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Abstract
Proper use of the land depends on the suitability of land for specific purposes. It
is indeed of paramount importance to identify suitable land for livestock
production while causing minimum impact to the environment. In this study, an
attempt was made to identify suitable areas for livestock production using GIS
methodology.
Spatial modeling techniques are utilized to generate the land suitability model.
The model is run in ArcGIS platform by using evaluation criteria: land use/land
cover, soil classification slope and water availability through multicriteria
decision marking rules. The model results revealed that 40.5% of the study area
is most suitable for livestock production. In addition, 30% of the sub basin is
indeed moderately suitable for animal production. Further, 8% of the study area
is identified to be least suitable. On the other hand, areas that are found to be
currently not suitable and permanently not suitable are 0.2% and 0.1%
respectively.

Tana sub basin is optimally located on suitable land for livestock production.
That is, most of the basin is covered by optimal land use land cover, gentle slope,
fertile soil type, and optimal water availability. However, the current livestock
distribution exists on unsuitable areas.
The results of the NDVI indices indicate that the basin has available feed source
for animal production especially in the rainy season whereas in the dry season
crop residue could serve as a feed source for the livestock.

Furthermore, water availability is the most important factor that determines
livestock production. Under this study, water availability is analyzed using
buffering tools in a GIS. The results depict that most of the study areas are
accessible or proximal to water resources (lakes, water points, and rivers) for
livestock drinking. That is, most of the water resources are accessible for
livestock production within the study area. This output indeed could be used as
a method for assessing livestock water productivity in the basin.

Keywords: GIS, Suitability Model, Water Availability, Feed, Livestock, Tana
Sub Basin, Blue Nile
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CHAPTER I
INTRODUCTION

1.1BACKGROUND OF THE STUDY
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Agriculture is the mainstay of Ethiopia’s economy and also the major source of
employment and income. About 85% of the total population is primarily engaged in
agriculture and related activities. Thus, agriculture directly or indirectly, forms an
important component of the livelihood of more than 60 million people in Ethiopia.
Livestock production contributes the highest share to the Ethiopia’s agricultural

GDP, mainly through meat, milk, eggs, wool, hides, and skins. Livestock play a vital
role, adding to stability of farm incomes, food security and farming systems.
Besides, livestock are kept as a form of insurance and a means of storing savings

(Winrock, 1992). However, the emphasis given to livestock production in Ethiopia is

still inadequate. The subject of livestock is also overlooked in the land use policy of

the country. Since the land resource is limited, proper usage of land could alleviate
poverty in the country (Atesmachew Bizuwerk, 2005).

The Nile River Basin is one of the nine river basins world-wide where a total area
of 3.3 million km2 encompassing 10 riparian countries with human population of
over 300 million and 200 million livestock population. In the basin the challenge is

to meet pressing demand for food for the drastically increasing human population.

Ethiopia is one of the 10 riparian Nile Basin countries where the problem of food
insecurity is addressed in particular at the Blue Nile River basin with a total area

of 199, 812 square kilometers. In this region, meeting the demand for food will
require efficient utilization of feed, water resources proper land use policy.

In this region there exists a pressing need for more water. That means, the water
resource has to be used more efficiently or productively. As demand of food for

1



people is rapidly increasing due to increasing population in the Nile Basin states,

it is essential that land and water resources of the Nile Basin be efficiently

managed to increase livestock water productivity.

1'

Livestock water productivity is defined as the amount of water depleted

(withdrawn) to produce livestock, livestock products, and services including energy

(Kijne, 2005). One of the best ways to free up water for other uses is to improve the

productivity of water in agriculture. With more crops from each drop, there is a

need for fewer drops. In agriculture there is considerable scope remaining to

increase the productivity of water (Molden, 2003).To improve livestock water

productivity optimal allocations of land use and corresponding relocation of water

resoui'ces are vital steps to be taken (Kijne, 2005).

In general, suitable land use, feeds and water resources are key elements for

livestock production. Optimal land utilization, availability of feed and water

resource are the most important constraints to livestock production systems in

sub-Saharan Africa. Production of livestock feeds requires as much water as

human food crops in the Nile River Basin and feed production requirements to
maintain livestock population in the basin have been estimated at 26 billion m3/

year of water (Peden, 2003).

Although livestock production is a vital component of the agricultural systems, it

has so far been overlooked in integrated land and water management for food

security in poverty alleviation strategies. Knowledge of the impact of livestock

keeping on land and water resources has not been adequately synthesized and

applied to integrated river basin management, but degradation of water by

livestock may exceed the total amount used (Peden, 2005). There is need for

research and capacity building to understand the complex issues of water,

livestock and land management, so as to enhance national and local capacity to

2
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deal with water and livestock issues to enhance food security, reduce poverty and
speed up national economic development (Ayalneh, 2004). Hence, this research
study is expected develop and scrutinize a methodology using spatial modelling

for land suitability, water resource availability and feed source to improve

livestock productivity in a Geographic Information Systems (GIS) environment at
the Tana Sub Basin, Blue Nile River Basin.

