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Abstract 
 

GIS-Based Land Suitability Analysis; Case Study of Gefersa Watershed 

Abiselom Mengesha 

Addis Ababa University, 2014 

 

The Metropolitan Area of Addis Ababa is currently being supplied with potable water 

from three main surface water sources. This study picked the catchment of Gefersa 

reservoir, due to its problems related to erosion, land degradation, land scarcity, and 

sediment accumulation in the reservoir. The present water supply from Gefersa is about 

30,000m3/day. Land Suitability Analysis is a Geographic Information System based 

process for evaluating the suitability of land for appropriate development options. By the 

use of parametric method this research has identified suitable trace of land suitable for 

Agriculture, Livestock Production, Forestry, and Settlement and Other Constructions, 

giving priority in their stated order, aspiring to lower erosion and soil degradation 

problems. Finally, out of the 57.54km2 area of the watershed, 46% was suitable for 

agriculture, 17% for livestock production, 10% for forestry and the remaining 27% for 

settlement and other constructions. This result compared to the current land use and land 

cover condition, showed that significant amount of land is currently being used against 

the suitability of that specific land segment. Since, majority of the population in the 

catchment is dependent on mixed farming; the study has also evaluated the suitability of 

the land for the use. As a result, only the southern part of the watershed, i.e. 34% of the 

total area, was suitable for the purpose of mixed farming. However, the watershed was 

found to be 100% suitable for agriculture, considering improvements only on the 

Organic Matter content, soil pH and C:N ratio.  

KEY WORDS; Gefersa Reservoir, Land Suitability, GIS, Water Supply 
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1. Introduction 
 

1.1. Background  
 

Good management of natural resources is of the most important determinants that 

lead to balanced food security in the world (Rabia et al, 2013). However, in the recent 

past, the ill-effects of land use on the environment and environmental sustainability of 

agricultural production systems have become an issue of concern (Fresco, 1991). In 

addition, the unplanned physical development is a big issue in developing countries 

(Lotfi et al, 2009). 

Land is an indispensable resource for the most essential human activities. It 

provides the basis for agriculture and forest production, water catchment, recreation, and 

settlement. The range of uses that can be made of land is limited by environmental factors 

including climate, topography and soil characteristics, and is to a large extent determined 

by demographic, socio-economic, cultural and political factors such as population 

density, land tenure, markets, institutions, and agricultural policies. Land is the platform 

for human activity. It is the physical basis for technical, industrial and socio-economic 

structures and their development (FAO, 2007). 

The amount of cultivable land in the world is finite, and land that has been 

degraded is almost irreversibly lost for production. As long as the populations who use 

these lands remain small in number they are able to live in harmony with their natural 

environment. According to FAO (1993), if human populations continue to increase at the 

present rate there will be twice as many people in the world in about 60 years. There is 
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therefore an increasingly urgent need to match land types and land uses in the most 

rational way possible, so as to maximize sustainable production and satisfy the diverse 

needs of society while at the same time conserving fragile ecosystems and our genetic 

heritage. 

Watershed management is the process of guiding and organizing land and other 

resource uses in a watershed to provide desired goods and services without adversely 

affecting soil and water resources (Brooks et al, 1991). Land may be considered in its 

present condition or after improvements. The process of land suitability classification is 

the appraisal and grouping of specific areas of land in terms of their suitability for 

defined uses (FAO, 1976).  

Decisions on land use have always been part of the evolution of human society. 

(FAO, 1976). Land-use planning is the systematic assessment of land and water potential, 

alternatives for land use and economic and social conditions in order to select and adopt 

the best land-use options. Its purpose is to select and put into practice those land uses that 

will best meet the needs of the people while safeguarding resources for the future (FAO, 

1993). 

Land Suitability Analysis (LSA) is a GIS-based process applied to determine the 

suitability of a specific area for considered use, i.e. it reveals the suitability of an area 

regarding its intrinsic characteristics (suitable or unsuitable) (Sudabe and Narges, 2010). 

Land evaluation is only part of the process of land use planning. Land evaluation is 

concerned with the assessment of land performance when used for specified purposes. It 

involves the execution and interpretation of basic surveys of climate, soils, vegetation and 
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other aspects of land in terms of the requirements of alternative forms of land use. Land 

suitability is the fitness of a given type of land for a defined use. Suitability refers to use 

on a sustained basis (FAO, 1976). So, land classification in accordance with their 

suitability or capacity in a given watershed permits planed development and prudent use 

of natural resources. 

The Geographic Information System has proven practical throughout the world 

and effective when used for determining suitable lands for a built environment (Baban et 

al, 2007). It has been widely used as a multi-criteria evaluation process (Saaty, 1985) and 

MCE (multi criteria evaluation) is also one of the most viable methods addressed in many 

studies on the land suitability analysis through GIS (Steiner et al, 2000, Store and 

Kangas, 2001, Youssef et al, 2010). In addition, GIS-based land suitability analysis 

techniques are useful for decision makers, engineers and planners to provide a framework 

for land development as stated in literature (Collins et al, 2001, Mohit and Ali, 2006, 

Chandio, 2009). 

The use of land resources takes place in the context of land use systems. 

Sustainable land use systems can be evaluated at scales from farm plots to country and 

global scale. Ecological sustainability can only be adequately defined with reference to 

specific spatial and time scales.  

Land planning is an extremely complex subject, combining physical, social and 

economic aspects of land use with an assessment of potential future needs (FAO, 1993). 

The main objective of this study is to apply and demonstrate the concept of land 

evaluation using a GIS-based land suitability multi-criteria decision analysis approach 
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considering productivity and accessibility in Gefersa reservoir Watershed and to 

recommend appropriate land management practices for the watershed. 

1.2. Statement of the Problem 
 
In Ethiopia, land resource degradation is major threat that affects the existence 

and livelihood of the communities. The degradation of land resource due to 

overexploitation and misuse and consequent economic, social and environmental impacts 

has intensified the pressure on the land resources of the country (EFAP, 1994). 

Human intervention in the Gefersa watershed, consisting of ever growing demand 

for fuel wood and construction timber, agriculture and grazing practices has significantly 

affected the vegetation cover in the area. Moreover, increased population put pressure on 

natural resources. Grazing land is decreasing and being encroached by farming land. 

If all land utilization types happens to be in harmony to the suitability of the land 

they are being carried out on, they would have better productivity and lower damage to 

the environment. However, the growing use of land for uses of agriculture and livestock 

production are with no consideration to the land suitability, and this mismatch between 

the use and the suitability leads  to problems to the community and to the Gefersa 

reservoir.  

Back in 2000, only 22.6% of the Gefersa watershed area was cultivated; 

nowadays more than 55.3% is under cropping (AAWSA, 2012)b. This change together 

with backward agricultural practices is endangering the ecosystem and increasing the 

amount of land degraded and prone to erosion. In the fields gullying features, eroded 
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landscape and poor soil conservation measures are observed. Fields in the sloping areas 

are losing fertility and depth because of soil erosion. 

Growing demands of land for agriculture and livestock are forcing the people of 

the watershed to utilize majority of the land for mixed agriculture, which ultimately will 

lead to utilization of the unsuitable parts of the land. This becomes a reason for lower 

productivity and contribution in degradation of the land. 

The watershed is unproductive in agricultural products, being 40% below the 

national average (AAWSA, 2000). Inappropriate land use practices in the catchment area 

are major reasons for massive erosion and sediment problem at the reservoir. The 

livestock are fed practically entirely on natural grassland and overgrazing is common, a 

major factor conductive to soil erosion.  

Gefersa reservoir sedimentation is a problem, which has resulted from soil erosion 

on the land surface and sediment transport by the river system. The deposited sediment 

amount was recorded 510,731m3 (1955-1966), 289,281m3 (1966-1979) and 422,795m3 

(1979- 1998). The reduced sediment yield for 1966-1998 was the result of small reservoir 

upstream sediment traps constructed (Gefersa III) in 1966 (AAWSA, 2002). 

Deposits in the reservoir also reduce the live storage capacity of the reservoir. A 

good part of the sediment load deposited in the reservoirs is due to the present 

agricultural and livestock management practices applied in the catchment and the lack of 

soil conservation measures.  
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Since the agricultural plots in the watershed do not consider the suitability of the 

land, the productivity of the land in addition to poor agricultural practices happens to be 

very low.  

In Gefersa watershed livestock productivity is affected by a number of 

constraints. Reasons of constraints in productivity are feed shortage, animal disease etc… 

The major sources of livestock feed in the study areas were grazing, hay and crop 

residues. Reduced grazing and pasture lands expansion of crop land, overstocking, 

inefficient utilization of feed resources use of crop residue for other purposes, low yield 

of crop residues etc... are among the root causes of the prevailing feed shortage in the 

area (AAWSA, 2012)b.  

1.3. Significance of the Study 
 
At present land evaluation for Gefersa becomes important in the context of land 

becoming a scarce and non-renewable natural resource which is highly desired, for which 

there is a growing competition and which, obviously, holds a proper exchange value. 

Land use suitability analysis helps the development planners to accommodate the 

economic and environmental needs of people in technical and spatial networks. 

Furthermore the need for intensive and accurate Land use planning for developing 

countries is more urgent for the optimum use of their natural resources. Land use 

planning and necessary supporting data are crucial to developing countries that are 

usually under severe environmental and demographic strains (Bocco et al, 2001).  

Addis Ababa city is served with potable water from Geffersa, Legedadi and Dire 

reservoirs. These reservoirs are situated in areas populated mainly by enhabitants 
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engaged in rain fed agriculture and in raising livestock. Due to lack of water readily 

available in place for the inhabitants of the areas surrounding the Dams reservoirs, those 

inhabitants utilize the nearby reservoir for direct uptake of water for domestic use and 

also for livestock. These practices contributed in contaminating the dams’ reservoirs and 

deteriorating the quality of their water (AAWSA, 2012)a. 

The function of land use planning is to guide decisions on land use in such a way 

that the resources of the environment are put to the most beneficial use for man, whiles at 

the same time conserving those resources for the future (FAO, 1976).  

Land evaluation of the Gefersa watershed will assist in future decision makings of 

land use allocations in accordance to the suitability of the land. Hence, land utilizations in 

their designated suitable places will result in an increase of productivity and control for 

erosion. Revision of the land use planning for the catchment area based on known 

suitability information becomes important to have settlements and forest covers at an 

appropriate sites.  

This study will also contribute in increasing the water quality and quantity of the 

catchment area. As well it will also help in designing a lower erosion and sediment 

problem in the catchment, which will eventually lead to a better quality of water supply 

for Addis Ababa city with less cost.  

Although, the watershed couldn’t provide a good habitat to support diverse 

wildlife due to human interventions, there are still a few large mammals present on the 

area. The watershed area is within an important Bird Area (IBA) known as Gefersa 

Reservoir (IBA 036) this is one of the 63 IBA sites designated in Ethiopia by the 
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Ethiopian Wildlife and Natural History Society in Association with the Ethiopian 

Wildlife and Conservation Organization and Birdlife International (EWNHS, 1996 cited 

in AAWSA, 2002). Therefore, having a pleasing environment at the catchment would be 

important to provide a healthy habitat for the animals.  

1.4. Objectives of the Study 
 

1.4.1. General Objective 
 

The general objective of this research is to study the land suitability of Gefersa watershed 

area for different development activities, so as to improve the goods and services from 

the watershed and improve the quality and quantity of water in the future.  

1.4.2. Specific objectives  
 

 To analyze the existing land use/land cover and the land suitability conditions 

based on the exiting land use land cover and mismatch between potential and 

current use.  

 To assess and classify the watershed into potentially possible land suitability 

classes. 

 To suggest land use alternatives based on the potential land suitability analysis 

results. 

 To demonstrate the application of GIS for land evaluation and suitability analysis 

thereby applying the results for integrated watershed management planning.  
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1.5. Research Questions  
 

I. Is the existing land use land cover of the watershed in harmony to the current 

suitability conditions of the land? 

II. Is the watershed suitable for the major land utilization types of Agriculture, 

Livestock Production, Forestry and Settlement?   

III. What is the best allocation of land for the major utilization types based on 

suitability condition assessment like in the study area? 
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2. Review of Literature 
 

2.1. Land Suitability and Sustainable Development  
 
From a land use planning perspective, the systems of land use should be well 

matched with the inherent characteristics of the land to ensure long-term productivity and 

sustained use of the land. Land suitability assessment (LSA) plays an important role in 

this regard (Imhof et al, 2000). 

Land comprises the physical environment, including climate, relief, soils, 

hydrology and vegetation, to the extent that these influence potential for land use. It 

includes the results of past and present human activity, e.g. reclamation from the sea, 

vegetation clearance, and also adverse results, e.g. soil salinity (FAO, 1976). 

A watershed or catchment or basin or drainage area refers to any topographically 

delineated area that can collect water and is drained by a river system with an outlet 

(Brooks et al, 1991). It includes all land areas extending from the ridge down to the 

stream for which water is collected. 

