development (shallow soil profile) or patchy occurrences on most parts of the slope. The dominant type of soil in the southern parts of the city, where erosion superseded by deposition, is black cotton soil. Moreover, waterlogged areas are found in the central parts of the city around Filowha, in the eastern parts of the city around Lamberet and in other different parts with small aerial extent. 

In the surrounding of the urban parts of Addis Ababa, cereal crops like wheat, teff, barely and maize are cultivated seasonally. Vegetable farms on small plots of land on the terraces of the valleys are a common practice in different parts of the city. Besides, household plantations of different species (garden parks, road side vegetations etc. ) and eucalyptus trees cover large parts of the city. 

The foundation and expansion of Addis Ababa was associated with the rapid conversion of land from rural to urban uses more than anywhere else in the country. For the last one hundred seventeen years it has been noticed that there is an intensive conversion of rural land to urban development like buildings, transportation networks and facilities (airports and highways), recreation areas, reservoirs and other man made structures. The introduction of eucalyptus tree in the beginning of the century was partly due to the shortage of timber for residential houses at the time. At present eucalyptus tree covers most parts of the city and it is the main sources of firewood.  

The less controlled urbanization that includes construction of residential houses, commercial centers, transport infrastructure, various types of industry (which contains 65.32 % of the country industry), parks, and recreational areas covered most proportion in the urban parts of Addis Ababa.  

Agricultural activities that include crop production, cattle breeding and planting trees covers the major proportion in the rural parts of Addis Ababa. Moreover, to satisfy the demands of construction materials, like dimension stone and aggregates, hundreds of quarries are actively operating around the city. In some places of the city center old abandoned quarry site, having very steep and unsafe slopes, are commonly seen.
OBJECTIVES

Currently the available water resource for the city is from surface water reservoirs (Gefersa, LegeDadi and Dire), shallow and deep bore wells, hand-dug wells and springs. However, there is shortage of municipal water supply in different parts of the city particularly during the dry season. Consequently most of the industries, some residential houses, and governmental and non-governmental organizations have water wells in their premises to alleviate the problem. Moreover, in the peripheral parts of the city, where there is a serious shortage of municipal water supply, the problem is being overcome by using water from the springs. Most of the springs are not developed and are vulnerable to different types of pollutants. The problem has become sever in the southern most part of the city. Here, the local people use water from the Big and Little Akaki rivers for drinking, cooking, washing and other domestic needs. These rivers are the confluence points of all streams crossing the city from different directions. Besides, large number of private septic tanks in the city is directly connected with the nearby streams/rivers.  

The improvement of general living conditions, high population growth, increase in the rate of migration and greatly accelerated industrial and residential expansion rapidly raises the demand of water supplies. These may also have an impact not only on the social and economical situations but also on the situation of surface and ground water resources of the city. Thus, the ultimate objective of this research is to produce aquifer vulnerability map for the water supply aquifer of Addis Ababa.

Therefore, the main objectives of the project are to assess the risk for groundwater pollution through DRASTIC mapping of water supply aquifers.

The land use and the boreholes used for analysis of the problem are given in fig2.
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Figure 2. Major Land use and borehole location in the project area

GEOLOGICAL SETTING

Many researchers systematically proposed the geology and volcanic stratigraphic sequences of Addis Ababa area. Haileselassie Girmay and Getaneh Assefa (1989) proposed the stratigraphy of the area starting from Sululta to Nazareth, based on Morton’s geological map, unpublished student reports, K/Ar absolute age determination taken from different literature and fieldwork to clarify some geological uncertainties. They redefine the lithostratigraphic units and modified the existing stratigraphic sequence. The suggested Miocene-Pleistocene volcanic succession in the Addis Ababa area from bottom to top are: Alaji basalts, Entoto silicics, Addis Ababa basalts, Nazareth group, and Bofa basalts.

ALAJI BASALTS

The Alaji group volcanic rocks (Alaji rhyolite and Basalt) in this part of the escarpment were outpoured from the end of Oligocene until middle Miocene (Zanettin et al., 1974). This unit is composed of basalts, which show variation in texture from highly pophyric to aphyric. Within this unit there is an intercalation of gray and glassy welded tuff. The outcrop of Alaji basalt extends from the crest of Entoto (ridge bordering the northern parts of Addis Ababa) towards the north (Haileselassie Girmay and Getaneh Assefa, 1989). This unit is underlain by tuffs and ignimbrites; on the other hand its stratigraphic relationship with the Entoto silicics is difficult to determine as they occur in a fault contact. Mohr (1967) proved that the Entoto trachyte overlies the Alaji basalt. The age of the rock is 22.8 M.Y (Morton et. al., 1979). 

ENTOTO SILICICS

These early Miocene age silicic volcanics could represent localized terminal episodes to massive Oligocene fissure-basalt activity in the Addis Ababa region (Morton et.al. 1979).   The thickness of the flow become maximum on the top of Entoto ridge and thin both towards the plateau and the plain east of  Addis Ababa. According to Zanettin and Justin-Visentin (1974) these lavas make up a thick pile of flows accumulated along east west fissures (east-west fault running from Kassam river to Ambo) and uplifted northwards.   The unit is unconformably overlain by Addis Ababa basalt on the foothill of Entoto and underlain by Alaji basalt. The Entoto silicics composed of rhyolite and trachyte with minor amount of welded tuff and obsidian (Haileselassie Girmay  and Getaneh Assefa 1989). The rhyolitic lava flows outcrop on the top and the foothills of the Entoto ridge, predominantly in the western side. It also outcrops in the eastern part of the town from the Kokebe Tsebah School to the Benin Embassy. The thickness is quite variable as it frequently forms dome structure. In this rock unit flow banding, folding and jointing are common. The rhyolites are overlain by feldspar porphyritic trachyte and underlain by a sequence of tuffs and ignimbrites. Tuffs and ignimbrites are welded and characterized by columnar jointing. The rhyolite made up of phenocrysts of plagioclase and altered rebeekite in a groundmass of glass with iron oxide.  

The trachytic lava flows outcrop on the top of Entoto ridge and its foothills. The thickness varies and reaches the maximum of 30m nearby Kotebe covering the rhyolitic lava flows. It shows a quite uniform texture, and is constituted by phenocrysts of oligoclase, sandine and rebeckite within a groundmass of plagioclase, iron oxide and minor quartz and mafic minerals. Two varieties of trachytic lava flows have been identified in the eastern side of the town, near Kotebe: a pale gray and a pink trachyte. The latter one is characterized by veins of hematized opal and by feldspar phenocrysts, which are often completely or partially altered with fine fractures filling of hematite (Varnier et al., 1985).

The Entoto silicics are dated 21.5my by Morton (1974) and 22 my by Morton et al. (1979). Thus from the general stratigraphy established by Zaneitin et al. (1974) both rhyolite and trachyte of the Entoto silicics belong to the “Miocene Alaji Rhyolite and Basalt” sequences.  

The general geology of the project area is given in fig 3.

ADDIS ABEBA BASALT

In the project area the oldest visible rock post-dating the Entoto silicic is the Addis Ababa basalt. These units, which are mainly present in the central part of the town, are underlain by the Entoto silicics and overlain by Lower welded Tuff of the Nazareth group. The maximum thickness   exceeding 130 meters was found at ketchene stream. It is porphyritic in texture, composed of labradorite, - bytownite, olivine and augite as phenocrysts. The ground mass is made of andesine , labradorite, olivine, magnetite and pyroxene (Haileselassie Girmay  and Getaneh Assefa 1989).  

Olivine porphyritic basalts outcrop in the central part of the town that includes Mercato, Teklehaymanote and Sidist Kilo. The distribution of plagioclase porphyritic basalt is almost the same as that of the olivine prophyritic basalt, but only little more northwards.  It outcrops in an area, which includes Sidist Kilo, General Winget School and French Embassy. The thickness of the former varies from 1m or less in the foothills of Entoto,  Lideta Airfield and Filwoha to greater than 130 meters at Ketchane stream (Morton, 1974; Varnier et al., 1985).  The Lower Welded Tuff overlies both types of basalt nearby the Building College, the Kolfe Police School, the Kokobe Tseba School and YecaMariam Church. On the other hand, only in the gorge of the Ketchane stream the olivine pophyric basalt is overlain by the plagioclase porphyritic basalt, while elsewhere the relation ship between them is very difficult to determine (Varnier et al., 1985).  Addis Ababa basalt yield ages clustering around 7my and seams to have no time /composition equivalent (Morton et al., 1974).

NAZARET GROUP 

The units identified in this group denoted as Lower Welded Tuff, Aphanitic basalt and Upper Welded Tuff. The group is underlain by Addis Ababa basal and overlain by Bofa basalts. The rocks outcrop mainly south of Filowha fault and extend towards Nazareth.
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Figure 3  General geology of the project area.

Lower Welded Tuff

This rock outcrops as small discontinuous body in Filwoha, western parts of Addis Ababa and Sululta. It is glassy with abundant fiamme and has columnar joints. Generally it is overlain by the aphanitic basalt and underlain by the olivine and plagioclase prophyritic basalt.   The age of this rock as dated by Morton et al. (1979) at Addis Ababa and Sululta is 5.1 and 5.4 million years respectively. This age overlap with the period of the activity of Wachecha trachyte volcanoes, dated 4.6 million years. Wachecha is located 15 km west of Addis Ababa and probably the sources of the Lower welded tuff at both localities (Morton et al., 1979). 

Aphanitic Basalt

This basalt covers the southern part of the town, especially the areas of Bole International Airport and Lideta Airfield. The rock body shows vertical curved columnar jointing together with sub-horizontal sheet jointing. Kaolin, lenses are present at the contact of this basalt with the younger ignimbrite. This is a sure evidence for the hydrothermal alterations along a NE-SW fracture system, which may affects both the basalt and the Entoto trachyte. Moreover the basalt is overlain by pumeacoues pyroclastic falls and the pyroclastic falls. It is underlain by a soil horizon that covers the plagioclase porphyritic basalt and overlain by soil horizon and tuff layers that lie below the young ignimbrite. It consists of:  Labradorite, augite, rarely olivine and magnetite. The crystals of plagioclase show marked flow alignments. The age of the basalt in Addis Ababa ranges from 3.4 to 3.6 million years (Morton, 1974).

Trachy-basalt outcrops around Repi and nearby General Wingate School. It is underlain by the plagioclase and olivine porphyritic basalt and overlain by the younger ignimbrite from which it is separated by tuffs and agglomerates. Its relation with the rocks of the group is not clear, but probably younger than the aphanitic basalt (Getaneh et al., 1985).  Moreover, phenocrysts that occur mainly in the rock are: sandine, labradorite, magnetite and augite. 

 Upper Welded Tuff

This rock outcrops all over the southern part of the town including Bole, Nefas Silk and Railway station; nevertheless it is also present in the central and northern parts of the town. It is gray colored, vertically and horizontally jointed and composed of sandine, anorthoclase, rebecite, quartz, pumice and unidentified volcanic fragments (Getaneh Assefa  et al., 1989). The welded tuff is underlain by aphanitic basalts and overlain by young olivine basalts.   An age determinations made on a sample collected near by Haile Gebreselassie road resulted 3.2 million years, that overlap with the activity of Yerer trachytic volcanos (Morton et. al., 1979). 

Young Trachyitic Flow

This rock is predominating in the southwest part of the town, from Dama hotel towards Furi and Repi along the hills and foothills of Hana Mariama and Tulu Iyou. It is porphyritic with phenocrysts of plagioclase (albite-oligoclase) sandine, biotite within a groundmass of microlities of feldspar. 

Moreover, it is underlain by the tuff that cover the young ignimbrite and overlaying by alternating flows of plagioclase porphyritic basalt and rhyolite especially in the Repi hill. Its relation with the young olivine prophyrytic basalt is not clear as they outcrop in different parts of the areas, however, in a small outcrop nearby Aba Samuel Lake south of the project area, the trachyte underlies the olivine porphyritic basalt.

Young Olivine porphyritic basalt
They outcrop southward from Akaki River where they appear in the form of boulders reaching a thickness of 10 meter. They are restricted and dominant in the southeast part of the town i.e. Debre Zeit Road. They contain phencorysts of plagioclase, olivine that is partially and completely altered to iddingisite and augite within a groundmass composed of plagioclase magnetite pyroxene and olivine. This basalt is underlain by the tuffs, which cover the welded tuff. The age of this basalt is 2.8 My.

GEOLOGIC STRUCTURES

In the project area the occurrence of faults, joints and other structures within the different volcanic rocks were reported by different authors. Long fault line running east west via Kassam river, Addis Ababa and Ambo, cut across the western rift escarpment and uplifted its northern block (Zanettin et al., 1978) at about 8 My ago. This fault marks the upper (outer) boundary of the western Ethiopia Rift margin immediately north of Addis Ababa-Ambo road (Zanettin et al., 1974). The Entoto silicics confined along this fault and form a ridge. This ridge bounded the city in the northern direction. The fault has a down thrown to the south in the Addis Ababa area (Haileselassie Girmay, 1989). An other prominent normal fault in the city is the Filowha Fault. This fault has a trend of NE-SW (Kundo, 1958; Morton, 1974; Haileselassie Girmay, 1989). The fault has a northwest down thrown side according to Morton (1974). However, Haileselassie (1985) carried out detail mapping of the Filowha Fault using resistivity method and found that the fault has down thrown to the south, shallow depth and covered by very thin soil layer (1-4m).

Haileselassie Girmay (1989) found that the fault is not vertical and its throw can be estimated to be about 40m, which is approximately the thickness of the welded glassy ignimbrite. This fault has acted as a dam to the welded glassy ignimbrite, but not to the basalt as it was assumed previously. For this reason there is quite different geology in the south and north parts of the area. Thus, the age of the fault may be bounded by 5.0My (the age of the welded glassy ignimbrite) and 6.4My (the age of plagioclase-phyric basalt).

Kundo (1958) proposed that the hot springs in Filowha are controlled by this fault. The presence of hot springs, south of the fault gives resistivity contrast on the either side of the fault. 

The Filowha fault, having a trend of N55OE (Haileselassie Girmay, 1989) is thought to be a major NE fault that continues up to Debre Berehane (Mohr, 1964). Moreover, Al consult (1996) interpretation map indicates the continuation of the Filowha fault towards the southwest periphery of the city in the same direction.

Morton (1974) map shows four other north-east trending faults, which have south-west and north-east down thrown side.

The other major structural feature in the study area is joints, which have different spacing, opening and orientation. The dominant preferred orientation of joints occurring in different rock unit is NNE-SSW (Kebede et al., 1990), which is sub parallel with the general trend of rifting. They found joint spacing of 15-200 cm (in most basalts), 5-100 cm (in trachy basalt, trachyte and rhyolite) and 2-100 cm (in ignimbrite)

PEDOLOGY
The variation in the characteristics of soils makes them different in water infiltration and holding capacity. Climate, topography, parent materials, maturity and biological activities are the major controlling factor that control soil formation. The resulting porosity and permeability of soil, on the other hand, control the vertical as well as horizontal movements of contaminants.

The soil development in the study area is mostly due to the physical disintegration and chemical decomposition of volcanic rocks. The weathering products are either remain in places and form residual soils or transported and deposited in the areas of Addis Ababa. Meanwhile, the difference observed in the type and development of soils in the city is mostly depends on the topography, parent materials and the degree of weathering. 

Although there is significant difference in the degree of weathering on the slopes, mostly soils are highly eroded and result in thin soil cover. In the localities where the topography is plain to gentle (central and southern part) of the area is covered by thick soil profile. The type of parent material and the length of time to which the parent material is subjected to weathering, control the variation in the thickness of soil. Thus, old basic and acidic rocks that outcrop in the central, western and southwestern parts of Addis Ababa are weathered and form thick soil profile.  In places where young basalt and welded tuffs occur, the thickness of the soil cover is reduced. The grain size distribution made by Kebede Tsehayu (1990) showed that the residual soil in central part, Gulele and Kolfe regions have 62 % clay, 33% silt and 5% sand. In some localities reddish brown soil with a thickness of more than 10 meter is commonly seen.

Moreover, according to Lulseged Ayalew (1990) studies the residual has a thickness of about 2-6 meters and characterized by very high clay fraction with respect to silt and sand. The color varies from reddish brown to black depending on the type of parent materials.  

The detrital materials that are derived from elevated area of Entoto, Wechecha, Furi and Yerer are transported and deposited in the piedmont and along the stream courses of Addis Ababa. It covers most parts of Mekanisa, Ayere Tena, Kaliti, Akaki, Lideta, and Bole.  The soil is black in color and the thickness varies from place to place primarily depending on the slope of the area. Samples taken from Mekanisa are has 76% clay, 22% silt, and 2 % sand. It shows extremely high plasticity and very high degree of swelling (Kebede Tsehayu, 1990). The same work identified 46% silt, 34% clay and 20% sand in alluvial soil collected near Addis Ababa Bole Airport.

In areas where there is great contrast in the topography colluvial soils are found. These are loose and incoherent deposits, consisting of fine to coarse grain. The shape of the particles varies from angular to sub-round. Therefore the thickness, permeability, porosity and shrink/swell characteristics of soils are crucial and control largely the infiltration of pollutants into subsurface.

Hydrometeorology
CLIMATE
In order to understand the environment and the possible impact of human activity on it a basic knowledge of weather and climate is required. The former is the physical condition of the atmosphere at a specific time and place with regard to wind, temperature, cloud cover, fog, and precipitation. Weather is highly variable and somewhat unpredictable. As a result, a longer-term view of the weather pattern of a particular locality is frequently more useful as an environmental tool (Andrew et al, 1996). 

National Atlas of Ethiopia (1981) defined five traditional climatic zones: "Kur" (Alpine), 3000m and above; "Dega" (temperate), 2300m to about 3000m; "Weina Dega" (Sub tropical), 1500 to about 2300m; "Kolla" (Tropical), 800m to about 1500m and "Bereha" (Desert), less than 800m. 

PRECIPITATION
The variation in the seasonal distribution of rain fall in Ethiopia can be attributed by the reference to the position of the Inter-Tropical Convergence Zone (ITCZ), the relationship of between upper and lower air circulation, the effects of topography and the role of local convection currents and the amount of rainfall (Kebede, 1964; Gizaw, 1965; Suzuki, 1967; in Daniel, 1977). Regarding the type of precipitation in Ethiopia, Hadwen (1975) stated that there are very few areas in the country where snow is an important type of precipitation, but hailstorms are quite common in the rainy season, especially in areas above 2,000m a.s.l.
According to Daniel (1977) classification of Ethiopia's rainfall region, Addis Ababa is located in the region where the rainy months are contiguously distributed (Regime IE). In this region there are seven rainy months from March to September/and the small rains occur from March to May. The big rains are from June to September. High concentration of rainfall occurs in July and very high concentration in August. 

In this study, monthly total rainfall records of three stations for the year between 1964 and 1998 is used to analyze monthly mean rainfall, annual mean rainfall, rainfall coefficient and aerial depth of precipitation. The mean monthly and annual mean rainfall of National Meteorological Services Agency (NMSA) stations at Addis Ababa Bole, Addis Ababa Observatory (Tekelehaimanot) and Akaki Mission are shown in table (2). The three stations are located at different latitude and longitudes.
	Station
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Ann. mean

	Akaki (mm)
	13.71
	43.12
	60.04
	95.05
	66.47
	128.77
	271.1
	303.79
	140.99
	23.96
	4.31
	3.41
	1154.72

	AA Obse.

 (mm)
	17.19
	43.6
	65.01
	93.67
	86.44
	128.98
	257.89
	279.66
	176.5
	38.97
	8.44
	8.84
	1205.19

	AA Bole (mm)
	15.38
	40.13
	68.73
	92.8
	79.5
	116.64
	234.83
	244.14
	150.32
	34.25
	10.08
	4.48
	1091.28


Table 2.   Mean monthly rainfall in three stations.

As it was shown above the precipitation occurs through out the years and shows variation in amount from season to season. 

The mean monthly rainfall at Addis Ababa Observatory is presented in fig4.
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Figure 4    Mean monthly rainfall at Addis Ababa Observatory.

The monthly mean records of rainfall for thirty-five years shows that the mean annual rainfall at Addis Ababa Observatory (at an elevation of 2408m a.s.l.)  Bole (at an elevation of 2324m a.s.l.), and Akaki Mission (at an elevation of 2120m a.s.l.) are 1205.19mm, 1091.8mm and 1154.2mm respectively. Thus, the city receives annual average rainfall of about 1150mm. 

Moreover, in all stations the heaviest amounts of rainfall occur in the months of August. While the minimum amount of rainfall occurs in December at Addis Ababa Bole and Akaki Mission stations; it was observed in November at Addis Ababa Observatory. The above data also reveal that in the Akaki river basin more than 65% of the total amount of rainfall occurs in the months of June, July, August and September. Besides, Addis Ababa Observatory located at higher elevation than Addis Ababa Bole and Akaki station, records greater amounts of annual rainfall. 

To distinguish between  "rainy" months and  "dry months", it is necessary to calculate the rainfall coefficient (RC) of each months in all station. The rainfall coefficient (which is the ratio between the mean monthly rainfall and one twelfth of the annual mean) of each month in the respective stations is presented in table 3.

	Station
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	AA obs.
	0.17
	0.43
	0.65
	0.93
	0.86
	1.28
	2.57
	2.78
	1.76
	0.39
	0.1
	0.1

	AA Bole
	0.17
	0.44
	0.75
	1.02
	0.87
	1.28
	2.58
	2.69
	1.65
	0.38
	0.11
	0.05

	Akaki
	0.14
	0.45
	0.62
	0.98
	0.69
	1.34
	2.82
	3.16
	1.46
	0.25
	0.14
	0.04


Table 3. Rainfall coefficients

A month is distinguished as rainy when the corresponding monthly rainfall coefficient reaches 0.6 Where as dry month has less than 0.6 rainfall coefficient. Daniel (1977) classified rainy months of Ethiopia into small rains (0.6 to 0.9) and big rains (1.0 and over). The big rainy months are further classified into three groups: Moderate concentration (1.0 to 1.9), high concentration (2.0 to 2.9) and very high concentration of rainfall (3.0 and above).

As it is shown above, there are seven rainy months from March to September and five dry months from October to February. The small rain occurs from March to May in Addis Ababa Observatory and Akaki Mission occurs from March to May, while in Addis Ababa Bole it occurs in March and May. The big rain is from June to September in Addis Ababa Observatory and Akaki, with moderate concentration in June and September. In Akaki high and very high concentration occur in July and August respectively. In Addis Ababa Bole big rain with moderate concentration occurs from June to September and in April.   July and August are characterized by high concentration of rainfall in Addis Ababa Observatory and Addis Ababa Bole. In general, the computed results show great similarity with Daniel's (1977) classification of the Ethiopian rainfall regions.

The mean yearly rainfall depth of the Akaki river basin is 1150.4mm for the years 1964 and 1998. The calculated mean monthly rainfall depth of the catchments for the same year is presented in following table 4.

	Months
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Annual total

	RF(mm)
	15.43
	42.28
	64.59
	93.84
	77.47
	124.79
	254.6
	275.8
	155.95
	32.39
	7.61
	5.58
	1150.4


Table 4. Mean monthly rainfall depth for the project area.

The amount of rainfall does not only vary from month to month but it also shows fluctuation from year to year. The following graph (fig..), for example, shows annual rainfall fluctuation recorded at Addis Ababa Observatory for the years between 1964 and 1998.

TEMPERATURE
Under normal conditions, air temperature decrease with increasing altitude at a mean rate of 0.7oc for every 328 feet (Fetcher, 1998). This works also in Ethiopia where temperature decreases with increasing elevations.  

The monthly mean maximum and minimum temperature records of Addis Ababa  Observatory for the years between 1951 and 1998 can be used to calculate monthly and annual average. The computed average maximum and minimum temperature is presented in the following table 5.

	Elements
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Ann ave.

	Ave. max. temp ( oC)
	23.3
	24.1
	24.6
	23.9
	24.6
	22.9
	20.3
	20.1
	21.1
	22.4
	22.6
	22.8
	22.7

	Ave. min. temp ( oC)
	8.2
	9.5
	10.9
	11.5
	11.7
	10.8
	10.8
	10.8
	10.5
	9.2
	7.9
	7.5
	9.9


Table 5. Mean monthly temperature

As it was shown above, the highest mean monthly maximum temperature occurs in the months of March (24.56 oC) and the lowest is in the month of August (20.07 oC). While the mean monthly minimum temperature ranges for the lowest from 7.47 oC in December to the highest 11.66 oC in the month of March. Thus, the average temperature of Addis Ababa (47 years data 1951-1998) is 16.02 oC. 

For the past 47 years the lowest mean monthly temperature occurred in the months of November 1956 and January 1962, which was 4.7 oC; while the highest mean monthly temperature occurred in May 1958 and it was 28.2 oC. In Addis Ababa, generally the altitudes vary from 2000m to about 2400m a.s.l. and the mean annual temperature is 16.02 oC. This categorizes Addis Ababa under "Weina Dega" (Subtropical) climatic condition.
	 
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	T (oC)
	16.24
	17.31
	18.25
	18.19
	18.61
	17.34
	16.07
	15.94
	16.32
	16.28
	15.74
	15.62
	 

	J
	5.95
	6.55
	7.10
	7.07
	7.31
	6.57
	5.86
	5.79
	6.00
	5.97
	5.68
	5.61
	75.45

	P
	13.5
	45.4
	63.4
	98.6
	70.7
	122.2
	266.2
	304
	147.8
	22.9
	4.2
	4.3
	1163.20

	PET
	58.52
	65.19
	71.29
	70.89
	73.68
	65.38
	57.49
	56.70
	59.01
	58.76
	55.50
	54.79
	747.19

	P-PET
	-45.02
	-19.79
	-7.89
	27.71
	-2.98
	56.82
	208.71
	247.30
	88.79
	-35.86
	-51.30
	-50.49
	416.01

	AWL
	-182.67
	-202.46
	-210.35
	 
	 
	 
	 
	 
	 
	-35.86
	-87.16
	-137.65
	 

	SM
	95.00
	80.00
	70.00
	97.71
	94.73
	151.55
	200.00
	200.00
	200.00
	175.00
	150.00
	100.00
	 

	Change SM
	-5.00
	-15.00
	-10.00
	27.71
	-2.98
	56.82
	0.00
	0.00
	0.00
	-25.00
	-25.00
	-50.00
	 

	AET
	18.50
	55.40
	73.40
	70.89
	73.68
	65.38
	57.49
	56.70
	59.01
	47.90
	29.20
	54.30
	596.46


a=1.69157    Clay loam, RD=80cm
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Total

T (oC)

15.74

16.81

17.75

17.69

18.11

16.84

15.57

15.44

15.82

15.78

15.24

15.12

J

5.68

6.27

6.81

6.77

7.02

6.29

5.58

5.51

5.72

5.70

5.41

5.34

72.09

P

15.4

39.1

72.8

88.2

84.42

116.3

237

224.7

144.5

32.6

7.4

4.7

1067.12

PET

57.25

63.74

69.66

69.28

71.98

63.93

56.25

55.48

57.73

57.49

54.31

53.62

730.72

P-PET

-41.85

-24.64

3.14

18.92

12.44

52.37

180.75

169.22

86.77

-24.89

-46.91

-48.92

336.40

AWL

-162.57

-187.21

-24.89

-71.80

-120.72

SM

95.00

80.00

83.14

102.06

114.50

166.87

200.00

200.00

200.00

196.00

170.00

110.00

Change SM

-15.00

-15.00

3.14

18.92

12.44

52.37

0.00

0.00

0.00

-4.00

-26.00

-60.00

AET

30.40

54.10

69.66

69.28

71.98

63.93

56.25

55.48

57.73

36.60

33.40

64.70

599.58

a=11.632613  Clay loam, RD=80cm 

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

	T (oC)
	15.2
	16
	17.1
	17.5
	18
	16.3
	15.4
	15
	15.2
	15.4
	13.9
	14.9
	 

	J
	5.38
	5.82
	6.43
	6.66
	6.95
	5.98
	5.49
	5.28
	5.38
	5.49
	4.70
	5.22
	68.81

	P
	16.9
	48.2
	72.8
	93
	83.8
	131.6
	272.8
	293.6
	190.4
	29.5
	11.6
	8.6
	1252.80

	PET
	55.82
	60.52
	67.21
	69.70
	72.87
	62.32
	56.98
	54.66
	55.82
	56.98
	48.48
	54.09
	715.42

	P-PET
	-38.92
	-12.32
	5.59
	23.30
	10.93
	69.28
	215.82
	238.94
	134.58
	-27.48
	-36.88
	-45.49
	537.38

	AWL
	-148.77
	-161.09
	 
	 
	 
	 
	 
	 
	 
	-27.48
	-64.36
	-109.85
	 

	SM
	100.00
	90.00
	95.59
	118.89
	217.93
	287.21
	150.00
	150.00
	150.00
	180.00
	160.00
	120.00
	 

	Change SM
	-10.00
	-10.00
	20.48
	38.01
	25.37
	84.41
	 
	 
	 
	-30.00
	-20.00
	-40.00
	 

	AET
	26.90
	58.20
	67.21
	69.70
	72.87
	62.32
	56.98
	54.66
	55.82
	59.50
	31.60
	48.60
	602.03


a=1.576561  Fine sandy loam  RD=1m

Table 6  Water balance calculation results
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Figure 5. Monthly water balance plot

SURFACE WATER

Streams and Rivers
The project area lies within the Awash river basin, which has a total drainage area of 110,000 square kilometers (Tesfaye Chernet, 1993). The surface water divide between Awash basin and the Abay (Blue Nile) basin, lies on the top of Entoto ridge, immediate north of the project boundary.

