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ABSTRACT 

 
Information on Land Use and Land Cover changes that occurred from 1973 to 

2000 in Harenna forest and surrounding area was compared using remote 

sensing and geographic information system (GIS). The study was conducted in 

about 235,335.3 ha area within and surrounding Bale Mountains National Park of 

Oromia region. The objectives of this study are to understand the causes and to 

quantify the Land Use and Land Cover change around Harenna forest and to 

asses the trend of Land Use and Land Cover changes. Three sets of remotely 

sensed data, Landsat MSS (1973), Landsat TM (1986) and Landsat ETM+ 

imagery (2000), with a time span of twenty seven years were used for the study. 

In addition to the biophysical data, socio-economic characteristics of the area 

were also used to interpret the causes of biophysical feature changes occurring 

in the study area. Generally the land use land covers of the study area were 

classified into dense forest, open forest, open woodland, bare land, agricultural 

land and shrub land.  
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1. INTRODUCTION 
 

1.1. Background  
 

Land is a complex and dynamic combination of factors: geology, topography, 

hydrology, soils, microclimates, and communities of plants and animals that are 

continually interacting under the influence of climate and peoples activities 

(Hudson, 1995). It is the basic natural resource, which provides space and raw 

materials for various developmental and other activities and it can be classified 

into various categories. According to James et al., (2001), the land use can be 

generally classified in to Urban or built-up Land, Agricultural Land, Range Land, 

Forest Land, Water, Wetland, Barren Land, Tundra and Perennial Snow or Ice. 

These can also be classified into further sub classification. Then, it is possible to 

use the land for various activities and purposes at different time and it is under 

continuous change and dynamics. There is complex and dynamic land-use land-

cover change at various scales, which have global environmental implication.  

 

Land use and land cover change is a key driver of global environmental change 

and has important implications for many national and international policy issues 

(Nunes and Auge 1999). Also Jeanne., et al. (1995), indicates that the impacts of 

land use and land cover change are critical to many government programs like 

documenting the rates, driving forces, and consequences of change. The World 

Resources Institute (WRI, 1997) estimates that only one-fifth of the world's 

original forest cover remains. Also FAO (2001) indicates that there is roughly 39 

million km2 (29%) of the world's land surface is under forest cover. In particular, 

LUCC in lowland tropical regions are major concern due to the widespread and 

rapid changes in the distribution and characteristics of tropical forests. According 

to James (1986), deforestation is one of the major causes of land cover change 

and it is the most pervasive concerns in developing countries, especially in 

tropical moist forests, which covers some 550 million ha of the globe, with an 

annual harvesting rate of over 2%. So that the forest cover of the world is 

declining continuously and have global environmental implications. He indicated 
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the world wide consequences of deforestation as - change in the way of life of 

local people, extinction species, loss of undefined reservoir of genetic resources, 

increased erosion from wind and water, and increased desertification; increased 

runoff to rivers, resulting in flooding and future erosion; reduced transpiration 

from vegetation and thus less precipitation, and change in the regional albedo. 

Most current attention in discussions of global environmental change focuses on 

rapid land cover change especially deforestation, on global climate change and 

on loss of biodiversity. 

 

Local land use and land cover changes are fundamental agents of global climate 

change at all scale and are significant forces that impact biodiversity, water and 

radiation budgets, and trace gas emissions (Riebsame et al., 1994). At local and 

regional scales, land cover change can have profound impacts on aquatic 

systems due to new land use practices that adversely affect water quality and 

sedimentation (Thomas, 1999). Such changes also modify the composition of 

plant communities through fragmentation, removal and introduction of species, 

alteration of nutrient and water pathways, and alteration of disturbance cycles. 

Since environmental change is ubiquitous throughout the world, identifying and 

diagnosing symptoms of emerging environmental criticality in the overall noise of 

environmental change at local levels are essential (Jeanne et al., 1995).  

 

Remote sensing data and techniques and geographic information systems (GIS) 

provide efficient methods for analysis of land use issues and tools for land use 

planning and modeling. Understanding the driving forces of land use 

development in the past, managing the current situation with modern GIS tools, 

and modeling the future, it is possible to develop and plan for multiple uses of 

natural resources and nature conservation. So that the knowledge about land 

use and land cover has become increasingly important as all nations plan to 

overcome the problems of uncontrolled development, deteriorating environmental 

quality, loss of prime agricultural lands, destruction of important wetlands, and 

loss of fish and wildlife habitats (James et al., 2001). To understand how Land 
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Use Cover Change (LUCC) affects and interacts with global earth systems, 

information is needed on what changes occur, where and when they occur, the 

rates at which they occur, and the social and physical forces that drive those 

changes (Lambin, 1997).  

 

In Ethiopia, population pressure is inducing, the clearing of forests for agriculture 

and other purposes, and the attendant accelerated soil erosion, is gradually 

destroying the soil resource (Hurni, 1990). This is because natural forests are the 

main sources of wood for fuel, construction and industry, even though plantation 

forestry is also increasingly becoming important. According to Kahsay (2004), in 

Ethiopia forests may have existed long before history was recorded, but the 

present day forest cover does not correlate with human population in recorded 

history, even though environmental problems such as droughts may have also 

contributed to this phenomenon. Furthermore, the annual loss of natural forest 

cover has been estimated to be 150,000 - 200,000 ha/yr-1 

As mentioned above, this study is conducted in Harenna forest and surrounding 

area in Bale Mountains National Park and forest cover change is quantified, 

which occurred with in the period ranges 1973 - 2000 G.C.  The major problem 

that the park now facing, is human encroachment and livestock grazing, which 

result in illegal harvest of the natural resources of the park. This pressure is felt 

not only from the already existing settlements within the national park, but also 

from the surroundings of the park. Currently, vast areas of important forest sites 

of the park are already occupied by human settlement. Therefore, the research is 

and in 1989 forest 

cover estimated was only 2.7% of the Ethiopian land mass (EFAP, 1993). Today, 

little of the natural vegetation of the highlands remains, except for the southern 

and southwestern parts of the country. Harenna Forest, the study area, is one of 

these remnants and it is the second largest natural forest patch in the highlands 

of the country, which is used to be habitat for various wild lives. Currently this 

forest is suffering from human settlement and forest clearing, in Bale Mountains 

National Park.   
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vital to mitigate the local land cover change that has great impact on local, 

regional and global scale. Also the research finding will help to need of identifying 

the problems on similar ecosystems. Solving local problems, which have wide 

range impact, have significant importance on global scale. Therefore, the current 

land cover change of the country in general and areas with natural forest like 

Harenna with rich biodiversity should be studied in order to identify the specific 

problems and to recommend and suggest appropriate solutions. 

 

1.2. Statement of the Problem 
 

The study area can represent natural forest cover change in some parts of 

Ethiopia in general and National Parks in particular for reasons below: 

1. Rapid population growth and land scarcity has forced farming families to 

expand their agricultural fields onto natural forests even in conserved areas 

like National Parks. 

2. As a result, large areas, which were under dense forest cover, are now 

exposed to deforestation, which leads into environmental degradation and 

serious threat to wild life habitat loss. 

3. Further more; the loss of the vegetative cover could result in biodiversity loss, 

which could lead to species extinction even though the rate differs with type of 

species due to its geographic distribution and abundance.  

5. Local vegetation cover change, specifically forest cover change has significant 

and cumulative impact on regional and global climate changes, since 

environmental problems have no boundaries and they are interrelated.  

 

Our current understanding of historic land use land cover change in Ethiopia is 

not adequate. Future understanding of land use land cover change will need to 

be greatly improved with systematic methods and designs addressing land use 

change research. In order to understand the forces of change, it will be 

necessary to conduct studies that explicitly reveal the variations in change 

characteristics. The socio-economic features of the area were studied along with 
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the land cover and land use change study to obtain information on prevailing land 

use land cover change and socio-economic factors that stimulate changes in 

land use and land cover change. This research will address relevant issues on 

land use and land cover changes in relation to the socio-economy and provide 

recommendations, which may contribute to the sustainability of natural forests; 

and to the conservation of biodiversity and wild life habitat in the study area.  
 

1.3. Objectives of the Study  

       1.3.1. Main Objective 

 

To quantify #land use and land cover change; and investigate the       

causes of land cover change of Harenna forest and surrounding area 

        1.3.2. Specific Objectives 

 

• To investigate the extent of land cover change on Harenna 

forest and surrounding area over the 27 years  

• To identify the causes of #land use land cover change; in the 

Harenna forest and surrounding area  

• To asses the trend of land cover change on Harenna forest area  

• To recommend possible intervention actions and suggestions 

for future land use of the study area. 

 

1.4. Approaches Used in the Study  
 

The study area was delineated based on three watersheds. These watersheds 

cover the Harenna forest and surrounding area entirely. Remotely sensed data 

for 1973, 1986 and 2000 were used to analyze land use and land cover of the 

study area. The Land Use and Land Cover change during twenty-seven years 

were evaluated from three Land sat satellite images. Using Geographic 

Information System (GIS), two comparisons between 1973 & 1986, and 1986 & 
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2000 were made. Then the extent and trend of Land Use and Land Cover 

changes was showed. In order to understand the possible causes of land use 

and land cover changes of the area and address issues that enhance land use 

and land cover, in addition biophysical and socio-economic situation of the area 

were assessed through secondary data collection.  

 

1.5. Overall Expectations from the Study 
 

Research on the past and current Land Use and Land Cover can provide 

information to enable the production of regular updates on the distribution of land 

cover at local scales relevant for watershed or regional analyses and resource 

management decisions. Remote sensing and GIS provide quick and 

comparatively cost effective information about land cover changes. In addition, 

the ground-based surveys can provide detailed information on site conditions, 

including habitat quality, land use classification, in addition to socio-economic 

situation of the area. Integrating ground-based and remote sensing data 

collection systems can provide an opportunity to vastly improve the speed and 

overall quality of Land Use and Land Cover data acquisition necessary for 

research and decision-making. 

 

This study was therefore expected to achieve the following: 

• Contribute to the future national parks management strategy in 

particular and to the national land cover database that includes 

attributes of land cover in general. 

• Quantify the extent of the Land Use and Land Cover change; and 

• Recommend appropriate intervention for conservation of natural 

forest of the study area.  

 

 
 
 



 7 

 
1.6. Limitations of the Study 
 

The study had some limitations and attempts are made to figure out some of 

them. It was not possible to find satellite images of earlier dates covering the 

whole study area, even though the 1973 were supposedly the earliest satellite 

image. In addition to this, the limitation related with satellite image was the 

variation of resolution among MSS, TM and ETM+ imageries 79, 30 and 30 

meters resolutions respectively. The other limitation was that the socio-economic 

survey was limited to secondary data that should have been mainly due to 

shortage of time and settlement pattern difficulty. On the other hand, the socio-

economic data used was mainly based on secondary data collected from 

weredas and Bale Mountains National Park offices it may somehow suffer from 

inaccuracies in some aspects. Even though, the secondary data provide better 

information than primary data collection. This is because majority of study area 

was laid within Bale Mountains National Park; and the inhabitants might not 

respond properly since the settlement on the park is not legal.  

 

Apart from these, the other limitation was the difference between existing 

administrative structural organization and available information at governmental 

organizations like Central Statistical Agency (CSA). The administrative 

rearrangement at the area make difficulties to use the information from recent 

administrative structure since the information at Central Statistical Agency (CSA) 

is available at former administrative structure.  
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2. LITERATURE REVIEW   
 

 2.1. Use of Remote Sensing and GIS for Land Use Land Cover 

Mapping and Change Detection 

Remote sensing is defined as the use of electromagnetic radiation sensor to 

record images of the environment that can be interpreted to yield useful 

information (Paul, 1985). A remote sensing system using electromagnetic 

radiation has four components: a source, interactions with the Earths surface, 

interaction with the atmosphere and a sensor. The amount and characteristics of 

radiation emitted or reflected from the Earths surface is dependent and different 

based upon the characteristics of the objects on the Earths surface. So that, 

different objects on the Earth interact with radiation at distinct way and 

knowledge of this interaction is fundamental issue on classification of satellite 

image. Therefore, it is possible to distinguish and classify based on the 

reflectance variation of Earth surface objects. The classification of a satellite 

image can be achieved by supervised or unsupervised procedures. A supervised 

approach relies on the prior specification of training areas by the analyst, in 

which major land cover types are delimited manually as a key for electronically 

classifying the image. It needs the knowledge of study area in advance. In 

contrast, no such visual interpretation is involved in an unsupervised method. It 

uses automated methods to cluster reflectance values in order to derive a 

required number of land classes and their associated spectral signatures (Tudor  

et al., 1998). 