The term sustainable development was defined by the World Commission on 

Environment and Development as “development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs” 

(Jovanovic, 2010). Land use is the main basis for urban-rural planning; the distribution of 

various land-use types gives considerable constraints to urban and rural planning (Luo et 

al, 2008). The primary objective of land evaluation is the improved and sustainable 

management of land for the benefit of the people (FAO, 2007). 
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The demands for arable land, grazing, forestry, wildlife, tourism and urban 

development are greater than the land resources available. In the developing countries, 

these demands become more pressing every year (FAO, 1993). Also political factors, 

such as agricultural and environmental policies may have a strong influence on the way 

in which the land is valued and used. It has become clear that top-down agricultural 

modernization schemes generally have not worked, and it is now well understood that 

more participatory methods should be used in agricultural development (FAO, 2007). 

The function of land use planning is to guide decisions on land use in such a way 

that the resources of the environment are put to the most beneficial use for man, whiles at 

the same time conserving those resources for the future. This planning must be based on 

an understanding both of the natural environment and of the kinds of land use envisaged 

(FAO, 1976). 

Land use suitability is a kind of analysis that is used to determine the most 

suitable tract of land for establishing new land uses, usually among multiple, competing 

uses (Steiner et al, 2000, Collins et al, 2001, Marull et al, 2007). This analysis depends on 

multi-criteria evaluation of the concerned land for land development and/or 

environmental planning purposes. RS and GIS technologies become so useful coupled 

with soil and other data to assess crop suitability in order to implement sustainable 

cropping systems in a watershed. 

Land suitability evaluation, the methodology set out in the Framework, was 

conceived and applied primarily in terms of sustainable biological production: crops, 

pastures and forestry. However, following the broader definitions of land and land 

resources, there is a growing need to address issues related to the capacity of the land to 
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deliver services – its multiple functions or benefits; not only to its production potential 

under specified uses (FAO, 2007). 

In the past, land use changes often came about by gradual evolution, as the result 

of many separate decisions taken by individuals. In the more crowded and complex world 

of the present they are frequently brought about by the process of land use planning. 

(FAO, 1976) The need for land use planning is frequently brought about, however, by 

changing needs and pressures, involving competing uses for the same land. 

Land evaluation supports many other disciplines. It may be used for many 

purposes, ranging from land use planning to explore the potential for specific land uses or 

the need for improved land management or land degradation control (FAO, 2007). 

Land evaluation may be concerned with present land performance. Frequently 

however, it involves change and its effects: with change in the use of land and in some 

cases change in the land itself. (FAO, 1976).  

Three levels of intensity may be distinguished: reconnaissance, semi-detailed and 

detailed. These are normally reflected in the scales of resulting maps. 

• Reconnaissance surveys are concerned with broad inventory of resources and 

development possibilities at regional and national scales. 

• Surveys at the semi-detailed, or intermediate, level are concerned with more 

specific aims such as feasibility studies of development projects. 

• The detailed level covers surveys for actual planning and design, or farm planning 

and advice, often carried out after the decision to implement has been made(FAO, 

1976). 
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According to FAO, certain principles are fundamental to the approach and 

methods employed in land evaluation. These basic principles are as follows: 

i. Land suitability is assessed and classified with respect to specified kinds of use; 

This principle embodies recognition of the fact that different kinds of land use 

have different requirements. 

ii. Evaluation requires a comparison of the benefits obtained and the inputs needed 

on different types of land: 

iii. A multidisciplinary approach is required: The evaluation process requires 

contributions from the fields of natural science, the technology of land use, 

economics and sociology. 

iv. Evaluation is made in terms relevant to the physical economic and social context 

of the area concerned: 

v. Suitability refers to use on a sustained basis: The aspect of environmental 

degradation is taken into account when assessing suitability. 

vi. Evaluation involves comparison of more than a single kind of use: This 

comparison could be, for example, between agriculture and forestry, between two 

or more different farming systems, or between individual crops. 

Environmental concerns have brought nutrient management in agriculture under 

increased scrutiny. A goal of sound nutrient management is to maximize the proportion 

of applied nutrients that is used by the crop (nutrient use efficiency). The problems of 

declining soil fertility, stagnant yield level and unfettered soil erosion are associated with 

intensive agriculture in industrialized countries, while overexploitation of natural 
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resources and scarcity of inputs like chemical fertilizers denote intensive agriculture in 

the developing areas (Lanen et al, 1992). 

2.2. Land Suitability Rating 
 
Baja et al (2007) reported two general kinds of land suitability evaluation 

approaches: qualitative and quantitative. By qualitative approach, it is possible to assess 

land potential in qualitative terms, such as highly suitable, moderately suitable, or not 

suitable. In the second approach, quantitative, assessment of land suitability is given by 

numeric indicators.  

In order to classify the lands the simple limitation and parametric methods (i.e, 

Square Root Methods and Storie) could be used. Simple limitation method compares the 

plant requirements with its corresponding qualitative land and climatic characteristics and 

the most limiting characteristics defines land suitability class while in parametric method 

land and climate characteristics are defined using different ratings (Albaji et al, 2009). 

The measurement of these characteristics can be done using the followings: 

1. Storie Method: 

I =   A    ×   B    ×    C    ×   D   ×    E    ×  F            

     100      100        100     100       100     100 

Where, I is the specified index and A, B, C, …., are different ratings given 

for each property. 

           2. Square Root Method: ... 

I = Rmin �A/100   ×    B/100   ×                                         

  In which Rmin is the minimum rank. 
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Storie Index (1933) represents the first parametric approach developed. It is an 

index that uses the multiplicative scheme. In addition, it uses intrinsic properties of the 

soils (genetic profile, parent material, profile depth, texture, drainage, nutrients, acidity 

an alkalinity), characteristics of the soil surface (slope and micro relief) and aspects of 

soil conservation (degree of erosion). The factors are weighed a priori, the more 

important being related on a scale from 5 to 100 and the less important factors from 80 to 

100 percent (Albaji et al, 2009). 

Watersheds can be delineated both manually on paper maps and digitally in a GIS 

environment. Geographic Information Systems (GIS) can be used in concrete 

applications ranging from resource assessment to land evaluation and land use planning, 

using tools such as data visualization, data analysis and evaluation of scenarios. GIS 

software has become available in the form of a powerful, desktop system for storing and 

managing georeferenced data, visualizing the data and conducting spatial analysis (FAO, 

2007). In developing a land suitability model, the following criterion has to be 

considered, i.e. accessibility in terms of road, topography and land cover (Baban et al, 

2007).   

You can align, or georeference, scanned maps to existing GIS data so that you can 

digitize information from them or use them as visual displays in your maps. For example, 

if you have a planimetric map of an area showing contour lines, building footprints, and 

curb lines, you can scan that map and georeference it in ArcMap, then digitize those 

features to create new GIS layers (Tufts University, 2007). 

The advantage of the land use suitability model is the flexibility in modifying the 

input elements, ranking and weighting. The main purpose of this analysis is to find the 
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best suitable lands for development activities; however the model can be modified for 

different purposes of planning. A land use scenario can be defined on the basis of one or 

more development targets (Trung et al, 2006).  

2.3. Previous Land Suitability Studies  
 
In their research in the Province of Ben Slimane, Morocco, Briza et al. (2001) 

carried out the qualitative land evaluation for crop production and fruit-bearing trees 

under rain fed and irrigated conditions. By the use of the parametric method, they showed 

that much of the croplands of the region were in critical conditions the most limiting 

factors of which including soil texture ,soil depth and slope. The main crops of the area 

were wheat, barley, pea, bean and onion. 

Bienvenne et al. (2003) conducted land evaluation of Thies Region, Senegal, for 

crops such as maize, sorghum, pea, sesames, etc. The evaluation showed 

that the northern part of the region contained suitable (S1) or relatively suitable (S2) 

lands for all the crops under study while in northwest part along the shoreline the 

croplands were unsuitable (N1 and N2) which was due to the domination of sandy soils. 

The study also indicated that from 60,387 ha of the studied lands, 12,522 ha were highly 

suitable (S1) for all the crops, 31,540 ha were relatively suitable (S1) and 16,325 ha were 

totally unsuitable (N1 and N2). 

Liu et al. (2006) investigated the land suitability for agricultural crops in Danling 

County – Sichuan province, China-using the Sys’s parametric evaluation system. The 

final aim of this evaluation is to facilitate farmers in choosing the best crop to be 

cultivated (for small areas)and decision makers in planning the rural development (for 
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large areas).Several crops were analyzed; in particular, the suitability for rice was 

compared to the one for other summer crops like sweet potato and maize. A comparison 

between wheat and rape was carried out since these are the more common crops to be 

rotated with rice. The more wide- spread tree crops, like orange and loquat, were also 

included in the analysis as well as mulberry tree which is becoming more widespread due 

to the growth of the silk market. The evaluation of some cash crops that do not currently 

grow in the agricultural landscape of Danling County was carried out too in order to gain 

an indication about future productivity of the area. 

Azzat et al, (2007) evaluated the land suitability for key agricultural crops in 

Essaouira Province, Morocco. The principal crops cultivated in the study area were 

barley, maize, onion and wheat which are the main source of subsistence for the families 

in Essaouira. Olive is the main perennial crop. The aim of this evaluation was to find out 

which parcels of land may best support the different crops commonly grown by the local 

farmer based on the physical and chemical properties of the soils in the study area and 

recommend these results to the local stakeholder for an increase in yield. Suitability maps 

were produced for each specific crop. In general, the evaluation class for the crops 

suitability ranges from “moderately suitable” to “permanently not suitable”. This is due 

to the different condition that the crops require for their developments in the local area in 

question. Barley and wheat are the most important crops for the economy and subsistence 

of the families in the region since most families earn their livelihoods from the cultivation 

of these crops. Livestock farming constitutes a significant financial reserve for the 

majority of the farmers. The animals also take advantage of the leftovers of crop fields 

after the harvest. These areas have limitations due to the presence of coarse fragments 
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and rock outcrops, poor drainage, steep slope, high CaCO3 content and texture which are 

considered to be important factors since they determine the capacity for the penetration of 

the roots and the capacity to retain water and nutrients. 

Sudabe and Narges, (2010) Showed only a small fraction of the total area has a 

high suitability for rangeland. The reason for this can be investigated in wide area of 

shallow, undifferentiated and non-fertile soils as well as poor management of livestock in 

study area. So the rangelands of the region have poor richness despite being so large in 

area. The significant point is that there is neither 0 nor 1 suitability degree among the 

range of regions suitability degrees. This is caused due to application of multi attribute 

decision making approach from compensatory models. Due to the complexity of 

ecosystems, existence of all factors desirable for a particular purpose seems unlikely. So 

there is no perfectly suitable area in the nature. In order to better display of results, the 

final suitability rangeland map was classified according to suitability degrees. Thus the 

suitability degrees of 0-0.5 as poor, 0.5-0.75 as medium and 0.75-1 as high suitable 

rangeland areas were defined.   
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3. Materials and Methods 
 

3.1. Description of the Study Area 
  

A) Geographical Location 
 

The Gefersa watershed area is located North-West of Addis Ababa about 20km on 

Addis-Nekemt Road. The Gefersa catchment is found between UTM grids 453,000 and 

466,000 East and 997,000 and 1,010,000 North. It falls under the jurisdiction of the 

Oromiya Regional State and the city of Addis Ababa. The present water supply from 

Gefersa is about 30,000m3/day.  

Most of the catchment area of the Gefersa lies to the north of the river. Gefersa 

River is a tributary of the Little Akaki River, which drains the western part of Addis 

Ababa City. It flows in a southerly direction and joins Akaki Swamp first and then 

empties its water into the Aba Samuel Reservoir. The mean annual inflow into Gefersa 

reservoir is 0.89m3/s.  

 
Map 1. Map of the Study Area, Gefersa Watershed 
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B) Topography and Soil 
 

The altitude of the catchment area ranges between 2600 and 3000m asl. The 

catchment basin is cut by a relatively dense drainage network and is characterized by 

steep to very steep side slope of Entoto Mountain.  

The Gefersa area is hilly with, in most general extent, gentle slopes covered with 

vegetation (trees and grass) down to the edges of the river banks where they locally 

become vertical rock escarpments just above the river bed.  

Soil composition with in the area; i) Luvisols, ii) Vertic Luvisols and iii) 

Cambisols. Lucisols is the dominant soil type in the catchment area. Gefersa soils belong 

to “Ethiopian highland reddish soils” rich in hematite and kaoline clay coated with 

hematite. 

C) Geology 
 

The regional geologic setting of both Gefersa I/II and Gefersa III is similar. The 

area is known for its volcanic rocks of Magdala group.  