The total catchment area of the Akaki river basin, includes Addis Ababa, is divided into two sub-catchment areas by approximately north-south running surface water divide. These are the Big Akaki river (Eastern) sub-catchment and the Little Akaki river (Western) sub-catchment. 

In the project area the stream drains towards south from the Entoto ridge; southeast direction from Mt. Wechecha and Mt. Furi; and towards southwest direction from Mt. Yerer and other elevated areas of the eastern outskirts of the city. The perennial streams in the city are Little Akaki, Bantyiktu, Kurtume, Kebena, Ginfile, and Big Akaki. Other streams are intermittent in nature.

On the top of the mountain streams are dense forming radial drainage pattern, whereas on the slope and most parts of the city core they form denderitic drainage pattern. Moreover, on the slopes the processes of erosion is very conspicuous in excavating (down cutting) the valley floor. Thus, deep gully developed in highly weathered volcanic rocks constituting the slopes. A transverse profile of most streams is more or less “V” shaped. In places where the gradient of the slope is unusually steep waterfalls are found. These can be seen on the southern flanks of Entoto ridge, during the rainy season immediate north of Kidane Mehret church. It has a height of about 60-70 meters from the ground surface.

On the other hand, in the center and southern parts of the city the density of the streams is reduced and the main rivers or big tributaries show a wide meandering type of flow. This is due to much less gradient of the valley floor than what it is in the hills and /or ridges. Moreover, the floor of the valley becomes wider and the slope of the wall is relatively quite gentle. However, in most parts of the city, the width of the channel is reduced perhaps due to the construction of man made structures like retaining walls on the bank of the streams, and the natural path of the flow changes accordingly.

Moreover, significant decreases in the gradient of the topography, reduction in the eroding activity of the rivers and minimum flow velocity and transporting capacity towards the south lead to the formation of alluvial deposits. On the contrary, alluvial fan deposits occur where there is a change in topography from a hill or ridge to a plain like the area around the foot of Entoto ridge. Towards the south almost all streams /or big tributaries crossing the city in different direction join either Little Akaki or Big Akaki river. The two rivers flow on either side of Addis Ababa – Debrezeit road (which is the surface water divide at this part of the city) and complete their courses entering Lake Aba Samuel.

Water reservoirs

In the outskirts of the city four water reservoirs were built for two main purposes. Gefersa, Legadadi, and Dere dam were built for public water supply, while Aba Samuel dam was built for hydroelectric power generation. As a consequence, Lake Gefersa in the northwest, Lake Dere and Legedadi in the northeast and Lake Aba Samuel in the southern outskirts of the city were formed at different times.

Gefersa was the first dam built in 1944 about 18 kms west of Addis Ababa. At present the dam has a reservoir capacity of 6.5 million cubic meters and the maximum capacity of the treatment plant is 30,000 m3 of water per day. Due to  rapid growth of the population and expansion of the city from year to year, there is a serious shortage of water in different parts of  Addis Ababa. To alleviate the problem Legedadi and Dire dams were built in 1970  and 1999 at about 33 kms east of Addis Ababa. The treatment capacity of Legedadi plant was upgraded from 50,000 m3  to 150,000 m3 of water per day. The Dire dam supply 42,000 m3 of water per day for Legedadi plant, since 1999.

In 1940 Aba Samuel dam was built on the Akaki river, 30 kms south of Addis Ababa. The dam has a storage capacity of 65 million cubic meter and an annual out put of 23 million kilowatt-hr. (Berhane, 1982). However, due to siltation and pollution it is not functional at present. According to Jackson (1961), 85% of large lakes near major population centers suffer to some extent from cultural eutrophication. In this way the lakes eventually become a marshy and ultimately dry lands. In fact on the original size and depth of the lake, the amount of sediments imported and the amount of organic matter internally generated make a difference in the cultural eutrophication.

Gefersa, Legedadi and Dire are located in the upstream and may not suffer from the processes of eutrophication. However, because of their geographic location siltation may be a problem in the future. 

RUNOFF    

The flow of any stream is determined by climatic factors (particularly precipitation) and the physical characteristics of the drainage basin. The latter includes land use, type of soil, type of vegetation, area, shape, elevation slope, orientation, type of drainage network, extent of indirect drainage and artificial drainage (Wisler et al.,1959; Ward, 1967; Fetter, 1988).

In the study area the rivers/or big tributaries are located near the watershed and hence they have small catchment area. Most of the streams emanate from the steeply and rugged ridges of Entoto and flow crossing the city towards the relatively flat land areas of southern Addis Ababa. These and other natural conditions contribute for rapid movement of water in the rivers. 

Moreover, like other large cities of the world, the land in Addis Ababa is more or less built up with impervious materials like corrugated iron roof, asphalt or compacted gravel roads, drainage system, airfields, car parks, recreational areas and other man made impermeable structures. These human induced features significantly increase the amount and movement of water in the streams crossing the city. 

In general, due to the above-mentioned natural and man-induced features together with the rapid population growth in the city, the magnitude of peak flow shows increment towards the southern parts of the city. Ward et. al (1990) found that increase in the magnitude of peak flows, below large urban areas, is the results of an increase in the volume of quick flow and more rapid movement of runoff, which is possible in  urbanized areas.

On the other hand, different construction works done on the bank and floor of the valley, have reduced the amount of water to be held in the channel below its natural capacity. Moreover, as a consequence of the above mentioned factors, poor and limited drainage system and lack of flood control mechanisms have resulted in temporary flooding of the area adjoining the river. The area around Police hospital, Filowha, Kebena, Big Akaki and Little Akaki are some of the places in the city that are commonly affected by the flood during the rainy season. The flood causes considerable losses of property.

The Big Akaki river was gauged near Akaki town on Addis Ababa - Debrezeit road. The station is equipped with an automatic water level recorder and is capable of discharge measurements. The average monthly and total annual runoff measured at the station from 1981 to 1998 is used in this study. It is known that the volumetric stream flow records in the station show variation in the total amount of runoff from year to year in the basin. The maximum annual stream flow occurs in 1996 and it was 640,600 million m3 while the minimum annual stream flow, which was 117.975 million m3, occurred in the year 1987. The variation in annual flow is due to changes in the climatic condition of the basin in particular and the country in general. The great variation in flow from one season to another mainly reflects the climatic conditions, i.e. seasonality of rainfall and amount of evapotranspiration in the basin. However, in the study area there is also significant contribution from sewage that passed through the drainage system into the nearby streams. Ward et al (1990) noted that the discharge of effluents into stream channels and the abstraction of water from the stream channel may represent a very large percentage of the natural flow and must, therefore, be taken into account in the analysis. Thus, to know the actual amount of average monthly natural flow in Big Akaki, it is necessary to deduct the amount contributed by sewage. In a river the amount of water extracted is insignificant before it reaches the gauging station (fig7).
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Figure  6.   Mean monthly flow of Big Akaki river

Hydrogeological investigation carried out in the Akaki area by AAWSA-THAL (1992) showed that from the total water supplied to Addis Ababa about 70% returns as sewage and 60% of the returned flow has an out let through Big Akaki river and the remaining 40% join Little Akaki river.The average supply of water to Addis Ababa from surface reservoir and ground water abstraction is about 163,000 m3/d. Thus, the contribution of sewage to the runoff in Big and Little Akaki river is 0.79 m3/s and 0.53 m3/s respectively. The corrected mean monthly discharge of Big Akaki River is presented in the table 6. 

	Months
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Ann. 

Mean

	Discharge m3/s
	0.69
	0.79
	0.96
	1.73
	1.56
	3.12
	19.06
	49.34
	24.49
	2.84
	0.98
	0.83
	8.86


Table.6. Mean monthly discharge of Big Akaki river.

Peak stream discharge occurs in August (49.34 m3/s) and the minimum discharge occurred in the month of January (0.69 m3/s). Moreover, the proportion of sewage to the natural runoff varies from a minimum of 1.56% in August to a maximum of 53.38% in January. The seasonal variation in the stream flow reflects the amounts of rainfall in the area. Thus, there is a direct correlation between the average monthly rainfall and runoff. Usually there is high stream flows after the rainy months. 

Runoff can also be expressed as a depth equivalent over a catchment. This may be used for comparing precipitation and runoff in the basin. Runoff depth over the catchment can be calculated from the mean annual discharge and surface area of the catchment. Accordingly, the amount of annual runoff depth of Big Akaki River (Western catchment) sub-basin is 142.4mm. Moreover, the runoff coefficient (the ratio between annual runoff depth and rainfall depth) of the Big Akaki river is 12.75%.  

The calculated runoff coefficient can represent the whole of Akaki River Basin. Thus, the runoff for the Little Akaki River sub basin  (Ungauged) can be estimated indirectly from the runoff coefficients calculated for the Big Akaki River basin. The runoff coefficient of Little Akaki river is 38 %, thus the runoff depth become 142.4mm. The annual discharge of Little Akaki River can be inferred from the catchment area and runoff depth. The annual mean discharge of Little Akaki River for the year between 1981 and 1998 is 135.23 x 106 m3 (or 4.29 m3/s). 


HYDROGEOLOGY

The groundwater circulation and the dispersion of pollutants are depending on the hydrogeological characteristics of the material more specifically hydraulic properties such as porosity, permeability, transmissivity etc.  The origin, flow and chemical constituent of groundwater is controlled by the type of lithology, distribution, thickness and structure of hydrogeological units through which it moves (UNESCO, 1972). Moreover, the stresses due to tectonism and weathering govern the hydrogeochemical characteristics of earth materials.  Therefore, to identify the path way and final destination of pollutants it is necessary to describe the earth materials occurring in the project area with a particular reference to their infiltration capacity. Volcanic rocks mainly basalts, rhyolites, trachytes, scoria, trachy-basalts, welded and unwelded tuffs are the dominant rock outcrops in the area. Besides, unconsolidated materials of different origin also occurred in the study area. These rocks are the major groundwater supply for large parts of Addis Ababa. Hydrogeological investigation in volcanic terrain needs emphasis in re-construction of the geologic and geomorphologic history of the area. Thus, the geomorphologic setup of the area can be deduced based on previous work conducted in the area, lithological log obtained from boreholes and data collected during the fieldwork. There fore, the project area is characterized by alternate eruption of basic and acidic lava flows from different centers.  In between successive lava flows physical disintegration and chemical decomposition of rocks exposed at the surface; subsequent erosion and deposition; and tectonic activity taken place that has modified significantly the geomorphologic set up of the area. The main porosity groups identified are fracture porosity and interstitial porosity.

FRACTURE POROSITY 

BASALTIC LAVA FLOWS
The texture of basaltic lava flows in the study area varies from porphyritic (olivine and plagioclase) to aphanitic. Basically, high water storage and transmitting capacity of basaltic lava flows is due to joints caused by cooling, lava tubes, vesicles that are interconnected, tree moulds, fractures caused by buckling of partly congealed lava (aa lava surface) and voids left between successive flows. Old porphyritic basaltic lava flows dominantly cover the slopes of Entoto, central and western parts of Addis Ababa. It's water circulation and storage capacity is dependent on the degree of weathering and secondary fractures (weathering types). The presence of faults and fractures modify the hydraulic properties of the rock. Moreover, the development of soil is mostly related to the topography on which this rock outcrops. In steep slopes the weathering products are immediately removed by the concomitant erosion, while in the southern part of city, where slopes of the topography is low to moderate weathering processes produce in situ soil horizon in addition to transported materials. 

Depending on the degree of weathering and the resulting weathering zones the porphyritic basalts show difference in water infiltration properties. In some localities, like the area around Kidane Mehrat Church (east of Shiro Meda), the secondary permeability of porphyritic basalts is due to deep weathering zone. Besides large concentration of weathering fractures that have different orientation and opening increases the overall water transmitting properties of the rock body. Usually the greatest permeability is found within the partly decomposed weathering zone, which varies in thickness from about 2 to 4 meters. The thick vegetation cover in the area also facilitates infiltration of rainwater. On the other hand, the degree of weathering and associated fractures is less developed in the lava flows that outcrop in the central and western part of the study area. In these localities scattered massive boulders are not uncommon and fractures are minor. Although there is thick soil cover in some places (e.g. Shegole Meda) the zone of  partly decomposed parent materials below the soil horizon is small in thickness. Thus, the permeability of porphyritic basalts in these localities is less when we compare it to the same rock outcrop in the former areas.

The young porphyritic basalt that outcrops in the southern parts of Addis Ababa varies from massive to fractured type. It is fresh to slightly weathered. The fractured variety is the most permeable and productive aquifer in Akaki area (Anteneh Girma, 1994).  Aphanitic basalts dominantly cover the southern and southwestern parts of Addis Ababa. Outcrop of this rock vary from massive to vesicular type. Vesicles, which are abundant on the aphanitic basalts, are not interconnected and in some cases partially filled by secondary minerals. Thus, vesicles have little or no effect on the overall rock permeability. However, in some localities (e.g. near Bole Air Port) due to weathering fractures and/or tectonic discontinuity, vesicles are interconnected. Consequently, the water transmitting capacity of vesicular basalts increases to some extent. The shape of vesicles varies from circular to cylindrical cavities.

The presence of vertical and horizontal fractures significantly increase the water circulation and storage capacity of massive aphanitic basalts. However, the same rock shows difference in hydraulic property depending upon the fracture spacing, extent and openings. Measurements taken from different places show that there is variation in the spacing of vertical fractures form about 0.3 to 1 meter and horizontal fractures from about 1.5 to 2 meters. Likewise, the aperture in the vertical and horizontal fractures varies from about 10 to 30 mm and 10 to 20 mm respectively. Moreover, there are also inclined fractures that run in different directions and intersect at some point. 

The other difference in water transmitting capacity is related to the extent to which the aphanitic basalts affected by weathering. The permeability becomes high in area where this basalt is intensively intersected by weathering fractures. In the southwestern Addis Ababa, near ALERT, for example the aphanitic basalt is highly weathered and affected by horizontal and inclined local weathering fractures. The spacing in the horizontal fractures varies from about 3 to 5 cm and the aperture reached up to about 2 cm. In some localities, the basaltic lava flow is slightly weathered and consequently, posses law infiltration capacity.

Moreover, the degree of weathering, fracturing and morphology of the area plays a great role in controlling the development and thickness of soil horizon above the aphanitic basalts. The physical disintegration and chemical decomposition become more pronounced along the surface of joint sets. 

WELDED TUFF

This rock unit is widely distributed in the northern, central and eastern part of the study area. The strongly welded tuff exposed in the central and western parts of the study area. While, young welded tuff varieties cover extensive area in the central and southern parts of Addis Ababa. According to Davis (1966) welded tuffs have medium to low primary porosity and very low permeability. Thus the water circulation and storage capacity of welded tuff depends on the secondary porosity and permeability developed through fracturing and weathering processes. However, the degree of weathering and fracturing is not uniform through out the study area on this rock unit. In most places the welded tuffs are fresh to slightly weathered and there is thin soil cover or bare rock exposed. On the other hand, in the flat-laying areas of southern and southeastern parts of Addis Ababa as well as along most river valleys the welded tuff are deeply weathered and covered by soils having different thickness. 

The secondary fractures, are mainly the results of weathering and tectonic activity, affected the ignimbrite in different manner. In some localities the welded tuff is massive, slightly weathered and fractures are scarce or absent. Thus, the secondary processes produce only a small increases in the overall water circulation and storage capacity of welded tuff. On the contrary, block fractures divided the massive welded tuff into rectangular blocks in large parts of the study area. Mostly these fractures are open to a considerable depth and transmit large amounts of water. On average the spacing and aperture of vertical fractures in ignimbrite varies from about 0.5 to 2 meter and 2 to 4 cm respectively. Likewise, the horizontal fractures vary from about 1 to 4 meters in spacing and 1 to 3 cm in fracture opening. 

Therefore, in most localities welded tuff developed good secondary permeability largely from open fractures and to some extent from weathering zone. When there is high degree of fracturing and weathering, welded tuffs have the capacity to hold water and become a productive aquifer.

SILILIC LAVA FLOWS AND DOMES

The rhyolitic and trachytic lava flows are mostly considered as impervious rocks. The water storage and transmitting capacity is thus largely dependent upon secondary porosity and permeability.

Rhyolitic lava flows are found dominantly along the slopes and foothills of Entoto ridge. The secondary porosity in rhyolite is due to weathering and associated fractures.  In the western parts of Addis Ababa weathering deeply obliterated the rhyolite that occurred in gentle slopes of Entoto. Weathering in this locality produce soils having a thickness of greater than 10 meter. Moreover, weathering fractures locally increases the porosity of the rhyolitic lava flows. In some localities vertical fractures having about 0.5 to 1 meter spacing and about 10 to 20 mm opening intersect the rocks. Thus, the weathering fractures and weathering zone significantly modify the limited primary porosity and permeability of rhyolitic lava flows. On the other hand, the rhyolitic lava flows outcrop in eastern parts of Entoto ridges is slightly weathered and less fractured. Consequently, there is poor soil development particularly on the slope and top parts of the ridge. Rock fragments are dominantly covering this part. Relatively shallow soil profile constitutes the gentle slope and foothills of the ridge. Therefore, in some place where the rhyolitic lava flows are intensively weathered and highly fractured, infiltrated water through fractures feeds the aquifers that lie on flat-laying areas. In slightly weathered massive part most of the precipitated water is readily lost as runoff. 

Trachytic lava flows having different ages are found in the study area. Since trachytic rocks vary in age, structure and weathering conditions, their water circulation and storage capacity also vary accordingly. Trachytic domes have steeper slopes, massive and weathered slightly in the outer parts. There is thin or no soil formation.  Therefore, the water that precipitated on the trachytic domes of Mt. Wechecha, Mt. Furi and Mt. Yerer are mostly lost as runoff rather than vertical infiltration. The trachytic lava flows cover the foothills and moderately dipping topography of the southern and southwestern parts of Addis Ababa. Due to thick black cotton soil cover outcrops are scarce. It is slightly to moderately weathered and intersected by fractures. The fractures separate the flows into different columns, which may extend to the bottom of the flow. The major vertical fractures on the trachytic lava flow, that outcrop along the road side have spacing of about 0.5 to 1 meter and the opening in this fracture vary from about 2 to 3 cm. Likewise, local vertical fractures that have about 5 to 20 cm fracture spacing and up to 5 mm fracture opening are also observed in the same outcrop. The occurrence of major tectonic displacement and deep weathering zone in trachytic lava flows strongly changes the hydraulic characteristics of the rock.  On the other hand, minor fractures have local permeability effect. However, an intensively weathered and fractured trachytic lava flow under favorable conditions develops not only water transmitting but also water holding properties.

The trachy-basalts are the major outcrops in the western parts of Addis Ababa, around Repi and General Wingate School. They are slightly weathered and intersected by fractures. The fractures are dominantly inclined and fracture spacing varies from about 20 to 40 cm. Although the spacing of fractures in trachy-basalts is small compared to other rock type, due to the tight fracture openings the resulting water infiltration capacity is minimum. Due to slight weathering there is thin soil cover on trachy-basalts.  

INTERGRANULAR POROSITY

Intergranular porosity in the study area is mainly associated to the volcanic activity and /or weathering and erosion processes. Alluvial sediments are deposited in the southern and southwestern parts of Addis Ababa along the channel and terrace of the major valley. It is a loose material consisting of clay, silt, sand and gravel in different proportions. In a vertical succession the deposits have coarse material (gravel) at the bottom of the channel and fine materials (silt & clay) at the top. The deposits are poorly sorted and highly porous. Mostly the alluvial deposits are localized in the narrow channel and terraces of the valley. Mostly the alluvial deposit is localized in the narrow channel and terraces of the valley. The thickness of alluvium deposits varies from place to place depending on the topographic variation in the area.

As it was confirmed from the lithologic log of boreholes, alluvium deposits occurred interbeded with different lava flows, pyroclastic materials and paleosols at different depths. Borehole drilled in Central Park (adjoining the Bantyketu stream), for example, cut across about 24m thick sand layer before it encountered the underneath materials. Alluvial deposits also occur in flat-laying topography where there is swampy or waterlogged areas. The thickness of alluvium that covers swampy area of Filowha, for example, varies from 2 to 4 meters.  The primary porosity and permeability in alluvial sediments result from voids between the grains. The magnitude in turn depends on the size, shape, sorting and packing of grains. The alluvial sediments in Addis Ababa are poorly sorted, highly porous and permeable. Thus under favorable conditions they may store appreciable amount of water and characterized by  high water infiltration capacity.  Although very localized colluvial deposits having high porosity and permeability occur in the foothills of Entoto ridge, Mt. Wochacha,  Mt. Furi, Mt. Yerer and other elevated areas. Loose pyroclastic materials derived from different volcanic centers make up intergranular porosity. The most important characteristic features governing the groundwater movement and accumulation in unconsolidated pyroclastic materials are related to fragment size, sorting and degree of cementation. In the study area loose pyroclastic material includes ash and agglomerates. Mapable units of young tuff and agglomerate occurred in the western and southeastern parts of Addis Ababa. At depth these materials are found to be interbeded with alluvial sediments, paleosols and lava flows. Volcanic ashes and agglomerates have high water transmitting and holding capacity. On the contrary, tuff has low permeability, but the secondary processes specifically weathering increases significantly the water infiltration capacity of tuff. Weathering products of volcanic rocks cover most parts of the study area. The type and development of residual soil is mostly dependent on the parent rock and topography on which the rocks outcrop. In moderate to steep slopes commonly shallow soil horizons develop, whereas in the area where there is gentle to flat topography thick residual soils form thick profile. The thickness further increases towards south where the topography is relatively flat. On the other hand thick soil horizon is also observed in some central and western parts of Addis Ababa. In boreholes drilled at Building College (Lideta) and Sunsuzi (Burayu) there is 16m and 18m thick clay soil found respectively. The black cotton soils in the south have a swelling and shrinkage properties. In the dry season cracks that have different aperture and lateral extent commonly observed. The infiltration capacity of black cotton soil thus become high in the beginning of the rainy season and reduces when the amount of precipitation increase. As a consequence the black cotton soil become saturated and act as impervious materials. On the other hand when clay is not a dominant constituent of the soil, relatively there is a constant infiltration of water in the rainy season depending on other different factors.

The two major faults i.e. east west running fault at Entoto and NE-SW oriented Filowha fault changes the topography of Addis Ababa and it's surrounding significantly. The occurrence of many springs at the foot of the former and thermal water along the latter is indicating conducive nature of these faults. Moreover, during faulting associated fractures and fissures developed on different lithologies modify the hydrogeological characteristics of the rock units affected by the fault.  Paleosols are interbeded with successive lava flows and/or unconsolidated materials. They are made of clayey fragments and are less permeable and act as a confining bed. Moreover, these impervious materials form local perched groundwater. The paleosols that exposed along the valleys (e.g. Kebena, Ayere Tena) and quarry face (e.g. near Bole Air Port) varies in thickness from about 1 to 2 meters.

Groundwater flow

The study of groundwater flow direction is essentially in identification of the movement of contaminant, once enter the groundwater from high grounds. The elevation of water level in boreholes can be used to determine the general direction of groundwater flow in the study area. However, in the construction of piezometric map errors are introduced due to the following major problems. These are lack of access for water level measurements, error introduce in the measurements of ground elevation, occurrence of fractured and intergranular porosity, and complexity of multilayer aquifer system in the area.

The groundwater movement direction (fig7) is dominated by north-south and east-west flow. The flow lines converge towards the southern parts of the investigated area. Besides, SEURECA (1990) stated groundwater flow from Southwest to southeast in western parts of the city and from east to west in the eastern parts of the city. In some localities, however, the groundwater flow direction changes, mostly towards the near by streams. In general the groundwater movement is sub parallel to the surface water flow direction and more or less controlled by the topography of the area.
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Figure 7  Groundwater flow pattern

[image: image21.wmf]Figure 8   Lithological log from Dewera Guda well

HYDROCHEMISTRY

The chemical composition of natural water is the results of natural processes and cultural effects as a consequence of man's activities. Hem (1989) considered climate, structure and position of rock strata and biochemical effects associated with life cycle of plants and animals as main environmental factors that control the amount of solutes present in the natural water. Accordingly in the present study area, occurrence of basic and acidic volcanic rocks, major tectonic discontinuity and topography are the major water quality controlling factors. Besides urbanization and associated development features for more than a century in the city significantly change the chemical and biological constituents of surface and groundwater.

Water entering the subsurface from different sources may remain temporary as a continuous body or in several distinct water-bearing zones. The resulting physical and chemical properties of groundwater are most importantly related to its relationship with the media, which the water encountered, and its residence time. In addition to the natural factors a major changes in the constituents of groundwater in the study area is resulted  from the activities of man. On the other hand, the type and concentration of dissolved constituents governs the usefulness of groundwater from various purposes. Therefore, it is necessary to determine the composition of groundwater before the water can be used for the intended purpose. 

More detailed discussion on the water chemistry and bacteriological results will be presented in the final version of the report.

However, the plot on fig 9 a and b indicated that there is fluctuation of concentration in groundwater during the considered months based on the contaminant load of the infiltrating water. 
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Figure   9  Sampling points 1= Lideta spring, 2= BH Building college, 3= BH Akaki Textile, 4= BH EP-8, 5=BH Addis tyre, 6= BH Kara, 7=BH-22

Drastic EC changes correspond to water points located on areas susceptible to contamination as it is observed in cold spring samples.

POSSIBLE SOURCES OF POLLUTANTS
Like in many other sectors of the developing countries of the world, economic development usually does not take into consideration the possible impact it has on the environment. On the other hand, absence of proper environmental management practice paralleling economic development may lead to an irrecoverable environmental degradation. 

There are numerous sources of pollutants that could deteriorate the quality of water resources. In developing countries sources of pollution from domestic, agricultural, industrial activities are unregulated. Like wise in Addis Ababa, where there is no as such environmental protection practice there are a number of pollutant sources that continuously deteriorate the quality of surface and ground water since the foundation of the city. Based on obtained information, observation made during site visit and analytical results, the following hazard centers have been considered as major category of sources of pollutants in the project area. These are industrial establishment, agricultural activities, municipal wastes, fuel stations, garages and health centers. Meanwhile in the project area numerous graveyard and market areas contribute to the deterioration of water environment. 

The number, distribution and major activities of hazard centers are summarized below so as to give a better understanding of the magnitude and possible pollutant types. 

AGRICULTURAL POLLUTION
In the peripheral part of the project area, crop production and animal husbandry are being carried out for a long period of time. Agricultural activities in the city are carried out on individual or cooperative basis. There is a slight difference in the type of agricultural activities carried out in the rural and urban areas of Addis Ababa.