 

Remote sensing and GIS are being increasingly used in combination for spatial 

analysis. GIS databases are used to improve the extraction of relevant 

information from remote sensing imagery, whereas remote sensing data provide 

periodic pictures of geometric and thematic characteristics of terrain objects, 

improving our ability to detect changes and update GIS databases (Janssen, 

1993). Both remote sensing (RS) and geographic information systems (GIS) 
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have been widely applied and recognized as powerful and effective tools in 

detecting the spatiotemporal dynamics of land use and land cover (LULC). 

Remote Sensing can provide researchers with valuable multitemporal data for 

monitoring land-use patterns and processes (Lambin et al., 2001) and GIS 

techniques make possible the analysis and mapping of these patterns (Hualou et 

al., 2006). 

 

Also the merging of remote sensing, GIS and visualization techniques was 

applied to demonstrate the potential for realistic computer visualizations depicting 

the dynamic nature of forested environments. Scientific visualizations can aid in 

environmental and forest management decision-making as a support tool and in 

landscape ecology to relay the findings of studies (Matt et al., 2004). One 

important method of understanding ecological dynamics, such as natural and 

human disturbances, ecological succession and recovery from previous 

disturbances, is the analysis of changing land cover patterns (Turner, 1990). 

Satellite imagery provides an excellent source of data for performing structural 

studies of a landscape. Simple measurements of pattern, such as the number, 

size and shape of patches, can indicate more about the functionality of a land 

cover type than the total area of cover alone (Forman, 1995).  

 
Fung (1990) indicated the importance of techniques and methods of using 

satellite imageries as data sources have been developed and successfully 

applied for land use classification and change detection in various environments 

including rural, urban, and urban fringes. Also Turner et al., (1990), showed the 

use of remote sensing for biodiversity monitoring through direct and indirect 

approaches that basis on individual organisms and through reliance on 

environmental parameters as proxies respectively. Therefore, the use of remote 

sensing satellite data for land use land cover change detection and monitoring is 

widely applying through out the world with the aid of technological improvement 

that provides high resolution images. 
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2.2. Land Use Classification 
 

In the past, there have been several efforts at devising a land use system that 

provides useful information to a wide variety of users and maintains principles 

such as completeness of data and lack of overlap, independence of observation 

tools and links with internationally recognized socio-economic classifications. In 

addition, the reference system requires that the classification be independent of 

scale and independent of the data collection method used. According to FAO 

(1999), the efforts in creating a land use classification fall into two broad 

approaches, the functional and the sequential approaches that are the 

description of land in terms of its socio-economic purpose and the sequence of 

operations that defines land use as a series of operations on land.  

 

Availability of data has also influenced the mixed land use/land cover design of 

national land classification systems. In many countries, the land use classification 

system has focused on agricultural lands for which it is much easier to design a 

land use classification. In fact, this suggests the primary reason for the 

development of mixed systems. Natural land areas like forests and grasslands 

are easier to measure on a land cover basis while agricultural land and built-up 

areas are more easily defined on the basis of land use. According to FAO (1999), 

the difference between land use and land cover classification should be 

understood in order to have a pure land use classification; and it differentiated 

land use and land cover classification as follows: 

 

• Land use classification is based upon the function and the actual purpose 

for which the land is currently being used. Thus, a land use can be defined 

as a series of activities undertaken to produce one or more goods or 

services. A given land use may take place on one, or more than one piece 

of land, and several land uses may occur on the same piece of land. 

Inventorying of land by such a classification provides a quantitative 

measure of land in relation to the economic and environmental 

outcomes/impacts of various human activities and natural events for 
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precise and quantitative analysis and future planning. Such information is 

generally based on mapping of land area using techniques like aerial 

photography, cadastral surveys, etc. supported by ground truthing. 

 

• Land cover classification is based on the observed bio-physical cover of 

the earth’s surface irrespective of its uses including vegetation, 

construction works, water, ice, bare rocks or sand surface. Such 

information is obtained from ground surveys or through remote sensing. 
 

2.3. Land-Use and Land-Cover Dynamics and Links 
  

According to Sherbinin (2002), land use is the term that is used to describe 

human uses of land, or immediate actions modifying or converting land cover. On 

the other hand, land cover refers to the natural vegetative cover types that 

characterize a particular land area. Therefore, landuse change is the proximate 

cause of land-cover change. FAO (1999) illustrates the Land use Land Cover 

dynamics by characterizing land use as the arrangements, activities and inputs 

people undertake in a certain land cover type to produce, change or maintain it, 

while land cover is the observed biophysical cover on the earth’s surface. 

Therefore, land use defined in this way establishes a direct link between land 

cover and the actions of people in their environment.  

 

Land use typically causes distinctive patterns of land cover. That is why all 

remote sensing techniques primarily deliver images of land cover and not of land 

use. To some degree, inferences about land use can be made from these 

patterns of land cover, but for a full land use classification, ground information is 

essential (de Sherbinin, 2002). To begin with, there is considerable diversity of 

opinion about what constitutes land use, although present use of land is one of 

the characteristics that are widely recognized as significant for planning and 

management purposes. One concept that has much merit is that land use refers 

to, man's activities on land which are directly related to the land. On the other 
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hand, land cover describes, the vegetational and artificial constructions covering 

the land surface (James et al., 2001) 
 

In order to understand the various implications of land cover change, 

understanding of land-use change is essential. According to Turner et al., (1990), 

the main actors between land use and land cover changes are human beings 

despite the slow natural processes. Different human driving forces mediated by 

the socio-economic setting and influenced by the existing environmental 

conditions, lead to an intended land use of an existing land cover through the 

manipulation of the biophysical conditions of the land. The fact that human 

beings are the major contributors to land cover changes and are the ones 

experiencing the consequences of these changes, it will be of paramount 

importance to understand the interaction between humans and the terrestrial 

environment. This need becomes more imperative as changes in land use 

become more rapid affecting the livelihoods of societies. Land cover has gone 

under continuous change for millennia. This change has occurred through the 

use of fire for game hunting and clearance of patches of land for agriculture and 

livestock production, since the advent of plant and animal domestication. This is 

because human’s production demands cannot be fulfilled without modification 

and/or conversion of land covers (de Sherbinin, 2002). According to McClelland 

(1998), the alterations of ecosystem services, due to changes in LUCC, in turn 

negatively affect the ability of the biological systems to support the human needs.  
 

2.4. Causes of Land Cover Changes 
 

Land cover changes may occur due to various factors, which may be broadly 

divided into natural and human induced or anthropogenic causes. United States 

Environmental Protection Agency (USEPA, 1999), identified the general causes 

of land use and land cover changes, which are: (1) natural processes, such as 

climate and atmospheric changes, wildfire, and pest infestation; (2) direct effects 

of human activity, such as deforestation and road-building; and (3) indirect 
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effects of human activity, such as water diversion leading to lowering of the water 

table. Even though, natural processes may also contribute to changes in land 

cover, the major driving force is human induced land uses (Allen and Barnes, 

1985). These human induced causes of land cover change, which are critical and 

currently increasing in alarming rate; and can be categorized into two broad 

divisions: proximate and driving causes. The proximate causes are causes which 

results immediate land cover change; while driving causes are causes which 

drives behind the immediate causes.  
  
2.4.1. Proximate Causes 

 

The most significant historical change in land cover has been the expansion of 

agricultural lands. In the past two centuries, the impact of human activities on 

land has grown enormously because of population increase, technological 

development and the requirements thereafter, altering entire landscapes, and 

ultimately affecting the biodiversity, nutrient and hydrological cycles as well as 

climate. Today close to a third of the earth’s land surface is devoted to pastures 

or cropland, which amounts to approximately one-half of all lands suitable for 

agriculture (Houghton, 1994).  

 

A documentation of global patterns of land-use change from 1700 to 2000 is 

presented in Goldewijk (2001); and he reports on worldwide changes of land to 

crops of 136, 412 and 658 Million ha in the periods 1700-1799, 1800 -1899 and 

1900-1990, respectively. Conversion to pasture was 418, 1013 and 1496 million 

hectares in the above indicated three periods.  

 

In Ethiopia, the proximate causes of land cover change particularly natural forest 

destruction are agricultural expansion, both through shifting cultivation and the 

spread of sedentary agriculture; the demand for increasing amounts of 

construction material, fuel wood and charcoal. Charcoal production is 

commonplace in the arid, semi-arid and dry sub humid parts of the country. 
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Using fire to fumigate bees and to facilitate hunting is also very common, which 

results forest fire and destructs natural forests (Kahsay, 2004). 

2.4.2. Underlying or Driving Causes 

 

According to de Sherbinin (2002), the five major factors for driving causes are 

economics, institutions, technology, culture, and demographic change. Based on 

his study economic factors are present in 81 percent of all cases, and clearly 

dominant the underlying causes. Commercialization and the growth of mainly 

timber markets as well as market failures are frequently reported to drive 

deforestation. It is striking those combinations of synergetic drivers rather than 

single drivers at aggregate level are associated with tropical deforestation.  

 

Institutional factors such as policies on land use and economic development, 

transportation, or subsidies for land-based activities, lack of adequate 

governance structures, land tenure and property rights issues, issues of open-

access resources and squatting by landless farmers are the major driving causes 

of cover change. Technological factors in the wood and agriculture sectors, like 

technological changes in the forestry sector in the form of chain saws and heavy 

equipment, and in wood processing, agro-technological factors, modification of 

farming systems through intensification and extensification are playing significant 

role in cover change (de Sherbinin, 2002).  

 

Cultural factors include attitudes and perceptions such as unconcern for forests 

due to low morale and frontier mentalities, lack of stewardship values, and 

disregard for “nature”, profit-orientation of actors, traditional or inherited modes of 

cultivation or land-exploitation, and a commonly expressed sentiment that it is 

necessary to clear the land to establish an exclusive claim. Demographic factors 

such as natural increase or immigration are another driving factor. Most of its 

explanatory power tends to be derived from inter linkages with other underlying 

forces, especially in the full interplay of all five major drivers. Many cases did not 

specify beyond broad notions of population pressure and growth, but those that 
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tended to identify immigration more frequently than natural increase (de 

Sherbinin 2002).  

 

2.5. Land Use Land Cover Change and its Effects on Local, Regional and  
 Global Scales 

 
Thomas (1999), explained the relation between different scale land cover 

changes that land use and land cover changes occur at all scales, and changes 

at local scales can have dramatic, cumulative impacts at broader scales. He also 

discussed that land use and land cover changes are not just of concern at local 

and regional levels because of its impacts on land management practices, 

economic health and sustainability, and social processes, but globally as well.  

2.5.1. Climate Change 
 

Climate is the interaction of all of the components of the Earth’s system and it 

includes the solar and infrared radiation and sensible and latent heat fluxes that 

are all impacted by changes in the Earth’s surface. The significant role of the 

land within the climate system should not be surprising. Apart from their role as 

reservoirs, sinks, and sources of carbon, tropical forests provide numerous 

additional ecosystem services. Many of these ecosystem services directly or 

indirectly influence climate. The climate-related ecosystem services that tropical 

forests provide include the maintenance of elevated soil moisture and surface air 

humidity, reduced sunlight penetration, weaker near-surface winds and the 

inhibition of anaerobic soil conditions (Pielke 2002). 