A volcanic basement is centered on the Entoto Range, at eastern border of the 

Choa plateau, is mainly composed of volcanic bedrock from the Tertiary era. These 

volcanic which belong to the Magdala group (Kazmin’s Classification, 1972) are 

magmatic and effusive formations with pyroclasts. Basalt is the predominant flow 

member with alternation of andesite intraflow, of silica rocks such as rhyolite and 

ignimbrite of interbedded strata of pyroclastic tuffs and lapilli.  

The catchment is located on the western Ethiopia rift margin, at about 100km 

west of East African Rift Valley. Its structural context is dominated by NE-SW trending 

tectonid discontinuities, which are faults bounding the major N-S trending Rift.  
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Basalt rock is extensively exposed along and in the Tinishu Akaki river bed as a 

dark-greyish coloured, massive and hard rock. It forms typical series of lava flows with 

intercalation of volcanic pyroclast.  

D) Climate 
 

The watershed has a climate which comes under the influence of the Inter-

Tropical Convergence Zone (ITCZ). Overall, rainfall does not vary over the catchment 

area. The rainfall pattern in the area has bimodal profile with strong peaks in the summer 

months and minor (short) rainfalls on March-April. Annual rainfall is of the order of 

1250mm. The main rainy season (60% of the annual rainfall) is between July and 

September.  

The mean annual, maximum and minimum temperatures in the area are 23.6oC 

and 6.5oC respectively. Evaporation records at Addis Ababa observatiory and Holeta 

station is about 1515 and 1600mm respectively.  

E) Land Use and Land Cover 
 

Like most parts of the highland areas in the country, Gefersa watershed is 

predominantly a crop-livestock mixed agriculture area, crop production being dominant. 

The major source of employement and income in the area is mixed farming.  

Livestock are raised as part of the mixed farming system in the catchment area. 

The main livestock population comprises cattle, sheep and goats, equines (donkey, horses 

and mules), and poultry. Oxen are the major source of draft power and donkeys, mules 

and horses combination are the source of transportation from and to the farm.  
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Land use in the watershed is dominantly cultivated land, grassland and eucalyptus 

woodland, these cover almost 80% of the land in the catchment. The area is classified 

under eight major classes and the area is breakdown Grassland, Eucalyptus Woodland, 

Cultivated Land, Wooded Shrub and Grassland, Water Body, Bare Land, Pine Woodland 

and Built-up Area (AAWSA, 2002). 

3.2. Location and Description of Gefersa Dam 
 
The Geffersa dam has a capacity of 8.6 MCM located at 18km east of Addis 

Ababa. Gefersa I dam was built in 1943, basically as a 10m high masonry gravity dam. In 

1955 and 1956, the dam was raised by 6m (maximum height 16m). Gefersa III is an earth 

fill structure, about 15m high.  

Set up in the early 1930s and undergoing several upgrading projects, Gefersa is by 

far the oldest of the major water source of the capital city. It has been rehabilitated in 

2008/2009 budget year after 70 years of service, which has improved its production 

capacity by 7000m3 of water daily.  

3.3. Methodology  
 
Land suitability analysis depends on multi-criteria evaluation of the concerned 

land for land development and/or environmental planning purposes. Riveira & Maseda 

(2006) described two phases of land use planning modeling; land evaluation and land use 

allocation. Land evaluation is the suitability of the land for the uses considered, whereas 

land use allocation is decided according to the results of the land evaluation phase. 

Geographic Information Systems (GIS) served as a tool for this research. For 

manipulations of images to the desired applications, ArcGIS 9.1 ESRI was used. ArcGIS 
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is a geographic-information-system (GIS) developed by ESRI. Being widely used and the 

sheer amount of functions and add-ons are maybe the important causes for being a big-

player at universities as well.  

3.3.1. Base Map 
 

After preliminary studies of topographic map (1:80,000) gridded with UTM 

readings, the study area was demarcated. This scanned map was used in raster format.  

 
Map 2. Peasant Associations of Gefersa Watershed (AAWSA, 2000)  
 
 
 
 

http://www.esri.com/


24 
 

3.3.2. Georeferencing   
 

In our case the peasant association map of the watershed used as an input in 

ArcGIS 9.1. In order to use these types of data in GIS it is necessary to align it with 

existing geographically referenced data, this process is called georeferencing. 

Georeferencing is also a necessary step in the digitizing process. The process of 

georeferencing relies on the coordination of points on the scanned image (data to be 

georeferenced) with points on a geographically referenced data (data to which the image 

will be georeferenced). The map was geo referenced to process it according to the real 

world coordinate system, based on the grids available on the map.  

Geo-referencing involves assigning real-world coordinates to a number of 

reference points on the image. These points are referred to as ‘control points’. 

Based on the georeferenced data we digitized the map and the whole watershed 

along with each peasant association boundaries were delineated on the map.  Digitizing in 

GIS is the process of “tracing”, in a geographically correct way, information from 

images/maps.  

3.3.3. Assigning Land Mapping Units  
 

A land mapping unit was first assigned as a base for the multi-criteria evaluation 

process based on the slope characteristics and peasant association map of the watershed. 

A land mapping unit is a mapped area of land with specified characteristics (FAO, 1976). 

Suitability evaluation involves relating land mapping units to specified types of land use. 

For effective land use and land management practices the smaller the planning unit 

is the easiest is the implementation. Promoting agroforestry schemes and reforestation 



25 
 

schemes in sensitive areas, would be a way of conserving resources in a given watershed 

area. 

 
Map 3. Land Mapping Units Assigned for the Study Area, Gefersa Watershed  
 

3.3.4. Evaluation Criteria  
 

Land suitability analysis aims at identifying the most appropriate spatial pattern for 

future land uses according to specific requirements, preferences or predictors of some 

activity (Collins et al. 2001). 

Hence, we used nineteen criteria to conduct the multi-criteria evaluation, forming 

maps for each criteria employed. Weighted overlay is a technique for applying a common 
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measurement scale of values to diverse and dissimilar inputs in order to create an 

integrated analysis (ArcGIS Desktop help, 2007).  

Input data for the evaluation criteria will be gathered in three forms.  

1. Processing available GIS data 

2. Soil Sampling and Laboratory Analysis, and 

3. Field Surveys 

 
Fig 1. Diagram of Parameters and Methods Used to Generate Data 
 

Through these data collection methods MCE was conducted with the fourteen 

criteria. Layers of vector images were formed based on these parameters. 
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3.3.4.1. Processing available GIS data 
 

ArcGIS 9.1. was the working environment for the processing of satellite images 

and maps of the study area. The criteria evaluated under this software are; 

• Slope Gradients 

• Irrigation Influence 

• Water for Livestock  

• Distance From Main Road 

The watershed after being georeferenced and digitized, we created a Shapefile. 

Shapefiles are a simple, nontopological format for storing the geometric location and 

attribute information of geographic features. Geographic features in a shapefile can be 

represented by points, lines, or polygons (areas).  

A satellite imagery of 30m resolution was taken from ASTER satellite was a 

source for the DEM data. We clipped out the watershed and get the DEM of the study 

area. 

After Specifying the raster desired to clip as the input raster on ArcGIS Extraction 

feature, we specify the polygon feature class/shapefile desired to clip the raster and 

specify an output raster.  

Then the DEM was taken and from the elevations of each points we got the 

contour map. With this, the Arc GIS software was able to classify the area in terms of 

slope gradient intervals. 

For Irrigation Influence, Water for Livestock and Distance from Main Road were 

processed using proximity tool in Arc GIS Analysis Tools. First the Streams/Rivers were 

digitized and saved as a separate shape file, then using the proximity tool we specified 
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distances where it traced a buffer zone. For every distance given i.e. 500m, 1000m… the 

buffer zone will automatically be bordered. Finally, we calculated in what interval the 

majority of the land mapping unit fall using the UTM grids. 

3.3.4.2. Soil Sampling and Laboratory Analysis 
 

A soil test is a chemical evaluation of the nutrient-supplying capability of a soil at 

the time of sampling. Uniform fields can be sampled in a simple random, stratified 

random or systematic pattern. However, the sampling method used for this study was 

stratified random sampling technique, due to its simplicity and representativeness of the 

entire field. A stratified random sample is taken from a field that has been divided into 

several subunits or quadrants from which simple random cores are obtained. This 

increases the precision for the field. 

By classifying every LMU of our study area at almost equal area of 3km2 one 

representative sampling site was classified. From one sampling site of about 3km2 area 

one sample was taken randomly. Likewise, nineteen sampling points of interest were 

chosen for the entire watershed.   

GPS was at hand to identify the exact point of interest for sampling. An auger was 

used to take samples at the selected areas. Once the sampling locations have been chosen, 

a minimum of three soil samples should be collected at each soil sampling point (Hoaglin 

et al, 1983). A minimum of 5-10 cores per sample is recommended, the more sites 

sampled the more representative the sample will be and more accurate results are 

achieved. Thus, five cores were taken within a 20-foot radius around each point of 
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interest for sampling. Subsamples were taken randomly from the sampling unit, but were 

distributed throughout the sampling unit.  

Surface material such as pasture or weed growth and surface litter should be 

removed, to bare soil at sampling site. After all cores for an individual sample are 

collected and placed in the bucket, crush the soil material and mix the sample thoroughly 

(Thom, et al, 2003). 

Accordingly, after removing the top surface, 20cm soil was taken out by 

penetrating the auger downward. Then the five soil composites (subsamples) were 

combined on a prepared card board and thoroughly mixed by hand. Then just more than 

150gm of soil was taken out and put on prepared plastic bags. The plastic bags were 

finally given a code which helps to identify the exact location they were taken from, and 

additional information about the sampling site.  

Soil sample collection was carried out on 13th and 14th of April 2014. The 

laboratory analysis was carried out at JIJE Laboglass Pvt Limited Company in Addis 

Ababa, Ethiopia from 26th of April 2014 up to 8th of May 2014.  

The following parameters were chosen for our study to be tested in the laboratory, 

due to the reason that they are basic characteristics of soil and commonly used in multi-

criteria evaluation studies.  
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The parameters tested and the methods used by the laboratory are; 

• Soil pH - FAO - Potentiometric – Water extract 

• Soil Texture - FAO-Hydrometer 

• Total Nitrogen - FAO- Kjeldahl 

• Organic Carbon Content of the Soil - FAO - Walkley - Black 

3.3.4.3. Field Survey for Soil Type and Depth Determination 
 

During soil sampling at field, survey was carried out to record two parameters; 

• Soil Type 

• Soil Depth 

1m depth pit was dug at each LMU (Land Mapping Unit). Based on the color and 

looking at the physical characteristics of the soil layers the soil types were categorized. 

Similarly at the dug pits, the top soil was measured using a measuring tape. At places 

where there were large gullies and where the soil layers are easily identified readings of 

soil depth were directly taken, without any digging required.  

Next, land mapping units were measured for combination of classes of every 

criterion. Taking those points’ result we will classify the areas suitable for one activity or 

the other, and make suggestions of land utilization types.  

A land utilization type consists of a set of technical specifications in a given 

physical, economic and social setting. This may be the current environment or a future 

Betting modified by major land improvement, e.g. irrigation and drainage scheme (FAO, 

1976). 

A major kind of land use is a major subdivision of rural land use, such as rain fed 

agriculture, irrigated agriculture, grassland, forestry, or recreation (FAO, 1976). The 
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nineteen variables for land suitability evaluation parameters listed above (Fig. 1) were 

used as weight values of land use suggestions in the study area to groups of 

developmental activities or LUT;  

 LUT1 - Agriculture 

 LUT2 - Livestock Production 

 LUT3 - Forestry 

 LUT4 - Settlement and Other Construction Purposes 

Priority was given for LUT1, and best suitable LMUs for agriculture were first 

selected. LMUs which are not suitable or with less value of suitability for the use of 

agriculture were then considered for LUT2. Accordingly, the lower ranks for LUT2 were 

again considered for LUT3 and then LUT4, if not suitable for LUT3.  

3.3.5. Consideration for LUT 1 (Agriculture)  
 

The agro-ecosystem is a key factor in shaping the landscape. Agricultural 

landscapes are valued by society beyond the farming community. Focusing on all social, 

economic and environmental issues that are relevant to the agro-ecosystem, the concept 

of landscape provides an overarching system in which the environmental media air, soil, 

water and nature (biodiversity) are integrated. Landscapes are the product of the 

interaction between human societies, cultures and the natural environment (Décamps, 

2000). 

Crop land suitability analysis is a prerequisite to achieve optimum utilization of 

available land resource for agricultural production in a sustainable manner (Jadab, 2013). 

Many parameters of soil and plant growth, measurable at various scales of assessment, 
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are used as numeric indicators of agricultural land suitability (Baja et al, 2007). The 

parameters used in this study to evaluate LMUs for agriculture are discussed here.   

A) Slope Gradient for LUT1 (Agriculture) 

Slope analysis is an important step towards rationalization of land use in a 

watershed (FAO, 1976). Slope rasters was calculated in ArcGIS using either 

ArcToolbox/the Spatial Analyst toolbar, using the slope tool. We set the ‘Input Raster’ to 

our clipped DEM and save it separately in the ‘Output Raster’ textbox. 

