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Abstract: The main relief feature of much of Ethiopia is a highland area with varying topography. Indeed 85% of the land
above 2000 meters in Africa are found within the boundaries of Ethiopia. The effect of this topographic phenomenon
coupled with the near geographical position of the country to the water bodies of Indian Ocean and Arabian sea provide a
conducive environment for the formation of low lying stratiform clouds and fog. The low level moisture laden southeasterly
winds originating from the high pressure area over Southern Indian Ocean, moves over the water body of the cold Somali
Ocean current and brings ample moisture to the country. Ethiopia is blessed with headwaters of great rivers, inland surface
waters, fresh water lakes and other forms of wet lands, as a result of which it is known as "The Water Towers of Africa".
Nevertheless, the distribution of water over the country is not equal. Rains in the extensive highlands occur at various times
of the year and the area coverage concentrate over southwestern and western Ethiopia. The rainfall depicts high temporal
and spatial variability over northern and eastern parts of the country. Consequently the climate of this portion of the country
is semi-arid and severely affected by recurrent and prolonged droughts. In the rain shadow parts of the northern plateau and
rangelands of eastern Ethiopia, along the mountain chains of the Rift Valley, dry seasons are so dry in several locations that
there is a shortage of potable water for local population. Most of the male inhabitants migrate with their cattle in search of
water and the women have to travel for days to fetch drinking water. Contrary to earlier reports in literature, in the dry
season the average daily consumption of water in some localities is estimated to be less than 5 l/pers/day, which is
undoubtedly the lowest in the world. The objective of this paper is to assess the potential of fog as an alternative water
source to alleviate the critical water shortages that are observed over northern and eastern Ethiopia. Perhaps there is
nowhere else in the world where topographical and meteorological parameters are favorable for fog formation and
deposition than in Ethiopia.

1. INTRODUCTION

Ethiopia is a land locked country located between a large part of the country is classified as semi-arid. The
latitudes 3.8°N-14.5°N and longitude 33°E-48°E in East mean annual rainfall varies from about 100 mm over the
Africa. It covers an area of 1.12 million square arid and semi arid areas of northeast to more than 2400
kilometers. At present the population of the country is in the highlands of the southwest.
estimated to be about 60 million with an annual growth
rate of 3%. The increase in population is expected to The relief feature of much of Ethiopia is a highland area
continue for the next three to four decades and reach 129 with a complex and varying topography. One of the main
million by 2030 (CSA, 1994). Population densities range physical features of the country is the Great River valley
from over 200 people per km2 on the highland, to less system, which traverses the country from northeast to
than 50 people per km2 in the lowland plain areas. The southwest forming the eastern and western highlands. A
overwhelming majority of the population (85%) lives in look into the distribution of high ground in Africa reveals
rural areas engaged in low-level subsistence rain-fed an even more interesting comparison, and one that is
agricultural activities. The economic status of the people especially relevant to Ethiopian environment. Of the
is one of the lowest in the world. landmass above 2000 meters in Africa 85% are found

within the boundaries of Ethiopia. The significance of
Ethiopia has two major rain seasons. The long rain elevation as a most important control of the climate
period commences together with the onset of the Asian needs to be emphasized. As a matter of fact there is a
Monsoon and covers the period June to September, while remarkable physiographical similarity between the Rift
the country experiences a short rain period from Valley mountain chains of Ethiopia and the Andes in
February to May. Climate over Ethiopia is characterized South America.
by high spatial and temporal variability (Haile, 1988) and
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Ethiopia has been suffering from the effects of recurrent Ethiopia. However the actually developed natural
droughts, which have had devastating effects on seasonal resources are very limited. Only 25% of the population
crop production leading to the deaths of tens of have access to clean water supplies. At present the water
thousands of people from hunger and thirst. Drought in use is mainly limited to supply for human and animal
Ethiopia is not a new phenomena. The close consumption. Most of the rural inhabitants depend on
examinations of the chronology of disaster events reveal traditional sources such as unprotected springs, rivers
an increasing trend in the occurrence of droughts in the and open dug shallow wells. In dry and semi-arid areas
country (Degefu, 1987). The pattern of drought has rivers are seasonal and surface storage reservoirs dry out
recurred many times in the latter part of the ninetieth and in many places. As a result it creates water stress to the
much of the twentieth centuries. In 1888 the country saw inhabitants. In some localities where water is scarce
the worst drought condition as a result of which one third during the dry season, women and children spend hours
of the population lost their lives (WMO, 1999). going for long distances to fetch the ten or so liters

needed for an entire family for a day. Schiber (1996)
In the last three decades of the twentieth century most of reported that women in Africa expend 85% of their daily
Ethiopia experienced occurrences of extreme droughts energy intake fetching water.
accompanied by widespread famine. As consequence of
the impacts of the drought water storage were depleted In this paper an attempt is made to present a preliminary
and most of the river flows were at low levels. In many assessment of the potential of fog as an additional waters
places mountain streams used for drinking water stopped supply to meet the daily minimal requirement of potable
flowing. In addition there were water related health water in some rural communities of Ethiopia. Particularly
problems arising from the lack of clean water. The world in high elevation regions where meteorological factors
wide reported famine of 1984 generated big scale are favorable for fog formation.
humanitarian food assistance from the International
community. The exposure of the famine by the western 2. Synoptic Controls, climate and seasons
news media attracted the attention of a group of world
famous singers and initiated for a concert called "We Are Ethiopia's geographic location near the equatorial low
the World" to help the famine victims of Ethiopia. pressure belts, its relative position to the high pressure

areas of the sub-tropics, and its influence by the
Although the high seasonal and inter-annual variability seasonally changing moisture-laden trade winds of the
of the rainfall distribution is the main cause of drought, two hemispheres coupled with the modifying effect of
part of it is attributed to uncontrolled deforestation, the topography gives the country a striking climatic
uninterrupted cultivation of the land with primitive variation within a short distance. Although each location
farming practices, and rapid population growth. in the country has a microclimate system that somehow
Moreover, the unabated clearance of natural vegetation reflects the basic geographical parameters of latitude,
and over grazing coupled with the erratic rainfall pattern aspect and continentality, the effects of orography are
have resulted in desertification and recurrent droughts more pronounced than the other factors combined
are becoming a more frequent nature of the country's resulting in significant variations in the local climate.
climate.