 

Land surface is an important part of the climate system. The interaction between 

land surface and the atmosphere involves multiple processes and feedbacks, all 

of which may vary simultaneously. It is frequently stressed that the changes of 

vegetation type can modify the characteristics of the regional atmospheric 

circulation and the large-scale external moisture fluxes. So that changes in 

surface energy budgets resulting from land surface change can have a profound 



 16 

influence on the Earth's climate (WMO, 2005). On the other hand the transport 

and transformation of substances in the environment, through living organisms, 

the atmosphere, oceans, land, and ice, are known collectively as biogeochemical 

cycles. The Earth system is composed of a number of biogeochemical cycles, all 

powered by the sun’s energy. These global cycles include the circulation of 

certain elements, or nutrients, upon which life and the earth’s climate depend. 

Then, through these cycles, all components of the environment are interrelated 

and greatly affect each other. Apart from these effects, the presences of drought 

and hydrological feedbacks associated with land-use change locally or through 

teleconnections, have a direct impact on the source/sink capabilities of the 

terrestrial ecosystem. These feedbacks, along with other climate forcing and 

feedbacks, makes climate prediction difficult problem, on time-scales of years. 

Therefore, the biogeochemistry has a significant role within the climate system 

(Gibbard et al., 2005). 

 

The effect of tropical land-use change on climate system is summarized and 

different models are used to simulate the effect of land use - land cover change 

on climate system. Among these, General Circulation Model (GCM) simulations 

by Chase et al. (2000), indicates that regional landscape change can result in 

alterations to surface fluxes elsewhere in the world through nonlinear feedbacks 

within the atmosphere’s global circulation. The alteration of tropical landscapes, 

primarily the conversion of forests to agriculture or pasture, changes the 

partitioning of solar insulation into its sensible and latent turbulent heat forms. 

Less transpiration associated with the agricultural and pastures regions results in 

less thunderstorm activity over this landscape. Also Lawton et al. (2001), 

illustrates the significant regional effects that tropical deforestation has on the 

ecological environment of adjacent mountains.  

 

Land surface is an important part of the climate system. The interaction between 

land surface and the atmosphere involves multiple processes and feedbacks, all 

of which may vary simultaneously. It is frequently stressed that the changes of 
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vegetation type can modify the characteristics of the regional atmospheric 

circulation and the large-scale external moisture fluxes (WMO, 2005). According 

to Gibbard et al. (2005), deliberate land-use change specifically afforestation or 

reforestation has been accepted as a mechanism to remove CO2 from the 

atmosphere and sequester carbon in trees and soils. Also discussed by Wu A. et 

al. (1995), warming of a relatively small area in the tropical eastern and central 

Pacific Ocean has global climate consequences. 

2.5.2. Global Warming 

Global warming is the observed increase in the average temperature of the 

Earth's atmosphere and oceans in recent decades. The Earth's average near-

surface atmospheric temperature raised 0.6 ± 0.2 °C in the 20th century. The 

current scientific consensus is that most of the observed warming over the last 

50 years is likely to have been attributable to human activities. The primary 

causes of the human-induced component of warming are the increased amounts 

of carbon dioxide (CO2) and other greenhouse gases (GHGs). They are released 

by the burning of fossil fuels, land clearing and agriculture, etc. and lead to an 

increase in the greenhouse effect.  

Human activity is vastly altering the Earth’s vegetative cover. Such changes have 

considerable consequences for the health and resilience of ecosystems and for 

human welfare. They also contribute to anthropogenic climate change through a 

variety of processes. These include the growth or degradation of surface 

vegetation, which produces changes in the global atmospheric concentration of 

carbon dioxide; and changes in the land surface, which affect regional and global 

climate by producing changes in the surface energy budgets (Gregg et al. 2003).  

Land use and land cover changes influence carbon fluxes and greenhouse gas 

(GHG) emissions that directly alter atmospheric composition and radiative forcing 

properties. They also change land-surface characteristics and, indirectly, climatic 

processes. Land use and land cover change is an important factor in determining 
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the vulnerability of ecosystems and landscapes to environmental change (WMO, 

2005). 

 

With changes in land use and land cover, all of the elements of climate change 

come into play. Changes in land surface can result in emission or removal of CO2 

to the atmosphere and thus to changes in the Earth’s radiation balance. Carbon 

is one of the most significant elements in that cycle. Carbon in the form of carbon 

dioxide (CO2), carbon monoxide (CO) and methane (CH4) is also a significant 

contributor to greenhouse gases that trap the sun’s energy as it is stored and 

released as long wave emissions from the earth’s surface. Changes in land 

surface can also change the radiation balance by altering the Earth’s surface 

albedo. In addition, changes in land surface can alter the fluxes of sensible and 

latent heat to the atmosphere and thus the distribution of energy within the 

climate system; and in so doing can alter climate at the local, regional, and even 

global scale (Gregg et al., 2003). 

2.5.3. Hydrological Cycle 

 

There are many connections between land surface characteristics and the water 

cycle. First and most obviously, land cover can affect both the degree of 

infiltration and runoff following precipitation events. Secondly, the degree of 

vegetation cover and the albedo of the surface can affect rates of evaporation, 

humidity levels and cloud formation (Gibbard et al., 2005). There are two paths of 

escape for surplus water – through infiltration into underground aquifers, and as 

surface water flows. Natural land cover has various properties that help to 

regulate water flows both above and below ground. Forest canopy and leaf litter; 

for example, help to attenuate the impact of raindrops on the earth’s surface, 

thereby reducing soil erosion. Roots hold the soil in place, especially on steeper 

slopes, and also absorb water. Openings in leaf litter and soil pores permit the 

infiltration of water, which is carried through the soil into the ground water (de 

Sherbinin, 2002). 
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Forests usually evaporate more water than agricultural crops or annual crops for 

two reasons. In wet climates, where the surfaces of vegetation remain wet for 

long periods, forests evaporate intercepted water at higher rates than shorter 

crops because their very rough surfaces assist the aerodynamic transport of 

water vapour into the atmosphere. In drier climates, because the root systems of 

forests are generally much deeper than those of short vegetation or agricultural 

crops, forests can reach more soil water to maintain transpiration during dry 

periods and this lead to higher overall evaporation. Conversion of forest to short 

crops is therefore expected to result in increased runoff and, where the runoff 

feeds lakes, increased lake levels (Dagnachew et al., 2003).  

 

Ethiopia is the water tower of northeastern Africa. However, land cover change 

can affect the amount of runoff to the down stream countries of the Nile basin, 

where every main rainy season big floods are reported. The effects of land cover 

are not only contained within the country, but also on the low-lying countries of 

northeastern Africa as well. Low-level vegetative cover could also affect 

infiltration and could lead to reduced groundwater levels and therefore the base 

flow of streams (Dagnachew et al., 2003). 

2.5.4. Desertification 
 

Desertification is land degradation in arid, semi-arid and dry sub-humid areas 

resulting from various factors, including climatic variation and human activities.  

Furthermore, UNCCD defines land degradation as a reduction or loss, in arid, 

semi-arid, and dry sub-humid areas, of the biological or economic productivity 

and complexity of rain-fed cropland, irrigated cropland, or range, pasture, forest, 

and woodlands resulting from land uses or from a process or combination of 

processes, including processes arising from human activities and habitation 

patterns, such as: (i) soil erosion caused by wind and/or water; (ii) deterioration 

of the physical, chemical, and biological or economic properties of soil; and (iii) 

long-term loss of natural vegetation (WMO, 2005). 
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Desertification is now a global concern. All the problems usually covered by this 

term involve ecological changes that decline land and its ability to sustain 

agriculture and human habitation. Dregne (1992), identified three processes that 

promote desertification: 1) deterioration of vegetation cover from overgrazing, 

woodcutting and burning; 2) wind and water erosion from improper land 

management; and 3) salinization from improper irrigation management. 

 

Desert expansion today is attributed to land degradation from land use, land 

cover change, and climate change. There is growing evidence that human 

activities are creating unprecedented rates of ecosystem change such that novel 

combinations of climate and disturbance factors may exceed the capacity of 

current ecosystems to adapt. Desert ecosystems are typically fragile and even 

small perturbations can have long-lasting impacts on the distribution of 

vegetation and on functionality. Vegetation changes may feedback to climate, 

accelerating further change. Conversely, within the historic climate range, 

vegetation distributions tend to be stable, despite large inter-annual variability 

(Ustin et al., 2005). 

2.5.5. Forest Resource Degradation 
 

Forest ecosystems play multiple roles at global as well as local levels: as 

providers of environmental services to nature in general, humans in particular, 

and as source of economically valued products (UNEP, 2002). Forests especially 

natural forests are used for various ecological and economic purposes. They 

could maintain local climate, regulates hydraulic cycle, used as wildlife habitats 

and reduce runoff and soil erosion. Therefore, depletion of this important natural 

resource will affect other valuable and life supporting resources like water and 

soil. In addition to these, the climate change and biodiversity will also be greatly 

affected by deforestation. It is very strategic and wise approach to avoid other 

problems by solving this key problem. Throughout history, the fate of the world's 

forests has strongly reflected the pattern and intensity of land use by societies. 
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Demand for agricultural land, timber, and other forest products, as well as 

technological change in agriculture, significantly impacts the mode and rate of 

transformation of forested areas (de Sherbinin, 2002). 

 

Deforestation occurs relatively quickly, and in contrast to some other transitions, 

is easily observable by the human eye. Through the use of remote sensing 

technologies, large areas can be monitored, and estimates of deforestation can 

be obtained. Deforestation has a number of repercussions, many of which are: 

• Deforestation can lead to soil erosion or impoverishment, especially in 

tropical areas where soils tend to be thin and nutrient-poor. 

• Deforestation is linked to habitat loss, which is a leading cause of 

species endangerment and biodiversity loss, particularly in humid 

tropical forests. 

• Deforestation affects the hydrological cycle through changes in evapo-

transpiration and run-off; and 

• Deforestation, particularly forest burning, contributes to greenhouse gas 

emissions that bring about climate change. 

 

Deforestation is a major issue in Ethiopia, since it is one of the main causes of 

the prevailing land degradation and loss of biodiversity. Tree cutting is a common 

occurrence, which has been taking place for centuries. A long time back in 

history some parts of Northern Ethiopia, which are today suffering from 

conditions caused by land degradation, were covered with forests. In present day 

Ethiopia, however, forests are being destroyed at an alarming rate and the area 

covered by forests at present is only less than 2.4 percent compared to the 

estimated 40 percent before one hundred years initial coverage (Kahsay, 2004). 

 

The major source of household energy is biomass. A 1984 estimate indicated 

that 94.8% of the total energy consumption in Ethiopia was made up of biomass 

fuels consisting of fuel wood, animal dung and crop residue (EFAP, 1993). Fuel 

wood use makes up 81.8% of these traditional sources, while animal dung and 
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crop residue make up 9.4 and 8.4%, respectively. Traditional fuels make up 

99.9% of the rural energy consumption and the rural population consumes 86.7% 

of the total net energy (EFAP, 1993). 

2.5.6. Land Degradation 

 

Land degradation is broadly defined as any form of deterioration of the natural 

potential of land that affects ecosystem integrity either in terms of reducing its 

sustainable ecological productivity or in terms of its native biological richness and 

maintenance of resilience. It is a worldwide phenomenon substantially affecting 

productivity in over 80 countries on all continents (GEF, 2003). Also UNEP 

(2002), point outs that problem of Africa in relation with land are degradation and 

desertification due to deforestation, which is mainly caused by land cover change 

for various purposes.  
 

Causes of land degradation are not only biophysical, but also socioeconomic like 

land tenure, marketing, institutional support, income and human health; and 

political incentives, political stability (WMO 2005). Land degradation damages 

soil structure and leads to the loss of soil nutrients through processes such as 

water or wind erosion; water logging and salinization; and soil compaction. The 

main causes of land degradation are inappropriate land use, mainly 

unsustainable agricultural practices; overgrazing; and deforestation. These 

practices are most prevalent in places where land, water, and other natural 

resources are under-priced. In addition, people who do not have land tenure 

security and/or water rights have little or no incentive to invest in sustainable land 

management. Instead, they tend to focus on meeting their short-term economic 

needs, to the detriment of the environment (GEF, 2003). 
 