In the urban centers of Addis Ababa agricultural pollution is dominantly associated with animal husbandry. According to Addis Ababa Bureau of Agriculture, it is estimated that there are about 133,081 populations of animals. The common practice in the urban part is to breed the animals in small plots of land within the compound. They feed different types of foodstuffs to increase the productivity. Due to high density of cattle, large amounts of wastes are accumulated in a restricted area. Large number of cattle arrive daily into the city from the surrounding areas. In the rural parts of the city agricultural activity is more or less a reflection of the situation in the country. This was further confirmed by CSA (1999) report, which stated that in the rural area of Addis Ababa, the majority of the economically active population was skilled agricultural workers. Farming of small plots of land using primitive methods is a leading agricultural activity. 

The chemical fertilizers added to the soil in order to increase the yield, in the study area, can be lost during the rainy season by rapid surface runoff.  Of the three main nutrients in fertilizers, Urea [CO (NH2)] is the one that most commonly causes contamination of groundwater beneath agricultural land (Freeze et al., 1979). Nitrate is generally much more mobile in subsurface flow system than any other fertilizer components. Cation exchange causes potassium to have low mobility in most non-fractured geologic materials.  The water sample taken from shallow groundwater around Lega Dadi (NE Addis Ababa) contains 2.73mg/l nitrates. Thus, the presence of nitrate can be attributed to the use of intensive fertilizer usage in the surrounding farmlands. 

PETROL STATIONS  

Due to the absence of established law to restrict areas for petrol stations, most of them were built randomly. Consequently, it is not uncommon to see stations nearer to streams, possible recharge zones, water wells, hospitals, hotels etc. Other problems associated with petrol station are absence of regular inspection of the storage tank.

According to Addis Ababa Bureau of Trade, Industry and Tourism (1999) there are sixty-three (63) fuel stations distributed unevenly in the metropolitan of the city. Main depots of  Mobil, Shell and Total are located in the southern parts of Addis Ababa close together. In addition to those stations engaged in retail trade, there are also other petrol stations within the premises of different organization established for their own petrol supply. 

Most of the petrol stations in the city are engaged in retail distribution of fuels, car washing and greasing services. The owners built underground steel storage tanker beneath the station at a shallow depth. Usually, the depths vary from 10-15m below the surface of the ground. Steel pipes of different diameters are used to connect the storage tanker and the distribution machine. At this depth, fresh bedrocks are rarely found. Instead, the subsurface in most parts of the city is dominantly constituted by different types of soil and /or weathering products of the underlying rock units. 

The weathering process creates favorable conditions for infiltration of surface water. Consequently there could be direct contact between the shallow subsurface water and the storage tank. This usually results in the formation of reddish brown stain (rust) on the outer surface of the container and pipeline. The effect become deep, widespread and causes leakage of oil from the container with time. The problem becomes severe in the rainy season when there is high amount of water infiltration and the water table rises high. The oil that leaks from the underground storage moves down ward through the permeable material until it reaches the nearby subsurface water. On the other hand, if the leakage is not continuous it produces local wetting zone. Leakage also occurs when storage tanks are subjected to structural failures and accident occurs upon fuel tanker trucks.

The other way of oil loss is through drip during re-filling service. For most people, this seems too small in amount and not to have an impact on the environment. Freeze and Cherry (1979) mentioned also the leakage and spill of oil from different sources are increasing threats to ground water quality. Moreover, contamination of groundwater by petroleum products differs from other major sources of contaminants, in the oil and gasoline is less dense than water and is immiscible in water. In the study area, although there is no written document that justifies the leakage of oil from the underground storage tanker, it is reasonable to infer from other sources. The other way that may indicate seepage from underground reservoir can be inferred from the losses, which the owners face as the storage, tankers become old. One of the functions of most station is to provide washing and greasing services for different size vehicles. They clean the car using high-jet pressure water that may contain washing solvents. In washing, they remove not only the dirt due to natural phenomena but also the chemicals (lubricants), which were used in previous greasing services. The liquid wastes from the station and surface runoff from contaminated ground are directly discharged to the nearby drainage system. The drainage systems in the city are designed to use the advantage of gravity and connected to near by streams crossing the city.  Therefore, the petrol stations without any doubt are one of the significant polluting centers in the city.

MUNCIPAL WASTES
Waste is any material that is perceived to be of no further use and that is permanently discarded (Andrew et al., 1996). Wastes frequently cause damage to ecosystems and/or human health and therefore act as pollutants. The wastes that are generating from different sources can be solid and / or liquid (sewage) forms. 

MUNCIPAL SOLID WASTE
The municipal solid waste (refuse) includes wastes generated by commercial centers, domestic households, and local institutions. Wastes produced indirectly from industry, agriculture and other sources are discussed under the respective sources.

Addis Ababa Administration Region Health Regulation (Legal Notice No. 1/1986) defined solid waste as " anything discarded as public sweepings, food remains, ash, vegetables, and grass remains, cigarette butts, papers of various sorts, discarded glass, metals, plastics, dead animals and the likes that posses environmental health risks". 

The daily volume of solid waste generation per day for Addis Ababa city for 2.55 million population (1996) is calculated to be about 1,336 cubic meter (468 tones). A unit generation is predicted to be 0.45l/capita/day (0.15kg/capita/day) with a density of 200 in dry seasons and 350 in wet seasons. Moreover, in Addis Ababa the service coverage has been calculated to be about  55.0% of the total generated refuse. This coverage lies within Andrew et al (1996) estimation of urban solid waste collection in less developed nations that was about 50-70%.  A fourteen years (1989-2002 E.C.) projection by Health Bureau showed increment of daily waste generation in the city. On the other hand, the predicted daily service coverage increase up to 1996 and shows a gradual decline from 1997 up to 2002 E.C.

NOR Consultants (1982) has identified contributors of solid waste generators in Addis Ababa as domestic waste (76%), street sweepings (6%), commercial wastes (9%), industrial wastes (5%), hotels (3%) and hospitals (1%). The Addis Ababa municipal refuse has the following general composition: organic matter (kitchen wastes) about 8%; recyclable fraction (leather, glass, metals, textures, paper, rubber, wood, plastics) about 10%; combustible fraction (glass, leaves) 20%, non-combustible 3%, ashes 28% and fines 30% all by weight.

As it was mentioned above, the daily refuse collection in Addis Ababa covers only about 55% of the total generated wastes. The first problem associated with solid waste in Addis Ababa will be the final destination of the reminder 45% of the refuse generated daily in the city. Close visual inspection of the different natural and man-made elements in the city suggests a possible clue to the problem raised above. 

Currently, all possible open spaces in the city seem official waste disposal sites. That is why it is not uncommon to observe uncollected waste heaps distributed all over the city. Roadsides, open areas, streams and ditches in the city are full of wastes coming from several sources. The problem becomes severe in the areas where there is a setting up of market. Consequently the area becomes a breeding ground for viruses, bacteria and parasites. Outbreak and transmission of diseases as a consequence of this poor sanitation is a recurrent phenomenon in the city for a long period of time. 

In the project area, the type of waste collection and transportation includes door to door and block and transfer station through two main types of waste trucks. However, in reality the service provided to the people is below the planned capacity. Trucks that collect wastes in door-to-door operations are not regularly available as planned. Thus residents are obliged to dispose the refuse into the streams during the night time considered as late-night dumping..  Meanwhile, the distribution and collection of metallic container areas not evenly spaced and timely collected. There is only one open dumpsite for a city having more than 2.5 million people. Sixty five percent of the country's industries are located in the project area. Moreover Addis Ababa is social, economical and political centers of the country. This old open pit dump located about 13km west of the city center is called Kore. Open dumps are the oldest and located wherever land is available without regard to safety, health hazards and aesthetic degradation. To avoid the problem open dumps have been closed and replaced by sanitary landfills since late 1930's world wide.

The open dump, Koshe, was created before three decades and has a surface area of about 25 hectares. According to the estimation made by the Health Bureau the already dispose refuse for the last 30 years is about 6 million cubic meter. The routine performance in the sight includes spreading and leveling by a Bulldozer and compacting by steel compactor. These enable the waste to be collected in a pre-defined area. 

Diseases such as acute respiration, skin, brocho-pneumonia and gonococcal infection are related to improper waste management. The failure in waste management (lack of consideration) can also be manifested by the absence of at least one well planned and managed sanitary landfills for  a city that celebrate its centenary before a decade.

It is known that leaching of the waste by percolating water even from modern sanitary landfill is one of the most significant possible sources of surface and ground water pollution. Leachates contain large number of inorganic, organic and toxic constituents. As it was observed in Koshe area, the water that penetrates into the organic wastes during rainy season infiltrate to depth and discharge on the southeast direction following the gradient of the topography. The amount of leachates becomes high when there is high amount of rainfall (June, July and August) and the ground water level rises consequently. The rock units are highly fractured and there is thin soil cover in the area. Moreover these facilitate the infiltration of leachates into the subsurface through fractures and interstitial porosity.

SEWAGE
The term sewage refers to the water whose quality is degraded as a consequence of human activities. The discharge of untreated sewage into surface water can lead to gross pollution (Andrew et al. 199).

Addis Ababa has a separate sewerage system. That is sanitary sewerage and storm drains are designed and built separately. It is very difficult to differentiate the storm drains designed to collect rainstorm runoff from that of swear lines. Because wastewater that emanated from different sources in Addis Ababa is continuously discharged without any prior treatment into systems of drains. Drainages in the city are connected to the nearby watercourses. The streams also directly received untreated sewage from toilets, petrol stations, garages, industries etc. The problem becomes acute, in a place where the drains are open (ditches) and filled with solid wastes. As an aftermath the passage of water in the storm drain's blocked and causes outflow of the wastewater into the ground surface. The severity of the problem can be noticed during the rainy season where there is high runoff and liquid waste from drainage over flooding the street of Addis Ababa. 

At present there is limited sewerage line in the city built-up to collect liquid wastes from different sources. The potential populations which can be served or which can be connected to the sewer system have been estimated in the Waste Water Master Plan Study as 456,000 (16%) and 848,000 (22%) inhabitants in the year 2005 and 2015 respectively. 

Inaccessibility of sewerage line forces people to discharge into water bodies to connect pit latrines with stream and unsecured splashing on the surface (Tamiru Alemayehu, 2000). 

Likewise, the localization of sewerage line in limited area contributes for illegal sewerage discharge to the sewerage.  To fulfill the design criteria most industries required primary treatment plant that costs additional investments in the sector. Thus, they prefer illegal dumping that cost nothing and no one accused them of their evil work.  

Waste expelled from human body, animals and wastewater are the main potential sources of bacteria, viruses and parasites. In Addis Ababa it is common to hear out break of typhus and typhoid fever due to contamination of municipal water by seepage from "swear lines" or infected persons wastes. 

The existing conventional biological treatment plant located in southern Addis Ababa covers about  40 hectares of land. The plant site falls within an industrial area and slopes to Little Akaki river. The plant has been sized to serve a population of 50,000 inhabitants with a sewage flow of 7,600 cubic meters per day. 

The sewage collected using vacuum trucks being discharged into drying beds constructed on the eastern banks of Little Akaki river and Yerer ber. 

In general, inefficient waste collection and disposal, lack of concern among responsible bodies to use the available resources and the current illegal dumping practice threaten the sanitary situations of Addis Ababa more than any time. The problem will continue and become sever (worst) in the coming years unless sound corrective and protective measures have been taken. The rapid increment of Addis Ababa population, less controlled urbanization and the present inadequate sanitation aggravates the problem more than expected.

INDUSTRIAL POLLUTION
Ethiopia is one of the less-developed countries where the processes of industrialization are not controlled at all. For a long period of time industries were established at the expense of the environment. That is why most of the industries in Addis Ababa were built adjoining the major rivers and its tributaries. Basically the principle was initiated to discharge wastes to the rivers with minimum costs. 

The survey on the distribution of industries in the country carry out by Central Statistical Authority (CSA, 1998) showed that 65.32% of industrial establishments were concentrated in Addis Ababa. The survey includes only medium and large scale manufacturing industries. On the other hand, Addis Ababa Trade, Industry, and Tourism Bureau (AATITB) and Ministry of Industry recorded 1082 industrial establishment in Addis Ababa city up to 1998.  

Following the practice implemented in the country it is possible to categorize the existing industrial establishment in Addis Ababa city as Food and beverage; Tobacco; Textiles; Leather and foot wear; Wood; Paper and Printing, Chemicals; Non metals; Metals and Mixed (CSA, 1998; Ministry of Industry, 1998; AABTTI, 1998). 

The solid waste from industries varies based on the type of raw material used. According to NOR Consultant (1982) estimation industries account for about 9% of the total solid wastes generated daily in Addis Ababa.  Burning (incineration) reduces considerably the volume of solid waste, but the residue does not undergo anaerobic digestion (Andrew, 1996). As a consequence huge heaps of ash are built up around the city where there is open combustion.

Industrial wastewater encompasses the entire spectrum of pollution problem, although discharge of heavy metals and organic compounds are the most serious ones (Jorgenson et al., 1988). The degradation of the environment by effluents from industries becomes a major issue in recent times particularly by down stream users of Addis Ababa and Oromiya. The discharge of liquid wastes to the environment is advantageous due to no cost required to discharge the liquid waste to the stream. 

In most cases to fulfill the minimum requirement of AAWSA for sewer connection effluents from industry must pass through the treatment plant. As a consequence factories are not willing (capable) to use the nearby existing limited sewerage line.   According to ZeyaiKob Belete and Zeru Girmay (1999) about 96% of industries do not have any effluent treatment plant in Addis Ababa. Thus, Little Akaki and Big Akaki are the main receivers of industrial effluents since the first quarter of 19th century.   

As it is shown above, the effluents from factories contain not only chemicals but also liquid wastes discharged from different sections of the factories. Like most residential houses in the city, factories discharge wastes and toilet to the watercourses. Manufacturing of food products, beverage, wood, textile and paper are the main contributors of organic pollutants (oxygen demanding wastes) to the watercourses. Meat processing industries discharge high concentration of nitrogen in excesses than others. Likewise washing powder used in different factories contributes too much of the phosphate discharged to watercourse. This indirect process of contamination i.e. the deposition of pollutants from the atmosphere to the streams is sometimes described as cross-media pollution (Adrew et al, 1996). In Addis Ababa, the processes of indirect contamination become relatively significant during the rainy months. On the other hand, metallurgical industries release metals, acid wastes and solvents of volatile organic compounds. Likewise, chemical and electronic industries generally discharge wide range of chemicals and solvents in effluents  

	No.
	Factory
	Contents of effluents discharge

	1
	National Liqueur Factory 
	Alcohol, CO2, and liquor

	2
	St. George Beer Factory  

	Yeast, CO2, caustic soda, chemicals used for washing

	3
	Addis-Mojo Edible oil Factory
	CO2, chemicals for washing and used heavy oil

	4
	Aday Ababa Factory 

	Caustic soda, wax, grease, hypochloride, H2O2 sulfides soda ash and salt

	5
	Ediget Yearn Factory.
	Caustic soda, hypochloride, H2O2, sulfide, soda ash, and salt

	6
	Equatorial & Nefas Silk paint Factory

	CO, CO2, pigments, additives, paint and solvents.

	7
	Addis Tire Factory

	Co, SO2, H2S, Oil used, residues

	8
	Ethio-plastic Factory

	Thermal and wastewater.

	9
	Mehere Fibber Factory

	Ag, dust, cloth, and yearn

	10
	Awash Tannery Factory
	5,838 Kg of Cr., 17,778 kg of NaCl, 539.6 kg of (NH4)2 SO2, 1,921.2 kg of H2SO4 and 345.3 Kg of NOH3 in the effluents per year.

	11
	Addis Ababa Abattoirs
	About 31,639 kg of solid and liquid waste per year.

	12
	Akaki Metal Factory 

	Hot water, used oil, sewage from toilet

	13
	 Akaki Textile Factory 

	Sulfides, alkaline paints, different enzymes and sewage from toilet (about 40 cubic meter per hour).


Table 8 Effluents discharged from different industries in the project area.

GARAGES
In Addis Ababa garages are used for cleaning and repairing of motor vehicles. AABTIT registered about 401 traders in garage. These do not include those garages built for non-profit purpose in governmental and non-governmental organizations. As it can be observed in most garages the untreated effluents change the chemical and physical characteristics of the water in the stream. As a consequence discolored water was being observed in the stream having high level of used black oil. It also retards and /or damages plants that grow adjoining the stream banks. 

HEALTH CENTERS

Wastes from health centers are specially suspected because of contamination by pathogenic and the special waste products. In Addis Ababa solid waste generated from hospitals contributed to 1% of the total waste generated daily in the city (NOR consultants, 1982). Usually the solid wastes of most hospitals are collected and disposed by the municipal. On the other hand, most of private clinics (higher medium or small) share metallic container garbage that provides services to the residents.

Sewages from some health centers are stored either in septic tank or in pit latrines. On the other hand, most of private health center used residential compounds for the medical treatment that may have or may not have well established toilet facility.
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In general health centers produce harmful wastes, chemicals, solvents, expired medicines, disposable syringes and needles. 
Figure 8 The availability of major sources of pollution in the project area

There are many different materials that may pollute both surface and groundwater. The amount and type of pollutants introduced into the water body is often obtained from the chemical and biological analyses of water sample. Moreover, previous analysis performed in the area is also used to study the long time characteristics of pollutant in water i.e. its enrichment or depletion. 

The list of potential water contaminants can number in thousands or tens of thousands of compounds. The main group of pollutants includes, organic wastes, trace metals, nutrients, other inorganic species, biological contaminants, organic compounds, thermal water etc.

AQUIFER VULNERABILITY ASSESSMENT

Assessments of the groundwater resources involves an appreciation of the magnitude and quality of the resources, its recharge and discharge zones, its interaction with surface water and groundwater resources, environmental links and demands and present and future consumptive demands on the resources by all consumer groups.

In the last decades, groundwater vulnerability assessments have been conducted in many countries as a part of comprehensive groundwater protection strategies. The vulnerability concept is obviously attractive to decision makers, physical planners and groundwater managers.   The objective in the evaluation of aquifers vulnerability is directed at the study in space and time of the phenomena of pollution of underground water bodies. Adopted approaches for vulnerability assessment range from empirical classifications of key properties to process based simulation models. The former category includes stratigraphic zoning and different index methods. Process based simulation models have mainly been applied in pollutant specific vulnerability assessments for diffusive sources. Statistical methods, where groundwater quality data are coupled to hydrogeological data, land use etc constitutes a further possible approach to vulnerability assessment. Since vulnerability of an aquifer is a function of a number of parameters, it is necessary to adopt aquifer vulnerability assessment to the intended use and local conditions.   

Water pollutants do not have always the possibility to enter the groundwater system, instead the pollutant tends to be removed or reduced in concentration with time and distance traveled. According to Todd (1980) the rate of pollution attenuation depends on the type of pollutants and on the local hydrogeological situations. Moreover, mechanism of pollution attenuation includes filtration, sorption, chemical processes, microbiological decomposition and dilution. Likewise Civita et al., (1998) considered the soil/overburden and unsaturated zone as the first and the second defense line 

Thus, an important element in assessing groundwater resources is investigation of aquifer exposure to contamination. The evaluation of the potential exposure of groundwater resources to contamination is termed as vulnerability. Thus the preparation of aquifer vulnerability map is a key consideration and becomes a forecasting tool and via the planning processes a prevention tool and an identifier of action priority list (Civita and De Mario, 1998). They further stated that a valid point count system model (DRASTIC) was built up to assess aquifer vulnerability by USEPA (Aller et al., 1983, 1987) directly derived from LeGrand ideas, despite several efforts have been made since the early seventies.  It was noticed that LeGrand (1964) as quoted in Todd (1980) developed an empirical point count system to evaluate the potential pollution from a given sources. As an aftermath many countries adopted aquifer vulnerability mapping techniques with the local conditions for the protection of groundwater quality deterioration. A case in point is the new point count system called SINTACS that was developed in Italy in accordance with local conditions modified from DRASTIC.

However, this type of evaluation that needs long time; accurate and quantitative information; and notable financial resources is definitely beyond the scope of this work. On the other hand in the evaluation of the extent to which pollutants are concentrated in study area, it seems reasonable to consider the most important and related parameters that are used in to characterize the hydrogeological units from pollutants concentration point of view.

The intrinsic (natural) vulnerability map is based on the assessment of various natural factors or attributes, such as soil, unsaturated zone, aquifer properties, and recharge rate that enter into the determination of the vulnerability of groundwater.  The main concept is the evaluation and delineation of intrinsic vulnerability, which has no practical content. The application will be acquired when intrinsic vulnerability of a certain area will be associated with danger sources. In this case we are talking about integrated vulnerability, which is defined by the interaction of intrinsic vulnerability of hydrogeological system and danger sources. 

Specific vulnerability is the evaluation of groundwater for every type and class of contamination and for every mechanism of contamination. This type of evaluation needs long time.

Evaluation method

One of the point count model systems was developed by U.S Environmental Protection Agency in 1985 by Aller et al (1987), with the acronym DRASTIC.  D=Depth to water table, R=effective Recharge, A=Aquifer media, S=Soil media, T=Topography, I= Impact of vadose zone, and C= hydraulic Conductivity. Each parameter is given a rating interval from 1 to 10, with two relative weight strings (varying from 1 to 5). The most significant parameters have weights of 5, the least significant, weights of 1.  Once a DRASTIC index has been computed, it is possible to identify areas, which are more likely to be susceptible to groundwater contamination relative to one another. The higher the DRASTIC index, the greater the groundwater contamination potential.  The DRASTIC index provides only a relative evaluation tool and is not designed to provide absolute answers. 

Depth to water table (D)

This is defined as the depth of piezometric level refereed to ground surface and has a large significance on vulnerability because its absolute value together with the unsaturated zone characteristic determine the travel time of hydro-vectored contaminant.  The rating for D decreases with increasing depth.  The closer the water table to the surface, the more vulnerable it is to contamination.

Effective Recharge (R)

The role that effective infiltration plays in aquifer vulnerability assessment is very significant because of dragging down surface pollutants and on the other hand, their dilution during the travel through the unsaturated and saturated zone. 

Aquifer media (A)

Aquifer characteristic describes the process that takes place below the piezometric level when a contaminant goes to be mixed with groundwater having lost more or less a relevant part of its original concentration during the travel through the soil and the unsaturated thickness.

Soil media (S)

It is the first defense line in the hydrogeological system, inside the soil where several important processes take place to build up the attenuation capacity.

Topography (T)

 Slope is an important factor in vulnerability assessment because it governs the amount of surface runoff produced, the precipitation rate and displacement velocity of water over the equipotential surface. Practically high rating is assigned to low slopes i.e. to surface zones where a pollutant may be less displaced under gravity action. Moreover, slope may be a genetic factor for the soil type and thickness, indirectly governing the attenuation potential of the hydrogeological system.

Impact of vadose zone (I)

The unsaturated zone is the second defense line of the hydrogeological system against fluid contaminant. Inside unsaturated zone four dimensional process takes place, in which are involved, physical and chemical processes interacting synergically  to promote the contaminant attenuation.

The unsaturated zone attenuation capacity is assessed starting from the hydrolithologic features (texture, mineral composition, grain size, fracturing etc).

Hydraulic conductivity (C)

Hydraulic conductivity represents the groundwater mobility capacity inside the saturated media, thus the mobility potential of hydrovectored contaminant having density and viscosity almost the same as groundwater.

                                                                              D
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Figure 9 Rating result for Depth to Water table (D)
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Figure 10  Rating result for effective recharge (R)
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Figure 11  Rating result for Aquifer media (A)
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Figure 12 Rating result for soil media (S)
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Figure 13 Rating result for slope (T)
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Figure 14 Rating result for vadose zone attenuation capacity (I)
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Figure 15  Rating result for hydraulic conductivity (C)
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Figure 16  Intrinsic vulnerability map

Preliminary conclusion

The main sources of pollutants that deteriorate the quality of water in the project area are wastes generated from industries, domestic activities, garages, health centers and fuel stations. The pollutants identified in surface and ground water bodies include organic wastes, nutrients, inorganic constituents and microorganisms. Moreover river water in Addis Ababa is characterized by objectionable physical properties offensive odor, and colored water.