Based on FAO classification, the slopes were classified in to seven 

categories/classes in line with the land suitability classification criteria.  

Table 1. Slope Classes  

Class Category Range (%) Rating (%) 

1 <7 100 

2 7-15 80 

3 15-20 70 

4 20-25 60 

5 25-30 55 

6 30-40 45 

7 >40 25 
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Map 4. Slope Map of Gefersa Watershed 
 

B) Soil Type 
 
Identification of soil types was carried out under FAO/UNESCO System of Soil 

Classification. The identification of the soil type under each LMU was carried out 

through observation of soil color.  

Soil composition with in the watershed are; i) Luvisols, ii) Vertic Luvisols and iii) 

Cambisols. Luvisols is the dominant soil type in the catchment area. Gefersa soils belong 

to “Ethiopian highland reddish soils” rich in hematite and kaoline clay coated with 

hematite (AAWSA 2002). 

The Reference Soil Group of the Luvisols holds soils whose dominant 

characteristic is a marked textural differentiation with in the soil profile, with the surface 

horizon being depleted of clay and accumulation of clay in a subsurface ‘argic’ horizon. 

It is a soil in which clay is washed down from the surface soil to an accumulation horizon 

at some depth. Parent materials are wide variety of unconsolidated materials including 
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glacial tll and eolian, alluvial and colluvial deposits. They occur typically under 

deciduous or mixed forest vegetation on calcareous materials in areas of mild, humid 

climate, most common in flat or gently sloping land (FAO, 2014). 

Luvisols have typically a brown to dark brown surface horizon over (greyish) 

brown to strong brown or red argic subsurface horizon.  

Luvisols have favourable physical properties; they have granular or crumb surface 

soils that are porous and well aerated. Luvisols with a good internal drainage are 

potentially suitable for a wide range of agricultural uses because of their moderate stage 

of weatering and high base saturation (ISRIC, 2014). 

These soils based on ISRIC have the general properties specified for the Luvisolic 

order and the Gray Brown Luvisol great group. However, they differ from other 

subgroups by having properties indicative of intergrading to the Vertisolic order. 

Specifically, they have a slickenside horizon (Bss, Bkss, or Ckss), the upper boundary of 

which occurs within 1 m of the mineral surface. They are clay-rich soils that shrink and 

swell with changes in moisture content. During dry periods, the soil volume shrinks, and 

deep wide cracks form. The soil volume then expands as it wets up.  

They are churning heavy clay soils with a high proportion of swelling clays. 

These soils form deep wide cracks from the surface downward when they dry out, which 

happens in most years.  

They also, become very hard in the dry season and are sticky in the wet season. 

Tillage is difficult, except for a short period at the transition between the wet and dry 

seasons. They are productive soils if properly managed. Dry Vertisols have a very hard 

consistence; wet Vertisols are (very) plastic and sticky.  



35 
 

Infiltration of water in dry (cracked) Vertisols with surface mulch or a fine tilth is 

initially rapid. However, once the surface soil is thoroughly wetted and cracks have 

closed, the rate of water infiltration becomes almost nil.  

Typically forming under grassland vegetation in basin or rolling hill landscapes, 

they are best suited for use as pastureland and for the cultivation of plants, such as rice, 

that thrive in standing surface water. Their very low water permeability when wet and 

unstable structure makes them unsuitable for most other commercial uses. 

Beginning transformation of soil material is evident from weak, mostly brownish 

discoloration and/or structure formation below the surface horizon. According to ISRIC, 

they are medium and fine-textured materials derived from a wide range of rocks, mostly 

in colluvial, alluvial or eolian deposits.  

They contain at least some weatherable minerals in the silt and sand fractions. Are 

medium-textured and have a good structural stability, a high porosity, good water holding 

capacity and good internal drainage. Have a neutral to weakly acid soil reaction, a 

satisfactory chemical fertility and an active soil fauna. By and large, Cambisols make 

good agricultural land and are intensively used.  

Cambisols are characterized by the absence of a layer of accumulated clay, 

humus, soluble salts, or iron and aluminum oxides. They differ from unweathered parent 

material in their aggregate structure, colour, clay content, carbonate content, or other 

properties that give some evidence of soil-forming processes. Because of their favourable 

aggregate structure and high content of weatherable minerals, they usually can be 

exploited for agriculture subject to the limitations of terrain and climate. 

http://www.britannica.com/EBchecked/topic/242201/grassland
http://www.britannica.com/EBchecked/topic/502259/rice
http://www.britannica.com/EBchecked/topic/120654/clay
http://www.britannica.com/EBchecked/topic/276408/humus
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Have a wide variety of agricultural uses; climate, topography, shallowness, 

stoniness, or low base status may pose restrictions on land use. In steep lands maily used 

for grazing and/or forestry.  

Table 2. Soil Type Classes of the study area 

Class Soil Type Rating (%) 

1 Luvisols 100 

2 Vertic Luvisols 95 

3 Cambisols 100 

 

C) Soil Texture 

Texture is the composition of fine soil particles (2 mm diameter) consisting of 

sand, silt and clay. These are the building blocks for the soil and can have a large effect 

on the soil properties. Soil texture could be assessed manually in the field, but preferably 

determined quantitatively based on texture laboratory analysis and classified according to 

Figure 2. 

 

Fig 2. USDA Soil Textural Triangle (Sofyan et al, 2007) 
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Table 3. Soil Textural Classes (Sys et al, 1991) 

Class Textural class Rating (%) 

1 Clay 65 

2 Loam 90 

3 Sand 30 

4 Silt 90 

5 Sandy clay loam 95 

6 Silty clay loam 100 

7 Loamy sand 55 

8 Sandy clay 75 

9 Silty clay 85 

10 Clay loam 100 

11 Sandy clay 80 

12 Silt loam 90 

 

D) Soil Depth 

Soil depths under the study area were subdivided in to different classes measuring 

in centimeters. The measurement was taken at field survey in two ways. 

First, when there are highly eroded surfaces on the land and when it is easy to clearly see 

the layers of the soil horizon, we will directly measure the depth of horizons which are 

suitable for agriculture, i.e. excluding structure less and rocky layers at the bottom. After 

taking as many measurement of depth as possible, the average of those readings in that 

specific LUM will be taken as its soil depth measurement.  
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For LMUs with no eroded area to measure the soil depth, we dug a narrow hole 

and see the layer till 1m depth and take the measurement of the depth where the suitable 

layer ends.  

Table 4. Soil Depth Classes (Sys et al, 1991) 

Class Soil depth (cm) Rating 

1 <20 30 

2 20-50 60 

3 50-80 80 

4 80-100 90 

5 >100 100 

 

E) Total Nitrogen 

Nitrogen is second only to water in importance as a factor affecting the yields of 

most irrigated crops.Total nitrogen measures the total amount of nitrogen present in the 

soil, much of which is held in organic matter and is not immediately available to plants. It 

may be mineralised to available forms (Pam and Brian, 2007). 

Nitrogen deficiency is especially common on sandy and well-weathered soils in 

areas of high rainfall and on soils low in organic matter. Total nitrogen and nitrate 

nitrogen contents of soils give some indication of severe deficiency but, in intermediate 

ranges and because of seasonal changes, are of little help in determining immediate 

fertilizer requirements.  

Arable soils have a variable nitrate content ranging from less than 2 to 60 mg/l of 

nitrogen as nitrate. High levels of nitrate nitrogen may indicate that little or no nitrogen 
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need be applied. Total soil nitrogen is low if it is less than 0.1% and high if it is more 

than 0.3% of the oven dry soil. 

Table 5. Soil Total Nitrogen Content Classes 

Class Total Nitrogen (%) Rating (%) 

1 >0.5 100 

2 0.5-0.25 95 

3 0.25-0.15 85 

4 0.15-0.05 70 

5 <0.05 60 

 

F) pH 

Soil pH is one of the most indicative measurements of the soil chemical 

properties. All (bio) chemical reactions in soils are influenced by proton (H+) activity, 

which is measured by soil pH (Rosa and Franz, 2005). 

The pH is a measure of soil acidity or alkalinity that gives an indication of the 

activity of the hydrogen ion (H+) and hydroxyl ion (OH–) in a water solution. Their 

chemical activity is lowest when the solution or soil is close to a neutral pH of 7.0. The 

pH characterizes the chemical environment of the soil and may be used as a guide to 

suitability of soils for various pasture and crop species (Pam and Brian, 2007). 
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Table 6. Soil pH Classes (Pam and Brian, 2007) 

Class pH Value Rating (%) 

1 7.3-6.6 100 

2 6.5-6.1 or 7.8-7.4 95 

3 6.0-5.6 or 8.4-7.9  80 

4 5.5-5.1 or 9.0-8.4 75 

5 >9.0 or 5.0-4.5 45 

 

G) Soil Organic Matter Content 

Organic matter refers to all decomposed, partly decomposed and undecomposed 

organic materials of plant and animal origin. It is generally synonymous with humus 

although the latter is more commonly used when referring to the well decomposed 

organic matter called humic substances (FAO, 2006).  

The considerable storage and buffering capacity of land is closely related to the 

organic matter content (FAO, 2007) Soil OM contains approximately 58% C; therefore, a 

factor of 1.72 can be used to convert OC to SOM. There is more inorganic C than TOC in 

calcareous soils. TOC is expressed as percent C per 100 g of soil.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Table 7. Soil Organic Matter Content Classes  

Class OM Content (%) Rating (%) 

1 >5 100 

2 5-2 95 

3 2-1 85 

4 <1 60 
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H) C:N Ratio 

The carbon/nitrogen ratio measures the relative nitrogen content of organic 

materials. It can be measured for soil carbon or for organic materials. It is usually lower 

for soil carbon (Pam and Brian, 2007). An awareness of crop C:N ratios is necessary to 

select crop types and keep a cropping sequence on the right path toward sustainability, 

that of the ultimate C:N ratio of 24:1 that supports soil microorganisms. 

A relatively high C:N ratio decomposes residues relatively slowly. Thus, it does 

not allow the crop nutrients to become readily available to soil microorganisms or plants.  

Likewise, quick at lower C:N ratio the faster crop residues are consumed by soil 

microorganisms the less time those residues will be covering the soil surface. Crop 

residues on the soil surface are important for protecting soil aggregates from the 

destructive force of raindrops hitting the soil, conserving soil moisture, and providing 

habitat for arthropods that shred crop residue and eat weed seeds (USDA Natural 

Resources Conservation Services, 2011). 

Table 8. Soil C:N Ratio Classes (USDA Natural Resources Conservation Services, 2011) 

Class C:N Ratio Rating (%) 

1 20:1-25:1 100 

2 17:1-20:1 or 25:1-29:1 95 

3 13:1-17:1 or 29:1-37:1 90 

4 11:1-13:1 or 37:1-57:1 85 

5 8:1-11:1 or 57:1-70:1 80 

6 <8:1 or >70:1 60 
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I) Soil Erodibility Factor (K) 

The soil erodibility factor (K-factor) is a quantitative description of the inherent 

erodibility of a particular soil; it is a measure of the susceptibility of soil particles to 

detachment and transport by rainfall and runoff. For a particular soil, the soil erodibility 

factor is the rate of erosion per unit erosion index from a standard plot. The factor reflects 

the fact that different soils erode at different rates when the other factors that affect 

erosion (e.g., infiltration rate, permeability, total water capacity, dispersion, rain splash, 

and abrasion) are the same. Texture is the principal factor affecting Kfact, but structure, 

organic matter, and permeability also contribute. The soil erodibility factor ranges in 

value from 0.02 to 0.69 (Goldman et al. 1986, Mitchell and Bubenzer 1980). 

The soil credibility factor K of the USLE is evaluated according to soil texture 

classification using the values from Stewart et al, (1975). According to Stewart et al. 

(1975) soil erodibility factor could be interpolated as shown in Table 9. 

Table 9. Soil Erodibility Factor Kfact Interpolation (Stewart et al. 1975) 

 Pom(%)  

Textural Class 0-1 1-3 >3 

Sand 0.05 0.03 0.02 

Fine sand 0.16 0.14 0.10 

Very finesand 0.42 0.36 0.28 

Loamy sand 0.12 0.10 0.08 
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Loamy finesand 0.24 0.20 0.16 

Loamy veryfine sand 0.44 0.38 0.30 

Sandy loam 0.27 0.24 0.19 

Fine sandyloam 0.35 0.30 0.24 

Very fine sandy loam 0.47 0.41 0.33 

Loam 0.38 0.34 0.29 

Silt loam 0.48 0.42 0.33 

Silt 0.60 0.52 0.42 

Sandy clayloam 0.27 0.25 0.21 

Clay loam 0.28 0.25 0.21 

Silty clayloam 0.37 0.32 0.26 

Sandy clay 0.14 0.13 0.12 

Silty clay 0.25 0.23 0.19 

Clay  0.13-

0.2 

0.13 

 

The values shown are estimated averages of broad ranges of specific soil values. 