According to UNCCD, the consequences of land degradation include 

undermining of food production, famine, increased social costs, decline in the 

quantity and quality of fresh water supplies, increased poverty and political 

instability, reduction in the land's resilience to natural climate variability and 
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decreased soil productivity. Land degradation aggravates CO2 induced climate 

change through the release of CO2 from cleared and dead vegetation and 

through the reduction of the carbon sequestration potential of degraded land 

(WMO, 2005). 

 

The soils in the Ethiopian highlands have a high inherent fertility, the continuous 

removal of nutrients without replacement as well as the steep and dissected 

terrain with extensive areas of slopes of over 15%, coupled with the high intensity 

of rainfall, have led to accelerated soil erosion reaching up to 400 tons-1ha-1yr-1

2.5.7. Biodiversity Loss 

. 

About 20,000-30,000 ha of cropland in the highlands is being abandoned 

annually since cropping can no longer be supported by the soil. It is projected 

that land degradation at the present rates could destroy the farmlands of some 

10 million highland farmers by 2010.  Population, deforestation, and erosion are 

part of a vicious cycle (EFAP, 1993).  

 
The CBD defines biodiversity as the variability among living organisms from all 

sources including terrestrial, marine and other aquatic ecosystems and the 

ecological complexes of which they are part; this includes diversity within 

species, between species and of ecosystems. It is the variety of life on earth at 

all levels, from genes to worldwide populations of the same species; from 

communities of species sharing the same small area of habitat to worldwide 

ecosystems (IAIA, 2005). 

 

Biodiversity refers to the variability among living organisms from all sources, 

including terrestrial, marine and other aquatic ecosystems, the ecological 

complexes of which they are part. It will include diversity within species, between 

species and of ecosystems (UNEP, 2002). Ecosystem services are the benefits 

people obtain from ecosystems. Biodiversity plays an important role in the way 

ecosystems function and in the many services they provide. Services include 

nutrient and water cycling, soil formation and retention, resistance against 
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invasive species, pollination of plants, regulation of climate, as well as pest and 

pollution control by ecosystems. For ecosystem services it matters which species 

are abundant as well as how many species are present. 

 

While agriculture sometimes represents a wholesale conversion of land from 

natural states to crop or pastureland, often the process is a gradual one in which 

a succession of land uses punches holes in the fabric of nature in ways that can 

be deleterious to biodiversity. This process is known as forest or habitat 

fragmentation. Fragmentation can lead to reductions in total genetic variation, 

dispersal barriers and, for plants, the potential loss of key biotic interactions with 

pollinators and dispersal agents (IAIA, 1994). A study of human population and 

biodiversity distribution in Africa showed that human population density was 

highest in areas of high biodiversity.  
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3. GENERAL DESCRIPTION OF THE STUDY AREA 
 

3.1. Location 
 

The Harenna forest is found within the Bale Mountains National Park and it 

comprises the southern end of the park (Fig. 1) and it is the only forest that 

shows complete altitudinal variation of vegetation change in the country 

(Biodiversity Assessment of BMNPSA 2004).  Bale Mountains National Park is in 

southeastern Ethiopia, 400 km by road from Addis Ababa. The Bale Mountains 

form the southeastern limit of the eastern Ethiopian highlands, along the eastern 

edge of the Rift Valley. The park lies entirely within Oromia National Regional 

State. It lies partly within four Waredas: Adaba, Dinsho, Goba, and Mena. The 

geographical coordinates of the park area is N6º29' – N7º10', and E39º28' – 

E39º57'. 

 

3.2. Bio-physical environment  
 

3.2.1. Geology 
 

The Bale Mountains were formed from lava outpourings in the Miocene and 

Oligocene geological periods, and were formed prior to the formation of the Rift 

valley, probably about 40 – 25 million years ago. There is an evidence of 

glaciations occurred in the Bale Mountains in the past, about 2,000 years ago. It 

is believed that these glaciations were in parallel with the glaciations of the 

Semien Mountains, and East African Mountains such as Mountain Kilimanjaro. 

Therefore, the present landscape in the Bale Mountains is somehow a reflection 

of a long term, probably over 20 million years of weathering processes and 

modifications of the original topography of the Oligocene lava outpourings (Mohr, 

1963). 
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   Figure 3.1. Map of Study area. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Location of the Study Area. 

To Negele 

From Goba 
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3.2.2. Vegetation 
 

The study area, Harenna forest and its surrounding, is the second largest patch 

of Tropical Moist Montana Rainforest in the country with rich biodiversity. 

According to Biodiversity Assessment of Medicinal Trees in BMNP (2004), the 

Harenna forest was classified into seven different vegetation belts. The dominant 

vegetation types, their corresponding altitude and percentage cover on the study 

area are presented below (Table 1). These vegetation types are very important 

habitats for various mammals, birds, rodents and other precious endemic wild 

lives. Therefore, it is wise approach to conserve the vegetation in order to solve 

all other associated problems like species extinction, biodiversity loss, land 

degradation, climate change and others.   

 

Table 1. Dominant Vegetation types and their corresponding altitudes in 
the Harenna forest area. 

 
S. 

No 

 

Dominant Vegetation Type 

Altitudinal Range 

(meters above sea level) 

1 Ocotea-Olea-Podocarpus-Syzygium 1500-1700 

2 Syzygium-Polyscias-Allophylus-Erythrina 1700-2100 

3 Schefflera-Hagenia- Erythrina-Galiniera 2100-2700 

4 Hagenia-Hypericum- Schefflera-Myrsine 2700-3000 

5 Erica arborea trees 3000-3200 

6 Erica arborea-E. trimera 3200-3800 

7 Helichrysum citrispinum-H. Splendidum 3800-4377 

           

Source: (Biodiversity Assessment of the Bale Mountains National Park and   

Surrounding Areas, 2004) 
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3.2.3. Wildlife 
 

The great altitudinal variation and habitat diversity in the different sections of 

BMNP create a very conducive environment to harbor varieties of faunal 

resources. There are 68 mammal species, and more than 265 bird species are 

recorded from the park (EWNHS, 1996). Endemic species other than mammals 

such as in reptiles, amphibians, invertebrates and plants are also high in diversity 

in Bale (Table 2). 

 

Table 2. Endemic Species of the Bale Mountains (Source, EWNHS, 1996). 
 

 

 

Type of 

wildlife 

 

Total 

species 

of 

Ethiopia 

 

Number 

of 

endemics 

 

% 

total 

%  

Ethiopian 

endemics 

Found  

in Bale 

 

Total 

species of 

Bale 

Maintains 

 

Number 

of 

endemics 

In Bale 

 

% 

total 

Mammals 260 22 8.5 50 68 11 16.2 

Birds 816 16 2 37.5 265 6 2.3 

Snakes 77 3 3.9 - 2 0 0 

Lizards - - - - 3 0 0 

Frogs 55 20 36.4 35 8 7 87.5 

 

The largest percentage of distribution of mammals is found in the Northern 

woodlands. The distribution of faunal species of BMNP along the vegetation 

zones is shown in Annex I. The most notable larger mammal species at present 

are: Mountain Nyala, Ethiopian Wolf, Bohor Reed Buck and Giant mole rat. The 

first two, Mountain Nyala and Ethiopian Wolf, are endemic to Ethiopia, which 

justifies the reason for the establishment of a national park in the Bale 

Mountains. The later species of Rodent, Giant Mole Rat is not only endemic to 

Ethiopia but also it is found only in the Bale Mountains (Hillman, 1986). 
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3.2.4. Water resources 
 

The Bale mountains are important water catchments area that support the life of 

millions of people in the lowland adjacent areas. The four major rivers of the 

country: Wabe Shebelle, Web, Dumal and Welmel arise from the Bale 

mountains, which their tributaries are listed as follows (Table 3). 

 

 

Table 3. Rivers in Bale Mountains National Park (Source, Hillman, 1986). 

 

No 

Name of the 

Rivers 

 

Tributaries of the River 

1. Web Albabo, Dalacha, Danka, Dimbeeba, Garano, Gaysay, Kabasha, 

Kaficho, Keyrensa, Lolla, Micha, Shaiya, Shaiya Gugesa, Tayanta, 

Togona,  Toroshama, Walla, Wasama, Web and Zetegne Melka. 

2. Wabe 

Shebelle 

Abasa, Arba, Baaranda, Boko, Furunna, Gondadoh, Layleeso and 

Solay. 

3. Welmel Garemba, Rira, Shawe, Shisha, and Yadot. 

4. Dumal 6 unnamed tributaries 

 

All over 40 streams originate from the Bale Mountains. Therefore, considerable 

number of population in the adjacent lowland areas, as well as the neighboring 

country of Somalia depends on the Bale Mountains for their water supply, 

particularly in the dry season. 

3.2.5. Climate 
 

As a result of the great variation in altitude and, due to the presence of high 

mountain massifs, there is a considerable variation in climate in the different 

sections of the park. For instance at the northern part of the park, climate is 

conducive for plant growth, as there is ample amount of rainfall, and moderate 

temperature and relative humidity. Whereas, at the central plateau, climate is not 

suitable since rainfall is erratic, and water is usually locked up in ice and frost; 

there is also frequent mist and sometimes hail falls. In addition to these 
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macroclimate variations, the high mountain massifs and valleys create 

microclimatic conditions, usually favored by plants and animals, particularly at the 

central plateau, where there are harsh environmental conditions. 

3.2.5.1. Rainfall 
 

Precipitation at the Bale Mountains falls largely as rain, occasionally as snow or 

mist. The rainfall is characterized by an eight months rainy season from March to 

October, followed by a four months dry season from November to February. 

Rainfall is well distributed throughout the wet season, ranging from 1000 to 1400 

mm annual rain (Daniel, 1977). Rainfall appears to increase with altitude up to 

3,850 m, and then begins to fall again (Hillman, 1986). 

3.2.5.2. Temperature 
 

Temperature records from the Bale Mountains indicate that the wet seasons are 

comparatively warm and the dry seasons are extremely cold at nights and warm 

during the days. On the highest plateau of Bale at Sanetti the lowest recorded 

temperature was minus 15ºC and the maximum was 26ºC (Hillman, 1986). 

Similarly, the lowest recorded temperature in the Dinsho area was minus 6ºC. 

3.2.5.3. Humidity 

Relative humidity measured with thermo hygrograph ranged from 17% to 100% 

during the dry and wet periods, respectively (Hillman, 1986). 
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3.3. Socio-Economic Characteristics of the Study Area 
 

The study area is mostly accommodated with in the Bale Mountains National 

Park. Eventhough the park should be free from human settlement, there are 

more than 3131 house holds inhabited the Bale Mountains National Park (BMNP 

Documentation). The total populations that are settled within the park are 

increasing from time to time. The average population density of the area is 17.6 

per km2. The numbers of inhabitants are increasing at recent years due to 

immigration from other places like Haraghe and Arsi. According to UNEUE 

(2002), there was migration from Arsi and Haraghe zone in to Bale zone; and 

among these migrants about 2,433 house holds accounts for 17,067 total family 

sizes were settled in Mena Hangatu wereda part of which is within the Bale 

Mountains National Park.   

 

Major economic activities in the area are crop production, bee keeping, animal 

husbandry, coffee production, timber logging and tourism. As human population 

increases the cropping land and grazing area also increases to some extend. 

Thus, these economic activities will greatly affect the forest cover that used for 

wildlife habitat and feeding source. Though it is not organized, the presence of 

the park is used as income generation for some local youths that used to earn 

income by translating for and guiding tourists and researchers. The study area 

falls in three weredas in Bale zone based on former administrative structure.  

These weredas are Goba, Adaba, and Mena Hangetu. According to CSA (2006) 

projection, the population density of the area is 65.6 per km2, 59.5 per km2 and 

17.6 per km2 for Goba, Adaba and Mena Hangetu weredas respectively. 