The preliminary intrinsic vulnerability mapping for the water supply aquifers revealed that major part of the city lies on medium risk area while the southern aquifer is highly vulnerable to pollution.  Low vulnerable areas are aerially quite small (green). Thick clay deposits around lake Aba Samuel (blue) fall in medium vulnerability category. The southern industrial area is situated in high vulnerability zone.
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Well data used for vulnerability mapping

	 
	Well Location 
	X
	Y
	Depth (m)
	Ground Altitude (masl)
	Depth To SWL (m)
	Water level m a.s.l
	Yield l/s

	1
	Ato Abebe Dima, Sebeta
	451900
	983000
	 
	2140
	40.00
	2100.00
	 

	2
	Meta Abo Brewery BH7
	455350
	985100
	128.0
	2220
	70.00
	2150.00
	 

	3
	Tatek Tor Sefer-6
	459375
	998350
	86.0
	2600
	24.50
	2575.50
	 

	4
	Tatek Tor Sefer-5
	459700
	998075
	67.0
	2580
	10.20
	2569.80
	 

	5
	Water III Testwell-B10
	461500
	1001023
	110.0
	2630
	82.00
	2548.00
	 

	6
	Bisrate Wengel, Boneya
	461900
	974300
	 
	2120
	38.10
	2081.90
	 

	7
	Highway N. 1, Alemgena
	462500
	987000
	136.5
	2300
	83.50
	2216.50
	3

	8
	Burayu Spring water Bh2/ Aqua Addis
	462558
	1002487
	210.0
	2620
	35.00
	2585.00
	 

	9
	Burayu Cartoon Factory
	463266
	1001971
	110.0
	2600
	26.17
	2573.83
	 

	10
	Gen. Gebre Kebede, Alemgena
	463600
	988200
	64.0
	2280
	27.50
	2252.50
	 

	11
	Water III Testwell-B3
	463700
	988500
	130.0
	2280
	19.00
	2261.00
	 

	12
	AAWSA, Repi behind Roll Soap Factory
	463850
	993100
	150.0
	2400
	83.71
	2316.29
	11.3

	13
	Repi
	463850
	993100
	150.0
	2400
	83.71
	2316.29
	18

	14
	Water III Testwell-B2
	464000
	997000
	100.0
	2480
	51.00
	2429.00
	 

	15
	Darge - Suq, WSSA
	464300
	990600
	52.0
	2290
	14.40
	2275.60
	 

	16
	Burayu, Ethio-Libya Joint Venture PLC.
	464600
	1003075
	96.0
	2620
	14.45
	2605.55
	2

	17
	Gulele Misionery of Charity No.2
	465600
	1001855
	104.0
	2545
	13.20
	2531.80
	 

	18
	Gulele Misionery of Charity No.1
	465651
	1001575
	76.0
	2540
	7.30
	2532.70
	 

	19
	Sansuzi, AAWSA
	465900
	1002875
	110.0
	2600
	15.75
	2584.25
	10

	20
	AAWSA, Ayer Tena, near Kidanemeheret
	466050
	993650
	136.0
	2360
	71.28
	2288.72
	8

	21
	Ayer Tena
	466050
	993650
	136.0
	2360
	71.28
	2288.72
	10

	22
	Asco, Black Lion Shoe Factory
	466175
	1001800
	53.0
	2560
	25.60
	2534.40
	0.5

	23
	Tikur Abay Shoe Factory
	466200
	1001008
	53.0
	2562
	22.60
	2539.40
	0.5

	24
	Repi Soap Factory
	466250
	993050
	142.0
	2335
	50.00
	2285.00
	6.7

	25
	Hope Enterprise-2
	466300
	993100
	112.0
	2317
	60.00
	2257.00
	3.2

	26
	Water III Testwell-B12
	466400
	987600
	125.0
	2252.8
	18.30
	2234.50
	 

	27
	San Francisco, Asco
	466440
	1001760
	66.0
	2560
	17.70
	2542.30
	3

	28
	Micky Layland Children's Home  Gulele
	466550
	1000150
	153.0
	2510
	22.60
	2487.40
	1.23

	29
	Women's Rehabilitation Center
	466600
	1001003
	153.0
	2500
	22.60
	2477.40
	 

	30
	Gulele Glass-Factory-3
	466900
	1001005
	150.0
	2517
	20.40
	2496.60
	2.5

	31
	Glass Factory BH2, Asco
	467100
	1000550
	142.0
	2515
	12.00
	2503.00
	2

	32
	Abune Yosef School, Alert
	467150
	992150
	94.0
	2275
	29.00
	2246.00
	1.8

	33
	Alert
	467150
	992150
	94.0
	2275
	29.00
	2246.00
	1.8

	34
	Keraniyo
	467150
	993800
	 
	2340
	39.00
	2301.00
	 

	35
	Glass and bottle factory
	467200
	1001017
	150.0
	2517
	35.30
	2481.70
	2.5

	36
	Voice of Revolutionary Ethiopia
	467200
	993600
	84.0
	2330
	48.00
	2282.00
	1.67

	37
	Apostlic, Tero, Kolfe
	467250
	999800
	70.0
	2510
	58.79
	2451.21
	2.7

	38
	Tero (Kolfe)
	467250
	999800
	70.0
	2510
	58.79
	2451.21
	2.7

	39
	ALERT-1 Gate Well
	468000
	993200
	47.9
	2315
	16.80
	2298.20
	 

	40
	Alert
	468050
	993150
	99.0
	2290
	44.50
	2245.50
	1.7

	41
	AAWSA, Shegole
	468100
	1001625
	150.0
	2585
	31.69
	2553.31
	5.13

	42
	Gulele(Shegole)
	468100
	1001625
	150.0
	2585
	31.69
	2553.31
	8

	43
	ALERT-3 East Well
	468100
	993200
	83.0
	2325
	45.00
	2280.00
	1.3

	44
	ALERT-2 West Well
	468100
	993100
	80.0
	2320
	50.00
	2270.00
	1.7

	45
	Alert
	468200
	993250
	36.0
	2260
	17.00
	2243.00
	 

	46
	Dire Tannery BH1, Gulele
	468200
	1001600
	150.0
	2578
	45.90
	2532.10
	3.8

	47
	Alert
	468200
	992950
	83.0
	2290
	50.00
	2240.00
	1.3

	48
	General Winget School
	468300
	1001003
	63.0
	2525
	41.00
	2484.00
	2.5

	49
	Anbessa Transport, Shegole
	468400
	1001016
	192.0
	2580
	3.00
	2577.00
	1

	50
	Korea Embassy, Ketana Hulet area
	468425
	996350
	68.0
	2320
	19.60
	2300.40
	9

	51
	D.H. Geda, Augusta
	468650
	995450
	126.0
	2330
	26.40
	2303.60
	 

	52
	Kolfe
	468650
	999800
	172.0
	2462
	68.50
	2393.50
	0.5

	53
	Ethio-Marble Industry-1
	468800
	1001007
	42.0
	2529
	18.00
	2511.00
	2.7

	54
	Netherlands Embassy, Keranio area
	468800
	996600
	124.0
	2360
	50.35
	2309.65
	2

	55
	Hagbes PLC., Bisrate Gabriel area
	468875
	993750
	130.0
	2298
	11.16
	2286.84
	4.8

	56
	Ethio-Marble Industry-2
	468900
	1001007
	116.0
	2540
	72.00
	2468.00
	 

	57
	Ato Temesgen Chaka, Ketana Hulet area
	469050
	994450
	120.0
	2260
	26.50
	2233.50
	1.2

	58
	Ketena Hulet area
	469050
	994450
	120.0
	2260
	26.50
	2233.50
	1.2

	59
	Donbosco, Bisrate Gabriel area
	469280
	993350
	122.0
	2295
	19.64
	2275.36
	3.3

	60
	Around Epharm
	469280
	993350
	122.0
	2295
	19.64
	2275.36
	3.3

	61
	Old Airport (Army)
	469300
	995500
	107.0
	2347
	16.00
	2331.00
	 

	62
	Former Golf Club
	469700
	994500
	152.4
	2332
	6.70
	2325.30
	3

	63
	Civil Aviation
	469800
	996200
	60.0
	2342
	7.00
	2335.00
	 

	64
	ETHARSO-3
	469800
	991200
	20.0
	2225
	7.10
	2217.90
	3

	65
	Lideta
	469875
	995875
	126.0
	2340
	18.60
	2321.40
	 

	66
	St. Poulos Hospital
	469900
	1001000
	80.0
	2525
	7.00
	2518.00
	1.6

	67
	Awash Winery
	469900
	996000
	67.1
	2335
	13.70
	2321.30
	4

	68
	Coca Cola Factory-2
	470000
	996400
	44.0
	2338
	13.30
	2324.70
	5

	69
	Coca Cola Factory-1
	470000
	996400
	38.0
	2335
	14.00
	2321.00
	6.67

	70
	Building College
	470100
	996100
	45.0
	2352
	30.00
	2322.00
	 

	71
	Victory S.M. area
	470100
	993850
	150.0
	2320
	35.00
	2285.00
	2.2

	72
	Lideta
	470140
	996150
	 
	2358
	21.10
	2336.90
	 

	73
	Lideta
	470150
	996125
	54.0
	2357
	23.00
	2334.00
	5

	74
	ETHARSO-1  Mekanisa
	470250
	991500
	40.0
	2225
	19.00
	2206.00
	3

	75
	Mekanisa Distilery-1
	470400
	992100
	91.0
	2230
	11.30
	2218.70
	 

	76
	Mekane Iyesus
	470465
	991100
	123.5
	2220
	16.00
	2204.00
	1.5

	77
	Building College
	470500
	996000
	41.0
	2200
	23.00
	2177.00
	5

	78
	Old Airpor-2
	470500
	994500
	170.0
	2320
	41.70
	2278.30
	 

	79
	Indonesian Embassy, Vatican
	470950
	993300
	120.0
	2290
	18.93
	2271.07
	4

	80
	Progress/Edget Cotton Factory
	471000
	993800
	76.0
	2305
	68.00
	2237.00
	3

	81
	Sar bet
	471200
	993675
	108.0
	2300
	9.23
	2290.77
	7

	82
	Anbessa/Walya Transport (Diabaco)
	471200
	993700
	85.0
	2300
	23.30
	2276.70
	7

	83
	Cigarette Factory
	471300
	994800
	62.0
	2318
	4.10
	2313.90
	 

	84
	Albergo Italia
	471300
	996200
	47.0
	2340
	6.00
	2334.00
	 

	85
	Defence Inustry-2
	471300
	995050
	114.0
	2326
	6.50
	2319.50
	 

	86
	Addis Abeba Brewery-8
	471300
	995800
	85.0
	2345
	7.60
	2337.40
	 

	87
	Anwar Mosque
	471300
	998200
	87.5
	2445
	16.50
	2428.50
	0.5

	88
	Merkato
	471350
	998300
	 
	2450
	16.50
	2433.50
	0.5

	89
	Mexico
	471350
	995890
	88.0
	2340
	18.75
	2321.25
	8.33

	90
	Meskerem Soft Drinks
	471400
	997400
	40.0
	2416
	5.00
	2411.00
	4.2

	91
	Addis Abeba Brewery-3
	471400
	995800
	64.0
	2345
	12.00
	2333.00
	 

	92
	AAWSA, Lafto Hana Mariam
	471400
	988250
	84.0
	2205
	12.50
	2192.50
	12.5

	93
	Addis Beer-9
	471400
	995900
	88.0
	2345
	18.75
	2326.25
	7

	94
	Addis Abeba Brewery-4
	471400
	996000
	32.4
	2345
	23.00
	2322.00
	 

	95
	Gofa Sefer Army Camp
	471400
	991000
	38.1
	2240
	25.90
	2214.10
	 

	96
	Addis Abeba Brewery-7
	471500
	995800
	52.0
	2345
	16.00
	2329.00
	 

	97
	Addis Abeba Brewery-2
	471500
	995900
	34.0
	2345
	17.00
	2328.00
	 

	98
	Addis Abeba Brewery-5
	471500
	996000
	46.0
	2345
	19.40
	2325.60
	 

	99
	Mexico
	471550
	995950
	85.21
	2340
	16.71
	2323.29
	6.75

	100
	Addis Abeba Brewery-6
	471550
	995950
	44.0
	2346
	23.00
	2323.00
	 

	101
	Mexico
	471550
	995950
	52.0
	2340
	23.27
	2316.73
	4.4

	102
	Addis Abeba Brewery-1
	471600
	995800
	36.4
	2345
	19.00
	2326.00
	 

	103
	SEDE(plant-A) - 1
	471700
	995100
	62.0
	2320
	7.40
	2312.60
	1.67

	104
	SEDE(plant-A) - 3
	471700
	994900
	55.5
	2320
	10.40
	2309.60
	 

	105
	SEDE(plant-A) - 2
	471700
	995000
	80.0
	2320
	10.80
	2309.20
	1.67

	106
	Technical School
	471700
	995900
	67.0
	2352
	26.10
	2325.90
	 

	107
	Hana Mariam-2
	471700
	986600
	81.0
	2220
	26.10
	2193.90
	0.6

	108
	Mexico
	471700
	995900
	67.0
	2330
	26.10
	2303.90
	 

	109
	Africa Hotel, Mexico
	471700
	996300
	96.0
	2342
	40.95
	2301.05
	0.78

	110
	Dewara Guda NWR
	471704
	973385
	83.0
	2062
	42.60
	2019.40
	0.9

	111
	Campo Asmara Garage
	471800
	995200
	 
	2303
	5.00
	2298.00
	 

	112
	Ministry of Mines, Mexico
	471800
	995500
	62.0
	2335
	7.50
	2327.50
	 

	113
	Genet Hotel
	472000
	995100
	56.4
	2320
	44.00
	2276.00
	 

	114
	Addis Ababa Kera
	472150
	993300
	150.0
	2270
	50.50
	2219.50
	6.2

	115
	Popolarie
	472170
	995100
	56.0
	2320
	44.00
	2276.00
	_

	116
	Private Well
	472400
	998500
	43.0
	2450
	5.00
	2445.00
	 

	117
	Ministry of Public Works Office
	472500
	996600
	29.0
	2360
	7.00
	2353.00
	 

	118
	Ras Hotel
	472500
	996300
	41.0
	2348
	8.70
	2339.30
	3.33

	119
	St. George's Cathedral
	472500
	998700
	 
	2465
	14.00
	2451.00
	 

	120
	Ministry of Defence
	472700
	996500
	186.0
	2540
	2.60
	2537.40
	 

	121
	Total Ras Hotel
	472700
	996300
	20.0
	2343
	6.80
	2336.20
	 

	122
	Nigeria Embassy, Afinchober
	472700
	999800
	120.0
	2485
	8.55
	2476.45
	 

	123
	Semen Hotel Area
	472700
	999800
	120.0
	2485
	8.55
	2476.45
	1.5

	124
	Misrak Flour and oil Mills-2
	472900
	992500
	156.2
	2280
	89.60
	2190.40
	2

	125
	Gandi Memorial Hospital
	473000
	996300
	80.0
	2345
	1.83
	2343.17
	 

	126
	Abay Mesk Soft Drinks-1(Pepsi Cola)
	473000
	992700
	121.2
	2292
	110.60
	2181.40
	4.17

	127
	Cement Factory-3
	473050
	991800
	136.0
	2270
	94.00
	2176.00
	 

	128
	Water III Testwell-B15
	473069
	979881
	116.0
	2057.4
	5.80
	2051.60
	 

	129
	Abay Mesk Soft Drinks-2 (pepsi Cola)
	473100
	992600
	84.0
	2290
	36.00
	2254.00
	0.9

	130
	Cement Factory-1
	473100
	991800
	93.9
	2280
	56.40
	2223.60
	1.45

	131
	Cement Factory-2
	473100
	991900
	153.9
	2270
	112.70
	2157.30
	 

	132
	Water III Testwell-T4
	473108
	979851
	103.0
	2058.34
	7.07
	2051.27
	 

	133
	United Oil Mills-1
	473200
	992400
	68.5
	2287
	29.00
	2258.00
	2.5

	134
	United Oil Mills-2
	473200
	992400
	71.9
	2287
	39.90
	2247.10
	3.3

	135
	Ethio- Pickling and Tanning Factory, near Behere Tsige
	473225
	989850
	102.0
	2205
	12.00
	2193.00
	3.5

	136
	Kokeb Flour and Pasta Factory
	473230
	988878
	67.6
	2200
	13.70
	2186.30
	3

	137
	Ghion Hotel-2
	473300
	996200
	56.4
	2344
	7.60
	2336.40
	4.16

	138
	Yekatit 12 Hospital-1
	473300
	999300
	27.0
	2482
	18.00
	2464.00
	 

	139
	WWDA Ware house
	473300
	987300
	120.0
	2163
	25.20
	2137.80
	 

	140
	Ethio-Spice Extraction
	473300
	987700
	103.0
	 
	44.70
	 
	0.91

	141
	Ghion Hotel-3
	473300
	996300
	60.0
	2342
	59.00
	2283.00
	0.83

	142
	Kuskuam St. Peter Hospital BH2
	473350
	1003000
	150.0
	2625
	10.05
	2614.95
	5.6

	143
	Sedist killo
	473350
	999750
	92.0
	2490
	21.00
	2469.00
	2.5

	144
	St. Joseph's School
	473400
	995800
	50.0
	2338
	6.00
	2332.00
	0.93

	145
	Addis Ababa University
	473400
	999600
	57.9
	2490
	21.00
	2469.00
	2.5

	146
	Saris area 
	473450
	991975
	70.0
	2285
	24.00
	2261.00
	2.5

	147
	Saris area 
	473450
	991875
	167.0
	2280
	42.00
	2238.00
	3.3

	148
	Awash Tannery-1
	473500
	987900
	90.5
	2195
	9.10
	2185.90
	 

	149
	Ethio-Meat Concentrete Factory
	473500
	987600
	86.7
	2180
	25.20
	2154.80
	1.99

	150
	Misrak Flour and oil Mills-1
	473500
	992900
	162.0
	2280
	123.30
	2156.70
	2

	151
	Water III Testwell-B7
	473566
	978610
	122.0
	2070
	29.68
	2040.33
	 

	152
	TW2 Test well No.2
	473576
	972821
	150.0
	2081
	70.00
	2011.00
	>8,5

	153
	Awash Tannery-2
	473600
	988300
	101.8
	2195
	11.30
	2183.70
	1.1

	154
	American Embassy-3
	473600
	1001013
	156.0
	2550
	14.60
	2535.40
	2

	155
	American Embassy-1
	473600
	1001013
	154.2
	2550
	28.00
	2522.00
	3.3

	156
	American Embassy-2
	473700
	1001012
	170.0
	2555
	27.00
	2528.00
	2.35

	157
	ECAFCO
	473750
	990050
	146.0
	2250
	51.60
	2198.40
	 

	158
	Meat Concenterate Factory BH-2, Kaliti
	473760
	987300
	 
	2180
	23.00
	2157.00
	2

	159
	Nefas Silk
	473775
	990300
	80.0
	2263
	40.70
	2222.30
	 

	160
	Hilton Hotel
	473800
	996600
	400.0
	2373
	9.80
	2363.20
	3.2

	161
	Adey Abebe Cotton Mill-1
	473800
	990250
	75.0
	2247
	37.80
	2209.20
	 

	162
	Nefas Silk
	473800
	990250
	72.0
	2263
	37.80
	2225.20
	 

	163
	Adey Abebe Cotton Mill-2
	473848
	990072
	100.0
	2260
	40.70
	2219.30
	 

	164
	Military Food Service Kitchen
	473900
	985100
	72.0
	2165
	8.00
	2157.00
	1.5

	165
	Addis Tyre Factory-2
	473900
	989000
	201.0
	2215
	34.50
	2180.50
	 

	166
	Addis Tyre Factory-1
	473900
	989000
	201.5
	2224
	45.40
	2178.60
	3.67

	167
	Donbosco Fathers, Yared Church
	473900
	993100
	201.0
	2310
	118.00
	2192.00
	2.2

	168
	Waliya Tannery BH1, Kality
	473925
	987175
	71.5
	2175
	15.60
	2159.40
	8

	169
	Total Sidist Kilo
	474000
	999400
	50.0
	2473
	6.80
	2466.20
	 

	170
	SEDE(Plant B)-1
	474000
	989100
	58.0
	2225
	18.00
	2207.00
	1.17

	171
	Shero meda
	474000
	1001100
	201.0
	2562
	39.70
	2522.30
	2.35

	172
	Hollow Block and Brick Factory, Nifas Silk
	474075
	989600
	60.0
	2235
	24.00
	2211.00
	1.2

	173
	SEDE(Plant B)-2
	474100
	989000
	126.0
	2220
	35.00
	2185.00
	 

	174
	Shero meda
	474125
	1001050
	 
	2564
	26.68
	2537.32
	 

	175
	Hilton Hotel
	474175
	996550
	420.0
	2365
	36.25
	2328.75
	4.24

	176
	Grand Palace-1
	474200
	997400
	86.0
	2415
	6.00
	2409.00
	0.35

	177
	Kality Metal Products Factory
	474225
	982650
	177.8
	2150
	30.78
	2119.22
	2.63

	178
	Hilton Hotel
	474250
	996800
	205.0
	2370
	40.00
	2330.00
	3.4

	179
	French Embassy
	474300
	1001005
	83.0
	2523
	22.00
	2501.00
	4

	180
	Army Camp Construction, Wollo Sefer
	474300
	992700
	129.0
	2381
	89.20
	2291.80
	3.2

	181
	Telecommunications Ware House
	474300
	993300
	214.0
	2325
	126.00
	2199.00
	 

	182
	Greece Community, Olympia Bole area
	474500
	995450
	201.0
	2338
	66.10
	2271.90
	2.19

	183
	Olymbia area
	474600
	995550
	201.0
	2320
	66.10
	2253.90
	2.19

	184
	National Road Transport Corp
	475000
	987800
	172.0
	2180
	27.80
	2152.20
	4

	185
	AAWSA Ras Kassa Sefer/Ferensay
	475000
	1001300
	168.0
	2542
	73.54
	2468.46
	12

	186
	DL.M.PLC, Kality
	475050
	985050
	24.0
	2110
	5.31
	2104.69
	3

	187
	Ras Kasa Sefer
	475100
	1001300
	168.0
	2542
	73.54
	2468.46
	20

	188
	Minilik Hospital
	475200
	999200
	51.0
	2440
	39.00
	2401.00
	 

	189
	Peacock Park, Bole
	475300
	994800
	152.0
	2318
	60.90
	2257.10
	1

	190
	Meher Fiber Factory-2
	475335
	980717
	179.4
	2075
	17.10
	2057.90
	2.6

	191
	Kaliti
	475350
	980800
	 
	2080
	16.48
	2063.52
	 

	192
	AAWSA/IAEA Piezometer No.3 (P3)
	475402
	976807
	63.0
	2060
	31.40
	2028.60
	 

	193
	West German Embassy
	475600
	998900
	90.0
	 
	20.00
	 
	0.6

	194
	Bole road, Dr. Dawit Zewde 
	475600
	994500
	138.8
	 
	40.80
	-40.80
	1.13

	195
	Bole road
	475600
	994500
	99.0
	2320
	79.00
	2241.00
	1.13

	196
	Nejat Coffee Exporter (Kality)
	475650
	984750
	 
	2120
	57.00
	2063.00
	3

	197
	Meher Fiber Factory-1
	475662
	980783
	51.8
	2055
	27.40
	2027.60
	 

	198
	Japan Embassy
	475750
	993650
	149.0
	2310
	97.15
	2212.85
	2.3

	199
	AAWSA/IAEA Piezometer No.5 (P5) Abu Sera
	475780
	956477
	132.0
	1885
	89.34
	1795.66
	 

	200
	Adwa Elour Mlill
	476000
	980900
	40.0
	2060
	13.00
	2047.00
	0.7

	201
	Belgian Embassy
	476100
	998300
	54.0
	2440
	17.40
	2422.60
	 

	202
	Italian Embassy, Bela
	476105
	1000050
	105.0
	2455
	50.20
	2404.80
	3

	203
	Kokebe Thebah school
	476200
	998600
	66.0
	2410
	10.00
	2400.00
	 

	204
	Kebena
	476350
	998400
	60.0
	2440
	17.40
	2422.60
	 

	205
	Akaki Indo-Europian Textiles-3
	476369
	981717
	63.7
	2062
	7.00
	2055.00
	3.33

	206
	Kality Airforce-1
	476400
	984800
	90.0
	2125
	12.00
	2113.00
	 

	207
	Ethio-Metal Meal-1
	476400
	980600
	120.0
	2056
	16.90
	2039.10
	 

	208
	Ethio-Metal Meal-2
	476400
	980700
	126.0
	2058
	53.40
	2004.60
	 

	209
	Ethiopian Iron  And Steel Faoundry BH-1
	476426
	980749
	43.7
	2060
	4.00
	2056.00
	3

	210
	Ethiopian Iron  And Steel Faoundry BH-2
	476430
	980669
	62.0
	2060
	6.50
	2053.50
	6

	211
	British Embassy-2
	476450
	998100
	85.0
	2420
	11.00
	2409.00
	6.17

	212
	Kebena
	476450
	998100
	85.0
	2420
	22.23
	2397.77
	1.23

	213
	Water III monitoring well 01b, Akaki
	476454
	976951
	129.0
	2061.5
	42.20
	2019.30
	 

	214
	Akaki Indo-Europian Textiles-1
	476500
	981300
	53.3
	2055
	3.70
	2051.30
	 

	215
	Kebena
	476500
	998250
	60.0
	2425
	10.90
	2414.10
	6.17

	216
	British Embassy-1
	476500
	998250
	57.5
	2425
	22.00
	2403.00
	1.25

	217
	Akaki Metal Products/Sabean Utility Factory-3
	476500
	981500
	79.2
	2070
	73.00
	1997.00
	4.17

	218
	Water III monitoring well 02, Akaki
	476523
	976374
	60.0
	2054.7
	35.55
	2019.15
	 

	219
	Water III Borehole BH05b, Akaki
	476574
	975607
	142.0
	2070.3
	51.40
	2018.90
	87

	220
	Akaki Indo-Europian Textiles-2
	476600
	981500
	126.2
	2070
	3.50
	2066.50
	 

	221
	Akaki
	476600
	980700
	 
	2061
	4.78
	2056.22
	 

	222
	Akaki Telecommunications
	476600
	978200
	79.2
	2065
	46.40
	2018.60
	 

	223
	Akaki
	476750
	978150
	 
	2066
	46.40
	2019.60
	 

	224
	St. Gabriel Hospital
	476750
	995800
	86.0
	2342
	53.20
	2288.80
	1

	225
	Aroud 22 Mazoria
	476750
	995800
	86.0
	2342
	53.20
	2288.80
	1 l /s

	226
	Bole Medihanialem Church BH2
	476800
	994200
	150.6
	2337
	52.00
	2285.00
	2.5

	227
	Water III monitoring well 03, Akaki
	476972
	976152
	120.0
	2059.4
	40.30
	2019.10
	 

	228
	Water III Borehole BH25-2, Akaki
	477162
	976038
	135.0
	2060.8
	42.00
	2018.80
	87

	229
	Akaki
	477175
	978975
	 
	2075
	52.40
	2022.60
	 

	230
	Water III Borehole BH26
	477181
	975680
	116.0
	2070.1
	51.00
	2019.10
	 

	231
	Akaki
	477182
	975681
	116.0
	2070.1
	51.00
	2019.10
	87

	232
	Water III monitoring well 04, Akaki
	477185
	975729
	114.0
	2068.7
	46.50
	2022.20
	 

	233
	Akaki Metal Products/Sabean Utility Factory-1
	477233
	979000
	82.3
	2070
	51.00
	2019.00
	3.33

	234
	Water III Borehole BH24, Akaki
	477330
	976793
	130.0
	2061.6
	42.90
	2018.70
	 

	235
	Akaki Ethio-fiber-1
	477400
	979500
	96.0
	2080
	27.40
	2052.60
	 

	236
	Akaki Metal Products/Sabean Utility Factory-4
	477446
	978851
	82.3
	2070
	52.40
	2017.60
	4

	237
	Water III Borehole BH23, Akaki
	477477
	977216
	145.0
	2064.3
	44.00
	2020.30
	 

	238
	NMWC Pump Factory
	477609
	978690
	116.0
	2090
	57.70
	2032.30
	2.96

	239
	Water III Borehole BH22, Akaki
	477651
	975923
	142.0
	2066.8
	47.90
	2018.90
	 

	240
	Water III Borehole BH21, Akaki
	477856
	976402
	151.0
	2063.6
	44.70
	2018.90
	 

	241
	Akaki Kebele 06 Kilento
	477900
	982875
	52.0
	2130
	20.00
	2110.00
	0.3

	242
	Water III Borehole BH20, Akaki
	477945
	976985
	148.0
	2068.3
	49.90
	2018.40
	87

	243
	Water III Borehole BH01, Akaki
	477972
	974859
	133.0
	2078.5
	59.00
	2019.50
	87

	244
	Water III Borehole BH04, Akaki
	477992
	975552
	132.0
	2067.5
	48.00
	2019.50
	 

	245
	Water III Borehole BH19, Akaki
	478019
	977985
	150.0
	2070.2
	51.50
	2018.70
	87

	246
	Water III Borehole BH18, Akaki
	478154
	975966
	140.0
	2073.5
	54.10
	2019.40
	87

	247
	Water III Borehole BH17, Akaki
	478199
	976361
	144.0
	2065.3
	45.90
	2019.40
	 

	248
	Infront of Niyala Moters
	478250
	995650
	180.0
	2343
	86.97
	2256.03
	low

	249
	Akaki
	478300
	977900
	150.0
	2061
	50.00
	2011.00
	4

	250