To improve livestock productivity optimal allocations of land use and
corresponding relocation of water resources are vital steps to be taken (Kijne,
2005). This requires studying the spatial relations of livestock with optimal land
and water resources of the basin. Therefore, locating suitable areas of livestock
production using spatial models of Geographic Information systems (GIS) would be
indispensable input to improve livestock productivity.

As a result, the baseline suitability model for livestock production, in this study,

would be central at the basin scale to investigate and monitor the spatial

interaction of livestock production with prominent factors: land use land cover,

water availability, soil type, and slope. Moreover, the spatial modelling outputs for
water availability and feed source analysis would be vital for assessing livestock

water productivity. By and large, this study is expected to contribute for better
management of livestock that in turn lead to improved resources utilization for
integrated agricultural systems for food security in the basin.

The following is a description of the general background to give a sort of insight to

where the research undertaking is implemented. It will give a general

physiographic of Ethiopia including the physiographic features, topography,

climate and water resources of the country.

3



1.2 GENERAL PHYSIOGRAPHY OF ETHIOPIA

7!

1.2.1 PHYSIOGRAPHIC FEATURES
/ .

Ethiopia lies in tropics, in the horn of Africa. The country is unique physically

because of the high proportion of its landmass over 2, 000 meters of altitude, where
the climate is more temperate than tropical. The heart of the country is formed by a
vast mountain mass between 2,100and 2,500m altitudes with some peaks rising to
4,500m. The massif is divided in to two deeply carved out plateaus by the rift valley.

Perhaps the best known physiographic feature of Ethiopia is the Blue Nile, which
rises in the mountains surrounding lake Tana (considered the source of Blue Nile)

and flows southeast in to a picturesque canyon of immense proportions, and from
there westwards through an ever-widening canyon, whereupon it flows out in to the
Sudan plains to meet the white Nile on its way to Egypt.

The prominent feature of Ethiopia topography is its rugged landscapes, mountain
chains, flat-topped plateau, deep canyons, river valleys, and rolling plains. The
heart of the country is a high tableland, known as the Ethiopian Plateau, which
covers more than half the total area of the country. The plateau is split diagonally

in a northeastern to southwestern direction by the Great Rift Valley. The country

has great geographical, topographical and climatologically diversities.

1.2.2 LOCATION
Ethiopia is part of East Africa region commonly referred to as the “ Horn of Africa” .
Situated between 3°30’and 14°50’ North latitudes and 32°42’ and 48°12’ East
longitudes, it has a surface area of about 1.13million square kilometer, of which
1,119,683 square kilometer land and 7,444 square kilometer water area. The
country is bordered by Somalia and Djibouti to the east, the Sudan on the west,
Eritrea to the north, and Kenya to the south; Ethiopia is a land locked country.

4
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1.2.3 CLI3V1ATE
Despite Ethiopia’s proximity to the equator, the central and the western highlands

enjoy a temperate climate due to the moderating influence of high altitudes, with a

mean annual temperature rarely exceeding 20°C. Rainfall generally occurs in a five-
month unimodal rainy season from May to September in western parts of the

country and averages around 1000mm annually. The eastern and southern parts,

on the other hand, have bimodal rainfall averaging annually from less than 200mm

in the semi-desert to 1000mm in the high lands. Rainfall can some times be erratic,

,, especially in the eastern Ethiopia and drought is a common feature (Abebe Sine,

2004).

1.2.4 WATER RESOURCES DISTRIBUTION AND DRAINAGE BASIN
Ethiopia is endowed with one of the largest surface fresh water resources in Sub-
Saharan Africa. The distribution and quantity of water has strong relationship with

the topography and rainfall distribution. Based on topography, Ethiopia is

subdivided in to twelve major drainage basins and their respective surface water
resources.

/
/

A '



4- The Specific Objectives are:

•r

• To develop a Land Suitability Model for livestock production as a tool for
decision making in the Tana Sub Basin.

• To develop feed availability map using satellite remote sensing

techniques

• To assess the spatial distribution of water resources: water points,

rivers, and lakes in the sub basin.

• To construct water accessibility maps for livestock drinking.

1.4 RESEARCH QUESTIONS
4

The study will address the following research questions.
1. What are the most and least suitable areas of the Tana Sub Basin for livestock

production?
2. Is there seasonal variation in feed availability in the sub basin?
3. Which areas are spatially closer to the nearest possible water resources

required for livestock drinking?
4. How is the spatial distribution of livestock in the sub basin?
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