However, the average population density for Bale zone is 27.8 per km2. When 

this zone is compared with other zones in Ethiopia, the population density is 

relatively low. The bale zone is known to be the most wheat producer area in the 

country.   
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4. MATERIALS AND METHODS 

4.1. Materials Used 

Various soft wares and equipments were used during the study. The soft wares 

like ERDAS 8.6 and ENVI 4.2 were used to analyze the satellite image and to 

classify the images. The ArcGIS 9.1 was used to analyze the classified data and 

to delineate the study area. Other materials like topo sheet (1:50,000 scale) and 

satellite images (Landsat MSS 1973, Landsat TM 1986 Landsat ETM 2000) were 

also used as reference and source of data respectively. Apart from these, 

Garmin GPS was used to collect ground truthing data. 
 

4.2. Methodology   

4.2.1 Data collection 
 
 4.2.1.1. Socio-Economic data acquisition  
 

Through interviewing the informant groups and referring to literature on study 

area, socio-economic data were obtained. Peasant Association level information 

was also collected from both Development Agents and Bureaus of Agriculture 

offices of respective weredas and Bale National Park. Census data from CSA 

were also used, along with own-generated data through informant interviews. 

Field observations were also made. 

 

According to the current administrative arrangements, 11 Peasant Associations 

were included in the Bale Mountains National Park. These are Eshedom, Gojera, 

Gora, Meskel Darkeena, Hawao, Geremba Deema, Lashekon, Ayida, Rira, 

Wabero and Bucha Raya. The study area was delineated based on three 

watersheds that represent the Harenna forest and surrounding area. These 

selected three watersheds, which used for delineating the study area, are based 

on three rivers, Yadot, Shewe and Welmel, those originates from Sannetti platue 

and cover most of the study area.  



 33 

 

The Peasant Association level information was obtained from PA leaders, elders 

and from data existing in Development Association and Bale National Park 

offices. In order to bridge the information gap, secondary data that could not be 

available from the peasant association leaders was also obtained from 

governmental organizations on weredas level like agricultural and rural 

development office, tour guides since they know the Harenna forest very well, 

BMNP library and other personal communications with park staffs. Therefore, the 

information obtained from above sources was used to identify the causes and 

trend of land use land cover change in the study area. 

4.2.1.2. Satellite Image  
 

Present and past information on land cover and land use change for the study 

area was generated from remotely sensed data. Satellite image from Landsat 

MSS for 1973, TM for 1986 and for ETM+ 2000, was obtained from Ethiopian 

Mapping Authority (EMA). These three years satellite images, 1973, 1986 and 

2000, used in land use land cover change analysis are presented (figure 2). 

 

 

  

 

 

 

 

 

 

 
 

 

 

Figure 2. Satellite images in false colour composite (4-3-2) used.       

 1973 image                              1986 image                          2000 image 
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It is believed that the time gap of about twenty seven years between the three 

satellite imagery is wide enough to show changes and trends in Land Use and 

Land Cover in the Harenna forest and surrounding area. These sources of 

information were used to analyze land cover and land use changes over the 

years for the study area. Topographic maps and map of the Bale National Park, 

both at 1:50,000 scales and associated population information were obtained 

from Ethiopian Mapping Authority (EMA) and Central Statistics Authority (CSA), 

respectively. The following flow chart shows the procedures and methodology 

followed during the LU/LC change analysis and the input resources used (Fig. 3). 

 

4.3. Land Use and Land Cover Classes and Definitions 
 

From visual and digital interpretations of the satellite imagery, different land use 

land cover categories were distinguished, so that it will be possible to investigate 

changes that occurred since 1973. Global Positioning System (GPS) was used 

during training site collection and ground verification of image interpretations. 

Based on the satellite images and ground truthing for the recent image, the land 

use land cover classes analyzed for changes were: dense forest, open forest, 

open woodland, bare land, agricultural land and shrub land. The land use and 

land cover classification was based on the extent and type that cover and used 

by inhabitants respectively. Categorizing the above listed land use and land 

cover was based on visual interpretation of satellite imagery and field 

observation. Further fieldwork was done to differentiate between dense forest 

and open forest classes. Fifteen sites were selected randomly with in the forest 

and the area covered by forest canopy was measured with in 10m by 10m-wide 

quadrant. The measurement was made between eleven and half am and twelve 

and half pm hours in order to minimize the over lap of shade. However, during 

these hours the sun will be at straight forward and the shade overlap will be 

minimized. Then the canopy that covered more than eighty five percent was 

categorized as dense forest. So that based on those training sites and similar 

spectral signatures that vary based on reflectance value of radiation dense forest 
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was classified. These were the existing land use and land cover classes on study 

area and the description of these land use land cover categories is given below 

(Table 4). 

 
Table  4. Description of land covers categories for change detection   

between 1973, 1986 and 2000 for the study area. 
 

 
Land Use/Cover type 

 

 
Land Use/Cover Description 

 

Dense forest land Forest areas covered with trees that have closed 

canopy cover (>85%). 

Open forest land Areas of forest covered with trees that have open 

canopy cover (<85%). 

Open wood land Land area that is covered with scattered woods (<25 

trees/ ha) 

Bare land Area of land with in and around forest that have no 

vegetation cover. 

Agriculture Areas of land ploughed/prepared for growing various 

crops.  

Shrub land Areas covered with mainly shrubs and other small 

sized plant species. 
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4.4. Data Analysis 

4.4.1. Pre Classification 
 

Land use classification is the extraction of differentiated classes of land cover 

and land use categories from remotely sensed data. Pre-field image processing 

was done using false colour composite of bands 3, 2, and 1 in RGB (Red Green 

and Blue) band combination by using ERDAS Imagine 8.6 and ENVI 4.2 soft 

wares. This is because vegetation cover reflects more at infrared region than 

visible band. At true colour composite only green band will be reflected and the 

other bands will be absorbed for photosynthesis by chlorophyll. Since the 

acquired satellite image was already geo-referenced, there is no need of geo-

referencing of the acquired satellite image. Then the original satellite image was 

subset by using ERDAS Imagine 8.6 to fit the digitized study area that was 

delineated based on the watersheds. 

4.4.2. Classification 
 

Classification of a satellite image can be done either by supervised or 

unsupervised procedures. A supervised approach relies on the prior specification 

of training areas, in which major land cover types are delimited manually as a key 

for electronically classifying the image. In contrast, no such visual interpretation 

is involved in an unsupervised method. It uses automated methods to cluster 

reflectance values in order to derive a required number of land classes and their 

associated spectral signatures. This was supplemented by a number of field 

visits that made it possible to establish the main land use land cover types. The 

classification of changed area may be performed according to any desired 

decision rule like maximum likelihood, minimum distance and decision trees. For 

this study a supervised classification scheme with maximum likelihood classifier 

decision rule was used by following three stages, assigning training sites, 

classification and outputs. For each land use and land cover categories four 

region of interest was selected during classification.  
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4.4.3. Post Classification 

 

After accomplishing classification of each land use land cover classes, some post 

classification techniques were applied on the classified image. Some of them are 

Majority analysis, Class statistics analysis and Accuracy assessment.  

 

Majority Analysis: Classified data often manifest a salt-and-pepper appearance 

due to the inherent spectral variability encountered by a classifier (Lillesand & 

Kiefer, 1994) and it is often desirable to smooth the classified output to show only 

the dominant (presumably the correct) classification. Moreover, classified images 

often suffer from a lack of spatial coherency (speckle or holes in classified 

areas). Low pass filtering could be used to smooth these images, but the class 

information would be contaminated by adjacent class codes. To overcome this 

problem three-majority filter analyses were applied using a kernel size of 5X5 

pixels in ENVI 4.2.  

 

Class Statistics Analysis: This is another post classification technique, which 

helps to know what percent, and area coverage of each land use land cover has 

for each period.  

 

Accuracy Assessment: The other crucial post classification technique is the 

accuracy assessment by which the over all accuracy of satellite image 

classification as compared with the actual condition could be compared.   

 

Finally image differencing between two produced maps in order to detect change 

was made. Normally, the map from t1 is compared with the map produced at time 

t2, and a complete matrix of categorical change will be obtained. The simple 

approach consists of comparing the properly coded results of two separate 

classifications. So that, two comparisons based on three satellite images based 

classified maps, 1973, 1986 and 2000 were made. The first comparison was 

between 1973 and 1986; and the second comparison was between 1986 and 

2000 maps. Based on the comparison by using spatial statistics the land use 
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land cover change was detected. Also the direction of change was analyzed by 

change detection statistics and presented in change detection matrix (Table 13 

and Table 15).   

 

4.4.4. NDVI Change Detection 

 
It is obvious that change detection can be done by using various techniques like 

automated change detection from supervised classification, NDVI based change 

detection, pixel by pixel change detection and others. In this study only two 

methods were examined and their output was evaluated. In the previous section 

supervised based change detection were evaluated.  But the major intention of 

the research is to see the extent of modification of forest in the park NDVI analysis 

of the images is also by far important to examine explicitly the forest cover 

variations of the study area.  

 

NDVI is the most widely used indices of all vegetation indices. It only requires 

data from the red and near infrared portion of the electromagnetic spectrum, and 

it can be applied to virtually all-multispectral data types. NDVI has been used to 

differentiate vegetation from other land cover classes   and to see the vegetation 

cover change using NDVI image change detection method. The Normalized 

Difference Vegetation Index (NDVI) is calculated from a land sat scene by taking 

the ratio of the difference of the near infrared and red reflection and the sum 

between these two bands.        

 

NDVI =  (Near infrared band-red band) 
    (Near infrared band +red band)                               



 39 

Figure 3. Procedure of land use land cover change analysis 
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5. RESULTS AND DISCUSSION 
 

5.1. Socio- Economic Characteristics of the study area 
 

 

According to the currently available figures on human population and land size, 

population density for the study area is about 17.6 persons per Km2. The recent 

data from CSA, (2006), shows that the population density is similar to what has 

been reported before (Annex 5). Out of the whole population included in the study 

area most are completely earning their livelihood from the Harenna forest.  

 

The major economic activities of the inhabitants around the Harenna forest are 

animal husbandry, crop production, bee keeping and coffee production. In 

addition to these there is timber-logging activity that is threatening the natural 

forest of the study area. These affect the environment at different magnitude, 

some are very destructive and the others are environmentally benign that do not 

impact on the natural forest. For example bee-keeping activity cannot affect the 

forest cover if intensive care is taken during harvesting in order to avoid forest 

fire. However, it will be the most destructive activity if harvesting activity is 

carelessly done. On the other hand, crop cultivation, which is usually followed by 

forest clearing, can be the major reason for forest cover change. The farmers 

clear the forest frequently for two reasons: to expand cultivation land and to get 

more fertile land. But the soil fertility will not continue for a long period of time due 

to the tropical forest nature which accumulates most important elements on their 

biomass rather than on soil and that also interrupts the biogeochemical cycle. 

That is why most of the inhabitants do shifting cultivation rather than permanently 

cultivating. Then such cultivation practice is the most cause and threat for 

deforestation and forest cover change. This is because of the availability of land 

around the inhabitants; however, its primary objective is conservation for wild life 

habitat not cultivation. Since Harenna forest is within Bale Mountains National 

Park, which is protected for wildlife conservation, the human settlement and 

associated economic activities are illegal. 
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The major causes of land use land cover change in the study area were human 

induced activities. Apart from above stated economic activities that influenced the 

natural forest, the inhabitants within the national park used to destroy the forest 

cover by fire.  While this study was being conducted, some area of Harenna 

forest around kecha escarpment was put under forest fire and some part of 

beautiful escarpment was destroyed.  
 

5.2. Land Use and Land Cover Mapping  

 5.2.1. Land Use Land Cover Classification for 1973 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Land Use and Land Cover Map of 1973 
The study area has six land use land cover categories, which were: dense forest, 

open forest, open woodland, bare land, agricultural land and shrub land. The 

description of these land cover categories was presented previously (Table 4). 
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The land use and land cover classification for 1973 from MSS satellite image is 

(Figure 4.)  