	Water III Borehole BH16, Akaki
	478347
	976752
	148.0
	2067.5
	47.50
	2020.00
	 

	251
	Water III Borehole BH02,Akaki
	478399
	975589
	122.0
	2072.5
	53.00
	2019.50
	 

	252
	Ethio- Plastic Factory
	478450
	995600
	171.0
	2353
	86.97
	2266.03
	 

	253
	NMWC Spare Parts & Hand Tools Factory-1
	478462
	977721
	150.0
	2090
	50.00
	2040.00
	4

	254
	NMWC Spare Parts & Hand Tools Factory-2
	478462
	977506
	123.0
	2090
	50.00
	2040.00
	4

	255
	Water III Borehole BH14, Akaki
	478580
	976051
	130.0
	2078.6
	59.20
	2019.40
	68.9

	256
	Water III Borehole BH13, Akaki
	478694
	976490
	119.0
	2074.2
	50.20
	2024.00
	 

	257
	Water III Borehole BH3b, Akaki
	478713
	974977
	130.0
	2083
	64.00
	2019.00
	 

	258
	Akaki Kebele 06 Kilento
	478775
	983133
	50.0
	2165
	24.00
	2141.00
	0.3

	259
	Akaki kebele 06 Kilento
	478775
	983925
	50.0
	2165
	24.00
	2141.00
	 

	260
	Water III Borehole BH11, Akaki
	478780
	977307
	138.0
	2080
	61.10
	2018.90
	80.8

	261
	Water III Borehole BH12, Akaki
	478808
	976867
	152.0
	2070.6
	47.50
	2023.10
	 

	262
	Akaki Water Supply Well EP-8
	478998
	977937
	130.0
	2090
	71.98
	2018.02
	 

	263
	Akaki Water Supply Well EP-7
	479021
	977596
	126.0
	2090
	64.82
	2025.18
	5.2

	264
	Akaki
	479021
	977596
	126.0
	2090
	64.82
	2025.18
	33

	265
	Water III Borehole BH10, Akaki
	479058
	976020
	130.0
	2091.2
	72.20
	2019.00
	75

	266
	Water III Borehole BH08, Akaki
	479061
	976370
	144.0
	2086.5
	67.20
	2019.30
	 

	267
	Water III Borehole BH09, Akaki
	479246
	977104
	146.0
	2077.5
	58.70
	2018.80
	68.9

	268
	Water III Testwell-13
	479400
	981400
	100.0
	2133.4
	2.70
	2130.70
	 

	269
	Water III Testwell-T2
	479400
	981400
	74.0
	2133.5
	2.80
	2130.70
	 

	270
	Water III Borehole BH07, Akaki
	479405
	976735
	151.0
	2086
	67.20
	2018.80
	 

	271
	International Livestock Research Center (ILRI)
	479450
	996115
	 
	2358
	32.10
	2325.90
	 

	272
	Gurd Shola
	479450
	996115
	_
	2358
	32.10
	2325.90
	low

	273
	Akaki Water Supply Well EP-6
	479526
	977468
	129.0
	2090
	70.20
	2019.80
	5.4

	274
	Water III Borehole BH06, Akaki
	479696
	976936
	145.0
	2086.7
	67.80
	2018.90
	 

	275
	Akaki Water Supply Test Well EP-3
	479740
	981400
	126.0
	2133.88
	3.38
	2130.50
	 

	276
	Sidamo Awash Village
	479820
	977156
	92.0
	2085
	62.50
	2022.50
	5

	277
	AAWSA,near  Kotebe EELPA
	480395
	998100
	 
	2440
	8.51
	2431.49
	 

	278
	kotebe ELPA
	480395
	998100
	_
	2440
	8.51
	2431.49
	 

	279
	Ethiopian Metal Tools Factory
	480400
	998500
	47.0
	2455
	30.10
	2424.90
	 

	280
	Water III Borehole BH03a
	480517
	977974
	170.0
	2100
	65.00
	2035.00
	 

	281
	Water III Testwell-14
	480900
	978800
	160.0
	2126.4
	86.00
	2040.40
	 

	282
	Akaki  Koye
	480950
	982575
	 
	2195
	36.00
	2159.00
	 

	283
	Chelaba Silasie Borehole
	481162
	958481
	 
	1841
	58.32
	1782.68
	 

	284
	Water III Testwell-T1
	481200
	980000
	173.0
	2150.8
	8.90
	2141.90
	 

	285
	Water III Testwell-B5
	481200
	980000
	150.0
	2150
	11.00
	2139.00
	 

	286
	Akaki Dairy Farm
	481507
	976221
	132.0
	2100
	120.00
	1980.00
	5

	287
	Akaki Water Supply Test Well EP-2
	481600
	982850
	136.0
	2203.98
	33.48
	2170.50
	 

	288
	Water III Testwell-B9
	481600
	982900
	120.0
	2205
	35.10
	2169.90
	 

	289
	Water III Testwell-T5
	481600
	982900
	120.0
	2205
	37.33
	2167.67
	 

	290
	Kotebe, Selam Childeren's Village
	481650
	997725
	145.0
	2406
	42.79
	2363.21
	5

	291
	Kotebe, Selam Vocational School
	481650
	998650
	117.0
	2460
	79.56
	2380.44
	5

	292
	Kotebe
	481650
	998950
	117.0
	2460
	84.18
	2375.82
	2.5

	293
	Dimtu Peasant's Village
	481694
	965913
	 
	1920.2
	95.40
	1824.80
	4.4

	294
	Kotebe
	481700
	999150
	 
	2480
	10.58
	2469.42
	5

	295
	Akaki  Koye
	482175
	982750
	 
	2220
	56.15
	2163.85
	 

	296
	Akaki Koye Air defence -1
	482400
	983000
	83.3
	2230
	56.15
	2173.85
	 

	297
	Atlas Resort Hotel, Dalota
	482480
	976133
	180.0
	2150
	5.80
	2144.20
	3

	298
	AAWSA/IAEA Piezometer No.4 (P4) Dimtu
	482950
	963800
	91.0
	1860
	67.11
	1792.89
	 

	299
	Shoki-1 village borehole
	483216
	961334
	 
	1873.5
	99.00
	1774.50
	 

	300
	Kotebe, Summit Soft Driks Factory
	483750
	994550
	230.0
	2340
	50.87
	2289.13
	3

	301
	AAWSA, Kotebe Kara
	484190
	998500
	140.0
	2480
	45.02
	2434.98
	9

	302
	Kotebe Kara
	484190
	998500
	140.0
	2480
	45.02
	2434.98
	19

	303
	Oda Nabe Peasants village
	484325
	969692
	 
	1950
	118.40
	1831.60
	4.4

	304
	TW3 Test well No.3
	484475
	975622
	220.0
	2104
	100.00
	2004.00
	>30

	305
	TW5 Test well No.5
	485798
	968308
	220.0
	1900
	70.00
	1830.00
	20

	306
	Day light Legedad
	485925
	1000975
	200.0
	2482
	7.59
	2474.41
	3

	307
	Gedera 2 Legedad
	486000
	1001115
	130.0
	2482
	9.80
	2472.20
	3.8

	308
	Teshome Augna PLC, Dalota
	486006
	974882
	 
	2052.7
	96.20
	1956.50
	 

	309
	Water III Testwell-B4
	486200
	1001042
	100.0
	2450
	10.00
	2440.00
	 

	310
	Water III Testwell-B8
	487300
	995300
	120.0
	2350
	88.00
	2262.00
	 

	311
	Dukem, Gedera Resort Hotel
	487700
	973600
	 
	1985
	59.63
	1925.37
	 

	312
	Tafo, Ropack International real estate
	487800
	1002200
	80.0
	2480
	25.55
	2454.45
	5

	313
	Arena Dukem
	487900
	972421
	 
	1948.4
	75.75
	1872.65
	4.2

	314
	Water III Testwell-B1
	488600
	1001027
	125.0
	2470
	16.00
	2454.00
	 

	315
	Legetafo-Nigata, Sendafa
	489200
	1001025
	 
	2455
	31.00
	2424.00
	 

	316
	TW4 Test well No.4
	489950
	976019
	217.0
	2067
	91.00
	1976.00
	>20

	317
	Dukem East Africa Ethipia Plc. Factory
	490193
	968059
	 
	1900
	93.00
	1807.00
	4

	318
	Dire, AAWSA2
	491000
	1012600
	92.0
	2620
	16.45
	2603.55
	5

	319
	Dire dam
	493250
	1012115
	120.0
	2585
	24.00
	2561.00
	3

	320
	Sino-Ethiopia Sunshine Pharmaceutical PLC
	493497
	968497
	105.0
	1918
	66.60
	1851.40
	4

	321
	Dragados, Debrezeit
	494040
	968454
	130.0
	1922
	66.11
	1855.89
	5

	322
	Dire, AAWSA3
	494600
	1008000
	96.0
	2515
	29.50
	2485.50
	3

	323
	Dire, AAWSA1
	495300
	1012000
	92.0
	2560
	26.70
	2533.30
	4

	324
	Merdia
	499700
	1008450
	 
	2520
	3.60
	2516.40
	3


Meteorological data used for water balance analysis

	Rainfall at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	YEAR 
	Jan
	Feb
	Mar
	Apr 
	May
	Jun
	Jul 
	Aug
	Sep
	Oct
	Nov
	Dec 
	Total
	Max
	Min

	1900
	6.4
	25.4
	60.9
	73
	68
	108
	283
	328
	194
	0
	13
	5
	1164.7
	328
	0

	1901
	16
	24
	124
	100
	36
	222
	277
	250
	128
	21
	0
	13
	1211
	277
	0

	1902
	0.4
	64.8
	37.6
	111
	60.9
	143
	205
	167
	130
	16.6
	9.4
	39.6
	985.3
	205
	0.4

	1903
	32.7
	25.4
	94.6
	88.5
	268
	189
	277
	189
	222
	28.3
	0
	18.5
	1433
	277
	0

	1904
	0
	20.4
	126
	31.2
	40.7
	110
	277
	300
	186
	12.5
	3
	0
	1106.8
	300
	0

	1905
	6.4
	25.4
	60.9
	73
	40.8
	93.7
	293
	352
	113
	1.2
	44.5
	0
	1103.9
	352
	0

	1906
	8.7
	156
	189
	103
	60.5
	131
	370
	362
	119
	16.5
	27.8
	0
	1543.5
	370
	0

	1907
	0
	20.2
	11.3
	140
	48.9
	47
	195
	283
	208
	13.2
	80.9
	0
	1047.5
	283
	0

	1908
	44.4
	7.9
	10.3
	66.1
	2.5
	73.6
	277
	387
	203
	48.5
	11.5
	0
	1131.8
	387
	0

	1909
	49.2
	0
	21.3
	65.2
	121
	222
	221
	392
	156
	0
	17.5
	0
	1265.2
	392
	0

	1910
	0
	0
	25.5
	55.8
	73.2
	159
	295
	369
	257
	21.9
	0
	13.6
	1270
	369
	0

	1911
	7.8
	2.7
	94.1
	28.5
	43.5
	121
	277
	300
	186
	12.5
	0.3
	0
	1073.4
	300
	0

	1912
	54
	132
	58.2
	40.7
	20.6
	172
	328
	263
	88.4
	3.7
	0
	0.3
	1160.9
	328
	0

	1913
	0
	69.9
	70.3
	141
	112
	143
	208
	307
	117
	7.2
	0
	0
	1175.4
	307
	0

	1914
	10
	53.2
	77
	128
	22.4
	50.8
	298
	329
	329
	109
	0
	32
	1438.4
	329
	0

	1915
	2.5
	23.2
	105
	126
	133
	121
	345
	378
	570
	59
	27.1
	10.6
	1900.4
	570
	2.5

	1916
	64.5
	56.9
	91.2
	74.4
	148
	294
	248
	418
	321
	5.2
	0.1
	6.8
	1728.1
	418
	0.1

	1917
	28.2
	39.4
	10
	115
	194
	279
	281
	287
	270
	52.8
	0
	34.3
	1590.7
	287
	0

	1918
	0
	84.5
	69.7
	104
	73.6
	106
	208
	263
	50.9
	0.2
	0
	0
	959.9
	263
	0

	1919
	11
	47.4
	65.9
	31.7
	43
	89.9
	317
	253
	133
	0
	0
	0
	991.9
	317
	0

	1920
	1.6
	10.1
	60.9
	73.8
	25.7
	151
	280
	300
	165
	5
	3.3
	0
	1076.4
	300
	0

	1921
	3.2
	4.1
	0
	29
	68
	106
	300
	279
	221
	13.8
	15.5
	0.6
	1040.2
	300
	0

	1922
	0
	17.1
	21.7
	0.3
	109
	75.7
	265
	345
	211
	15.1
	0
	0
	1059.9
	345
	0

	1923
	0
	123
	21.4
	61
	134
	65
	266
	339
	235
	5
	72
	0
	1321.4
	339
	0

	1924
	20
	174
	143
	176
	176
	187
	425
	383
	209
	12
	0
	0
	1905
	425
	0

	1925
	0
	27
	22.5
	72
	195
	221
	258
	273
	266
	68
	69
	5.5
	1477
	273
	0

	1926
	23.5
	82.8
	156
	225
	240
	157
	234
	376
	183
	15
	63
	0
	1755.3
	376
	0

	1927
	1
	52.5
	44.9
	119
	69
	92.3
	340
	271
	260
	1.9
	18.5
	0.4
	1270.5
	340
	0.4

	1928
	7.1
	4.5
	44.4
	81.2
	201
	125
	383
	400
	102
	55.1
	40.2
	0
	1443.5
	400
	0

	1929
	0
	18.3
	23.6
	74.4
	109
	202
	275
	301
	219
	12.5
	0.2
	9.7
	1244.7
	301
	0

	1930
	69.4
	19.4
	173
	190
	79.1
	130
	168
	168
	160
	34.2
	0
	19.5
	1210.6
	190
	0

	1931
	22.5
	10.5
	118
	65
	93
	164.2
	249
	209
	138
	52.5
	0
	0
	1121.7
	249
	0

	1932
	0
	0.2
	51.2
	66.5
	65.1
	108
	261
	232
	168
	0
	0
	21.5
	973.5
	261
	0

	1933
	0
	25
	23
	105
	48
	110
	294
	262
	186
	12
	16
	0
	1081
	294
	0

	1934
	0
	6
	62
	59
	58
	170
	239
	231
	193
	0
	3
	6
	1027
	239
	0

	1935
	0
	4
	16
	117
	302
	206
	225
	168
	235
	6
	0
	4
	1283
	302
	0

	1936
	104
	150
	110
	73
	77
	68
	399
	302
	110
	3
	22
	0
	1418
	399
	0

	1937
	3.9
	504
	158
	64
	66.9
	107
	279
	194
	169
	0.5
	38.4
	3
	1587.7
	504
	0.5

	1938
	23.6
	4.4
	15
	20.4
	26.2
	177
	264
	212
	300
	10.1
	0
	0
	1052.7
	300
	0

	1939
	6.4
	36.9
	34.7
	117
	69.8
	105
	212
	314
	136
	102
	0
	0
	1133.8
	314
	0

	1940
	47
	68.6
	100
	40
	51.1
	73
	259
	237
	55
	0
	5.6
	0
	936.3
	259
	0

	1946
	0
	0
	10.5
	97
	124
	186
	310
	476
	155
	2
	0
	0
	1360.5
	476
	0

	1947
	0
	115
	250
	315
	39
	90.7
	476
	404
	247
	0.5
	0
	0
	1937.2
	476
	0

	1948
	22.4
	25.2
	0
	56.1
	68.5
	217
	337
	267
	288
	131
	1.5
	0
	1413.7
	337
	0

	1949
	0
	0
	87.1
	33.5
	207
	135
	345
	273
	229
	4.3
	31.7
	4.9
	1350.5
	345
	0

	1950
	8.3
	1.7
	28
	47.7
	56.2
	100
	274
	273
	155
	13
	0
	0
	956.9
	274
	0

	1951
	0.9
	3.6
	130
	40.2
	11.1
	69.3
	200
	209
	120
	70.4
	1.5
	7.6
	863.6
	209
	0.9

	1952
	11.8
	0.4
	29.6
	157
	27.8
	77.7
	293
	261
	179
	44
	0
	0
	1081.3
	293
	0

	1953
	0
	57.3
	1.3
	147
	15.1
	90.4
	234
	179
	127
	3.2
	0
	69.3
	923.6
	234
	0

	1954
	0
	1.6
	60.4
	38
	75.9
	116
	247
	308
	252
	62.1
	0.1
	0
	1161.1
	308
	0

	1955
	30.2
	5.8
	18.9
	107
	37.6
	164
	264
	334
	214
	7.5
	0
	46.4
	1229.4
	334
	0

	1956
	27.1
	19.2
	38.8
	96.3
	6.2
	124
	141
	220
	191
	143
	17.7
	2.2
	1026.5
	220
	2.2

	1957
	0.1
	86.4
	248
	204
	101
	133
	222
	249
	60.2
	10.8
	1.9
	0
	1316.4
	249
	0

	1958
	75.7
	25.5
	55.9
	53.6
	12.5
	99.2
	442
	350
	156
	34.9
	0
	25.4
	1330.7
	442
	0

	1959
	29.9
	25
	13.7
	31.8
	57.2
	84
	194
	310
	257
	9
	0
	11.1
	1022.7
	310
	0

	1960
	24.4
	4.5
	112
	61.9
	57.5
	84.7
	187
	373
	232
	1.8
	18.8
	8.7
	1166.3
	373
	1.8

	1961
	0
	7
	83.2
	88.6
	42.4
	163
	409
	212
	228
	62.4
	46
	3.6
	1345.2
	409
	0

	1962
	0
	0.6
	111
	52.4
	12.6
	66.2
	174
	229
	195
	15.2
	8.4
	34.6
	899
	229
	0

	1963
	17.4
	39.8
	53
	177
	112
	128
	203
	293
	146
	0.9
	11
	11.8
	1192.9
	293
	0.9

	1964
	2.2
	0
	81
	26.1
	75.2
	131
	263
	199
	174
	35
	1.6
	43.5
	1031.6
	263
	0

	1965
	5.4
	3.8
	41.6
	71.6
	9.2
	67.4
	295
	276
	158
	83
	16.6
	5.2
	1032.8
	295
	3.8

	1966
	26.4
	70.4
	48.4
	128
	3.8
	171
	376
	330
	195
	69.8
	3.2
	0
	1422
	376
	0

	1967
	0
	5
	81.3
	93.1
	118
	86
	214
	308
	283
	25.6
	60.4
	0
	1274.4
	308
	0

	1968
	10.8
	198
	24.4
	230
	47.8
	143
	248
	223
	193
	4.8
	0
	0
	1322.8
	248
	0

	1969
	43.4
	144
	121
	147
	114
	191
	273
	312
	210
	1
	4
	0
	1560.4
	312
	0

	1970
	49
	75.6
	231
	53.4
	33
	142
	303
	454
	237
	0.4
	0
	0
	1578.4
	454
	0

	1971
	12.4
	0
	22.4
	75.2
	165
	159
	240
	340
	93.4
	9.2
	12.6
	39.6
	1168.8
	340
	0

	1972
	32.6
	98.8
	63.8
	183
	28.2
	94.6
	165
	218
	163
	0
	14
	2.2
	1063.2
	218
	0

	1973
	0
	0.6
	2.4
	38
	177
	96.6
	268
	345
	284
	88.6
	0
	70.2
	1370.4
	345
	0

	1974
	0
	83
	251
	12.6
	113
	174
	265
	397
	294
	1.6
	0
	0
	1591.2
	397
	0

	1975
	0
	0.4
	14.4
	86.4
	55.4
	136
	312
	228
	234
	27.4
	0
	0
	1094
	312
	0

	1976
	19.3
	61.4
	44
	170
	138
	121
	181
	278
	158
	3
	93.6
	13.2
	1280.5
	278
	3

	1977
	100
	57.2
	80
	25
	154
	238
	354
	399
	220
	355
	6.6
	0
	1988.8
	399
	0

	1978
	1.4
	55.4
	78.8
	121
	49.6
	131
	196
	426
	160
	39.1
	0
	3.4
	1261.7
	426
	0

	1979
	128
	19.1
	73.6
	84.9
	103
	135
	316
	204
	225
	0
	0
	16.6
	1305.2
	316
	0

	1980
	23.2
	36.6
	45.3
	88.5
	44.2
	126
	385
	297
	118
	51.5
	0
	0
	1215.3
	385
	0

	1981
	0
	75.5
	176
	82.9
	3.9
	50.1
	266
	321
	215
	15.5
	0
	5.2
	1211.1
	321
	0

	1982
	48.7
	80.9
	57.8
	104
	15.9
	31.9
	259
	258
	134
	54.4
	43.2
	11.9
	1099.7
	259
	11.9

	1983
	18.3
	21.7
	48.7
	117
	237
	109
	199
	244
	162
	26.3
	0
	8.8
	1191.8
	244
	0

	1984
	0
	8
	9.7
	8.4
	128
	221
	296
	296
	142
	0
	4.4
	16.3
	1129.8
	296
	0

	1985
	14.2
	0
	17.5
	96.3
	83.7
	112
	270
	328
	206
	58
	3.3
	1.2
	1190.2
	328
	0

	1986
	0
	35.7
	88
	198
	125
	180
	180
	264
	128
	36.1
	0
	0
	1234.8
	264
	0

	1987
	0.5
	63.4
	249
	82.4
	241
	92.9
	196
	254
	115
	21.3
	0.8
	0.3
	1316.6
	254
	0.3

	1988
	9.7
	53.4
	5.3
	145
	16.6
	106
	278
	299
	230
	59.9
	0
	0
	1202.9
	299
	0

	1989
	0.8
	75.9
	76.5
	153.6
	0.5
	120.9
	357.2
	325.3
	188.7
	14.5
	0
	7.6
	1321.5
	357.2
	0

	1990
	0.8
	155.9
	59.2
	106.4
	20
	88.8
	218.7
	268.6
	184
	16.2
	6
	0
	1124.6
	268.6
	0

	1991
	0
	74.5
	106.6
	34.7
	55.3
	191.1
	248.9
	262.6
	126.4
	3.4
	0
	50
	1153.5
	262.6
	0

	Avg
	16.9
	48.2
	72.8
	93.0
	83.8
	131.6
	272.8
	293.6
	190.4
	29.5
	11.6
	8.8
	1253.1
	321.9
	0.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rainfall (mm) at Bole Station 

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2350

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Year
	Jan
	Feb
	Mar
	Apr 
	May
	Jun
	Jul 
	Aug
	Sep
	Oct
	Nov
	Dec 
	Total
	Max
	Min

	1964
	0
	1
	97.5
	25.7
	133
	126
	283
	147
	219
	60.2
	0
	0
	1092.4
	283
	0

	1965
	0
	0
	42.5
	58.7
	6.2
	16.8
	169
	232
	45.7
	64.2
	6.4
	0.5
	642
	232
	0

	1966
	12.4
	73
	6.9
	72.9
	0.4
	163
	165
	288
	112
	41
	0
	0
	934.6
	288
	0

	1967
	0
	6.2
	75.8
	107
	146
	135
	264
	209
	233
	20.1
	38.9
	0
	1235
	264
	0

	1968
	1
	168
	37.8
	272
	15
	111
	180
	155
	129
	4.9
	0.8
	0
	1074.5
	272
	0

	1969
	67.5
	109
	153
	95.8
	123
	128
	226
	300
	109
	0
	0.3
	0.1
	1311.7
	300
	0

	1970
	0
	52.3
	176
	39.5
	31.5
	61.7
	341
	311
	165
	2.9
	0
	0
	1180.9
	341
	0

	1971
	7.2
	0
	36.8
	67.9
	154
	123
	303
	301
	161
	8.4
	4.2
	16
	1182.5
	303
	0

	1972
	7.7
	103
	82.4
	163
	84.3
	101
	269
	152
	134
	3.2
	6.4
	0
	1106
	269
	0

	1973
	0
	0
	0
	25.3
	68.8
	118
	266
	334
	131
	31.1
	0
	74.6
	1048.8
	334
	0

	1974
	0
	15.7
	6.4
	5
	142
	140
	270
	228
	203
	10
	0
	0
	1020.1
	270
	0

	1975
	5.7
	0
	26.7
	79.2
	8.6
	113
	293
	155
	129
	28.5
	0
	0
	838.7
	293
	0

	1976
	23.6
	9.2
	52.4
	99.1
	129
	107
	247
	236
	102
	0
	78.3
	3.4
	1087
	247
	0

	1977
	64.9
	46.8
	95.2
	46.3
	105
	153
	223
	300
	169
	228
	9.3
	0
	1440.5
	300
	0

	1978
	0
	71.6
	88.7
	92
	46.2
	101
	162
	245
	196
	47.8
	0
	0
	1050.3
	245
	0

	1979
	91.4
	7.2
	91
	31.4
	138
	120
	250
	164
	85
	15.2
	0
	5.8
	999
	250
	0

	1980
	23.6
	26.8
	64.3
	74.3
	45.4
	129
	272
	215
	119
	36.3
	0
	0
	1005.7
	272
	0

	1981
	0
	42.6
	217
	79
	18.4
	56
	273
	256
	202
	24.7
	0
	0
	1168.7
	273
	0

	1982
	26.6
	96.4
	90.2
	46.7
	73.5
	63.6
	220
	222
	143
	19
	40.7
	4.9
	1046.6
	222
	4.9

	1983
	12.4
	41.2
	28.9
	114
	187
	56.1
	218
	214
	202
	35.9
	0
	1.5
	1111
	218
	0

	1984
	0
	0.4
	11.6
	11.6
	135
	334
	314
	180
	98.8
	0
	0
	7
	1092.4
	334
	0

	1985
	35.1
	0
	94.7
	132
	92.8
	111
	210
	261
	169
	29.8
	0
	0.4
	1135.8
	261
	0

	1986
	0
	45.1
	57.6
	219
	37.7
	175
	168
	222
	107
	31.6
	0
	2.5
	1065.5
	222
	0

	1987
	0
	49.1
	180
	85.7
	155
	71.9
	156
	98.1
	57
	16
	0
	0.4
	869.2
	180
	0

	1988
	4.7
	12.1
	6
	162
	34.7
	93.2
	171
	192
	191
	57.3
	0
	0
	924
	192
	0

	Average
	15.4
	39.1
	72.8
	88.2
	84.42
	116.29
	236.5
	224.68
	144.46
	32.6
	7.4
	4.7
	1066.5
	266.6
	0.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rainfall (mm) at Akaki Beseka Station

	Latitude 8:52:0N Longitude 38:49:0 E Altitude : 2000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Year
	Jan
	Feb
	Mar
	Apr 
	May
	Jun
	Jul 
	Aug
	Sep
	Oct
	Nov
	Dec 
	Total
	Max
	Min

	1951
	0.9
	1.6
	159
	59.7
	67.7
	67.2
	277
	223
	110
	44.2
	0.4
	0
	1010.7
	277
	0

	1952
	11.1
	0
	30.8
	80.4
	70
	68.1
	223
	309
	51.7
	21.5
	0
	0
	865.6
	309
	0

	1953
	1
	28.1
	4.4
	117
	34.3
	72.5
	248
	278
	91.4
	3.7
	0
	27.5
	905.9
	278
	0

	1954
	0
	0
	60.6
	19.5
	44.2
	86
	231
	342
	110
	23.2
	0
	0
	916.5
	342
	0

	1955
	49
	3.5
	15
	86.4
	70.5
	108
	271
	300
	177
	5
	0.2
	4.5
	1090.1
	300
	0.2

	1956
	0
	- 
	24.4
	76.5
	19
	77.1
	170
	- 
	207
	77
	12
	0
	663
	207
	0

	1957
	- 
	76
	164
	173
	88
	94
	230
	221
	15
	0
	0.2
	- 
	1061.2
	230
	0

	1958
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	1959
	- 
	- 
	18.9
	12.5
	148
	90
	198
	190
	64.6
	14
	3
	0
	739
	198
	0

	1960
	- 
	5
	10
	23
	22
	29.7
	26
	148
	- 
	- 
	- 
	- 
	263.7
	148
	5

	1961
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	1962
	- 
	- 
	- 
	- 
	- 
	89
	127
	181
	87.8
	2.1
	8.2
	- 
	495.1
	181
	2.1

	1963
	0.4
	55.3
	47.2
	108
	130
	108
	262
	245
	54.7
	0
	0
	0
	1010.6
	262
	0

	1964
	- 
	- 
	32.1
	55
	47.7
	99.2
	225
	237
	117
	29.4
	0
	31.7
	874.1
	237
	0

	1965
	22.4
	1.7
	45.1
	32.7
	6.2
	79.9
	215
	302
	173
	58.5
	2.7
	0
	939.2
	302
	0

	1966
	11.4
	129
	37.7
	116
	22.3
	148
	213
	442
	153
	53.5
	0
	0
	1325.9
	442
	0

	1967
	0
	2.8
	50.4
	132
	127
	84.2
	299
	253
	205
	19.8
	61.5
	0
	1234.7
	299
	0

	1968
	- 
	221
	13
	261
	14.7
	177
	292
	305
	212
	32.4
	- 
	- 
	1528.1
	305
	13

	1969
	54.3
	116
	124
	128
	96.8
	149
	375
	379
	38.1
	0
	2.4
	0
	1462.6
	379
	0

	1970
	22.8
	15.6
	147
	66.2
	6
	94.6
	257
	460
	147
	0
	0
	0
	1216.2
	460
	0

	1971
	9
	0
	4.7
	139
	81.4
	180
	428
	760
	394
	0.9
	0
	11.9
	2008.9
	760
	0

	1972
	3.4
	177
	83.9
	287
	61.5
	405
	472
	294
	328
	0
	2.2
	0
	2114
	472
	0

	1973
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	0
	0
	0

	1974
	0
	0
	225
	0
	131
	299
	507
	623
	377
	0
	0
	0
	2162
	623
	0

	1975
	0
	0
	3.8
	107
	58.5
	175
	347
	308
	282
	19.9
	0
	0
	1301.2
	347
	0

	1976
	0
	17
	19.5
	92
	93.8
	195
	282
	325
	83.6
	7
	46.6
	0.5
	1162
	325
	0

	1977
	80.5
	29.9
	80.8
	67.4
	108
	158
	290
	329
	108
	226
	0.5
	0
	1478.1
	329
	0

	1978
	2.4
	84.8
	60.7
	50.4
	39.7
	154
	151
	328
	195
	45.5
	0
	0
	1111.5
	328
	0

	1979
	106
	28.2
	108
	57.6
	122
	75.9
	243
	241
	96.5
	13
	0
	4
	1095.2
	243
	0

	1980
	28.5
	36.8
	54.7
	55.8
	56.8
	112
	381
	364
	64.4
	13.1
	0
	0
	1167.1
	381
	0

	1981
	0
	13.3
	180
	144
	1.3
	46.2
	403
	187
	219
	5
	0
	0
	1198.8
	403
	0

	1982
	12.1
	35.4
	39.5
	94.6
	75.2
	63.5
	200
	275
	124
	25.8
	11
	8.1
	964.2
	275
	8.1

	1983
	1.8
	33.3
	15
	147
	175
	83
	238
	275
	139
	9.2
	0
	0
	1116.3
	275
	0

	1984
	0
	0
	40.4
	5.1
	130
	215
	278
	227
	57.2
	0
	0
	1.9
	954.6
	278
	0

	1985
	3.6
	0
	32.4
	71.8
	96.6
	96.5
	294
	324
	164
	1.3
	0
	0
	1084.2
	324
	0

	1986
	0
	95.4
	67.4
	149
	68.2
	143
	189
	216
	86.1
	9.4
	0
	0
	1023.5
	216
	0

	1987
	0
	71.6
	182
	84.2
	188
	69.3
	208
	247
	82.5
	4.4
	0
	0
	1137
	247
	0

	1988
	0
	44.5
	0
	96
	23.8
	125
	256
	278
	254
	35.4
	0
	0
	1112.7
	278
	0

	1989
	2.1
	63.8
	53.8
	226.3
	7.1
	58.6
	264.2
	301
	170.9
	37.9
	0
	0
	1185.7
	301
	0

	1990
	7.7
	120.6
	48.4
	129.4
	37.8
	78.9
	280.7
	222.9
	117.3
	5.8
	1.2
	0
	1050.7
	280.7
	0

	1991
	0
	37.6
	62.4
	)11.6 
	45.6
	190.4
	263.7
	308.5
	113.3
	4.4
	0
	56.5
	1082.4
	308.5
	0

	Ave
	13.5
	45.4
	63.4
	98.6
	70.7
	122.2
	266.2
	304.0
	147.8
	22.9
	4.2
	4.3
	1105.4
	311.5
	0.7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Relative humidity (%) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb 
	Mar 
	Apr 
	May 
	Jun 
	Jul 
	Aug 
	Sep 
	Oct 
	nov 
	Dec 
	Mean 
	Max. 
	Min. 