When a texture is near the border line of two texture classes, the average of the two Kfact 

values is used. 
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Table 10. Soil Erodibility Factor K Classes (Schut and Wilson, 1987) 

Class K value Range (%) 

1 0.02-0.12 100 

2 0.13-0.22 95 

3 0.23-0.38 80 

4 0.38-69 60 

 

J) Irrigation Influence 

Distance of fields from a water body will be weighted as a criterion for land 

evaluation for irrigation purposes. For this a boundary was drown at each interval of 

distances from the streams of the study area. That will automatically delineate where the 

majority of it falls.  

We then weighed the distance from water body in terms of percent, by looking at 

what distance does the majority of the area lies.  

Table 11. Irrigation Influence (Distance from River) Classes 

Class River Distance (m) Rating (%) 

1 200 100 

2 500 95 

3 1000 90 

4 2000 85 

5 3000   65 

6 5000   50 

7 >5000 30 



45 
 

3.3.6.  Consideration for LUT2 (Livestock Production) 
 

Next after classifying lands suitable for LUT1, we evaluated the rest LMUs for 

LUT2 on the bases of the following parameters.  

A) Slope Gradient for Livestock Production 

Table 12 Slope for Livestock Production Classes 

Class Category Range (%) Rating (%) 

1 <7 100 

2 7-15 55 

3 15-20 30 

4 >20 20 

 

B) Water for Livestock  

Water availability will be weighted for livestock production suitability based on 

the fields distance from water bodies (lakes/rivers).  

Similarly, a boundary was drawn at each interval of distances from the streams of 

the study area. That will automatically delineate where the majority of it falls.  

Table 13. Water for Livestock Classes 

Class River Distance (m) Rating (%) 

1 500 100 

2 1000   70 

3 2000 50 

4 3000 45 

5 >4000 20 
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C) Soil Texture 

Table 14. Soil Texture for Livestock Production Classes 

Class Textural class Rating (%) 

1 Clay 65 

2 Loam 90 

3 Sand 30 

4 Silt 90 

5 Sandy clay loam 95 

6 Silty clay loam 100 

7 Loamy sand 55 

8 Sandy clay 75 

9 Silty clay 85 

10 Clay loam 100 

11 Sandy clay 80 

12 Silt loam 90 

 

D) Soil Erodibility Factor 

Table 15. Soil Erodibility Factor K for Livestock Production Classes 

Class K value Range (%) 

1 0.02-0.12 100 

2 0.13-0.22 75 

3 0.23-0.38 60 

4 0.38-69 50 
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3.3.7. Consideration for LUT3 (Forestry) 
 

Areas which are not suitable for the above two LUTs were checked for LUT3. 

Since, there is a high demand of land for the first two LUTs, we classified all available 

lands suitable for LUT1 and LUT2. Next, the evaluation was for LUT3, because the 

existence of Forests in a watershed is vital for the stability of the system and the quality 

of the water in the catchment. 

Forested watersheds offer a wide array of benefits. Healthy urban and rural 

forested watersheds absorb rainfall and snow melt, slow storm runoff, recharge aquifers, 

sustain stream flows, filter pollutants from the air and runoff before they enter the 

waterways; and provide critical habitat for fish and wildlife. In addition, forested 

watersheds provide abundant recreational opportunities, help support local economies, 

provide an inexpensive source of drinking water, and improve the quality of our lives 

(USDA Forest Service, 2013). 

The evaluation parameters used are based on the F.A.O’s guide "Land evaluation 

for forestry" (1984). 

A) Slope Gradient for Forestry  

Table 16.  Slope for Forestry Classes 

Class Slope (%) Rating (%) 

1 0-30 100 

2 30-40 90 

3 >30 80 
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B) Soil Depth 

Table 17. Soil depth for Forestry Classes 

Class Soil depth (cm) Rating (%) 

1 0-50 30 

2 50-100 50 

3 100-150 100 

4 >150 100 

C) Soil pH 

Table 18. Soil pH Value for Forestry Classes 

Class pH Rating (%) 

1 0-4 10 

2 4-5 50 

3 5-6 80 

4 6-7 100 

5 7-8 80 

6 8-10 50 

 
 
 
 
 
 
 
 
 



49 
 

3.3.8. Consideration for LUT4 (Settlement & Other Constructions) 
 

Final evaluation was for LUT4, for the LMUs which are not suitable for LUT1, 

LUT2 and LUT3. The following parameters were used to locate LMUs suitable for 

LUT4.  

A) Slope Gradient for Settlement 

The slope gradient of the LMUs was also used as a criterion for settlement 

suitability.  

Table 19. Slope for Settlement and Other Construction Classes  

Class Category Range (%) Rating (%) 

1 < 7% 100 

2 7-15% 75 

3 > 15% 55 

 

B) Distance from Roads for Settlement 

Transport network has a strong guiding role in both urban and rural development, 

in accordance with the general experience of urban geography, towns, population and 

related elements of the productivity gather into the open traffic elements (Luo, et al, 

2008). Based on the ArcGIS resulting image interpretation, traffic factor is graded by 

traffic factor classification table as;  
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Table 20. Distance from Main Roads for Settlement and Other Constructions Classes 

(Luo, et al, 2008) 

Class Main Road Distance (m) Rating (%) 

1 500 m 100 

2 1000 m 95 

3 1500 m 90 

4 2000 m 85 

5 2500 m 70 

6 3000 m 60 

7 3500 m 55 

8 4000 m 45 

9 >4000 m 30 

 

3.3.9. Suitability Analysis 
 

Based on FAO’s definition for suitability, every criterion is expressed as; 

S (Suitable), which characterizes a land were suitable use giving good benefits is 

expected 

N (Not Suitable) indicating a land which qualities do not allow the considered type of use 

or are not for suitable outcomes 

1, 2 and 3 will be labeled as classes of suitable order, and 1 and 2 for non suitable order, 

expressing the degree of suitability or unsuitability.  
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Table 21. Structure of the FAO land suitability classification 

Order  Class  Description  

Suitable  

S1 (Highly suitable)  Land having no, or insignificant limitations to the 

given type of use  

S2 (Moderately suitable)  Land having minor limitations to the given type of use  

S3 (Marginally suitable)  Land having moderate limitations to the given type of 

use  

Not 

suitable  

N1 (Currently not 

suitable)  

Land having severe limitations that preclude the given 

type of use, but can be improved by specific 

management  

N2 (Permanently not 

suitable )  

Land that have so severe limitations that are very 

difficult to be overcome  

 

Based on the stated nineteen evaluation criteria the baseline map, i.e. the land 

mapping unit, were evaluated. For every evaluation criterion being taken as a 

measurement, we evaluated every point of the map for suitability and put the points in 

different classes of suitability. Consequently, evaluating the land mapping unit with the 

nineteen evaluation criteria we produced nineteen maps for each character. These maps 

are be in vector formats for further manipulation. 

In order to classify the lands parametric method (i.e, Story Method) were used. 

While in parametric method land and climate characteristics are defined using different 

ratings. With this index, general agricultural soil uses can be evaluated. 

It is important to emphasize that this system does not consider climatic 

characteristics. Thus the evaluation is of the soil itself, valid for comparing the soils of a 

certain region with the same type of climate (Albaji et al, 2009). 
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The different land characteristics that influence the soil suitability for the land 

utilization types are rated and a capability index for the land use (Ci) is calculated 

according to the formula: 

Ci = A/100 * B/100 * C/100 * D/100 * E/100 * F/100 

Where: Ci: capability index for the land use; A, B, C, D, E, F ratings of different 

characteristics. 

The capability classes are defined according to the value of the capability (or 

suitability) index (Ci) as in table 22. By determining the specific land index and using the 

guidelines given by Sys et al. (1991), the qualitative land suitability classes (Table 22.) 

and the limiting factors for each LUT were determined. 

Table 22. Land Capability Index and their Definitions (Albaji et al, 2009) 

Land  index      Definition                   Symbol 

75-100                         Highly suitable S1 

50-75 Moderately suitable S2 

25-50 Marginally suitable S3 

12.5-25 Currently not suitable N1 

0-12.5 Permanently not suitable N2 

 

After land characteristics data are available the next process is evaluating the land 

by matching (comparing) between land characteristics in every mapping unit with its 

LUT requirements. The process was carried out manually. 
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The limiting factors may consist of one or more factors depending on land 

characteristics (Albaji et al, 2009). The land suitability classifications are defined based 

on their most serious limiting factors. 

We have checked the suitability of LMUs for the first two LUTs as multiple land 

utilization type. We also examined the current LULC state of the Gefersa watershed. We 

located every land use and land cover present in the watershed.  

Ultimately, we took the end resulting map with suggested developmental 

activities located in their corresponding suitable area and try to look it in adjacent to the 

current LULC state. We examined the current land use and assess the suitability of the 

land for that land use.  
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4. Results 

4.1. Current Suitability Result for the Considered LUTs 
 

The suitability analysis as stated in previous parts, were carried out by Multi-

Criteria Evaluation. All the LMUs were first evaluated for the first LUT based on the ten 

parameters specified of the methodology part.  

4.1.1. Suitability Result for LUT1 (Agriculture) 
 

The first evaluation parameter for LUT1 was Slope Gradient. Based on the result 

of the ArcGIS software it was seen that two classes of Slope Gradient are present in the 

watershed. Much of the LMUs in the watershed have a slope of 0 to 7 %. Only LMU five 

and six were characterized as landscapes relatively steep with a percent of 7 to 15.   

The second evaluation parameter was soil type. Luvisol is the most dominant type 

of soil in the watershed. Four LMUs, i.e. 2, 3, 4 and 6 are of Luvisol makeup. LMU 7 and 

8 are characterized as Cambisols, were as the rest units 1 and 5 are of Vertic Luvisol. The 

watershed has only one type of soil textural class. All the LMUs have a texture of clay.   

Map 5. Slope for 

LUT1 

Map 6. Soil Type for  

LUT1 

    Map 7. Soil Texture       

for LUT1 
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Much of the Gefersa catchment area has a soil depth greater than 100cm, which is 

of the first class. Other areas at the northern part have medium depths, where LMU3 has 

the shallowest depth of 0.39cm in the range of the forth class, i.e 20 to 50cm. Except 

LMU1 all the other LMU have a medium total nitrogen content in the range of 0.25 to 

0.15%. LMU1 has a better result with class two in the range of 0.5 to 0.25%, with a value 

of 0.27%. 

The watershed in general is characterized with acidic soil, with values in between 

5.5 and 5.1. The western part of the watershed, however, has a better pH value in the 

range of 6.0 and 5.6.  

Map 8 Soil Depth for LUT1                            Map 9. Soil TN for LUT1  Map 10.  Soil pH for LUT1

 

The organic matter content of the catchment area is of 2nd class, with a range of 5 

to 2%. All mapping units have the same OM class. LMU5 has a higher class of C:N ratio, 

which is in between 13:1 to 17:1. All the rest LMUs have less C:N ratio in the 8:1 to 11:1 

range.  
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Since, according to our interpolating method soil erodibility factor is dependent of 

soil organic matter content and textural classes, all the catchment area has similar 

character on the two parameters, it also shows similar erodibility factor for all LMUs.  

Map 11. Soil OM content 

for LUT1   

Map 12. Soil C:N Ratio for 

LUT1  

Map 13. Soil K Value for 

LUT1

     

 Irrigation influence was calculated using streams inside the watershed, assuming 

the reservoir is protected and not used for agricultural or livestock purposes. Using 

ArcGIS buffer zones were delineated for all classes of Irrigation Influence, and seen 

where majority of the area in each LMU lays. According to the result, LMU 3 and 8 have 

majority of their area up to 1000m distant from streams. The rest are 2000m away from 

streams in average. 

Map 14. Irrigation Influence 

for LUT1
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Then based on the weigh value of each class and the results of each LMUs for all 

ten criteria, ratings were given for all LMUs. Finally, multiplying all the ratings for the 

ten parameters capability index for agricultural land utilization (Ci) is known. Ultimately, 

this Ci value gave suitability class result for agricultural land utilization (LUT1). 

Table 23. Current Suitability Status of Gefersa Watershed for LUT1 

LMU Capability Index for 

LUT1 (%) 

Suitability Class Definition 

1 27 S3 Marginally suitable 

2 26 S3 Marginally suitable 

3 16 N1 Currently not suitable 

4 15 N1 Currently not suitable 

5 19 N1 Currently not suitable 

6 17 N1 Currently not suitable 

7 25 S3 Marginally suitable 

8 27 S3 Marginally suitable 

 

As shown in Table 23 there is no LMU with a suitability class of S1 or S2. 