 

Table 5. Land Use Land Cover Classes and their Corresponding Areas for   
1973 

 

5.2.2. Land Use Land Cover Classification for 1986 
 

The satellite image of 1986 was classified based on reflectance signature of solar 

radiation that differs according to various Earth surface objects.  The land use 

land cover classification for 1986 from TM satellite image (Figure 5) showed that 

dense forest and open forest accounted for 35,767.5 ha (15.0%) and 113,403.8 

ha (48.0%) respectively, while open woodland, bare land, cultivated land and 

shrub land amounted to about 12,589.5 ha (5.0%), 22,751.9 ha (10.0%), 

22,542.3 ha (10.0%) and 28,383.5 ha (12.0%) respectively (Table 6). Most 

portion of the land use land cover class was open forest during this period. 

 

 
Land Cover Type 

 
Area in 1973 (ha) 

 
(%) Land Cover  

in 1973 
Dense forest 65,577.7 28.0 

Open forest 82,773.9 35.0 

Open woodland 20,222.1 9.0 

Bare land 8,343.7 4.0 

Agriculture 33,967.9 14.0 

Shrub land 24,450.0 10.0 

Total 235,335.3 100 
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Figure 5. Land Use Land Cover Classification Map of 1986 
 

Table 6. LU/LC Classes, their Corresponding Areas for 1986. 

 

 
 
 
 

 

 
 

 

 

 

Land Cover Type 

 

Area in 1986 

(ha) 

 

(%) Land Cover  

in 1986 

Dense forest 35,767.5 15.0 

Open forest 113,403.8 48.0 

Open woodland 12,589.5 5.0 

Bare land 22,751.9 10.0 

Agriculture 22,542.3 10.0 

Shrub land 28,383.5 12.0 

Total 235,335.3 100 
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5.2.3. Land Use Land Cover Classification for 2000 

 
The same procedures were used during 2000 satellite image classification to 

identify the amount of land use land cover that occupied by each LU/LC 

categories. It was the latest image that used to detect the land use land cover of 

the study area. It is strongly believed that there would be LU/LC changes in the 

area after 2000. However, it was difficult to obtain satellite image to analyze the 

LU/LC change. The land use land cover classification for 2000 from ETM+ 

satellite image (figure 6) showed that dense forest and open forest accounting for 

13,008.3 ha (6.0%) and 131,150.3 ha (56%) respectively, while open woodland, 

bare land, cultivated land and shrub land amounted to about 20,674.4 ha (9.0%), 

11,417.5 ha (5.0%), 50,522.3 ha (21.0%) and 8,607.0 ha (4.0%) respectively 

(Table 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Land use land cover classification map of 2000 
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Table 7. LU/LC Classes, their Corresponding Areas for 2000 

5.2.4. Post Classification and Accuracy Assessment  

 

Accuracy of LU/LC can be described using percentage. The higher the 

percentage of the accuracy, the better the classification. In this study accuracy 

assessment has been done for all period of classification. The diagonal values of 

the accuracy assessment table describe the correctly classified percent of each 

land use land cover classes and the other non diagonal values are those which 

are incorrectly classified classes. The overall accuracy assessment also 

describes the over all LU/LC classes accuracy of classification for a single period 

5.2.4.1. Accuracy Assessment for LU/LC Mapping of 1973 

 
The LU/LC classification accuracy of the year 1973 was relatively poor as 

compared with the other periods. The reason behind this is the MSS data of the 

year 1973 has a lot of error. The most significant one is it has noise problem and 

also has poor spatial resolution. The overall accuracy of this period of 

classification results 85% and accuracy of each LU/LC classes is present in the 

table below (Table 8). The accuracy assessment table describes the percentage 

of accuracy of mapping each land use and land cover classes.  

 
Land Cover Type 

 
Area in 2000 (ha) 

 
(%) Land Cover 

in 1986 
Dense forest 13,008.3 6.0 

Open forest 131,150.3 56.0 

Open woodland 20,674.4 9.0 

Bare land 11,417.5 5.0 

Agriculture 50,522.3 21.0 

Shrub land 8,607.0 4.0 

Total 235,335.3 100 
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Table 8. Confusion Matrix 1973 (%) 

 

5.2.4.2. Accuracy Assessment for LU/LC Mapping of 1986 

 

The Land Use Land Cover classification accuracy of the year 1986 was relatively 

better than 1973 but less than 2000 image. The overall accuracy of this period of 

classification results 90% and accuracy of each Land Use Land Cover classes is 

present in the table below (Table 9). 

 

Table 9. Confusion Matrix 1986 (%) 
 

5.2.4.3. Accuracy Assessment for Land Use Land Cover Mapping of 2000 

 

Land Use Land 
Cover Classes 

Dense 
Forest 

Open 
Forest Woodland 

Bare 
Land Agriculture 

Shrub 
Land 

Dense forest 86.02 10.74 0 0 0 0.35 

Open forest  7.52 84.26 10.05 0.26 0 0.85 

Open woodland 2.0 3.0 77.38 3.00 2.52 0 

Bare land  0 0 0.15 85.71 1.59 0 

Agriculture 0 0 11.43 10.03 90.9 3.0 

Shrub land  4.46 2.00 1.0 0 5.0 95.8 

Total 100 100 100 100 100 100 

Land Use Land 
Cover Classes 

Dense 
Forest 

Open 
Forest 

Open 
Woodland 

Bare 
Land Agriculture 

Shrub 
Land 

Dense Forest 93.02 7.74 0 0 0 3.35 

Open Forest  5.52 91.26 3.05 3.26 0 0.85 

Open Woodland 0 0 85.38 0 2.52 0 

Bare Land  0 0 0.15 87.71 0.59 0 

Agriculture  0 0 11.43 10.03 96.9 0 

Shrub Land  0.46 0 0 0 0 95.8 

Total 100 100 100 100 100 100 



 47 

The Land Use Land Cover classification accuracy of the year 2000 was relatively 

better as compared with the other periods. The reason behind this is the use of 

panchromatic channel that has better resolution than the other land sat images.  

The overall accuracy of this period of classification results 95.5% and accuracy of 

each Land Use Land Cover classes is present in the table below (Table 10). 

 
Table 10. Confusion Matrix 2000 (%) 
 

 
5.2.4.4. Classes Statistics Analysis  
 

The class statistics analysis is very important in describing the coverage of each 

land use land cover classes in each period. The result of the class statistics 

analysis done after classification for all periods is shown in Table 11.  

 

 

 

 

 

 

 
 
 

Land Use Land 
Cover Classes 

Dense    
Forest 

Open 
Forest 

Open 
Woodland 

Bare 
Land Agriculture 

Shrub 
Land 

Dense Forest 96.02 3.74 0 0 0 0.35 

Open Forest  3.52 96.26 1.05 0.26 0 0.85 

Open Woodland 0 0 87.38 0 2.52 0 

Bare Land  0 0 0.15 89.71 1.59 0 

Agriculture  0 0 11.43 10.03 95.9 0 

Shrub Land  0.46 0 0 0 0 98.8 
Total 100 100 100 100 100 100 
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Table 11.  Summery of LULC Class Statistics of 1973, 1986 & 2000 
 
Land Use Land 

Class Types 
Area in  

1973 
Area in  

1986 
Area in  

2000 
(ha) (%)  (ha) (%) (ha) (%) 

Dense Forest 65,577.7 28.0 35,767.5 15.0 13,008.3 6.0 

Open Forest 82,773.9 35.0 113,403.8 48.0 131,150.3 56.0 

Open Woodland 20,222.1 9.0 12,589.5 5.0 20,674.4 9.0 

Bare Land 8,343.7 4.0 22,751.9 10.0 11,417.5 5.0 

Agriculture 33,967.9 14.0 22,542.3 10.0 50,522.3 21.0 

Shrub Land 24,450.0 10.0 28,383.5 12.0 8,607.0 4.0 

Total 235,335.3 100 235,335.3 100 235,335.3 100 

 
5.3. Land Use and Land Cover Change Detection 

5.3.1. LU/LC Change Detection for 1973 to 1986 

 
As indicated in the methodology part of this research paper, the change detection 

was made based on the classified maps of 1973 and 1986. When 1986 land use 

land cover classification compared with 1973 land use land cover classification, 

there was change that shows decrease or increase in particular land use land 

cover. The land use land cover categories that shows increase are open forest, 

bare land and shrub land amounted to 30,629.9 ha (13.0%), 1,408.2 ha (6.0%) 

and 3,933.5 (2.0%) respectively. On the other hand, the land use land cover 

categories like dense forest, open woodland and agriculture showed decrease 

amounted to 29,810.2 ha (13.0%), 7,632.6 ha (4.0%) and 11,425.6 ha (4.0%); 

respectively (Table 12). 
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Table 12. Land Covers Classes & their Areas and Change for 1973 & 1986. 
 

 

The change detection tables presented below are change matrices that depict 

what are changed to what. The column of the table represents the initial stage 

1973 or 1986 and the row represents the final stage 1986 or 2000. The diagonal 

values of the table depict the unchanged values, which are found in both times 

images. Unlike the diagonal values the class change tells the total changed 

image areas of each LU/LC of the initial stages.  Where as the class total value 

of the column indicates the initial stage image total area of each LU/LC classes 

where as the row total represents the final stage area of LU/LC classes.  The 

Image difference is the total net change of the two time images. The negative 

image difference indicates a certain LU/LC is in a state of decrement and the 

positive indicates increment. In summery, the LU/LC changes in all the land use 

types are not static; there is a significant LU/LC change observed in the area. 

The automated digital LU/LC change between the time periods of 1973 and 1986 

and 1986 and 2000 is presented in the tables respectively.  

 

 
Land Cover Type 

 
Area in 

1973 (ha) 

 
(%) Land 
Cover in 

1973 

 
Area in 

1986 (ha) 

 
(%) Land 
Cover in 

1986 

 
Changes between 

1973 and 1986 
(ha) (%) 

Dense forest 65,577.7 28.0 35,767.5 15.0 -29,810.2 - 13.0 

Open forest 82,773.9 35.0 113,403.8 48.0 +30,629.9 +13.0 

Open woodland 20,222.1 9.0 12,589.5 5.0 -7,632.6 - 4.0 

Bare land 8,343.7 4.0 22,751.9 10.0 +1,408.2 + 6.0 

Agriculture 33,967.9 14.0 22,542.3 10.0 -11,425.6 - 4.0 

Shrub land 24,450.0 10.0 28,383.5 12.0 +3,933.5 + 2.0 

Total 235,335.3 100 235,335.3 100  
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Table 13. Change Detection Matrix of 1973 to 1986. 
 

  Initial State  (1973) 

Fi
na

l S
ta

te
  (

19
86

) 

 
 

LU/LC Types 

Dense Forest Open Forest Open Woodland Bare land 
  

Agriculture 
  

Scrubland 
  

Class 
Total 

Area(ha) % Area(ha) % Area(ha) % Area(ha) % Area(ha % Area(ha) % Area (ha) 

Dense forest 30180 40.5 6040 6.9 1310 5.2 710 2.7 990 3.1 7050 34.5 47600 

Open forest 36980 48.8 73600 85.2 1810 7.2 290 1.1 170 0.5 1020 4.9 113870 

Open woodland 3850 2.3 4060 4.7 6000 23.9 520 1.9 880 2.7 310 1.5 15650 

Bare land 380 0.4 520 0.6 4240 16.9 9610 36.8 6410 19.9 710 3.4 22960 

Agriculture 0 _ 0 _ 1790 7.1 7730 29.6 10310 32 120 0.5 22770 

Shrub land 1590 0.7 1820 2.1 9430 37.6 5480 20.9 9960 30.9 6370 31.2 35200 

Class total 74600 100 86420 100 25090 100 26140 100 32180 100 20440 100   

Class Change 39420 59.5 12810 14.8 19090 76.1 16530 63.2 21880 69.9 14060 68.8   

Image Difference -27000 -6.1 27450 31.8 -9440 -7.6 -3180 -11.9 -9410 -8.6 14760 72.7   

 
 
The change detection table presented above is change matrices that depict what are changed to what. The column of the table represents the 

initial stage 1973 and the row represents the final stage 1986. The diagonal values of the table depict the unchanged values, which are found in 

both times images. Unlike the diagonal values the class change tells the total changed image areas of each land use land cover of the initial 

stages.  Where as the class total value of the column indicates the initial stage image total area of each land use land cover classes where as the 

row total represents the final stage area of land use land cover classes.  The Image difference is the total net change of the two time images. The 

negative image difference indicates a certain land use land cover is in a state of decrement and the positive indicates increment. The land use 

land cover changes in all the land use types are not static; there is a significant land use land cover change observed in the area.  
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Figure 7. Land use land cover change analysis for 1973 to 1986 
 
The dynamics of land use change between 1973 and 1986 summarized above 

(Figure 7). The difference on the arrows (bidirectional and mono directional) 

shows the direction of land use change; and the variation in boldness of arrows 

indicates the degree of relationship between the classes. (       )  Indicates the 

proportion of land use land cover exchange that is less than 10%. (       ) 

Indicates the proportion of land use land cover exchange that is between 10 - 

20%).  (            )  Indicates the proportion of land use land cover exchange that is 

greater than 20%. 