	1949
	- 
	- 
	- 
	- 
	47
	- 
	80
	73
	76
	39
	44
	51
	34.2
	80
	39

	1950
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	1951
	32
	32
	48
	74
	47
	54
	70
	73
	62
	54
	41
	42
	52.4
	74
	32

	1952
	29
	32
	36
	58
	36
	50
	66
	72
	61
	44
	37
	36
	46.4
	72
	29

	1953
	30
	35
	37
	54
	36
	54
	71
	66
	61
	42
	38
	48
	47.7
	71
	30

	1954
	33
	39
	42
	35
	37
	66
	73
	71
	74
	52
	56
	54
	52.7
	74
	33

	1955
	62
	37
	39
	41
	40
	59
	66
	71
	66
	39
	36
	43
	49.9
	71
	36

	1956
	49
	27
	38
	50
	44
	51
	68
	75
	67
	58
	37
	36
	50.0
	75
	27

	1957
	37
	41
	50
	50
	48
	53
	71
	72
	56
	39
	38
	33
	49.0
	72
	33

	1958
	45
	48
	34
	44
	34
	61
	76
	75
	71
	54
	44
	52
	53.2
	76
	34

	1959
	52
	53
	46
	43
	53
	53
	70
	76
	70
	61
	39
	41
	54.8
	76
	39

	1960
	36
	30
	44
	42
	53
	52
	69
	67
	66
	36
	31
	38
	47.0
	69
	30

	1961
	29
	35
	35
	50
	40
	53
	70
	73
	67
	46
	51
	44
	49.4
	73
	29

	1962
	34
	22
	42
	45
	39
	50
	65
	70
	69
	47
	51
	52
	48.8
	70
	22

	1963
	54
	43
	37
	55
	58
	62
	71
	72
	63
	36
	47
	52
	54.2
	72
	36

	1964
	51
	41
	41
	48
	45
	61
	73
	72
	70
	51
	35
	51
	53.3
	73
	35

	1965
	45
	27
	32
	48
	29
	53
	66
	69
	59
	48
	49
	40
	47.1
	69
	27

	1966
	37
	57
	45
	49
	32
	57
	68
	69
	56
	43
	42
	29
	48.7
	69
	29

	1967
	33
	33
	42
	48
	33
	52
	72
	74
	67
	48
	53
	39
	49.5
	74
	33

	1968
	28
	61
	44
	58
	44
	60
	68
	67
	64
	39
	41
	38
	51.0
	68
	28

	1969
	51
	55
	55
	50
	52
	68
	73
	72
	62
	39
	37
	28
	53.5
	73
	28

	1970
	52
	41
	57
	47
	40
	55
	68
	73
	66
	50
	34
	38
	51.8
	73
	34

	1971
	46
	33
	38
	47
	58
	64
	71
	71
	64
	46
	45
	45
	52.3
	71
	33

	1972
	41
	50
	40
	59
	40
	53
	71
	67
	56
	36
	39
	42
	49.5
	71
	36

	1973
	39
	27
	25
	29
	47
	55
	67
	73
	65
	45
	39
	35
	45.5
	73
	25

	1974
	40
	41
	31
	33
	47
	58
	70
	71
	67
	40
	31
	33
	46.8
	71
	31

	1975
	32
	42
	38
	49
	44
	69
	75
	80
	73
	44
	35
	35
	51.3
	80
	32

	1976
	40
	40
	42
	48
	54
	53
	69
	70
	56
	36
	52
	40
	50.0
	70
	36

	1977
	58
	45
	44
	44
	51
	56
	69
	68
	60
	57
	48
	42
	53.5
	69
	42

	1978
	37
	48
	51
	44
	46
	55
	73
	69
	64
	49
	38
	39
	51.1
	73
	37

	1979
	53
	46
	45
	38
	41
	52
	65
	63
	59
	37
	37
	39
	47.9
	65
	37

	1980
	40
	36
	39
	44
	35
	52
	66
	66
	56
	41
	33
	32
	45.0
	66
	32

	1981
	33
	40
	58
	52
	35
	41
	66
	67
	64
	40
	36
	34
	47.2
	67
	33

	1982
	50
	52
	41
	56
	41
	49
	63
	71
	55
	47
	53
	44
	51.8
	71
	41

	1983
	48
	50
	46
	54
	54
	54
	63
	70
	62
	47
	39
	40
	52.3
	70
	39

	1984
	30
	25
	31
	25
	43
	55
	63
	60
	52
	29
	37
	39
	40.8
	63
	25

	1985
	35
	32
	31
	53
	47
	50
	64
	64
	55
	39
	36
	33
	44.9
	64
	31

	1986
	41
	44
	46
	57
	46
	59
	57
	65
	57
	38
	31
	- 
	45.1
	65
	31

	Ave
	41.2
	40.0
	41.4
	47.8
	43.7
	55.5
	68.8
	70.2
	63.2
	44.2
	40.8
	40.5
	49.2
	71.2
	32.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean maximum monthly temperature (0C) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1949
	 
	 
	 
	 
	24.8
	 
	19.2
	20.4
	20.4
	24.1
	22.9
	21.9
	12.8
	24.8
	19.2

	1950
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	 
	- 
	0.0
	0
	0

	1951
	24.5
	25.6
	24.6
	20.5
	24.8
	23.7
	20.3
	20.2
	22.6
	22.3
	23.5
	23.4
	23.0
	25.6
	20.2

	1952
	24.9
	26
	26.7
	22.7
	25.2
	23.6
	20.1
	19.8
	21.4
	22.6
	23.3
	23.6
	23.3
	26.7
	19.8

	1953
	24.8
	25
	25.8
	23.5
	25.7
	23.5
	19.1
	20.3
	21.5
	24.1
	24.1
	23.1
	23.4
	25.8
	19.1

	1954
	24.3
	26
	25.1
	25.9
	25.5
	22.2
	19.1
	19.3
	19.5
	22.2
	23
	23.5
	23.0
	26
	19.1

	1955
	22.6
	24.5
	25.9
	25.2
	25
	22.6
	20.4
	20.1
	20.9
	22.7
	23.2
	22.9
	23.0
	25.9
	20.1

	1956
	22.3
	24.9
	26.4
	23.5
	25.4
	22.9
	19.9
	19.6
	21
	20.9
	22.1
	23.2
	22.7
	26.4
	19.6

	1957
	24.3
	23.4
	22.5
	23.3
	23.9
	23.7
	21.1
	20.9
	23.1
	24.4
	24.7
	24.4
	23.3
	24.7
	20.9

	1958
	24.6
	23.5
	26.8
	25.7
	28.2
	23
	20
	20
	21.2
	22.7
	23.7
	23.7
	23.6
	28.2
	20

	1959
	23.8
	25.7
	26.2
	26.8
	25.4
	24.1
	20.4
	19.5
	21.2
	23.1
	24.1
	23.9
	23.7
	26.8
	19.5

	1960
	23.7
	25.8
	24.5
	25.5
	24.2
	23.9
	20.3
	20.9
	21
	23.3
	24
	23.8
	23.4
	25.8
	20.3

	1961
	25.1
	25.2
	25.2
	23.8
	25.6
	23.3
	19.9
	19.8
	20.6
	22.6
	21.7
	23.1
	23.0
	25.6
	19.8

	1962
	25
	26
	24.8
	25.7
	26.1
	24.4
	20.4
	19.7
	20.3
	21.4
	21.4
	22.1
	23.1
	26.1
	19.7

	1963
	21.3
	22.3
	24.5
	22.4
	22.3
	21.8
	19.9
	20.1
	21
	22.8
	22.2
	21.4
	21.8
	24.5
	19.9

	1964
	23
	24.4
	25.4
	23.5
	24.4
	21.6
	19.3
	19.2
	19.5
	20
	21.1
	20
	21.8
	25.4
	19.2

	1965
	21.6
	23.4
	24.1
	23.1
	25.1
	23.6
	20.3
	19.9
	21.2
	20.9
	20.9
	22
	22.2
	25.1
	19.9

	1966
	22.6
	21.8
	23.3
	23.2
	25.3
	22.2
	20.5
	20.7
	20.8
	21.7
	21.6
	22.6
	22.2
	25.3
	20.5

	1967
	22.4
	24.5
	24.2
	22.9
	22.5
	22.5
	19
	19.3
	19.8
	20.7
	20.5
	21.2
	21.6
	24.5
	19

	1968
	22.7
	20.3
	22.5
	21.5
	23.5
	21.8
	19.9
	20.1
	20.9
	21.9
	21.5
	22.4
	21.6
	23.5
	19.9

	1969
	22.1
	21.6
	21.8
	23.5
	23.3
	21.4
	19.8
	19.9
	21.2
	22.8
	22.9
	23.3
	22.0
	23.5
	19.8

	1970
	22.3
	24.2
	22.2
	24
	25.4
	23.7
	20.1
	19
	20.1
	21.2
	21
	21.4
	22.1
	25.4
	19

	1971
	21.5
	23.4
	23.2
	23.5
	22.1
	20.7
	19.4
	19.1
	20.1
	21.2
	20.7
	20.2
	21.3
	23.5
	19.1

	1972
	22.5
	21.4
	23.3
	21.3
	23.4
	22.2
	20
	30.1
	20.8
	22.2
	22.4
	22.3
	22.7
	30.1
	20

	1973
	23.7
	25.2
	26.3
	26.2
	23.5
	22.5
	20.4
	19.2
	20.2
	21.2
	21.5
	20.5
	22.5
	26.3
	19.2

	1974
	21.8
	22.9
	22.6
	23.6
	23
	21.2
	19.1
	19
	19.7
	21.6
	21
	21.8
	21.4
	23.6
	19

	1975
	22.4
	23.2
	24.7
	23.7
	23.8
	21.2
	19.2
	18.5
	19.6
	21.4
	21.1
	21.4
	21.7
	24.7
	18.5

	1976
	22
	23.3
	23.4
	22.1
	21.8
	21.9
	19.4
	19.6
	20.9
	22.7
	20.7
	21.9
	21.6
	23.4
	19.4

	1977
	21.4
	22.3
	23.4
	24.4
	23.2
	21.7
	20.1
	20.3
	20.2
	21
	21.1
	21.8
	21.7
	24.4
	20.1

	1978
	22.5
	22.8
	22.7
	23.6
	23.5
	22.1
	19.3
	20.4
	19.9
	21
	22.2
	22.3
	21.9
	23.6
	19.3

	1979
	20.9
	23.2
	23.6
	24.3
	24.3
	23.6
	21
	21.1
	21.5
	22.7
	22.9
	23
	22.7
	24.3
	20.9

	1980
	23.6
	24.9
	25.2
	24.6
	25.6
	22.9
	20.6
	20.8
	21.9
	22.2
	22.8
	23.4
	23.2
	25.6
	20.6

	1981
	24.4
	24.7
	22.4
	22.7
	25.3
	25.3
	20.4
	20.9
	20.8
	22.3
	22.9
	23
	22.9
	25.3
	20.4

	1982
	23.4
	23.7
	24.8
	23.1
	24.2
	24
	21.1
	20.4
	21.6
	21.8
	22.7
	22.8
	22.8
	24.8
	20.4

	1983
	23
	24.3
	25.3
	24.1
	23.9
	23.4
	22.3
	20.3
	21.2
	22
	22.8
	22.5
	22.9
	25.3
	20.3

	1984
	23.4
	25.1
	26.1
	27.2
	24.2
	21.7
	20.3
	21.2
	21.5
	23
	23.2
	22.5
	23.3
	27.2
	20.3

	1985
	23.8
	24.3
	24.9
	22.9
	23.4
	23.4
	20
	20.1
	20.9
	22
	22.8
	22.6
	22.6
	24.9
	20

	1986
	23.9
	24.5
	23.9
	22.5
	24.4
	21.9
	21.4
	21.2
	21.9
	22.8
	23.4
	23.6
	23.0
	24.5
	21.2

	1987
	23.4
	24.5
	23.2
	23.5
	23.7
	22.8
	21.9
	22.1
	23.3
	24
	24.1
	24.1
	23.4
	24.5
	21.9

	1988
	24.2
	24.8
	26.4
	24.9
	25.7
	23.2
	19.9
	20.9
	21.1
	22
	22.5
	22.6
	23.2
	26.4
	19.9

	1989
	23
	23
	24.5
	22.4
	24.8
	23.7
	20.5
	21.3
	21.1
	25.4
	26.7
	25.6
	23.5
	26.7
	20.5

	1990
	23.3
	22.6
	23.5
	23.5
	25.1
	23.5
	21.2
	30.9
	21.2
	22.5
	23
	22.9
	23.6
	30.9
	21.2

	1991
	24.7
	24.5
	24.3
	25
	25.9
	23.8
	20.5
	20.9
	22.1
	22.9
	22.8
	22.3
	23.3
	25.9
	20.5

	AVE. 
	23.2
	24.0
	24.4
	23.8
	24.4
	22.8
	20.2
	20.6
	21.0
	22.3
	22.5
	22.6
	22.7
	22.6
	22.5

	Mean minimum monthly temperature (0C) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1949
	- 
	- 
	 
	 
	10.8
	- 
	9.2
	9.6
	9.6
	7.5
	7.4
	8.1
	5.2
	10.8
	7.4

	1950
	- 
	-. 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	0.0
	0
	0

	1951
	5.3
	8.3
	11.2
	9.7
	10.8
	9.5
	10.5
	10.6
	10.5
	10
	7.9
	7.5
	9.3
	11.2
	5.3

	1952
	6.3
	8.8
	10.8
	11.3
	11.6
	10.3
	10.4
	10.5
	9.8
	7.9
	6.1
	7
	9.2
	11.6
	6.1

	1953
	6.8
	9.2
	10.4
	11.7
	11.2
	10.7
	11
	10.5
	9.5
	7.5
	6.3
	7.2
	9.3
	11.7
	6.3

	1954
	5
	8.7
	10.6
	10.3
	11.5
	10.1
	10.1
	9.9
	9.1
	7.3
	6.3
	6
	8.7
	11.5
	5

	1955
	8.8
	6.9
	9.7
	9.9
	9.9
	9
	9.1
	9.3
	8.9
	6.6
	5.9
	6.1
	8.3
	9.9
	5.9

	1956
	6.8
	5.9
	9.2
	9.4
	9.5
	9.2
	9.9
	9.5
	9.9
	8.5
	4.7
	4.7
	8.1
	9.9
	4.7

	1957
	5.5
	7.9
	9.6
	9.8
	9.7
	8.9
	9.6
	9.7
	8.8
	7.2
	6.9
	5
	8.2
	9.8
	5

	1958
	9.2
	9.1
	9.8
	10.4
	10.7
	10.4
	10.6
	10.1
	9.8
	7.6
	5.9
	7.1
	9.2
	10.7
	5.9

	1959
	8
	8.1
	9.7
	10.7
	10.5
	9.8
	10.3
	10
	9.6
	8.5
	6.3
	6.1
	9.0
	10.7
	6.1

	1960
	5.8
	7.8
	9.7
	9.5
	10.5
	9.6
	10.1
	9.9
	9.4
	7.3
	6.5
	7.4
	8.6
	10.5
	5.8

	1961
	6.5
	6.7
	9
	10.1
	9.9
	8.9
	9.5
	9.3
	8.7
	6.7
	6.3
	5.4
	8.1
	10.1
	5.4

	1962
	4.7
	5.5
	8.8
	9.6
	10.3
	9.3
	10
	10.2
	9.6
	6.5
	6.7
	6.7
	8.2
	10.3
	4.7

	1963
	6.5
	8.3
	8.4
	10.9
	10.2
	9.4
	10
	9.9
	9.8
	8.8
	8.7
	8
	9.1
	10.9
	6.5

	1964
	7.6
	8
	10
	10
	10.6
	9.6
	9.8
	9.8
	9.2
	8.2
	6.5
	7.6
	8.9
	10.6
	6.5

	1965
	8.2
	6.8
	9.4
	11.1
	10.8
	9.9
	9.7
	10.7
	10.2
	8.7
	8.5
	7.1
	9.3
	11.1
	6.8

	1966
	7.8
	10.6
	10.4
	11.9
	11.7
	10.4
	11.1
	10.9
	10.7
	9.2
	7.6
	6.3
	9.9
	11.9
	6.3

	1967
	5.9
	9.4
	11.2
	11.2
	11.8
	10.6
	11
	10.4
	10.4
	8.6
	8.7
	5.6
	9.6
	11.8
	5.6

	1968
	6.2
	10.2
	8.7
	10.9
	11
	11
	10.8
	10.8
	10.6
	9
	7.6
	7.6
	9.5
	11
	6.2

	1969
	10.1
	10.4
	11.6
	12
	12.1
	10.9
	11.2
	10.9
	10.7
	9.4
	8.5
	6.8
	10.4
	12.1
	6.8

	1970
	10.3
	10
	11.1
	11.7
	12
	10.9
	10.4
	10.2
	9.6
	8.9
	6
	6.2
	9.8
	12
	6

	1971
	8.3
	7.8
	10.4
	11.1
	11.5
	10.7
	10.3
	10.4
	10.5
	9.4
	8.2
	7.3
	9.7
	11.5
	7.3

	1972
	8.7
	10
	10.7
	11.9
	11.7
	11.3
	11.4
	10.9
	11
	9.6
	8.8
	8.5
	10.4
	11.9
	8.5

	1973
	9.2
	9.8
	11.8
	13.2
	12
	11.1
	11.3
	10.5
	10.8
	8.9
	7.1
	5.3
	10.1
	13.2
	5.3

	1974
	7.7
	8.7
	10.6
	10.6
	11.4
	9.9
	9.9
	10.4
	9.9
	8.8
	5.6
	6.4
	9.2
	11.4
	5.6

	1975
	7.6
	10
	11.7
	12.1
	12.8
	11
	10.9
	11.4
	11
	9.2
	7.1
	7.1
	10.2
	12.8
	7.1

	1976
	8.1
	10.4
	11.3
	11.1
	11.3
	10.6
	11.3
	10.8
	11.1
	10.8
	9.6
	8.8
	10.4
	11.3
	8.1

	1977
	10.4
	10.3
	10
	11.8
	12
	11.5
	11.1
	11.3
	11.1
	11.1
	8.7
	7.9
	10.6
	12
	7.9

	1978
	8
	10.7
	11.2
	11.9
	11.7
	11.2
	11.3
	11.1
	11.1
	9.5
	7.9
	9.1
	10.4
	11.9
	7.9

	1979
	10.6
	10.7
	11.3
	11.9
	13.1
	11.6
	11.7
	11.7
	11.7
	10.8
	8.8
	9.1
	11.1
	13.1
	8.8

	1980
	9.9
	11.3
	12.6
	12.3
	13.1
	11.9
	11.5
	11.5
	11.8
	10.8
	9.4
	7.9
	11.2
	13.1
	7.9

	1981
	9.9
	10.4
	12.4
	12.3
	12.7
	11.9
	11.7
	11.7
	11.4
	10.4
	9
	8.7
	11.0
	12.7
	8.7

	1982
	10.4
	11.7
	11.7
	12.3
	12.7
	11.6
	11.3
	11.3
	11.7
	10.3
	10.1
	10
	11.3
	12.7
	10

	1983
	9.1
	11.7
	13.1
	13
	13.1
	12.4
	12
	12.4
	11.8
	10.7
	9.7
	8.6
	11.5
	13.1
	8.6

	1984
	7.9
	8.3
	12.4
	12.5
	13.1
	11.5
	11.2
	11.4
	11.2
	10
	8.5
	7.3
	10.4
	13.1
	7.3

	1985
	8.2
	8.3
	11
	11.2
	11.2
	10.5
	9.8
	9.9
	10.1
	9.3
	7.9
	7.5
	9.6
	11.2
	7.5

	1986
	7
	10.6
	10.4
	11.3
	11.7
	10.8
	10.4
	10.3
	10
	8.8
	8.4
	8.4
	9.8
	11.7
	7

	1987
	7.8
	10.1
	11.9
	12.3
	12.4
	11.9
	11.8
	11.9
	12.5
	11
	9.3
	9.2
	11.0
	12.5
	7.8

	1988
	10.3
	12.9
	11.9
	12.8
	12.5
	11.7
	12.1
	11.7
	11.5
	10.5
	7.8
	7.8
	11.1
	12.9
	7.8

	1989
	7.8
	9.9
	12.2
	11.9
	12
	11.2
	11.3
	11.2
	11.3
	10.2
	8.9
	10.5
	10.7
	12.2
	7.8

	1990
	9.1
	11.9
	11.4
	11.9
	12.2
	10.9
	11.4
	11.1
	11.3
	9.5
	9.2
	7.7
	10.6
	12.2
	7.7

	1991
	10.4
	11.6
	12.4
	13
	13.3
	12.1
	12
	11.8
	11.8
	9.7
	8.3
	8.9
	11.3
	13.3
	8.3

	Ave
	8.0
	9.4
	10.8
	11.3
	11.5
	10.6
	10.7
	10.7
	10.5
	9.0
	7.7
	7.4
	9.8
	9.9
	10.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean monthly wind speed (m/s) at 2 m height at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Max
	Min
	 

	1982
	0.9
	0.2
	1.2
	0.8
	0.9
	0.5
	0.4
	0.3
	0.6
	1
	0.9
	0.9
	1.2
	0.2
	 

	1983
	0.9
	0.9
	0.9
	0.8
	0.8
	0.8
	0.6
	0.5
	0.4
	0.8
	0.9
	0.8
	0.9
	0.4
	 

	1984
	0.9
	1.1
	1.4
	1.3
	1.9
	0.6
	0.5
	0.5
	1
	1.6
	1.3
	1.1
	1.9
	0.5
	 

	1985
	1.2
	1.2
	1.6
	0.9
	1.8
	0.6
	0.4
	0.5
	0.7
	1.3
	1.1
	1.1
	1.8
	0.4
	 

	1986
	0.8
	0.9
	1.2
	0.8
	0.9
	0.7
	0.6
	0.5
	0.4
	1.2
	1.3
	- 
	1.3
	0.4
	 

	1991
	0.8
	0.7
	0.7
	1
	1
	0.5
	0.4
	0.3
	0.4
	0.7
	0.7
	0.6
	1
	0.3
	 

	1992
	0.9
	0.5
	0.8
	0.6
	0.6
	0.4
	0.4
	0.4
	0.4
	0.8
	0.7
	0.8
	0.9
	0.4
	 

	Ave
	0.9
	0.8
	1.1
	0.9
	1.1
	0.6
	0.5
	0.4
	0.6
	1.1
	1.0
	0.9
	1.3
	0.4
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean monthly sunshine hours (in a day) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1964
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	10.2
	7.5
	1.5
	10.2
	7.5

	1965
	8.9
	10
	9.1
	5.6
	8.2
	5.8
	3.4
	3.5
	6.2
	8.4
	7.7
	9.2
	7.2
	10
	3.4

	1966
	8.8
	6.1
	- 
	5.2
	8
	4.9
	3
	3.3
	5.7
	7.6
	9.2
	10.3
	6.0
	10.3
	3

	1967
	10.5
	9.7
	7.4
	6.9
	6.1
	5.2
	1.9
	2.3
	3.7
	8.1
	7.2
	10.3
	6.6
	10.5
	1.9

	1968
	- 
	4.7
	8.4
	5.3
	8.1
	4.6
	3.1
	3.7
	5.5
	9.6
	9.2
	9.8
	6.0
	9.8
	3.1

	1969
	6.7
	5.4
	6
	6.7
	6.9
	4.9
	2.1
	3.4
	5.6
	8.9
	9.5
	10.5
	6.4
	10.5
	2.1

	1970
	5.4
	8.1
	6
	6.9
	7.4
	5.1
	2.9
	2.1
	4.6
	8.1
	10.7
	10.3
	6.5
	10.7
	2.1

	1971
	8
	10.4
	7.5
	7.5
	5.7
	4.3
	3.1
	3.1
	4.5
	7.8
	8.9
	7.6
	6.5
	10.4
	3.1

	1972
	9.3
	6.8
	8.9
	5.1
	8.1
	5.6
	2.6
	4
	5.5
	8.6
	9.7
	9.5
	7.0
	9.7
	2.6

	1973
	9.7
	9.9
	10
	8.1
	6.3
	4.9
	3.1
	2.5
	4.6
	8.2
	10.1
	9.3
	7.2
	10.1
	2.5

	1974
	10.6
	9.6
	6.8
	8.9
	5.7
	5.9
	3
	2.7
	5.1
	8.4
	10.9
	10.6
	7.4
	10.9
	2.7

	1975
	10.1
	8.6
	8.1
	6.3
	6.8
	4
	2.9
	2.2
	4.1
	6.1
	10.7
	10.3
	6.7
	10.7
	2.2