However, LMU 1, 2, 7 & 8 have a class of S3, which shows a Marginally Suitable land 

for agricultural utilization. The rest LMUs lay on N1 class, which is Currently Not 

Suitable. 
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Map 15. Current Suitability of Gefersa Watershed for LUT1 

4.1.2. Suitability Result for LUT2 (Livestock Production) 
 

From the first parameter for LUT2, i.e. Slope Gradient, similarly as in the case of 

evaluation for LUT1, the watershed was grouped in to two. Majority of the watershed 

was ranged in the 0 to 7% slope gradient and the western part, LMU 5 and 6 are in the 7 

to 15% range.  

Evaluation of water availability for livestock was also assessed for every LMU. 

As a result much of the LMUs at the northern part of the watershed are 2000m away from 

streams. LMU 3 and 6 are 1000m away from water body and the rest of the region at the 

southern part is very close for streams in the range of 500m.  

The soil texture of the whole watershed is of clay type. Similarly, the watershed 

has the same soil erodibility factor K for every LMU.  
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Map 16. Slope for LUT2     Map 17. Distance 

from Water for LUT2 

Map 18. Soil Texture for 

LUT2 

Map 19. Soil K Value 

for LUT3 

 

 

Based on the result of the evaluations for each parameter the ratings for all 

parameters were identified and multiplied to get the Capability Index value of the LMUs.  
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Table 24. Suitability Status of Gefersa Watershed for LUT2 

 

LMU3 has a better suitability class of S2, which is moderately suitable. LMU 7 

and 8 also showed a suitability class, which is S3. However, there is no S1 class of 

suitability for Livestock Production for the considered LMUs. The rest LMUs, i.e. 1, 2, 4 

and  5 are Currently Not Suitable for LUT2, where LMU 6 is permanently not suitable.  

 

Map 20. Suitability of Gefersa Watershed for LUT2 

LMU Capability Index for LUT2 (%) Suitability Class Definition 

1 24 N1 Currently not suitable 

2 24 N1 Currently not suitable 

3 52 S2 Moderately suitable 

4 24 N1 Currently not suitable 

5 12 N2 Permanently not suitable 

6 24 N1 Currently not suitable 

7 34 S3 Marginally suitable 

8 34 S3 Marginally suitable 
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4.1.3. Multiple Land Utilization Type (Suitability Result for Mixed 
Farming) 
 

Most People in the watershed are dependent on agriculture and livestock 

productions, i.e. LUT 1 and 2. Combining these two land utilization types we have 

selected land mapping units suitable for both LUT1 and LUT2.  

Table 25. Suitability Status of Gefersa Watershed for Mixed Farming 

LMU Suitability Class for 

LUT1 

Suitability Class for 

LUT2 

Suitability for 

Mixed farming 

1 S3 N1 Not Suitable 

2 S3 N1 Not Suitable 

3 N1 S2 Not Suitable 

4 N1 N1 Not Suitable 

5 N1 N2 Not Suitable 

6 N1 N1 Not Suitable 

7 S3 S3 Suitable 

8 S3 S3 Suitable 

 

As a result, we have observed that the only suitable LMUs for the purpose of 

Mixed Farming are LMU 7 and 8. The rest of the area in the top part of the catchment is 

not suitable, when considred for mixed farming.  
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Map 21. Suitability of Gefersa Watershed for Mixed Farming  

4.1.4. Suitability Result for LUT3 (Forestry)  
 

We then considered the LMUs and checked their suitability based on three 

parameters. In terms of slope gradient the whole watershed is first class being in the 0 to 

30% range. The soil depth for LMUs at the west and south are deep where the rest are 

shallower. The pH value at all part of the catchment is in the same range of 5 to 6 pH 

value, when considered for LUT3.  

Map 22. Slope for LUT3  
Map 23. Soil Depth for 

LUT3  

Map 24. Soil pH Value for 

LUT3 
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The Capability Index for LUTs shows that LMU 3 and 4 are the only one which 

fall on currently not suitable class. On the other hand, LMU 1, 2, 7 and 8 are best suitable 

for LUT4. LMU 5 and 6 also are marginally suitable for Forestry.  

Table 26. Suitability Status of Gefersa Watershed for LUT3 

LMU Capability Index for 

LUT3 (%) 

Suitability Class Definition 

1 80 S1 Highly suitable 

2 80 S1 Highly suitable 

3 24 N1 Currently not suitable 

4 24 N1 Currently not suitable 

5 40 S3 Marginally suitable 

6 40 S3 Marginally suitable 

7 80 S1 Highly suitable 

8 80 S1 Highly suitable 

 

 

Map 25. Suitability of Gefersa Watershed for LUT3 
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4.1.5. Suitability Result for LUT4 (Settlement and Other Constructions) 
 

Similarly the slope gradient for most of the catchment area is in between 0 and 

7%, where the western part has a slope of 7 to 15%. Evaluation of distance from main 

roads was also carried out. The southern LMUs were the closest for road access and 

majority of the areas are in the range of 500m distance. On the other hand, road access to 

the eastern part of the watershed is a little bit less, and very less for the western part.  

 

Map 26. Slope for LUT4 

  

 

Map 27. Distance from Main Roads for 

LUT4 

 

Calculation for Capability Index of LUT4 the LMUs showed that most of the LMUs are 

in the suitable class, where only LMU 5 is not currently suitable.  
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Table 27. Suitability Status of Gefersa Watershed for LUT4 

LMU Capability Index for 

LUT4 (%) 

Suitability Class Definition 

1 70 S2 Marginally suitable 

2 70 S2 Marginally suitable 

3 90 S1 Highly suitable 

4 60 S2 Marginally suitable 

5 23 N1 Currently not suitable 

6 75 S1 Highly suitable 

7 100 S1 Highly suitable 

8 100 S1 Highly suitable 

 

 
Map 28. Suitability of Gefersa Watershed for LUT4. 
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4.2. Final Current Suitability Result  
 

The final result suitability classification based on the suitability of land for a 

specified use in its present condition, without major land improvements (cf. potential land 

suitability classification) was produced. Combining all the results we located which part 

of the watershed would be best suitable for which LUT.  

In this study, as stated in the methodology, priority is given for LUT1, to 

reconcile with the demand of the society inside the watershed. We have, therefore, picked 

best suitable ones for agriculture and compared the remaining LMUs for LUT2, then 

selected the ones suitable for livestock. Likewise, we considered forestry as a third 

priority and Settlement at last. In this manner, the suitability in each LMU was compared 

and the result of current suitability is shown on the map below.  

 

Map 29. Final Suitability Result of Gefersa Watershed  
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Western and southern parts of the watershed are delineated for LUT1, specifically 

LMU 1, 2, 7 and 8. For the purpose of livestock production (LUT2) LMU 3 and 6 were 

located. For settlement and other constructions LMU3 was desalinated, were LMU 4 and 

5 are given for Forestry.  

4.3. Potential Suitability Result 
 

By and large, except for the intrinsic behaviors of the watershed as texture and 

soil, by improving other characters where the watershed shows lower or moderate ratings, 

the productivity of the watershed for the specified land utilization types has improved. 

For utilization of land for agriculture we have considered only manipulating the 

value of Organic Matter content, soil pH and C:N ratio. 

The value of Capability Index could be raised above the present. Ultimately, the 

productivity of the land would rise significantly.  

Based on this assumption the suitability of the watershed is shown on table 28. 

Table 28. Potential Suitability Status of Gefersa Watershed for LUT1 

LMU Capability Index for 

LUT1 (%) 

Suitability Class Definition 

1 47 S3 Marginally suitable 

2 45 S3 Marginally suitable 

3 28 S3 Marginally suitable 

4 27 S3 Marginally suitable 

5 27 S3 Marginally suitable 

6 29 S3 Marginally suitable 
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Considering this improvements to be taken place in the watershed and ratings on those 

parameters being increased, the Capability Index for all the land mapping units were 

calculated, and found to be marginally suitable.  

  

7 45 S3 Marginally suitable 

8 47 S3 Marginally suitable 
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5. Discussion 
 

  5.1. Current Suitability Condition of Gefersa Watershed  
 

Land suitability assessment, in the context of land use planning, is a bridging 

phase linking land resources assessment to any land use decision-making process 

(Emmanuel and Joshua, 2010).  

Gefersa watershed being mostly dominated with people dependent on agriculture 

and livestock production, and a rapid population growth, apparently demand of land for 

the two land utilizations is evident.  

Significant part of the watershed area, according to our evaluation, is not currently 

suitable for agricultural purposes. Only 46% of the total area is classified as marginally 

suitable land. The rest 64% of the catchment area is not currently suitable for agriculture, 

the remaining 2% being the water body. This shows that much of the agricultural 

activities being carried out in parts not suitable for agriculture are most probably less 

productive.  

 

Fig 3. Diagram of Current Suitability Status for Agriculture   

Current Suitability Status for 
Agriculture

Currently Suitable for 
Agriculture (44%)
Currently Not Suitable 
for Agriculture (64%)
Water Body (2%)
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.  

LMU 1, 2, 7 and 8, even if being currently marginally suitable for agriculture, 

they are in the S3 class of suitability (Marginally Suitable). This suitability level shows a 

positive sign for the utilization type, though, their efficiency is not significant and they 

cannot be stated as ‘best suitable lands’.  

LMU 3 is the catchment area is delineated as suitable for livestock production. In 

terms of area 17% could be used for the production of livestock. LMU3, showed a 

suitability class of S2, Moderately Suitable. This shows that this area could be highly 

productive towards livestock.  

Forestry could be carried out in the area of LMU 5 and 6. This area is relatively 

smaller, taking only 10% of the watershed area.  

For the purpose of Settlement and other construction purposes LMU3 showed a 

suitability class of S2, Moderately Suitable. This area covers 27% of the catchment, and 

considerably wide. 

 

Fig  4. Diagram of Final Suitability Result for Gefersa Watershed  

Final Suitability Result LUT1 - Agriculture 
(44%)

LUT2 - Livestock 
Production (23%)

LUT3 - Forestry (17%)

LUT3 - Settlement and 
Other Constructions 
(10%)
Water Body (2%)
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For the purpose of agriculture, most of the parameters showed good rating values. 

For example, in terms of Erodibility Factor K, Soil Type, OM content and TN amount of 

the soil the rankings seemed to be better. However, in some parameters most of the 

catchment area lucks quality and is classified under lower ranked classes.  

Some of these characters are intrinsic behaviors as soil texture. 100% of the 

catchment area is classified as Clay soil. This texture has a low ranking in suitability of 

both agriculture and livestock.  

Other criteria are factors which could be improved. For instance, pH value of 

most of the LMUs of the study area are categorized under forth class of pH ranking. This 

illustrated that the watershed is characterized with high level of acidity. This character 

will make it difficult for most of crops cultivated in the area. It has a significant value in 

lowering the potential of the area for almost all types of land utilizations.  

Gefersa watershed’s agricultural productivity is 40% lower than that of the 

national average (AAWSA, 2000). This could mainly be due to the lower level of 

suitability even in areas classified as suitable for agriculture, and cultivations under areas 

which are totally not suitable for agriculture at all.  

5.2. Potential Suitability Result versus Current Suitability Result 
 

The result showed that naturally in its instinctive behavior the watershed is 

generally suitable for agricultural use. With adjustment of only few parameters we have 

seen that the Capability Index for LUT1 has driven up.   
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Fig 5. Chart Current Suitability Vs Potential Suitability for LUT1 

 

Land Suitability Analysis allows identifying the main limiting factors of a crop 

production and enables decision makers develop a crop management system for 

increasing the land productivity (Jadab, 2013). 

The graph shows that with better management and modern agricultural systems 

the Capability Index of every LMUs could be improved a lot more. With the assumptions 

we made for the three parameter improvement the Capability Indexes of the study area 

has almost doubled. LMU1 has raised from 27 to 47, also LMU3 which had the smallest 

index of 16 has now improved and became 28. 

As stated earlier, this suitability results raised significantly with only changes in 

OM content, soil pH and C:N ratio. Hence, with coordinated works of stakeholders in the 

catchment and the people living by, the land suitability status could raise even to 
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moderately suitable class.  If the agricultural systems are modernized and based in 

scientific soil sciences, the productivity of the agriculture in the watershed could be 

satisfactory.  

5.3. Current LULC against the Suitability Result 
 

Currently, the land cover in the watershed is being majorly transformed in to 

cultivated area. According to AAWSA (2000), currently, as a result of increasing 

migration to the areas, the land available for farming is not sufficient to provide land to 

all the inhabitants. However, even considering LULC data of few years back, we 

compared the LULC with the suitability of the land. The watershed according to the data 

is mainly covered with Eucaliptus, Pine woodland, where as the rest is evenly divided in 

to grass land and cultivated area. The bare land and built up area covers small portion of 

the watershed 

 

Map 30. Current LULC of Gefersa Watershed (AAWSA, 2000) 
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The majority of the area is covered with an Eucalyptus, Pine woodland as shown 

in the Map, where much of the cultivation is being carried out in the northern and western 

region.  