   

Net Dense forest 
 301.8 km2 (40.5%) 

+476.0 km2 
-444.2 km2 

Class Change 
-270.0 km2 (-36.1%) 

Net Open forest 
 736 km2 (85.2%) 

+1138.7 km2 

- 128.1 km2 

Class Change 
+274.5 km2 (+31.8%) 

 Net Open wood 
land 

 60 km2 (23.9%) 
+156.5 km2 
-190.9 km2 

Class Change 
-94.4 km2 (-37.6%) 

 

Net Agriculture 
 103.1 km2 (32%) 

+227.7 km2 
-218.8 km2 

Class Change 
-94.1 km2 (-28.6%) 

 

Net Shrub land 
 63.7 km2 (31.2%) 

+ 352.0 km2 
-140.6 km2 

Class Change +147.6 
km2 (+72.7%) 

 

Net Bare Land 
 96.1 km2 (36.8%) 

+229.6 km2 
-165.3 km2 

Class Change 
-31.8 km2 (-11.9%) 
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5.3.2. LU/LC Change Detection for 1986 to 2000 

 

When the 2000 land use land cover classification compared with 1986 land use 

land cover classification, there were changes that showed decrease or increase 

in particular land use land cover. The land use land cover categories, which 

showed increase are open forest, open woodland and agriculture accounting for 

17,746.5 ha (8.0%), 8,084.9 ha (4.0%) and 27,980.0 ha (11.0%); respectively. On 

the other hand, the land use land cover categories like dense forest, bare land 

and shrub land showed decreasing pattern amounted to 22,759.2 ha (7.0%), 

11,334.4 ha (5.0%), 19,776.5 ha (8.0%); respectively (Table 14). 

 

Table 14. Land cover classes, their corresponding areas and change, (1986 
& 2000). 

 

 
 

Land Cover Type 

 
Area in 

1986 (ha) 

 
(%) 

Land 
Cover 

in 1986 

 
Area in 

2000 (ha) 

 
(%) 

Land 
Cover 
in 2000 

 
Changes between 

1986 and 2000 
 

(ha) 
 

(%) 
Dense forest 35,767.5 15.0 13,008.3 6.0 - 22,759.2 - 7.0 

Open forest 113,403.8 48.0 131,150.3 56.0 +17,746.5 + 8.0 

Open woodland 12,589.5 5.0 20,674.4 9.0 + 8,084.9 + 4.0 

Bare land 22,751.9 10.0 11,417.5 5.0 -11,334.4 - 5.0 

Agriculture 22,542.3 10.0 50,522.3 21.0 +27,980.0 +11.0 

Shrub land 28,383.5 12.0 8,607.0 4.0 -19,776.5 - 8.0 

Total 235,335.3 100 235,335.3 100  
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Table 15. Change Detection Matrix of 1986 to 2000 
 
  Initial State  (1986) 

Fi
na

l S
ta

te
 (2

00
0)

 

  
LU/LC Types 
  

  
Dense Forest 

  
Open Forest 

  
Open Woodland 

  
Bare land 

  
Agriculture 

  
Scrubland 

Class 
Total 

Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) 

Dense forest 13290 27.9 2290 2 1320 8.4 50 0.2 0 _ 260 0.7 17270 

Open forest 16360 34.3 107580 94.4 6570 42 50 0.2 20 _ 950 2.7 131680 

Open woodland 2020 4.2 2360 2.1 2880 18.5 6800 29.5 1360 5.9 7410 21 23110 

Bare land 420 0.8 110 _ 520 3.4 5700 24.7 3420 14.9 2590 7.3 14660 

Agriculture 780 1.6 860 0.7 3690 23.6 9360 40.6 17840 77.7 16180 45.9 49310 

Shrub land 13190 27.8 700 0.6 640 4.1 1020 4.4 190 0.8 7810 22.1 30150 

Class total 47670 100 113920 100 15640 100 23040 100 22960 100 35250 100   

Class Change 34390 72.1 6340 5.6 12760 81.6 17340 75.2 5110 22.3 27450 77.8   

Image Difference -30400 -64 17760 15.5 7470 47.8 -8380 -36.4 26350 114.8 -5100 -15   

 
 

The change detection table presented above is change matrices that depict what are changed to what. The column of the table represents the 

initial stage 1986 and the row represents the final stage 2000. The diagonal values of the table depict the unchanged values, which are found in 

both times images. Unlike the diagonal values the class change tells the total changed image areas of each land use land cover of the initial 

stages.  Where as the class total value of the column indicates the initial stage image total area of each land use land cover classes where as the 

row total represents the final stage area of land use land cover classes.  The Image difference is the total net change of the two time images. The 

negative image difference indicates a certain land use land cover is in a state of decrement and the positive indicates increment. The land use 

land cover changes in all the land use types are not static; there is a significant land use land cover change observed in the area.  
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Figure 8. Land use cover change analysis for 1986 to 2000 
 

The dynamics of land use change between 1986 and 2000 summarized in Figure 

8. The difference on the arrows (bidirectional and mono directional) shows the 

direction of land use change; and the variation in boldness of arrows indicates 

the degree of relationship between the classes. (        )  Indicates the proportion 

of land use land cover exchange that is less than 10%. (      ) Indicates the 

proportion of land use land cover exchange that is between 10 - 20%).  (          )  

Indicates the proportion of land use land cover exchange that is greater than 

20%. 
 

 

Net Dense forest 
 132.9 km2 (27.9%) 

+ 172.7 km2 
- 343.9 km2 

Class Change 
- 304.0 km2 (- 63.8%) 

Net Open forest 
 1075.7 km2 (94.4%) 

+1318.6 km2 

- 63.4 km2 

Class Change 
+177.6 km2 (+15.5%) 

 
Net Open wood land 

 28.8 km2 (18.4%) 
+231.1 km2 
-127.6 km2 

Class Change 
+74.7 km2 (+47.8%) 

 

Net Agriculture 
 178.4 km2 (77.7%) 

+493.1 km2 
-51.1 km2 

Class Change 
+263.5km2 (+114.8%) 

 

Net Shrub land 
 78.1 km2 (22.1%) 

+ 274.5 km2 
-301.5 km2 

Class Change  
- 51.0 km2 (- 14.5%) 

 

Net Bare Land 
 57.0 km2 (24.7%) 

+ 146.6 km2 
- 173.4 km2 

Class Change 
- 83.8 km2 (-36.4%) 
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 Dense Forest: The 1973 MSS satellite image Land Use Land Cover 

classification showed that total amount of dense forest in 1973 was 

65,577.7 ha or it covered 28.0% of the total study area. However, this 

Land Cover category was reduced to 35,767.5 ha (15.0%) in 1986 Land 

Use Land Cover classification. The average rate of change during these 

periods was 2129.3 ha/year. The change detection matrix showed that 

there was strong relationship between dense forest and open forest and 

48.8% of dense forest is converted to open forest during the thirteen years 

between 1973 and 1986 (Table 13).  

 

The second comparison made during 1986 to 2000 also showed further 

decrease of dense forest from 35,767.5 ha (15.0%) in 1986 to 13008.3 ha 

(6.0%) in 2000. Based on the change detection matrix (Table 15) most of 

the dense forest was converted into open forest and shrub land. The 

average rate of change for dense forest during fourteen years of 1986 to 

2000 was 1,625.6 ha/year. When we compare this rate with the 1973 to 

1986, the 1986 to 2000 change rate is less by 503.7 ha/year. This is due 

to human induced activities like coffee production, crop cultivation, logging 

and grazing. The coffee production as discussed in Bale Mountains 

National Park Assessment of Medicinal Trees caused intensive thinning in 

order to optimize the shading effect of trees. This indicates the gravity of 

the problem and the need for action.  

 

 Open Forest: Based on the two, 1973 and 1986, satellite image 

classification, open forest increased by 30,629.9 ha. As described above 

there was strong relationship between open forest and dense forest that 

most of change occurred at these two land use land cover categories. 

Though it was not strong like dense forest, there were relationships 

between open woodland and open forest.  
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The 1986 to 2000 land use land cover change comparison showed that 

the open forest also increased by 17746.5 ha from 113,403.8 ha (48.0%) 

to 131,150.3 ha (56.0%) and its average change rate was 1267.6 ha/year. 

The economic activities were the major reasons for the changes, which 

took place on the open forest.  

 

Open Woodland:  Majority of the woodland located at southern part of the 

Harenna forest and scattered throughout the low land below 1500 meters 

above sea level. The area occupied by open woodland in 1973 was 

20,222.1 ha and decreased to 12,589.5 ha in 1986. The change detection 

indicates that there was strong relationship between open woodland and 

shrub land; and bare land. About 37.6% and 16.9% of woodland have 

been converted to shrub land and bare land (Table 12). This is because of 

high fuel wood consumption from Mena town, since the town is proximate 

for the area that was occupied by woodland. Therefore, the area that 

covered by open woodland was converted into shrub land and bare land. 

 

The 1986 to 2000 LU/LC change detection indicates that the area covered 

by open woodland was 12,589.5 ha (5.0%) and 20,674.4 ha (9.0%) 

respectively. The woodland LU/LC category has increased by 8,084.9 ha. 

This was because the farmers left some selected trees at cultivated land 

within the forest and the satellite image detected such land cover as open 

wood land. Therefore, the increase in cultivated land was strongly 

associated with increase in open woodland.   

 

 Bare land: The bare land use land cover category showed increasing 

pattern of change by 1,408.2 ha during 1973 to 1986 (Table 12). The area 

of bare land in 1973 was 8,343.7 ha, however, this increased to 22,751.9 

ha. The change detection matrix of 1973 to 1986 land use land cover 

change (Table 13) indicates that increase in bare land was due to 
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conversion into agricultural and shrub land; which amounted agriculture 

(29.6%) and shrub land (20.9%).  

 

The second period comparison made during 1986 to 2000 (Table 14) also 

indicates that the area covered by bare land was 22,751.9 ha and 

11,417.5 ha (5.0%); and it has decreased by 11,334.4 ha. The average 

rate of change for the 1986 to 2000 was 809.6 ha/year. This is because of 

both human induced and ecological process. Change detection matrix 

(Table 11.) indicates that most of bare land was converted into agriculture 

(29.6%) and shrub land (20.9%). This is because of both human induced 

and ecological process. The ecological conversion of bare land in to shrub 

land is due to succession; and these bare lands are found in areas that 

were not suitable for agriculture.  

 

 Agricultural land: This land use land cover showed decreasing pattern of 

change. The area of land that was occupied by agriculture in 1973 was 

33.967.9 ha (14.0%), however, it decreased to 22,542.3 ha (10.0%) in 

1986. Most of the agricultural land was converted to shrub land and bare 

land, which both gained about 30.9% and 19.9 % from agricultural land 

respectively. According to UNEUE (2004), the government officials, apart 

from reducing population from densely populated area into less populated 

area, and used the resettlement program to evacuate inhabitants from 

conserved areas. Due to above mentioned reason the agricultural land 

was reduced during the 1973 to 1986 period that first comparison had 

made. 