In addition to the geographical controls, the impacts of
Ethiopia possesses rich renewable water resources with monsoon winds originating from the highs over South
estimated annual fresh water amounting to about 110 Atlantic and Indian Oceans, and the interaction between
billion m3 in its river basins (Abate, 1994). In fact the seasonal circulation in mid-latitude and the Inter Tropical
country is known by the more fanciful name of "The Convergence Zone (ITCZ), the upwelling of cold water
Water Tower of Africa". However this premise is an over along the coast of eastern Africa and the associated cold
statement in light of the fact that the water resources of Somali Ocean current have major influences to determine
the country is highly variable both in terms of spatial and the climate of a place.
temporal distribution. The resources are unevenly
distributed and some regions are already experiencing In the main rain season (June-September) the synoptic
severe water shortages. Two thirds of the population live situation, which has a profound influence on the total
in eastern and northeastern rangelands and plateaus of moisture available in the atmosphere over East Africa in
the escarpment of the Rift Valley where water is scarce, general and Ethiopia in particular, is the southerly cross
while western and southwestern parts of the country are equatorial winds of jet stream magnitude in the lower and
rich in water resources with only one third of the middle troposphere. Indeed they are a very important
population. component for a continuous supply of moisture flux that

are trapped in the highlands of Ethiopia (Gissila, 1995).
The water demand for various uses is very high in Hence, cloudy skies are the feature of the season and
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persistent foggy conditions are prevalent during the night into cumliform clouds of low cloud base by solar
and in the morning over the hilly areas and the low heating. The strong surface heating favors the formation
altitude plains in the deep gorges of the Rift Valley. of heat induced shallow base clouds over the mountain

ridge along the escarpment of the mountains.
In the valley between the banks of the Rift Valley, due to
cold air drainage dense fogs occurs widely during In Ethiopia orographically induced convective clouds
morning. The presence of significant amount of low- form over the highlands even when the amount of
level moisture is conducive to the formation and moisture available in the atmosphere is very small.
widespread occurrence of fog. Fig. 1 indicates the mean During the evening the clouds dissipates quickly, and
number of days of fog over Ethiopia in this season. The together with the strong surface inversions that develops
map is drawn based on the limited fog data available afterwards by nocturnal cooling, often leads to fog
over 17 synoptic stations in Ethiopia. Although the formation late in the night and during early morning. In
network of stations used in the drawing of the map are some pocket areas over the highland plateaus due to the
not sufficient enough to show the clear picture, it could sharp drop in nighttime temperature the weather is chilly
be useful to indicate the seasonal frequency of fog over leading to frost condition in the morning. Some reports
the country. The frequency of fog occurrence is higher (personal communication) suggest the people in the little
over western Ethiopia consistent with areas receiving the town of Debre Berhan and neighborhood areas use frost
highest amounts of annual rainfall. Principal areas as a water source especially in the months of November
(northeastern and eastern highlands), where to January. Fig. 2 shows the mean monthly number of
meteorological and topographic factors are suitable and days of fog at Jimma. The lowest number of fog days is
the potentials for fog water collection exist is indicated observed in the dry season.
by broken line.
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Figure 1. Distribution of fog occurrence during June- Figure 2. Mean monthly number of days with fog at
September period over Ethiopia. Jimma.

During the dry season of October to January and the 3. Assessment of Water Demand
short rain period of March-to May Ethiopia is under the
influence of contrasting dry and cold air mass from Ethiopia is facing a year to year dramatic growth in water
Arabia and warm and dry air mass from Sahara. demand. This rapid and unsustainable growth in water
However, in association with the formation of eastward demand is mainly due to the pressure of population
progressing low pressure systems over Europe, the 'high' increase, the impacts of the recurrent droughts and the
over mainland Arabia displaced into the sea and the reliance of the country on rain-fed water supply to meet
penetration of the mid-latitude trough into the tropics its annual water requirements. The apparent water
causes the intrusion of ample moisture towards the scarcity is not uniform, but vary depending on the
country. As a result early morning fog due to surface magnitude of the primary factors involved. The water
radiation inversions are a common sight in the stress is aggravated over the highlands of in northern and
mountainous regions. During daytime the fog develops eastern parts of the country where population densities
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are higher and the water availability is dictated by the technology in fog water collection. The ~urpose of this
performance of seasonal rains. In the arid and semi-arid pilot project is to make a firsthand evaluation assessment
plains and lowlands of eastern Ethiopia where the ground to identify appropriate areas for establishing a fog-water
and surface water availability is less compared to the rest collection station. Hence provision of financial and
part of the country, the character of rainfall within a technical assistance is important for full utilization of the
particular season determines the pattern of human immense potential that exist in Ethiopia.
settlement and livestock migration. The compounding
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