 

Fig 6. Diagram of Current LULC of Gefersa Watershed 

 

Comparing the existing land use with the suitability result, we found that the 

western part of the region is mainly used for agriculture matching the suitability of the 

specific land units, (LMU 1 and 2 in this study). There are also present but little 

agricultural/cultivated areas on the southern part, where the study identified as LMU 7 

and 8. This area, the southern part, is better for agricultural use, but the extent of 

agriculture in this part of the watershed is not as the western suitable part.  

Contrary to the suitability of the land in LMU 3 and 4, there is extensive 

cultivated area. This area is designated as Currently Not Suitable area, according to our 

study results. However, about 6.44km2 of land is being cultivated, that is 25% of the area 

in the two LMUs. Similarly, but not to that extent, cultivation activities are being carried 

Current LULC
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out in areas which are not suitable for the utilization type. Out of all the area delineated as 

Currently Not Suitable, i.e. 31.35 km2 of land, 7.51 km2 of land is under cultivation. This 

is a big reason, for the less productiveness of the watershed. Cultivations in these 

unsuitable areas are not productive and become a limitation for the people in the area in 

becoming food secured.  

When we see the case of livestock production, most of the grazing lands are used 

for livestock and mixed farming is much dominant in the watershed. Grazing lands are 

more or less distributed fairly in the watershed, but mainly dominant in LMU 3 and 7.  

The land uses currently seen in the watershed for the purpose of forest cover and 

settlement are mostly in harmony with the suitability of the land for those utilization 

types.  

 

Fig 7. Chart Current LULC Against and In Harmony with the Suitability of the Land 
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5.4. Significance of GIS as a Tool for Land Suitability Analysis   
 

In recent years, considerable interest has grown around the use of GIS technology 

for planning and management of environmental resources (Emmanuel and Joshua, 2010). 

During this study GIS has served as a prominent tool. It has made classifications of areas 

based on a character to form land mapping units which were basic steps in analysis of 

suitability in our research.  

ArcGIS was used mainly to produce slope maps from DEM data, classify land 

mapping units based on the provided rankings and measure distances/zones in each land 

mapping unit from water bodies and main roads. In addition, measurement of land 

mapping units and areas of current LULCs are totally made by this software.  

This tool has showed has proven capable in all purposes used in our research and 

have also been efficient in time saving. Applications of such techniques are helpful in 

studies of integrated watershed management and enhancement of land mapping 

strategies.  
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6. Conclusion and Recommendations 
 

6.1. Conclusion 
 

 
Land-use planning is critically concerned with what should be done, where. 

During this study, significant portion of the watershed is against the current suitability. 

For this reason, as stated earlier, the watershed is unproductive in agricultural products, 

being 40% below the national average. 

The current LULC data of Gefersa watershed showed us that much of the mixed 

farming activity is being carried out in the north western part of the watershed. We have 

also seen that in terms of potential suitability it is clear that all of the catchment area is 

suitable for agriculture and generally it has similar intrinsic characters. In terms of 

suitability results, lands on the western part and on the southern part are similar. 

However, as we have seen on Map 21 (Suitability of Gefersa Watershed for Mixed 

Farming), the only suitable lands for mixed farming are LMU 7 and 8, where the mixed 

farming being carried out are not that much dense like that of  the western part. From this 

we can conclude that, the reason for much of the land at the north western part being not 

suitable for mixed farming is because of high utilizations and poor farming practices.  

All cultivation practices in the catchment are done by draught animals and 

practically no production inputs, characteristic of a modern agriculture such as improved 

seeds, fertilizers and plant protection materials (including herbicides), are applied in the 

watershed, on top of cultivation on unsuitable trace of land.  

Forests are dominantly present in the eastern part of the watershed, matching 

properly with the suitability map produced for our study. Usually, steep areas are 
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vulnerable to erosion due to their landscapes. For this reason, the LULC at this part of the 

catchment is playing an important role in the production of surface water and decreasing 

the level of erosion in the watershed. Nevertheless, significant amount of land in this 

region, which is about 48% of LMU 5 and 6 are being used for other uses than forest 

cover. If this continues and this part of the region continues to lose its forest cover in the 

resent year being pressured from population growth and demand of farm land and fuel 

wood, the watershed will definitely be in worse situation as a result of losing its 

prominent land cover.  

All in one, 7.51km2 of land is under cropping in lands where the lands are not 

suitable for agriculture. About 3.71km2 area is being most probably used for grazing 

against the suitability of the lands. 0.08 km2 and 12.73km2 areas of settlement and forest 

cover respectively are in places where they should not have been. From all this, we can 

say that, 23.83km2 of land, which is almost 41% of the catchment, is being utilized for 

the purpose it is not suitable for.  

 Through findings of this study it can be seen that, with rehabilitation works done 

in the watershed, almost all the land could be suitable and productive for the purpose of 

either agricultural use or mixed farming. No significant amount of land showed a result 

of Permanent Unsuitability, this shows that with rehabilitation works and modern farming 

practices the watershed could be brought to a better productivity level. 

During data collection of this research, it was observed that either AAWSA or any 

other concerned governmental offices did not appear to have adequate data for the 

watershed. Offices as AAWSA, Ministry of Water and Energy, National Soil Testing 

Center, Oromia Special Zone Development Office and other stakeholder organizations do 
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not have a row data for the watershed, as soil data or other characteristics of the 

watershed.  

Even the small amount of data found is not coherent and is not updated. Most of 

the data collected from these offices, such as LULC, general information on the 

watershed and data about people inside the watershed are of many years back.  Most of 

the data are done on primary studies made as master plan for Gefersa Dam and watershed 

rehabilitation works years back. Academic works/researches done in the watershed are 

also very limited.  

It was also seen that the mandates of these offices seem to overlap, and further 

had gaps to address issues directly in the watershed and bring vast improvement or 

change. One office seem to leave works for the other, and the vice versa.  

In this research, MCE was carried out in semi-detailed scale, for general purposes 

of Agricultural, Livestock, Forestry and Settlement Utilization of land. Specific 

agricultural types and crops may require different requirements which may or may not be 

included as a parameter for this study. Detailed study for a specific type of crop could be 

carried out using additional parameters based on the crop type of interest. The 

requirements for growth of various crops can be obtained from available literatures such 

as Djaenudin et al (2003) and others. 
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6.2. Recommendations 
 

Fundamentally, for any change or improvement of any kind in land use and 

related issues, the first and for most preconditions is the willingness of the people inside 

the watershed. According to two conditions must be met if planning is to be useful: 

• The need for changes in land use, or action to prevent some unwanted change must be 

accepted by the people involved; 

• There must be the political will and ability to put the plan into effect (FAO, 1993). 

Therefore, in order to work on improving the suitability of the land or appointing 

of land uses in accordance to suitability of the existing land, there should be a need and 

will from the people of Gefersa watershed. This need comes from being aware and 

educated about watershed management, water resource, conservation practices, reservoir 

sedimentation problems and modern farming practices. For this, continuous works should 

be done by all stakeholders to raise the awareness of the people. 

One element in planning is knowledge of land-use technologies: agronomy, 

livestock husbandry and other means by which land is used. The technologies 

recommended must be those for which users have the capital, skills and other necessary 

resources; that is, appropriate technology. New technologies may have social and 

environmental implications that should be addressed by the planner (FAO, 1993). 

With immense discussions and awareness creation programs for the people, works 

should be done to allocate every land utilization type in accordance to the suitability of 

the land. That would help the watershed system as an ecosystem, and moreover, makes 

the farming in the watershed more productive. This will ultimately have a positive 

attribution to make the people food secured.  
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Since the watershed provides potable water to Addis Ababa metropolis, much 

care should be given to the healthy system of the watershed. However, to bring about 

such caring from the people inside the catchment area, they should be part of the benefits 

of the reservoir and the water supply system.  

A) Relocation  

Sedimentation problems due to erosion could be highly reduced if farming and 

grazing are undertaken in suitable lands. For this and related reasons, reallocation of 

people involved in farming is prominent. Relocation of people could be done within the 

watershed, or to other close places.  

Considering only our study area framings (or even mixed framings) in unsuitable 

areas as in the northern and eastern part of the watershed, could be moved to the most 

suitable parts of the western and the southern part.  

We have seen that the area covered by agriculture in the southern part is less 

dense; hence, peasants in unsuitable part of the watershed could be relocated to that 

region to restore the land’s productivity and also make those peasants profitable.  

The area of land as a result of our study delineated as suitable for settlement is 

larger than the demand when seen from the current LULCs. For such areas, if the demand 

is not that high, that portion of land could be developed in to other land utilization type, 

for which it is also suitable for.  

Similarly, some parts of the area under the eastern part are cultivated lands and 

grazing lands. The suitability of this region is on the contrary to forest cover. For 

conservation, ecological and erosion control reasons it is much better if those peasants get 

other suitable place in its replacement, and put those lands in to forestry or forest covers. 
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B) Rehabilitations  

The objectives of many land users are to maximize production and/or net profit 

and to reduce costs and labor. Equally important to land users, planners and policy 

makers alike is the aim to conserve the environment and elongate its productivity. Land 

improvements are activities which cause beneficial changes in the qualities of the land 

itself. 

By the local people, with the help of the government, people involved in farming 

activities of the watershed can increase the productivity of the land with minor 

improvements.  

The acidic character of the soil with in the catchment could be managed with the 

application of Calcium Carbonate, which will increase the suitability of the soil to crops 

and improve its structure as well. For the purpose of OM content improvement, farmers 

could manage dung from their livestock and collect other humus substances to apply in to 

their farm land, if proper farming techniques are well thought. With such improvements 

soil carbon content and C:N ratios will also be picked up on.  

C) Water Supply Allocation 

Ironically, during our field survey in the watershed (where potable water is 

collected from) has no supply of pure water. Almost every household in the catchment 

does not get pipe water. Some use wells to supply their family and cattle with water, 

where others take from streams and the reservoir directly. This has a bad influence on the 

attitude of the people in the watershed, for the water supply system, the reservoir water 

quality, sedimentation problem and other watershed related hazards.  
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Based on a study by AAWSA (2000) the inhabitants of the catchment areas living 

in the vicinity of the reservoirs obtain the water they require for their domestic use 

directly from the reservoirs. According to the study, the majority (about 70%) of the 

people in the watershed does not see any positive benefits from the reservoir, and the rest 

expect only employment and other benefits.  

Besides awareness creations, making the people of the watershed beneficial from 

the reservoir and the water supply system would change their attitude and raise their 

caring sense for the whole watershed system. 

D) Improved Agriculture and Conservation Practices 

Sediment problems in the reservoir could be faced with adaptation of improved 

agricultural and livestock management and soil conservation practices. Improvement of 

cultivation practices so as to increase crop yields; improved cultivation practices will also 

contribute to reducing erosion and reservoir sedimentation.  

In terms of reducing erosion losses from farm lands and also bare lands, soil 

conservation practices should be promoted, as afforestation.  

It is also recommended to set up feed centers, introduction of high yielding fodder 

crops and cut-and-carry livestock feed practices to improve livestock nutrition and 

control overgrazing and soil erosion.  

Extension works and agricultural researches should also be accessible to the 

farmers with the help of Oromia special zones development office and regional 

agricultural offices.  
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E) Institution’s Involvement and Stakeholders Participation 

Regional and federal government institutions related to water and land resources 

should work in collaboration to have an efficient system, where an efficient planning 

scheme is in hand and supervise its implementations. They ought to define the framework 

in which utilization of land and water resources become effective.  

Planning process should be in full circle with the people of Gefersa, AAWSA and 

other related organizations. Information is needed on how well the plan is being 

implemented and whether it is succeeding, so that the implementation agencies can 

improve the way in which the plan is being applied, plus the planning stakeholder may 

learn from the experiences and respond to altering conditions.  

Stakeholders are groups or individuals who have a stake, or vested interest, in the 

land resource and have a traditional, current or future right to decide, jointly, on the use 

of the land resource.  

Participation is a process through which stakeholders’ influence and share control 

over priority setting, policy-making, resource allocations and access to public goods and 

services. 

The primary stakeholders are the present users of the land, farmers and other local 

inhabitants. It is their future which will be affected, usually enhanced, by the proposed 

changes in land use.  

In addition, however, there are a wide range of communities and institutions, both 

within the area and outside it, which stand to gain or lose by changes in use and 

management of the land. Government offices of the Ministry of Water and Energy, 

AAWSA, and Oromia Special Zone Development Office are of the main stakeholders. 
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International environmental organizations, and the global community as a whole, 

have a stake in the preservation of forests, rare plant or animal species, or genetic 

resources.  

F) More Researches and Better Information Systems 

This watershed needs more detailed studies in the future. Studies on the water 

system, on the agricultural developments, on livestock productions and on the soil should 

be carried out. 

More researches are important to be carried out on this watershed and similar 

areas of the country, so that the gap in lack of data could be addressed. Information 

systems and data availability in such scientific decisions are important planning aspects. 

Currently, no significant data of the watershed could be found easily on documentation or 

web pages of governmental offices.  