	1976
	9.4
	9.1
	7.2
	6.2
	6
	4.9
	2.4
	2.8
	6.2
	8.4
	6.6
	9.5
	6.6
	9.5
	2.4

	1977
	6.1
	7.3
	7
	7
	5.6
	4.5
	3.3
	3.2
	4.9
	5.3
	9
	10.1
	6.1
	10.1
	3.2

	1978
	9.8
	6.9
	7.5
	7
	6.7
	5.1
	1.9
	3.2
	4.4
	7.8
	10.1
	8.4
	6.6
	10.1
	1.9

	1979
	6.1
	7.5
	6.2
	7.7
	7.5
	5.9
	3.3
	4.5
	4.9
	8.2
	10.2
	9
	6.8
	10.2
	3.3

	1980
	8.2
	9.2
	7.5
	6.2
	6.6
	4.5
	2.9
	4.1
	5.7
	8.2
	9.5
	9.9
	6.9
	9.9
	2.9

	1981
	9.7
	9.1
	4
	5.1
	8.2
	6.9
	2.6
	3.7
	3.8
	9.1
	9.9
	9.3
	6.8
	9.9
	2.6

	1982
	7.5
	6.9
	8.5
	5.5
	6.7
	4.7
	2.8
	2.8
	5.1
	7.3
	6.6
	7.8
	6.0
	8.5
	2.8

	1983
	7.6
	7.6
	6
	5.5
	4.6
	6.8
	4.8
	2.7
	4.4
	7.2
	9.6
	9
	6.3
	9.6
	2.7

	1984
	9.8
	10
	9.2
	9
	5.6
	4.5
	3.7
	4.8
	6.2
	10.3
	9.7
	9.3
	7.7
	10.3
	3.7

	1985
	9.4
	9
	7.9
	5.2
	6.6
	5.5
	3.4
	3.6
	5.9
	8.6
	10.1
	9.3
	7.0
	10.1
	3.4

	1986
	10
	6.8
	7.7
	5.8
	7.5
	3.7
	3.6
	- 
	- 
	- 
	- 
	- 
	3.8
	10
	3.6

	Ave
	8.6
	8.1
	7.5
	6.5
	6.8
	5.1
	3.0
	3.2
	5.1
	8.1
	9.3
	9.4
	6.3
	10.1
	3.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean monthly pan evaporation (mm) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1972
	333.4
	158.7
	115.3
	273.4
	200.7
	126
	61.8
	- 
	86.8
	224.8
	362.7
	_
	162.0
	362.7
	61.8

	1973
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 

	1974
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	_
	- 
	- 
	- 
	- 
	- 
	- 

	1975
	_
	142.7
	178.9
	142.7
	103.3
	96.7
	73
	164.9
	107.2
	136.5
	201.5
	236.1
	132.0
	236.1
	73

	1976
	246.8
	159.2
	175.7
	166.6
	149.6
	161
	104.4
	54.5
	- 
	206.3
	223.8
	- 
	137.3
	246.8
	54.5

	1977
	147.8
	180
	132-0 
	118.2
	144
	67.4
	54.4
	79.3
	83.7
	205.5
	218
	1M.I 
	108.2
	218
	54.4

	1978
	209.5
	174.5
	127.2
	97.2
	125.5
	63.4
	71.4
	68.9
	88.2
	141.1
	163.1
	184.7
	126.2
	209.5
	63.4

	1979
	171.5
	149.9
	87.4
	85.7
	129.2
	105
	50.6
	55.7
	52.7
	143.4
	154.7
	113.9
	108.3
	171.5
	50.6

	1980
	116.4
	83
	81.9
	- 
	- 
	- 
	- 
	- 
	- 
	- 
	88.1
	100.2
	39.1
	116.4
	81.9

	1981
	127
	115.1
	107.4
	85.2
	83.5
	79.5
	133.6
	105.6
	74.6
	146.1
	217
	202
	123.1
	217
	74.6

	1982
	122.2
	107.9
	122.3
	127.4
	75.4
	48.5
	69.1
	95.8
	118.9
	191.4
	206.9
	117.6
	117.0
	206.9
	48.5

	1983
	202.4
	166.4
	227.7
	95.8
	126
	85
	- 
	- 
	- 
	144.3
	178.5
	167.6
	116.1
	227.7
	85

	1984
	174.2
	112.9
	143.3
	54.9
	87.8
	27.4
	38.7
	- 
	71.2
	161.1
	177.6
	162.2
	100.9
	177.6
	27.4

	1985
	161
	124.2
	82.6
	127.3
	108.4
	87.9
	62.6
	54.6
	132.4
	163.9
	172.3
	157.2
	119.5
	172.3
	54.6

	1986
	145
	143.1
	172.4
	156.3
	172.2
	108.6
	58.3
	55.9
	73.6
	140.4
	153.2
	167.2
	128.9
	172.4
	55.9

	1987
	157.8
	143.5
	153.2
	102.7
	148.5
	103.8
	71.8
	68.6
	93.4
	150
	87.6
	117.7
	116.6
	157.8
	68.6

	1988
	138.2
	91.9
	133.5
	154.8
	160.3
	125.1
	82.1
	82.1
	84.6
	173.1
	160
	- 
	115.5
	173.1
	82.1

	Ave
	175.2
	136.9
	136.3
	127.7
	129.6
	91.8
	71.7
	80.5
	88.9
	166.3
	184.3
	156.9
	116.7
	204.4
	62.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Monthly potential evapotranspiration (mm) at Addis Ababa Observatory

	Latitude  9:2:0N Longitude 38:45:0 E Altitude : 2408

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean
	Max
	Min

	1985
	174.7
	171.9
	217
	160.9
	178.8
	151.43
	120.3
	126.17
	147.51
	186.68
	171.93
	166.98
	164.5
	217
	120

	1986
	166.5
	154.5
	190.7
	159.6
	184.5
	134.58
	133.2
	133.02
	153.57
	186.14
	182.62
	171.96
	162.6
	190.7
	133

	1987
	171.3
	161.9
	162.9
	185.6
	169.6
	147.67
	137.8
	158.25
	153.82
	188.35
	173.32
	168.35
	164.9
	188.4
	138

	1988
	163.6
	180.3
	217.7
	176.6
	201.4
	147.79
	111.3
	131.3
	131.29
	174.08
	164.13
	166.25
	163.8
	217.7
	111

	1989
	159.4
	158.3
	179.7
	157.6
	196.6
	152.74
	124.2
	142.33
	137.63
	176.42
	168.36
	164.54
	159.8
	196.6
	124

	1990
	170.4
	136.1
	181.8
	166.6
	184.5
	146.28
	125
	127.95
	134.43
	175.18
	158.91
	160.25
	155.6
	184.5
	125

	1991
	170.6
	159.7
	185.5
	186.1
	195.2
	150.02
	119.5
	128.92
	143.8
	175.64
	158.46
	154.09
	160.6
	195.2
	119

	1992
	157.3
	159.3
	141.8
	175.7
	184.8
	145.61
	120.6
	110.68
	132.46
	160.02
	149.87
	149.97
	149.0
	184.8
	111

	1993
	151.8
	140
	199.5
	155
	165.3
	130.27
	121
	126.26
	119.15
	162.57
	157.58
	153.01
	148.4
	199.5
	119

	1994
	163.2
	165.5
	181.5
	169.6
	184.6
	126.07
	112.9
	114.98
	139.19
	182.3
	153.02
	153.09
	153.8
	184.6
	113

	1995
	161.8
	158.1
	183.3
	149.5
	180.3
	157.18
	118.1
	123.92
	135.68
	175.01
	160.69
	151.85
	154.6
	183.3
	118

	1996
	146.4
	169.6
	174.8
	168.8
	169.9
	120.48
	120.1
	125.07
	133.91
	178.67
	153.73
	154.58
	151.3
	178.7
	120

	1997
	150
	167.1
	191.3
	167
	196.9
	161.22
	124.6
	133.26
	169.84
	170.65
	147.98
	156.03
	161.3
	196.9
	125

	1998
	160.5
	157.2
	182.9
	188.9
	171.8
	147.82
	123.2
	127.66
	129.16
	153.52
	160.37
	156.45
	155.0
	188.9
	123

	Ave
	162.0
	160.0
	185.0
	169.1
	183.2
	144.2
	122.3
	129.3
	140.1
	174.7
	161.5
	159.1
	157.5
	193.3
	121.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Monthly flow data of Akaki river (mcm) at Akaki station

	Latitude 8:53 0N Longitude 39:49 E Altitude 2050

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1981
	1.7
	1.85
	6.24
	6.12
	2.06
	2.27
	43.1
	106.6
	108.2
	6
	2.8
	3.2
	24.18
	108.2
	1.7

	1982
	4.3
	3
	2.86
	4.04
	4.82
	3.29
	29.2
	77.4
	32.9
	3.16
	2.39
	1.9
	14.11
	77.4
	1.9

	1983
	1.5
	2.09
	1.28
	1.12
	3.32
	3.75
	12.4
	66.6
	29
	3.7
	1.77
	1.69
	10.69
	66.6
	1.12

	1984
	2.1
	2.17
	1.29
	1.1
	2.23
	5.1
	61.3
	59.7
	41.2
	3.64
	2.45
	1.73
	15.33
	61.3
	1.1

	1985
	2.46
	2.36
	2
	2.49
	8.57
	5.47
	43.6
	164
	57
	10.41
	3:05
	4.76
	25.27
	164
	0.1

	1986
	3.56
	3.78
	6.8
	9.9
	4.87
	10.8
	32.6
	77.4
	44.8
	13.9
	6.35
	1.9
	18.06
	77.4
	1.9

	1987
	2
	2.2
	6.96
	12.9
	11.7
	9.82
	29.2
	38.5
	10.5
	28.9
	3
	3.2
	13.24
	38.5
	2

	1988
	3.4
	3.63
	2.98
	5.18
	3.1
	4.4
	25.3
	30.7
	63.9
	12.2
	5.9
	2.9
	13.63
	63.9
	2.9

	1989
	2.59
	2.92
	2.67
	7.1
	4.39
	6.29
	48
	150.2
	60.6
	6.2
	3.81
	4.3
	24.92
	150.2
	2.6

	1990
	3.9
	8.65
	9
	16.8
	5.08
	6.79
	39.8
	173
	55.7
	11.8
	4.3
	4.2
	28.25
	173
	3.9

	Ave
	2.8
	3.3
	4.2
	6.7
	5.0
	5.8
	36.5
	94.4
	50.4
	10.0
	3.3
	3.0
	18.8
	98.1
	1.9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Monthly flow data of Akaki river at Aba Samuel (mcm)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	YEAR 
	Jan 
	Feb
	Mar 
	Apr 
	May 
	Jun
	Jul 
	Aug 
	Sep
	Oct 
	Nov
	Dec 
	Mean 
	Max. 
	Min. 

	1985
	3.7
	3.5
	3.4
	4.2
	12.7
	7.8
	67.9
	269.9
	88.2
	14.7
	5.1
	6.9
	40.7
	269.9
	3.4

	1986
	5.4
	5.4
	9.6
	14
	7.1
	15.5
	48.5
	119.3
	69.5
	19.8
	8.3
	3
	27.1
	119.3
	3

	1987
	3.4
	3.7
	11.8
	18.6
	17.6
	14
	39.2
	56.8
	15
	4.4
	3.4
	4.7
	16.1
	56.8
	3.4

	1988
	5.7
	6.1
	4.9
	8.8
	5.2
	7.4
	42.3
	136.4
	108
	20.8
	10
	5.1
	30.1
	136.4
	4.9

	1989
	4.4
	5.1
	4.6
	12
	7.4
	10.6
	81.1
	253.8
	102.4
	10.6
	6.4
	7.3
	42.1
	253.8
	4.4

	1990
	6.6
	14.5
	15.2
	28.6
	8.6
	11.5
	67.3
	292.9
	94.1
	20.1
	7.3
	7.1
	47.8
	292.9
	6.6

	1991
	6.5
	7.1
	8.7
	7
	5.2
	16.1
	96
	250.5
	189.8
	19.5
	14.2
	15.2
	53.0
	250.5
	5.2

	1992
	12
	13.6
	8.3
	9.1
	9.8
	11
	62.1
	183.6
	143.5
	18
	9
	9.7
	40.8
	183.6
	8.3

	1993
	7.9
	10.5
	6.7
	23.8
	17.7
	37.9
	161
	349.5
	260.8
	27.3
	7.7
	6.4
	76.4
	349.5
	6.4

	1994
	5.6
	7.1
	6.2
	6.7
	7.7
	11.6
	66.7
	134.4
	95.8
	12.7
	9.4
	8.6
	31.0
	134.4
	5.6

	1995
	8.3
	12.6
	10.8
	20.1
	13.4
	14.5
	56.8
	214.4
	66.6
	9.8
	7
	7.2
	36.8
	214.4
	7

	1996
	7.4
	5.1
	10.2
	11
	16.5
	79.5
	254
	491.3
	142
	25.4
	16.6
	15.4
	89.5
	491.3
	5.1

	1997
	15.5
	10.5
	11.8
	10.5
	8.5
	14.1
	68
	133,5 
	27.5
	8.3
	5.4
	4
	15.3
	68
	4

	1998
	5.5
	5.1
	4.8
	5.3
	20.8
	15.1
	140.5
	411.6
	182.5
	43.7
	12.2
	10.8
	71.5
	411.6
	4.8

	Ave
	7.0
	7.9
	8.4
	12.8
	11.3
	19.0
	89.4
	243.4
	113.3
	18.2
	8.7
	8.0
	44.2
	230.9
	5.2
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Values

				MONTHLY WATER BALANCE CALCULATION

				THORNTHWAITE & MATHER METHOD

		Station: Akaki						Clay loam				Root depth  80cm

		a=		1.6915698597

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

		T (oC)		16.24		17.31		18.25		18.19		18.61		17.34		16.07		15.94		16.32		16.28		15.74		15.62

		J		5.95		6.55		7.10		7.07		7.31		6.57		5.86		5.79		6.00		5.97		5.68		5.61		75.45

		P		13.5		45.4		63.4		98.6		70.7		122.2		266.2		304		147.8		22.9		4.2		4.3		1163.20

		PET		58.52		65.19		71.29		70.89		73.68		65.38		57.49		56.70		59.01		58.76		55.50		54.79		747.19

		P-PET		-45.02		-19.79		-7.89		27.71		-2.98		56.82		208.71		247.30		88.79		-35.86		-51.30		-50.49		416.01

		AWL		-182.67		-202.46		-210.35														-35.86		-87.16		-137.65

		SM		95.00		80.00		70.00		97.71		94.73		151.55		200.00		200.00		200.00		175.00		150.00		100.00

		Change SM		-5.00		-15.00		-10.00		27.71		-2.98		56.82		0.00		0.00		0.00		-25.00		-25.00		-50.00

		AET		18.50		55.40		73.40		70.89		73.68		65.38		57.49		56.70		59.01		47.90		29.20		54.30		596.46

		Station:		Bole		Clay loam				Root depth  80cm

		a=		1.632613125

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

		T (oC)		15.74		16.81		17.75		17.69		18.11		16.84		15.57		15.44		15.82		15.78		15.24		15.12

		J		5.68		6.27		6.81		6.77		7.02		6.29		5.58		5.51		5.72		5.70		5.41		5.34		72.09

		P		15.4		39.1		72.8		88.2		84.42		116.3		237		224.7		144.5		32.6		7.4		4.7		1067.12

		PET		57.25		63.74		69.66		69.28		71.98		63.93		56.25		55.48		57.73		57.49		54.31		53.62		730.72

		P-PET		-41.85		-24.64		3.14		18.92		12.44		52.37		180.75		169.22		86.77		-24.89		-46.91		-48.92		336.40

		AWL		-162.57		-187.21																-24.89		-71.80		-120.72

		SM		95.00		80.00		83.14		102.06		114.50		166.87		200.00		200.00		200.00		196.00		170.00		110.00

		Change SM		-15.00		-15.00		3.14		18.92		12.44		52.37		0.00		0.00		0.00		-4.00		-26.00		-60.00

		AET		30.40		54.10		69.66		69.28		71.98		63.93		56.25		55.48		57.73		36.60		33.40		64.70		599.58

		Station: AA Observatory								Fine sandy loam						Rooting depth 1m

		a=		1.5765614984

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

		T (oC)		15.2		16		17.1		17.5		18		16.3		15.4		15		15.2		15.4		13.9		14.9

		J		5.38		5.82		6.43		6.66		6.95		5.98		5.49		5.28		5.38		5.49		4.70		5.22		68.81

		P		16.9		48.2		72.8		93		83.8		131.6		272.8		293.6		190.4		29.5		11.6		8.6		1252.80

		PET		55.82		60.52		67.21		69.70		72.87		62.32		56.98		54.66		55.82		56.98		48.48		54.09		715.42

		P-PET		-38.92		-12.32		5.59		23.30		10.93		69.28		215.82		238.94		134.58		-27.48		-36.88		-45.49		537.38

		AWL		-148.77		-161.09																-27.48		-64.36		-109.85

		SM		100.00		90.00		95.59		118.89		217.93		287.21		150.00		150.00		150.00		180.00		160.00		120.00

		Change SM		-10.00		-10.00		20.48		38.01		25.37		84.41								-30.00		-20.00		-40.00

		AET		26.90		58.20		67.21		69.70		72.87		62.32		56.98		54.66		55.82		59.50		31.60		48.60		602.03
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SW

		

		Surface water

				EC		TDS		pH		BOD		COD		Ca		Mg		Na		K		Cl		PO4		NO3		SO4

		31/05/2003		422		201		7.78		5.6		16		44		10.7		30.4		8.6		6		0.045		3.2		0.9

		31/05/2003		1473		721		7.98		1.2		120		88		13.7		78		13		45		7.19		1.2		51.6

		31/05/2003		937		455		4.4		6.4		36		67.2		10.2		298		4.7		5		0.045		108		446

		31/05/2003		677		327		7.7		3		20		44.8		14.1		63.9		14.5		13		3.3		8.4		48.5

		31/05/2003		1278		620		8.42		150		340		68		24.9		58.1		21		108		25.2		1.2		20.4

		31/07/2003		144		68		7.62		1.4		6		11.2		5.86		29		1.5		7		2.84		7.68		12.8

		31/07/2003		553		264		7.83		18		121		39.2		3.9		67.4		15.2		31		4.62		2.16		40.1

		31/07/2003		130		62		7.55		0.9		16		12.8		7.32		14.5		1.4		2		0.19		4.8		3.5

		31/07/2003		266		127		7.56		6.6		48		31.2		10.73		16.9		5.2		11		1.53		3.68		19.6

		31/07/2003		936		452		7.66		20		84		72		15.12		40		20.4		70		5.12		15.04		46.4

		30/08/2003		133		63		7.57		1.3		32		12.8		3.42		33.56		1.9		4.5		0.045		9		10.8

		30/08/2003		351		168		7.62		14		245		27.6		9.03		26.22		12.6		18		2.65		9.2		27.6

		30/08/2003		134		64		7.63		1.8		16		15.2		1.46		24.84		1.1		1.2		0.045		4.4		3.2

		30/08/2003		230		110		7.61		2		33		24.8		7.81		23.63		4.1		14		0.49		10.8		19.1

		30/08/2003		432		208		7.92		24		240		41.6		4.39		27.6		11.2		38		0.2		24.8		32.3

		30/09/2003		174		83		7.79		2.2		10.5		18.4		2.4		18.4		1.8		7.5		0.07		7.2		1.4

		30/09/2003		761		367		8.25		11.2		77.2		56		5.8		71.3		20		35		4.45		5.52		38.7

		30/09/2003		362		173		8.31		1		13.5		20		4.9		66.47		1.6		2		0.04		1.36		76.5

		30/09/2003		622		299		7.82		6.1		21.5		53.6		10.7		57.04		13		12		2.56		14.4		32.6

		30/09/2003		898		435		7.5		29.3		168		68.8		17.6		32.89		18.5		21		0.045		0.8		33.4

				EC		BOD		COD		Cl		PO4		NO3		SO4

		31/05/2003		422		5.6		16		6		0.045		3.2		0.9

		31/07/2003		144		1.4		6		7		2.84		7.68		12.8

		30/08/2003		133		1.3		32		4.5		0.045		9		10.8

		30/09/2003		174		2.2		10.5		7.5		0.07		7.2		1.4

		31/05/2003		1473		1.2		120		45		7.19		1.2		51.6

		31/07/2003		553		18		121		31		4.62		2.16		40.1

		30/08/2003		351		14		245		18		2.65		9.2		27.6

		30/09/2003		761		11.2		77.2		35		4.45		5.52		38.7

		31/05/2003		937		6.4		36		5		0.045		108		446

		31/07/2003		130		0.9		16		2		0.19		4.8		3.5

		30/08/2003		134		1.8		16		1.2		0.045		4.4		3.2

		30/09/2003		362		1		13.5		2		0.04		1.36		76.5

		31/05/2003		677		3		20		13		3.3		8.4		48.5

		31/07/2003		266		6.6		48		11		1.53		3.68		19.6

		30/08/2003		230		2		33		14		0.49		10.8		19.1

		30/09/2003		622		6.1		21.5		12		2.56		14.4		32.6

		31/05/2003		1278		150		340		108		25.2		1.2		20.4

		31/07/2003		936		20		84		70		5.12		15.04		46.4

		30/08/2003		432		24		240		38		0.2		24.8		32.3

		30/09/2003		898		29.3		168		21		0.045		0.8		33.4
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Graphs

		Groundwater						Groundwater

				EC						Ca		Mg		Na		Cl		SO4		PO4		TDS				K

		31/5/03		1193		6.96		31/5/03		137.6		35.6		66.9		65		39.3		0.045		580		Lideta Sp		2.2

		31/7/03		1194		7.25		31/7/03		137.6		60.8		49.84		105		44.4		0.24		580		Lideta Sp		0.8

		30/8/03		1204		7.78		30/8/03		102.4		60.02		67.85		125		43.5		0.3		584		Lideta Sp		3.2

		30/9/03		1212		6.97		30/9/03		125.6		42.5		25.53		128		41.7		0.045		589		Lideta Sp		0.8

		31/5/03		1064		7.56		31/5/03		107.2		41		26		23		23.6		0.045		517		Building		2.7

		31/7/03		435		7.78		31/7/03		33.5		13.66		32.43		18		13.6		0.09		207		Building		6.5

		30/8/03		443		8.07		30/8/03		37.6		11.71		40.25		13		15.5		0.045		211		Building		1.2

		30/9/03		663		7.92		30/9/03		60.8		21		30.82		22.5		10.4		0.045		318		Building		2.5

		31/5/03		912		7.6		31/5/03		101.6		34.2		49.7		22		48.7		0.045		441		Ak Tex		4.1

		31/7/03		944		7.23		31/7/03		106.4		35.13		76.82		8		50.7		0.15		457		Ak Tex		5

		30/8/03		941		7.38		30/8/03		112		35.14		47.15		7		51.5		0.045		455		Ak Tex		4.5

		30/9/03		892		7.39		30/9/03		76		35.6		117.07		6.5		47.6		0.045		432		Ak Tex		4.5

		31/5/03		545		7.84		31/5/03		44		24.9		60.7		20		21		0.045		261		EP8		2.6

		31/7/03		540		7.73		31/7/03		44		42.4		54.05		2		12.9		0.13		258		Ep8		2.3

		30/8/03		536		7.35		30/8/03		46.4		23.42		50.83		0.7		14.5		0.045		256		EP8		1.9

		30/9/03		518		8.26		30/9/03		42.4		21.5		60.95		1.5		1		0.045		248		EP8		3.6

		31/5/03		359		7.93		31/5/03		22.4		8.3		41.7		4.5		55		0.045		172		Tyre		1.6

		31/7/03		451		7.72		31/7/03		35.2		11.2		91.08		1.5		1.2		0.1		215		Tyre		10.2

		30/8/03		444		7.47		30/8/03		34.4		6.83		104.65		1.5		7.8		0.045		213		Tyre		9.2

		30/9/03		438		7.95		30/9/03		32.8		5.8		104.42		2		0.6		0.12		209		Tyre		9.4

		31/5/03		315		7.15		31/5/03		37.6		5.8		62.6		25		2.7		0.045		152		Kara		2.8

		31/7/03		310		7.05		31/7/03		32.8		12		66.01		1		2.4		0.08		148		Kara		2.5

		30/8/03		295		7.34		30/8/03		35.2		6.83		42.09		1		3.5		0.045		140		Kara		2.9

		30/9/03		290		7.24		30/9/03		35.2		5.8		51.75		1		0		0.01		138		Kara		2.6

		31/7/03		568		7.57		31/7/03		65.6		32		51.29		2		12.2		0.09		274		Bh22		2.2

		30/8/03		569		7.19		30/8/03		67.2		19.03		48.3		1.3		6.1		0.045		272		Bh22		2.4

		30/9/03		549		7.74		30/9/03		58.4		22		8.74		1.5		0.5		0.045		263		Bh22		4.2

		Groundwater						Groundwater

				pH

		31/5/03		6.96																		Lideta Sp

		31/7/03		7.25																		Lideta sp

		30/8/03		7.78																		Lideta sp

		30/9/03		6.97																		Ledeta sp

		31/5/03		7.56																		Building

		31/7/03		7.78																		Building

		30/8/03		8.07																		Building

		30/9/03		7.92																		Building

										31/05/2003		7.74		Dewera

		31/5/03		7.6																		Ak tex

		31/7/03		7.23																		Aka Tex

		30/8/03		7.38																		Aka Tex

		30/9/03		7.39																		Aka Tex

		31/5/03		7.84																		EP8

		31/7/03		7.73																		EP8

		30/8/03		7.35																		EP8

		30/9/03		8.26																		EP8

		31/5/03		7.93																		Tyre

		31/7/03		7.72																		Tyre

		30/8/03		7.47																		Tyre

		30/9/03		7.95																		Tyre

		31/5/03		7.15																		Kara

		31/7/03		7.05																		Kara

		30/8/03		7.34																		Kara

		30/9/03		7.24																		Kara

		31/7/03		7.57																		Bh22

		30/8/03		7.19																		Bh22

		30/9/03		7.74																		Bh22

		31/05/2003		739				31/05/2003		42.4		7.8		71		8		104.8		0.15		356		Dewera		15.2
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SW

		

		Surface water

				EC		TDS		pH		BOD		COD		Ca		Mg		Na		K		Cl		PO4		NO3		SO4

		31/05/2003		422		201		7.78		5.6		16		44		10.7		30.4		8.6		6		0.045		3.2		0.9

		31/05/2003		1473		721		7.98		1.2		120		88		13.7		78		13		45		7.19		1.2		51.6

		31/05/2003		937		455		4.4		6.4		36		67.2		10.2		298		4.7		5		0.045		108		446

		31/05/2003		677		327		7.7		3		20		44.8		14.1		63.9		14.5		13		3.3		8.4		48.5

		31/05/2003		1278		620		8.42		150		340		68		24.9		58.1		21		108		25.2		1.2		20.4

		31/07/2003		144		68		7.62		1.4		6		11.2		5.86		29		1.5		7		2.84		7.68		12.8

		31/07/2003		553		264		7.83		18		121		39.2		3.9		67.4		15.2		31		4.62		2.16		40.1

		31/07/2003		130		62		7.55		0.9		16		12.8		7.32		14.5		1.4		2		0.19		4.8		3.5

		31/07/2003		266		127		7.56		6.6		48		31.2		10.73		16.9		5.2		11		1.53		3.68		19.6

		31/07/2003		936		452		7.66		20		84		72		15.12		40		20.4		70		5.12		15.04		46.4

		30/08/2003		133		63		7.57		1.3		32		12.8		3.42		33.56		1.9		4.5		0.045		9		10.8

		30/08/2003		351		168		7.62		14		245		27.6		9.03		26.22		12.6		18		2.65		9.2		27.6

		30/08/2003		134		64		7.63		1.8		16		15.2		1.46		24.84		1.1		1.2		0.045		4.4		3.2

		30/08/2003		230		110		7.61		2		33		24.8		7.81		23.63		4.1		14		0.49		10.8		19.1

		30/08/2003		432		208		7.92		24		240		41.6		4.39		27.6		11.2		38		0.2		24.8		32.3

		30/09/2003		174		83		7.79		2.2		10.5		18.4		2.4		18.4		1.8		7.5		0.07		7.2		1.4

		30/09/2003		761		367		8.25		11.2		77.2		56		5.8		71.3		20		35		4.45		5.52		38.7

		30/09/2003		362		173		8.31		1		13.5		20		4.9		66.47		1.6		2		0.04		1.36		76.5

		30/09/2003		622		299		7.82		6.1		21.5		53.6		10.7		57.04		13		12		2.56		14.4		32.6

		30/09/2003		898		435		7.5		29.3		168		68.8		17.6		32.89		18.5		21		0.045		0.8		33.4