Related government bodies should collect every available data, and produce 

accessible data system to the public. That information should also be updated 

continuously.  Circumstances on people inside the watershed and also physical characters 

of the land could exhibit changes in short period of time. For this reason, continues 

assessments and data updating systems are very much needed. 
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Appendices  
Appendix I      Field Survey Record Sheet 

S.N
. 

LMU Sample 
Code 

GPS UTM 
Reading 

Peasant 
Associati
on Name 

Elevati
on (m)  

Major 
LULC 

Soil Type No of 
Pitches  

Radius 
for 
Pitches 

Soil 
Dept
h 
(cm) 

1 1 SKU1 37P 0454558 
UTM 1009101 

Sembrit 
Kotu 

2710 Agr Vertic 
Luvisol 

5 15 >100 

2 

2 

SKE1 37P 0453371 
UTM 1006836 

Sembrit 
Kore 

2743 Agr Luvisol 5 15 - 

3 SKE2 37P 0454546 
UTM 1008109 

Sembrit 
Kore 

2728 Agr Luvisol 5 15 >100 

4 

3 

ME1 37P 0455464 
UTM 1006286 

Mengaro 2698 Agr Luvisol 5 15 0.30 

5 ME2 37P 0456454 
UTM 1007753 

Mengaro 2686 Grass 
Land 

Luvisol 5 15 0.43 

6 ME3 37P 0457900 
UTM 1004658 

Mengaro 2673 Agr 
Forest 

Luvisol 5 15 - 

7 

4 

WB1 37P 0457423 
UTM 1007423 

Weta 
Beche 

2686 Agr Luvisol 5 15 - 

8 WB2 37P 0458605 
UTM 1007220 

Weta 
Beche 

2673 Grass 
Land 

Luvisol 5 15 0.39 

9 WB3 37P 0459506 
UTM 1006752 

Weta 
Beche 

2703 Agr Luvisol 5 15 0.47 

10 WB4 37P 0460611 
UTM 1005779 

Weta 
Beche 

2708 Forest Luvisol 5 15 - 

11 WB5 37P 0461760 
UTM 1005828 

Weta 
Beche 

2722 Forest Luvisol 5 15 - 

12 5 MA1 37P 0463908 
UTM 1005939 

Mulu 
Adadi 

2768 Forest Vertic 
Luvisol 

5 15 0.53 

13 6 GB1 37P 0460257 
UTM 1003792 

Gefersa 
Burayu 

2613 Forest Luvisol 5 15 0.78 

14 

7 

GC1 37P 0458340 
UTM 1003670 

Gefersa 
Chorisa 

2631 Agr Cambisol 5 15 >100 

15 GC2 37P 0458141 
UTM 1002195 

Gefersa 
Chorisa 

2623 Grass 
Land 

Luvisol 5 15 - 

16 GC3 37P 0457785 
UTM 1001498 

Gefersa 
Chorisa 

2637 Agr 
Forest 

Cambisol 5 15 - 

17 GC4 37P 0457770 
UTM 1000728 

Gefersa 
Chorisa 

2609 Agr Cambisol 5 15 - 

18 

8 

GK1 37P 0457197 
UTM 0999758 

Guji 
Kersa 

2596 Agr Cambisol 5 15 - 

19 GK2 37P 0457281 
UTM 0998894 

Guji 
Kersa 

2629 Agr Cambisol 5 15 >100 
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Appendix II      Laboratory Result and Interpolated Results 

Laboratory Results Interpolated Results  
L
M
U 

Samp
le 
Code 

PH Mea
n PH 

OC Mea
n OC 

TN Mea
n TN 

Textu
re 

Mean 
Textur
e  

OM Mea
n OM 

Erodibil
ity 
Factor 
K 

Mean 
Erodibili
ty 
Factor K 

C:N 
Ratio 

Mean 
C:N 
Ratio 

 

1 SKU1 5.22 5.22 2.66 2.66 0.27 0.27 Clay Clay 4.58 4.58 0.13 0.13 9.85 9.85   
2 SKE1 5.23 5.15 2.88 2.47 0.29 0.24 Clay Clay 

 
4.95 4.25 0.13 0.13 9.93 10.37   

SKE2 5.07 2.06 0.18 Clay 3.54 0.13 11.44 
3 ME1 5.17 5.2 1.90 2.05 0.19 0.19 Clay Clay 

 
3.27 3.53 0.13 0.13 10.0 10.97   

ME2 5.48 1.82 0.18 Clay 3.13 0.13 10.11 
ME3 4.95 2.43 0.19 Clay 4.18 0.13 12.79 

4 WB1 5.35 5.42 3.18 2.16 0.30 0.21 Clay Clay 5.47 3.72 0.13 0.14 10.6 10.43  
WB2 5.47 1.80 0.18 Clay 3.1 0.13 10.0 
WB3 5.18 2.48 0.23 Clay 4.27 0.13 10.78 
WB4 5.20 1.46 0.15 Clay 2.51 0.17 9.73 
WB5 5.89 1.88 0.17 Clay 3.23 0.13 11.06 

5 MA1 5.64 5.64 2.51 2.51 0.18 0.18 Clay Clay 4.32 4.32 0.13 0.13 13.9 13.9  
6 GB1 5.57 5.57 2.16 2.16 0.23 0.23 Clay Clay 3.72 3.72 0.13 0.13 9.39 9.39  
7 GC1 5.67 5.36 1.39 2.29 0.18 0.23 Clay Clay 

 
2.39 4.15 0.17 0.14 7.72 9.53  

GC2 5.52 1.93 0.18 Clay 3.32 0.13 7.9 
GC3 5.48 2.43 0.22 Clay 4.18 0.13 11.05 
GC4 4.76 3.89 0.34 Clay 6.69 0.13 11.44 

8 GK1 4.98 5.22 2.18 2.36 0.22 0.22 Clay Clay 3.75 4.05 0.13 0.13 9.91 10.71  
GK2 5.46 2.53 0.22 Clay 4.35 0.13 11.5 
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Appendix III    Suitability Evaluation for LUT1 

LMU Soil Type Slope 
for Agr 
(%) 

OM PH Texture TN 
(%) 

Soil 
Depth 
(cm) 

Erodibility 
Factor K 

C:N 
Ratio 

Irrigation 
Influence 
(m) 

Suitability 
Result  
Ci 

1 Vertic 
Luvisol 

0-7 4.58 5.22 Clay 0.27 >100 0.13 9.85 2000 S3 

0.95 1.0 0.95 0.75 0.65 0.95 1.0 0.95 0.8 0.85 27 
2 Luvisol 0-7 4.25 5.15 Clay 0.24 >100 0.13 10 2000 S3 

1.0 1.0 0.95 0.75 0.65 0.85 1.0 0.95 0.8 0.85 26 
3 Luvisol 0-7 3.53 5.2 Clay 0.19 0.39 0.13 11 1000 N1 

1.0 1.0 0.95 0.75 0.65 0.85 0.60 0.95 0.8 0.9 16 
4 Luvisol 0-7 3.72 5.42 Clay 0.21 0.43 0.14 10 2000 N1 

1.0 1.0 0.95 0.75 0.65 0.85 0.6 0.95 0.8 0.85 15 
5 Vertic 

Luvisol 
7-15 4.32 5.64 Clay 0.18 0.53 0.13 14 2000 N1 

0.95 0.8 0.95 0.80 0.65 0.85 0.8 0.95 0.9 0.85 19 
6 Luvisol 7-15 3.72 5.57 Clay 0.23 0.78 0.13 9 2000 N1 

1.0 0.8 0.95 0.80 0.65 0.85 0.8 0.95 0.8 0.85 17 
7 Cambisol 0-7 4.15 5.36 Clay 0.23 >100 0.14 10 2000 S3 

1.0 1.0 0.95 0.75 0.65 0.85 1.0 0.95 0.8 0.85 25 
8 Cambisol 0-7 4.05 5.22 Clay 0.22 >100 0.13 11 1000 S3 

1.0 1.0 0.95 0.75 0.65 0.85 1.0 0.95 0.8 0.9 27 
 

Appendix IV    Suitability Evaluation for LUT 2 

LMU Distance from 
Water (m) 

Texture Slope (%) Erodibility 
Factor K 

Suitability 
Result Ci 

1 2000 Clay 0-7 0.13 N1 
0.5 0.65 1.0 0.75 24 

2 2000 Clay 0-7 0.13 N1 
0.5 0.65 1.0 0.75 24 

3 500 Clay 0-7 0.13 S2 
1.0 0.65 1.0 0.75 52 

4 2000 Clay 0-7 0.14 N1 
0.5 0.65 1.0 0.75 24 

5 2000 Clay 7-15 0.13 N2 
0.5 0.65 0.5 0.75 12 

6 500 Clay 7-15 0.13 N1 
1.0 0.65 0.5 0.75 24 

7 1000 Clay 0-7 0.14 S1 
0.7 0.65 1.0 0.75 34 

8 1000 Clay 0-7 0.13 S1 
0.7 0.65 1.0 0.75 34 
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Appendix V    Suitability Evaluation for LUT3 

LMU Slope (%) Soil Depth (cm) PH Suitability Result Ci 
1 1-7 >100 5.22 S1 

1.0 1.0 0.8 80 
2 1-7 >100 5.15 S1 

1.0 1.0 0.8 80 
3 1-7 39 5.2 N1 

1.0 0.3 0.8 24 
4 1-7 43 5.42 S3 

1.0 0.3 0.8 24 
5 7-15 53 5.64 S3 

1.0 0.5 0.8 40 
6 7-15 78 5.57 S3 

1.0 0.5 0.8 40 
7 1-7 >100 5.36 S1 

1.0 1.0 0.8 80 
8 1-7 >100 5.22 S1 

1.0 1.0 0.8 80 
 

Appendix VI   Suitability Evaluation for LUT4 

LMU Distance from Road 
(m) 

Slope (%) Suitability Result Ci 

1 2500 0-7 S2 
0.7 1.0 70 

2 2500 0-7 S2 
0.7 1.0 70 

3 1500 0-7 S1 
0.9 1.0 90 

4 3000 0-7 S2 
0.6 1.0 60 

5 >4000 7-15 N1 
0.3 0.75 23 

6 500 7-15 S1 
1.0 0.75 75 

7 500 0-7 S1 
1.0 1.0 100 

8 500 0-7 S1 
1.0 1.0 100 
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Appendix VII   Potential Suitability for LUT1 

LMU Soil Type Slope 
for Agr 
(%) 

OM PH Texture TN 
(%) 

Soil 
Depth 
(cm) 

Erodibility 
Factor K 

C:N 
Ratio 

Irrigation 
Influence 
(m) 

Suitability 
Result  
Ci 

1 Vertic 
Luvisol 

0-7   Clay 0.27 >100 0.13  2000 S1 

0.95 1.0 1.0 1.0 0.65 0.95 1.0 0.95 1.0 0.85 47 
2 Luvisol 0-7   Clay 0.24 >100 0.13  2000 S1 

1.0 1.0 1.0 1.0 0.65 0.85 1.0 0.95 1.0 0.85 45 
3 Luvisol 0-7   Clay 0.19 0.39 0.13  1000 S1 

1.0 1.0 1.0 1.0 0.65 0.85 0.60 0.95 1.0 0.9 28 
4 Luvisol 0-7   Clay 0.21 0.43 0.14  2000 S1 

1.0 1.0 1.0 1.0 0.65 0.85 0.6 0.95 1.0 0.85 27 
5 Vertic 

Luvisol 
7-15   Clay 0.18 0.53 0.13  2000 S1 

0.95 0.8 1.0 1.0 0.65 0.85 0.8 0.95 1.0 0.85 27 
6 Luvisol 7-15   Clay 0.23 0.78 0.13  2000 S1 

1.0 0.8 1.0 1.0 0.65 0.85 0.8 0.95 1.0 0.85 29 
7 Cambisol 0-7   Clay 0.23 >100 0.14  2000 S1 

1.0 1.0 1.0 1.0 0.65 0.85 1.0 0.95 1.0 0.85 45 
8 Cambisol 0-7   Clay 0.22 >100 0.13  1000 S1 

1.0 1.0 1.0 1.0 0.65 0.85 1.0 0.95 1.0 0.9 47 
 

 

Appendix VIII    Current LULC of the Study Area 
 
LMU Total Area Eucaliptus 

Pine 
Woodland 

Grassland Bare Soil and 
Built Area 

Cultivated 

1 0.6 0.6 - - - 
2 6.25 2.79 0.37 0.06 3.03 
3 10.03 3.4 4.14 0.15 2.34 
4 15.43 9.33 1.64 0.27 4.19 
5 2.43 1.79 0.13 0.08 0.43 
6 3.46 1.3 1.57 0.04 0.55 
7 13.4 5.7 4.61 0.29 2.8 
8 5.94 2.94 1.51 0.71 0.78 
Total 57.54 27.85 13.97 1.6 14.12 
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