				EC		BOD		COD		Cl		PO4		NO3		SO4

		31/05/2003		422		5.6		16		6		0.045		3.2		0.9

		31/07/2003		144		1.4		6		7		2.84		7.68		12.8

		30/08/2003		133		1.3		32		4.5		0.045		9		10.8

		30/09/2003		174		2.2		10.5		7.5		0.07		7.2		1.4

		31/05/2003		1473		1.2		120		45		7.19		1.2		51.6

		31/07/2003		553		18		121		31		4.62		2.16		40.1

		30/08/2003		351		14		245		18		2.65		9.2		27.6

		30/09/2003		761		11.2		77.2		35		4.45		5.52		38.7

		31/05/2003		937		6.4		36		5		0.045		108		446

		31/07/2003		130		0.9		16		2		0.19		4.8		3.5

		30/08/2003		134		1.8		16		1.2		0.045		4.4		3.2

		30/09/2003		362		1		13.5		2		0.04		1.36		76.5

		31/05/2003		677		3		20		13		3.3		8.4		48.5

		31/07/2003		266		6.6		48		11		1.53		3.68		19.6

		30/08/2003		230		2		33		14		0.49		10.8		19.1

		30/09/2003		622		6.1		21.5		12		2.56		14.4		32.6

		31/05/2003		1278		150		340		108		25.2		1.2		20.4

		31/07/2003		936		20		84		70		5.12		15.04		46.4

		30/08/2003		432		24		240		38		0.2		24.8		32.3

		30/09/2003		898		29.3		168		21		0.045		0.8		33.4

				pH

		31/05/2003		7.78

		31/07/2003		7.62

		30/08/2003		7.57

		30/09/2003		7.79

		31/05/2003		7.98

		31/07/2003		7.83

		30/08/2003		7.62

		30/09/2003		8.25

		31/05/2003		4.4

		31/07/2003		7.55

		30/08/2003		7.63

		30/09/2003		8.31

		31/05/2003		7.7

		31/07/2003		7.56

		30/08/2003		7.61

		30/09/2003		7.82

		31/05/2003		8.42

		31/07/2003		7.66

		30/08/2003		7.92

		30/09/2003		7.5





SW

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0
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		0		0		0		0		0		0		0
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		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0
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pH



Graphs

		Groundwater						Groundwater

				EC						Ca		Mg		Na		Cl		SO4		PO4		TDS				K

		31/5/03		1193		6.96		31/5/03		137.6		35.6		66.9		65		39.3		0.045		580		Lideta Sp		2.2

		31/7/03		1194		7.25		31/7/03		137.6		60.8		49.84		105		44.4		0.24		580		Lideta Sp		0.8

		30/8/03		1204		7.78		30/8/03		102.4		60.02		67.85		125		43.5		0.3		584		Lideta Sp		3.2

		30/9/03		1212		6.97		30/9/03		125.6		42.5		25.53		128		41.7		0.045		589		Lideta Sp		0.8

		31/5/03		1064		7.56		31/5/03		107.2		41		26		23		23.6		0.045		517		Building		2.7

		31/7/03		435		7.78		31/7/03		33.5		13.66		32.43		18		13.6		0.09		207		Building		6.5

		30/8/03		443		8.07		30/8/03		37.6		11.71		40.25		13		15.5		0.045		211		Building		1.2

		30/9/03		663		7.92		30/9/03		60.8		21		30.82		22.5		10.4		0.045		318		Building		2.5

		31/5/03		912		7.6		31/5/03		101.6		34.2		49.7		22		48.7		0.045		441		Ak Tex		4.1

		31/7/03		944		7.23		31/7/03		106.4		35.13		76.82		8		50.7		0.15		457		Ak Tex		5

		30/8/03		941		7.38		30/8/03		112		35.14		47.15		7		51.5		0.045		455		Ak Tex		4.5

		30/9/03		892		7.39		30/9/03		76		35.6		117.07		6.5		47.6		0.045		432		Ak Tex		4.5

		31/5/03		545		7.84		31/5/03		44		24.9		60.7		20		21		0.045		261		EP8		2.6

		31/7/03		540		7.73		31/7/03		44		42.4		54.05		2		12.9		0.13		258		Ep8		2.3

		30/8/03		536		7.35		30/8/03		46.4		23.42		50.83		0.7		14.5		0.045		256		EP8		1.9

		30/9/03		518		8.26		30/9/03		42.4		21.5		60.95		1.5		1		0.045		248		EP8		3.6

		31/5/03		359		7.93		31/5/03		22.4		8.3		41.7		4.5		55		0.045		172		Tyre		1.6

		31/7/03		451		7.72		31/7/03		35.2		11.2		91.08		1.5		1.2		0.1		215		Tyre		10.2

		30/8/03		444		7.47		30/8/03		34.4		6.83		104.65		1.5		7.8		0.045		213		Tyre		9.2

		30/9/03		438		7.95		30/9/03		32.8		5.8		104.42		2		0.6		0.12		209		Tyre		9.4

		31/5/03		315		7.15		31/5/03		37.6		5.8		62.6		25		2.7		0.045		152		Kara		2.8

		31/7/03		310		7.05		31/7/03		32.8		12		66.01		1		2.4		0.08		148		Kara		2.5

		30/8/03		295		7.34		30/8/03		35.2		6.83		42.09		1		3.5		0.045		140		Kara		2.9

		30/9/03		290		7.24		30/9/03		35.2		5.8		51.75		1		0		0.01		138		Kara		2.6

		31/7/03		568		7.57		31/7/03		65.6		32		51.29		2		12.2		0.09		274		Bh22		2.2

		30/8/03		569		7.19		30/8/03		67.2		19.03		48.3		1.3		6.1		0.045		272		Bh22		2.4

		30/9/03		549		7.74		30/9/03		58.4		22		8.74		1.5		0.5		0.045		263		Bh22		4.2

		Groundwater						Groundwater

				pH

		31/5/03		6.96																		Lideta Sp

		31/7/03		7.25																		Lideta sp

		30/8/03		7.78																		Lideta sp

		30/9/03		6.97																		Ledeta sp

		31/5/03		7.56																		Building

		31/7/03		7.78																		Building

		30/8/03		8.07																		Building

		30/9/03		7.92																		Building

										31/05/2003		7.74		Dewera

		31/5/03		7.6																		Ak tex

		31/7/03		7.23																		Aka Tex

		30/8/03		7.38																		Aka Tex

		30/9/03		7.39																		Aka Tex

		31/5/03		7.84																		EP8

		31/7/03		7.73																		EP8

		30/8/03		7.35																		EP8

		30/9/03		8.26																		EP8

		31/5/03		7.93																		Tyre

		31/7/03		7.72																		Tyre

		30/8/03		7.47																		Tyre

		30/9/03		7.95																		Tyre

		31/5/03		7.15																		Kara

		31/7/03		7.05																		Kara

		30/8/03		7.34																		Kara

		30/9/03		7.24																		Kara

		31/7/03		7.57																		Bh22

		30/8/03		7.19																		Bh22

		30/9/03		7.74																		Bh22

		31/05/2003		739				31/05/2003		42.4		7.8		71		8		104.8		0.15		356		Dewera		15.2
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Values

				MONTHLY WATER BALANCE CALCULATION

				THORNTHWAITE & MATHER METHOD

		Station: Akaki						Clay loam				Root depth  80cm

		a=		1.6915698597

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

		T (oC)		16.24		17.31		18.25		18.19		18.61		17.34		16.07		15.94		16.32		16.28		15.74		15.62

		J		5.95		6.55		7.10		7.07		7.31		6.57		5.86		5.79		6.00		5.97		5.68		5.61		75.45

		P		13.5		45.4		63.4		98.6		70.7		122.2		266.2		304		147.8		22.9		4.2		4.3		1163.20

		PET		58.52		65.19		71.29		70.89		73.68		65.38		57.49		56.70		59.01		58.76		55.50		54.79		747.19

		P-PET		-45.02		-19.79		-7.89		27.71		-2.98		56.82		208.71		247.30		88.79		-35.86		-51.30		-50.49		416.01

		AWL		-182.67		-202.46		-210.35														-35.86		-87.16		-137.65

		SM		95.00		80.00		70.00		97.71		94.73		151.55		200.00		200.00		200.00		175.00		150.00		100.00

		Change SM		-5.00		-15.00		-10.00		27.71		-2.98		56.82		0.00		0.00		0.00		-25.00		-25.00		-50.00

		AET		18.50		55.40		73.40		70.89		73.68		65.38		57.49		56.70		59.01		47.90		29.20		54.30		596.46

		Station:		Bole		Clay loam				Root depth  80cm

		a=		1.632613125

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

		T (oC)		15.74		16.81		17.75		17.69		18.11		16.84		15.57		15.44		15.82		15.78		15.24		15.12

		J		5.68		6.27		6.81		6.77		7.02		6.29		5.58		5.51		5.72		5.70		5.41		5.34		72.09

		P		15.4		39.1		72.8		88.2		84.42		116.3		237		224.7		144.5		32.6		7.4		4.7		1067.12

		PET		57.25		63.74		69.66		69.28		71.98		63.93		56.25		55.48		57.73		57.49		54.31		53.62		730.72

		P-PET		-41.85		-24.64		3.14		18.92		12.44		52.37		180.75		169.22		86.77		-24.89		-46.91		-48.92		336.40

		AWL		-162.57		-187.21																-24.89		-71.80		-120.72

		SM		95.00		80.00		83.14		102.06		114.50		166.87		200.00		200.00		200.00		196.00		170.00		110.00

		Change SM		-15.00		-15.00		3.14		18.92		12.44		52.37		0.00		0.00		0.00		-4.00		-26.00		-60.00

		AET		30.40		54.10		69.66		69.28		71.98		63.93		56.25		55.48		57.73		36.60		33.40		64.70		599.58

		Station: AA Observatory								Fine sandy loam						Rooting depth 1m

		a=		1.5765614984

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

		T (oC)		15.2		16		17.1		17.5		18		16.3		15.4		15		15.2		15.4		13.9		14.9

		J		5.38		5.82		6.43		6.66		6.95		5.98		5.49		5.28		5.38		5.49		4.70		5.22		68.81

		P		16.9		48.2		72.8		93		83.8		131.6		272.8		293.6		190.4		29.5		11.6		8.6		1252.80

		PET		55.82		60.52		67.21		69.70		72.87		62.32		56.98		54.66		55.82		56.98		48.48		54.09		715.42

		P-PET		-38.92		-12.32		5.59		23.30		10.93		69.28		215.82		238.94		134.58		-27.48		-36.88		-45.49		537.38

		AWL		-148.77		-161.09																-27.48		-64.36		-109.85

		SM		100.00		90.00		95.59		118.89		217.93		287.21		150.00		150.00		150.00		180.00		160.00		120.00

		Change SM		-10.00		-10.00		20.48		38.01		25.37		84.41								-30.00		-20.00		-40.00

		AET		26.90		58.20		67.21		69.70		72.87		62.32		56.98		54.66		55.82		59.50		31.60		48.60		602.03
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				Fig.2 Population growth in Addis Ababa (N.B Year 2000 is projected)
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Values

				MONTHLY WATER BALANCE CALCULATION

				THORNTHWAITE & MATHER METHOD

		Station: Akaki						Clay loam				Root depth  80cm

		a=		1.6915698597

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

		T (oC)		16.24		17.31		18.25		18.19		18.61		17.34		16.07		15.94		16.32		16.28		15.74		15.62

		J		5.95		6.55		7.10		7.07		7.31		6.57		5.86		5.79		6.00		5.97		5.68		5.61		75.45

		P		13.5		45.4		63.4		98.6		70.7		122.2		266.2		304		147.8		22.9		4.2		4.3		1163.20

		PET		58.52		65.19		71.29		70.89		73.68		65.38		57.49		56.70		59.01		58.76		55.50		54.79		747.19

		P-PET		-45.02		-19.79		-7.89		27.71		-2.98		56.82		208.71		247.30		88.79		-35.86		-51.30		-50.49		416.01

		AWL		-182.67		-202.46		-210.35														-35.86		-87.16		-137.65

		SM		95.00		80.00		70.00		97.71		94.73		151.55		200.00		200.00		200.00		175.00		150.00		100.00

		Change SM		-5.00		-15.00		-10.00		27.71		-2.98		56.82		0.00		0.00		0.00		-25.00		-25.00		-50.00

		AET		18.50		55.40		73.40		70.89		73.68		65.38		57.49		56.70		59.01		47.90		29.20		54.30		596.46

		Station:		Bole		Clay loam				Root depth  80cm

		a=		1.632613125

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

		T (oC)		15.74		16.81		17.75		17.69		18.11		16.84		15.57		15.44		15.82		15.78		15.24		15.12

		J		5.68		6.27		6.81		6.77		7.02		6.29		5.58		5.51		5.72		5.70		5.41		5.34		72.09

		P		15.4		39.1		72.8		88.2		84.42		116.3		237		224.7		144.5		32.6		7.4		4.7		1067.12

		PET		57.25		63.74		69.66		69.28		71.98		63.93		56.25		55.48		57.73		57.49		54.31		53.62		730.72

		P-PET		-41.85		-24.64		3.14		18.92		12.44		52.37		180.75		169.22		86.77		-24.89		-46.91		-48.92		336.40

		AWL		-162.57		-187.21																-24.89		-71.80		-120.72

		SM		95.00		80.00		83.14		102.06		114.50		166.87		200.00		200.00		200.00		196.00		170.00		110.00

		Change SM		-15.00		-15.00		3.14		18.92		12.44		52.37		0.00		0.00		0.00		-4.00		-26.00		-60.00

		AET		30.40		54.10		69.66		69.28		71.98		63.93		56.25		55.48		57.73		36.60		33.40		64.70		599.58

		Station: AA Observatory								Fine sandy loam						Rooting depth 1m

		a=		1.5765614984

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

		T (oC)		15.2		16		17.1		17.5		18		16.3		15.4		15		15.2		15.4		13.9		14.9

		J		5.38		5.82		6.43		6.66		6.95		5.98		5.49		5.28		5.38		5.49		4.70		5.22		68.81

		P		16.9		48.2		72.8		93		83.8		131.6		272.8		293.6		190.4		29.5		11.6		8.6		1252.80

		PET		55.82		60.52		67.21		69.70		72.87		62.32		56.98		54.66		55.82		56.98		48.48		54.09		715.42

		P-PET		-38.92		-12.32		5.59		23.30		10.93		69.28		215.82		238.94		134.58		-27.48		-36.88		-45.49		537.38

		AWL		-148.77		-161.09																-27.48		-64.36		-109.85

		SM		100.00		90.00		95.59		118.89		217.93		287.21		150.00		150.00		150.00		180.00		160.00		120.00

		Change SM		-10.00		-10.00		20.48		38.01		25.37		84.41								-30.00		-20.00		-40.00

		AET		26.90		58.20		67.21		69.70		72.87		62.32		56.98		54.66		55.82		59.50		31.60		48.60		602.03
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Values

				MONTHLY WATER BALANCE CALCULATION

				THORNTHWAITE & MATHER METHOD

		Station: Akaki						Clay loam				Root depth  80cm

		a=		1.6915698597

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

		T (oC)		16.24		17.31		18.25		18.19		18.61		17.34		16.07		15.94		16.32		16.28		15.74		15.62

		J		5.95		6.55		7.10		7.07		7.31		6.57		5.86		5.79		6.00		5.97		5.68		5.61		75.45

		P		13.5		45.4		63.4		98.6		70.7		122.2		266.2		304		147.8		22.9		4.2		4.3		1163.20

		PET		58.52		65.19		71.29		70.89		73.68		65.38		57.49		56.70		59.01		58.76		55.50		54.79		747.19

		P-PET		-45.02		-19.79		-7.89		27.71		-2.98		56.82		208.71		247.30		88.79		-35.86		-51.30		-50.49		416.01

		AWL		-182.67		-202.46		-210.35														-35.86		-87.16		-137.65

		SM		95.00		80.00		70.00		97.71		94.73		151.55		200.00		200.00		200.00		175.00		150.00		100.00

		Change SM		-5.00		-15.00		-10.00		27.71		-2.98		56.82		0.00		0.00		0.00		-25.00		-25.00		-50.00

		AET		18.50		55.40		73.40		70.89		73.68		65.38		57.49		56.70		59.01		47.90		29.20		54.30		596.46

		Station:		Bole		Clay loam				Root depth  80cm

		a=		1.632613125

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

		T (oC)		15.74		16.81		17.75		17.69		18.11		16.84		15.57		15.44		15.82		15.78		15.24		15.12

		J		5.68		6.27		6.81		6.77		7.02		6.29		5.58		5.51		5.72		5.70		5.41		5.34		72.09

		P		15.4		39.1		72.8		88.2		84.42		116.3		237		224.7		144.5		32.6		7.4		4.7		1067.12

		PET		57.25		63.74		69.66		69.28		71.98		63.93		56.25		55.48		57.73		57.49		54.31		53.62		730.72

		P-PET		-41.85		-24.64		3.14		18.92		12.44		52.37		180.75		169.22		86.77		-24.89		-46.91		-48.92		336.40

		AWL		-162.57		-187.21																-24.89		-71.80		-120.72

		SM		95.00		80.00		83.14		102.06		114.50		166.87		200.00		200.00		200.00		196.00		170.00		110.00

		Change SM		-15.00		-15.00		3.14		18.92		12.44		52.37		0.00		0.00		0.00		-4.00		-26.00		-60.00

		AET		30.40		54.10		69.66		69.28		71.98		63.93		56.25		55.48		57.73		36.60		33.40		64.70		599.58

		Station: AA Observatory								Fine sandy loam						Rooting depth 1m

		a=		1.5765614984

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

		T (oC)		15.2		16		17.1		17.5		18		16.3		15.4		15		15.2		15.4		13.9		14.9

		J		5.38		5.82		6.43		6.66		6.95		5.98		5.49		5.28		5.38		5.49		4.70		5.22		68.81

		P		16.9		48.2		72.8		93		83.8		131.6		272.8		293.6		190.4		29.5		11.6		8.6		1252.80

		PET		55.82		60.52		67.21		69.70		72.87		62.32		56.98		54.66		55.82		56.98		48.48		54.09		715.42

		P-PET		-38.92		-12.32		5.59		23.30		10.93		69.28		215.82		238.94		134.58		-27.48		-36.88		-45.49		537.38

		AWL		-148.77		-161.09																-27.48		-64.36		-109.85

		SM		100.00		90.00		95.59		118.89		217.93		287.21		150.00		150.00		150.00		180.00		160.00		120.00

		Change SM		-10.00		-10.00		20.48		38.01		25.37		84.41								-30.00		-20.00		-40.00

		AET		26.90		58.20		67.21		69.70		72.87		62.32		56.98		54.66		55.82		59.50		31.60		48.60		602.03





Graph1

		





Graph1

		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



Akaki

Surplus

Deficit

Deficit

Utilization

P

PET

AET

mm

13.5

58.5179275952

18.5

45.4

65.1874670425

55.4

63.4

71.2873328121

73.4

98.6

70.8913315628

70.89

70.7

73.6822378277

73.68

122.2

65.3786892852

65.38

266.2

57.4854865796

57.4854865796

304

56.7010495136

56.7010495136

147.8

59.0063793082

59.0063793082

22.9

58.7619459586

47.9

4.2

55.5028421681

29.2

4.3

54.788947065

54.3



Graph2

		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



Bole

Deficit

Surplus

Deficit

Utilization

P

PET

AET

mm

15.4

57.251588836

30.4

39.1

63.7411427091

54.1

72.8

69.6625778604

69.6625778604

88.2

69.2785427833

69.2785427833

84.42

71.9840170244

71.9840170244

116.3

63.9269666524

63.9269666524

237

56.2455220694

56.2455220694

224.7

55.480848131

55.480848131

144.5

57.7274204092

57.7274204092

32.6

57.4893138637

36.6

7.4

54.3123631545

33.4

4.7

53.6159063652

64.7



		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



AAO

Deficit

Surplus

Deficit

Utilization

P

PET

AET

mm

16.9

55.8161290159

26.9

48.2

60.5173369763

58.2

72.8

67.2054952381

67.2054952381

93

69.7005995847

69.7005995847

83.8

72.8659918501

72.8659918501

131.6

62.3159050269

62.3159050269

272.8

56.9783751246

56.9783751246

293.6

54.6626669075

54.6626669075

190.4

55.8161290159

55.8161290159

29.5

56.9783751246

59.5

11.6

48.4778958676

31.6

8.6

54.0892452563

48.6



		

				P		PET		AET

		J		9.6		57.3		49.6

		F		95.6		63.7		63.7

		M		104.4		69.7		69.7

		A		140.7		69.3		69.3

		M		139.7		72.0		72.0

		J		221.3		63.9		63.9

		J		318.2		56.2		56.2

		A		316.7		55.5		55.5

		S		158.3		57.7		57.7

		O		48.7		57.5		52.7

		N		11.2		54.3		27.2

		D		3.0		53.6		33.0

		P

		PET

		AET

				P		PET		AET

		J		13.5		58.5		18.5

		F		45.4		65.2		55.4

		M		63.4		71.3		73.4

		A		98.6		70.9		70.9

		M		70.7		73.7		73.7

		J		122.2		65.4		65.4

		J		266.2		57.5		57.5

		A		304.0		56.7		56.7

		S		147.8		59.0		59.0

		O		22.9		58.8		47.9

		N		4.2		55.5		29.2

		D		4.3		54.8		54.3

		P

		PET

		AET

				P		PET		AET

		J		15.4		57.3		30.4

		F		39.1		63.7		54.1

		M		72.8		69.7		69.7

		A		88.2		69.3		69.3

		M		84.4		72.0		72.0

		J		116.3		63.9		63.9

		J		237.0		56.2		56.2

		A		224.7		55.5		55.5

		S		144.5		57.7		57.7

		O		32.6		57.5		36.6

		N		7.4		54.3		33.4

		D		4.7		53.6		64.7

		P

		PET

		AET

				P		PET		AET

		J		16.9		55.8		26.9

		F		48.2		60.5		58.2

		M		72.8		67.2		67.2

		A		93.0		69.7		69.7

		M		83.8		72.9		72.9

		J		131.6		62.3		62.3

		J		272.8		57.0		57.0

		A		293.6		54.7		54.7

		S		190.4		55.8		55.8

		O		29.5		57.0		59.5

		N		11.6		48.5		31.6

		D		8.6		54.1		48.6





		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



Sebeta

P

PET

AET

mm

9.6

57.251588836

49.6

95.6

63.7411427091

63.7411427091

104.4

69.6625778604

69.6625778604

140.7

69.2785427833

69.2785427833

139.7

71.9840170244

71.9840170244

221.3

63.9269666524

63.9269666524

318.2

56.2455220694

56.2455220694

316.7

55.480848131

55.480848131

158.3

57.7274204092

57.7274204092

48.7

57.4893138637

52.7

11.2

54.3123631545

27.2

2.99

53.6159063652

32.99



		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



Akaki

P

PET

AET

mm

13.5

58.5179275952

18.5

45.4

65.1874670425

55.4

63.4

71.2873328121

73.4

98.6

70.8913315628

70.89

70.7

73.6822378277

73.68

122.2

65.3786892852

65.38

266.2

57.4854865796

57.4854865796

304

56.7010495136

56.7010495136

147.8

59.0063793082

59.0063793082

22.9

58.7619459586

47.9

4.2

55.5028421681

29.2

4.3

54.788947065

54.3



		J		J		J

		F		F		F

		M		M		M

		A		A		A

		M		M		M

		J		J		J

		J		J		J

		A		A		A

		S		S		S

		O		O		O

		N		N		N

		D		D		D



Bole

P

PET

AET

mm

15.4

57.251588836

30.4

39.1

63.7411427091

54.1

72.8

69.6625778604

69.6625778604

88.2

69.2785427833

69.2785427833

84.42

71.9840170244

71.9840170244

116.3

63.9269666524

63.9269666524

237

56.2455220694

56.2455220694

224.7

55.480848131

55.480848131

144.5

57.7274204092

57.7274204092

32.6

57.4893138637

36.6

7.4

54.3123631545

33.4

4.7

53.6159063652

64.7




_1127723897.xls
Chart1

		Industry

		Garage

		Petrol S.

		Health C.



1078

402

63

327



HAZARD

		Wereda		Industries				Garages				Petrol Sta.				Health C.				Animals				Population				I+G+H=F

		1		20		1.8552875696		21		5.223880597		0		0		4		1.2232415902		385		0.2892974955		52927		2.5051390684		45.00

		2		48		4.452690167		4		0.9950248756		3		4.7619047619		34		10.3975535168		152		0.1142161541		41430		1.9609634327		89.00

		3		29		2.6901669759		27		6.7164179104		4		6.3492063492		15		4.5871559633		314		0.2359465288		82513		3.9055026726		75.00

		4		33		3.0612244898		29		7.2139303483		0		0		6		1.8348623853		912		0.6852969244		74028		3.5038909244		68.00

		5		73		6.7717996289		0		0		4		6.3492063492		14		4.2813455657		468		0.351665527		85187		4.0320683549		91.00

		6		34		3.1539888683		15		3.7313432836		3		4.7619047619		9		2.752293578		1378		1.0354596073		72837		3.4475185506		61.00

		7		27		2.5046382189		12		2.9850746269		1		1.5873015873		22		6.7278287462		605		0.4546103501		86162		4.0782170237		62.00

		8		66		6.1224489796		11		2.736318408		2		3.1746031746		8		2.4464831804		3160		2.3744937294		87895		4.1602433242		87.00

		9		15		1.3914656772		6		1.4925373134		0		0		7		2.1406727829		1211		0.9099721222		52994		2.5083103103		28.00

		10		39		3.6178107607		6		1.4925373134		4		6.3492063492		7		2.1406727829		2624		1.9717315019		80404		3.8056795522		56.00

		11		12		1.1131725417		0		0		2		3.1746031746		11		3.3639143731		1431		1.0752849768		89766		4.2488014362		25.00

		12		18				0		0		0		0		2		0.6116207951		2295		1.7245136421		59739		2.8275644342		20.00

		13		4				5		1.2437810945		2		3.1746031746		9		2.752293578		1897		1.4254476597		64853		3.0696201184		20.00

		14		16				3		0.7462686567		1		1.5873015873		8		2.4464831804		575		0.4320676881		57886		2.7398582976		28.00

		15		16				8		1.9900497512		4		6.3492063492		9		2.752293578		2225		1.6719140974		66402		3.1429373367		37.00

		16		20				15		3.7313432836		4		6.3492063492		12		3.6697247706		3376		2.5368008957		74632		3.5324794331		51.00

		17		81				23		5.7213930348		4		6.3492063492		26		7.9510703364		14560		10.9407052848		130249		6.1649414953		134.00

		18		32				16		3.9800995025		3		4.7619047619		10		3.0581039755		1870		1.4051592639		61973		2.9333040506		61.00

		19		98				43		10.6965174129		5		7.9365079365		13		3.9755351682		7577		5.6935249961		119650		5.6632699669		159.00

		20		58				68		16.9154228856		1		1.5873015873		12		3.6697247706		2472		1.8575153478		82708		3.9147324064		139.00

		21		41				45		11.1940298507		5		7.9365079365		22		6.7278287462		1773		1.3322713235		82589		3.9090999022		113.00

		22		18				8		1.9900497512		1		1.5873015873		6		1.8348623853		608		0.4568646163		36722		1.7381245276		33.00

		23		49				26		6.4676616915		4		6.3492063492		13		3.9755351682		6947		5.2201290943		105478		4.9924813169		92.00

		24		66				4		0.9950248756		1		1.5873015873		16		4.8929663609		13400		10.0690556879		120371		5.6973963158		87.00

		25		49				4		0.9950248756		1		1.5873015873		12		3.6697247706		3530		2.6525198939		80884		3.8283988968		66.00

		26		16				0		0		0		0		5		1.5290519878		26289		19.7541346999		43926		2.0791040248		21.00

		27		47				2		0.4975124378		1		1.5873015873		1		0.3058103976		13730		10.3170249698		50860		2.4073038906		51.00

		28		53				1		0.2487562189		0		0		14		4.2813455657		17317		13.0123759214		68302		3.2328680759		68.00

		Total=		1078				402				63				327				133,081				2,112,737

				Industries				Garages				Petrol Sta.				Health C.
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				Arthimetic mean rainfall in Addis Ababa

				Monthly runoff of the Big Akaki river.
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