 

However, the agricultural land showed increasing pattern of change during 

the 1986 to 2000 period comparison. It increased from 22,542.3 ha 

(10.0%) to 50,522.3 ha (21.0%) in 1986 and 2000 respectively. This is 

purely population induced. The number of population has increased due to 

migration from other part of the country like Harerghe and Arsi into the 



 58 

area. The amount of increase in agricultural land during the 1986-2000 

periods was 27,980.0 ha (11.0%), which is more than the total amount of 

agricultural land that the study area had until 1986; and it was mainly at 

the expense of the wood land and open forest lands. Based on survey 

conducted, the Peasant Association leaders point out that the agricultural 

activity has been increasing during recent periods due to population 

increment in the study area. They said the inhabitants were forced by low 

standard of living condition to clear forests in order to sustain their lives.  

 

 Shrub land: At initial stage of comparison, 1973 to 1986, this LU/LC 

category covered a total area of 24,450.0 ha (10.0%). However, the shrub 

land increased to 28,383.5 ha (12.0%) in 1986 (Table 12). This land use 

land cover category has increased at the expense of open woodland, 

agriculture and bare land, which accounts to 37.6%, 30.9% and 20.9% 

respectively (Table 13). 

 

On the contrary, during 1986 to 2000 land use land cover classes change 

comparison, the shrub land showed decreasing pattern of change unlike 

the first comparison. The area that covered in 1986 was 28,383.5 ha 

(12.0%) decreased by 19,776.5 ha and amounted to 8,607.0 ha (4.0%) in 

2000. The average change rate for this LU/LC was 364.3 ha/year. This is 

because of increase in agricultural land that received about 45.9% of part 

of shrub land. The inhabitants also confirmed the above stated process 

and they described that clearing shrub land for cultivation is easier than 

other land covers.  
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5.4. NDVI Based Change Detection Analysis  

5.4.1. NDVI Values Interpretation 
 

NDVI values are indices between -1 and 1. The numbers represent three major 

land covers (vegetation, bare soil and water). The numbers greater than 0 

represent the vegetation; and those numbers les than 0 represent water bodies 

and 0 represent bare soils. The higher the positive values in the NDVI values the 

higher the intensity of the forest and the less the positive values the less the 

vegetation cover. From this basic background the study area has been 

categorized into two major land covers based on the NDVI values. These are 

non-vegetated and vegetated areas. In this case the values taken for this kind of 

category was taking NDVI values greater than 0.2 are considered as areas which 

are covered by vegetation and those less than this value are take as areas 

devoid of vegetation. This value support the value obtained in the supervised 

classification analysis and change detection analysis.  

 

If the areas of these values are computed and see the temporal variation of 

vegetation cove it is clear that the vegetation cover is declining. The table below 

shows the area variation of NDVI values of these images and from this table it is 

possible to conclude that the vegetation cover of the area has been declined in 

the past three and half decades (Table 16). 

 

Table 16. NDVI based change detection results in ha 

 

 
 
 

Years of comparison 

1973 1986 2000 
Vegetated area 193023.7 190144.3 173440 

Non vegetated area 42311.6 45294.2 61939.8 
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5.4.2. Visual Interpretation of NDVI Images  
 
NDVI images are very much easily interpretable than any raw satellite images because the information contained in the 

raw images has been reduced into three categories (vegetation, soil and water). Therefore NDVI based image 

interpretation and visually comparing the extent of the vegetation cover variation of a certain area in different time series 

has been found as a very good technique in this study.  Below the NDVI images of the respective periods are presented. 

From these images it is possible to see the variation of the vegetation cover intensity. In the period 1973 the intensity of 

the vegetation has very wide coverage while the intensity of the vegetation and the area occupied by vegetation declined 

during the periods 1986 and 2000.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NDVI Image of 1986 NDVI Image of 2000 NDVI Image of 1973 

Fig. 90. NDVI images of 1973, 1986 and 2000 
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6. CONCLUSSION AND RECOMMENDATIONS 
 

6.1. Conclusions 
 

Local land use and land cover changes are fundamental agents of global climate 

change at all scale and are significant forces that impact biodiversity, water and 

radiation budgets, and trace gas emissions. At local and regional scales, land 

cover change can have profound impacts on aquatic systems due to new land 

use practices that adversely affect water quality and sedimentation. In this 

regard, this study was conducted in Harenna forest and surrounding area in Bale 

Mountains National Park and forest to quantify land cover change, which 

occurred with in the period ranges 1973 - 2000 G.C.   

 

Generally the land use land covers of the study area were classified into dense 

forest, open forest, open woodland, bare land, agricultural land and shrub land. 

To accomplish the objective of the study Remote sensing and GIS techniques 

were basic tools in this study. 

 

Remotely sensed data for 1973, 1986 and 2000 were used to analyze land use 

and land cover of the study area. The Land Use and Land Cover change during 

twenty-seven years were evaluated from three Land sat satellite images. Then 

the extent and trend of Land Use and Land Cover changes was showed. In order 

to understand the possible causes of land use and land cover changes of the 

area and address issues that enhance land use and land cover, in addition 

biophysical and socio-economic situation of the area were assessed through 

secondary data collection.  

 

The major change was happened on dense forest due to various economic 

activities, which decrease the forest density. The effects of human activities are 

immediate and often radical, while the natural effects take a relatively longer 
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period of time. The difference in increase by households and land cover change 

indicates the pressure on forestland cover and related biodiversity. This implies 

that population pressure is believed to be one of the major driving forces for the 

changes in the study area. Hence, in the case of this analysis, the major driving 

force to changes in land use land cover is increased population change. The 

NDVI analysis result also clearly showed the reduction of vegetation.  

 
6.2. Recommendations 

 

The following recommendations emanate from the present land use land cover 

situation of the study area. There are two options that can be considered. These 

are: 
 

Option one 
 

• Launching Resettlement Program on Inhabitants within the Park: The 

pressure due to population increase on the Harenna forest is increasing 

from time to time. The inhabitants and related socio-economic activities 

are the major source and cause for forest cover change on the study area. 

As a result of these activities, the wild life habitat and biodiversity of the 

area is affected greatly. Practically the parks should be free from 

permanent human settlement and other destructive human interferences. 

Through participatory way and compensating for displacing households 

resettlement program should be launched.   

  

• Extending the boundary of Bale National Park: The natural forest that is 

found at the southern part of Harenna forest should be included within 

Bale Mountains National Park boundary. Since major land use land cover 

change is seen in the southern part particularly around the Dolo Mena 

town direction, including the adjacent natural forest into conserved Bale 

Mountains National Park may reduce the pressure from surrounding 

inhabitants and the rate of forest cover change. 
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Option two 
 

• Focusing on environmentally benign activities: Since all economic 

activities could not affect the natural forest, those activities should be 

carefully studied and encouraged. The activities like bee keeping should 

be given attention and conditions should be facilitated in order to 

maximize the economic return. To fulfill this, the traditional way of bee 

keeping should be replaced by modern honey production. It is by 

assuming that, if the modern honey production is going to reduce 

economic pressure of the population, the degree of impact on natural 

forest will be reduced. Therefore, focusing on and encouraging such 

economic activities which are environmentally benign is very important. 

For this purpose, detailed potential study and designing appropriate 

implementation strategy is needed. 

 

• Population policy: It is clear that increased population is causing LUCC in 

the Harenna forest in particular and in the country in general. The trend of 

shifting forest into crop cultivation is increasing in recent years in the study 

area. This is because other economic activities are not sufficient to 

provide the economic demand of increasing population. Therefore, 

informal education for inhabitants about the impacts of population increase 

and misuse of natural resource is paramount advantage. Strong family 

planning and population control education is therefore a timely activity.  

 

• Creating off farm Job Opportunity: Rather than agricultural activities, 

especially the youths, should be involved in other jobs like service 

provision for tourism and related activities. This may need intensive study 

to identify the potential economic activities for that particular area that 

accommodates as much as possible youths and should reduce the 

unemployment.   
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ANNEX 1. Mammals of Bale Mountains National Park (Source Hillman, 986) 

 

Species 

Distribution of Species along  

Vegetational Zone 

NG NW EM AM HF Endemic 

Antelopes       

Mountain Nyala * * * *  * 

  Tragelaphus buxtoni (Lydekker)       

Menelik’s Bushbuck  *   * * ssp 

  Tragelaphus scriptus meneliki Neumann       

Bohor Reedbuck * *     

  Redunca redunca (Pallas)       

Grey Duiker * * * *   

  Sylvicapra grimmia (Linn.)       

Klipspringer  * * *   

  Oreotragus oreotragus (Zimmermann)       

Pigs       

Warthog * *   *  

  Phacochoerus aethiopicus (Pallas)       

Bushpig     *  

  Potamochoerus porcus (Linn.)       

Primates       

Olive Baboon * * * * *  

  Papio anubis J. P. Fischer       

Guereza (Colobus)  *   *  

  Colobus guereza Ruppell       

Vervet Monkey     *  

  Ceropithecus pygerythrus       

Carnivores       

Ethiopian Wolf *  * *  * 

  Canis simensis Rupell       
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Species 

Distribution of Species along  

Vegetational Zone 

NG NW EM AM HF Endemic 

Golden Jackal * * *    

  Canis aureus Linn.       

Spotted hyaena * * * * *  

  Crocuta crocuta (Erxleben)       

Serval * * * * *  

  Felis serval Schreber       

Caracal * *     

  Felis caracal Schreber       

African Wildcat * *     

  Felis silvestris Schreber       

Leopard * * * * *  

  Felis pardus Linn.       

Lion * *  * *  

  Felis leo Linn.       

Civet  *     

  Viverra civetta Schreber       

Egyptian Mongoose * *     

  Herpestes ichneumon (Linn.)       

White-tailed Mongoose  *   *  

  Ichneumia albicauda (G. Cuvier)       

Ratel    *   

  Mellivora capensis (Schreber)       

Zorilla   * *   

  Ictonyx striatus (Perry)       

Rodents       

Giant Molerat *  * *  * 

  Tachyoryctes macrocephalus (Ruppell)       
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Species 

Distribution of Species along Vegetational 

Zone 

NG NW EM AM HF Endemic 

Common Molerat * * * * *  

  Tachyoryctes splendens Ruppell       

Grass Rat * * * *  * 

  Arvicanthis blicki Frick       

Striped Grass Mouse * * *    

  Dendromus lovati De Winton       

Three-striped Grass Mouse * *     

  Dendromus mystacalis Heuglin       

Maned Rat  *     

  Lophiomys imhausi Milne-edwards       

Harsh-furred Rat * * * *  * 

  Lophuromys melanonyx Petter       

Harsh-furred Rat * * * *   

  Lophuromys flavopunctatus Thomas       

Rat   *   * gen. 

  Megadendromus nikolausi Dieterlen & 

Rupp 

      

Mahomed’s Mouse * *     

  Mus mahomet Rhoads       

Rat * * *    

  Otomys typus (Heuglin)       

White-footed Rat * *    * 

  Praomys albipes (Ruppell)       

Rat * * * *  * 

  Stenocephalemys albocaudata Frick       

Rat * * * *  * 

  Stenocephalemys griseicauda Petter       
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Species 

Distribution of Species along Vegetational 

Zone 

NG NW EM AM HF Endemic 

Porcupine  *  *   

  Hystrix cristata Linn.       

Bats       

Greater Long-fingered Bat * *     

  Miniopterus inflatus Thomas       

Bush Horseshoe Bat  *     

  Rhinolophus simulator Andersen       

Geoffroy’s Horeseshoe Bat  *     

  Rhinolophus clivosus Cretzschmar       

Shrews       

Shrew  *  *  * 

  Crocidura baileyi Osgood       

Shrew  *  *   

  Crocidura fumosa Thomas       

Other mammals       

Rock Hyrax * * * *  * ssp. 

  Procavia capensis capillosa Brauer       

Abyssinian Hare *   *   

Lepus capensis Linn.       

Aardvark * *     

  Oryoteropus afer Pallas       

                  Note: NG - Northern Grasslands 

NW - Woodlands 

HM – Heather Moorland 

AM - Afroalpine moorland 

HF - Harenna Forest 
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Annex 2. Monthly Rain Fall in Bale Zone Rira Station. 

  

Source: (National Meteorological Service Agency). 

 

Year 

Months 

      

Jan 

      

Feb 

      

Mar 

     

Apr 

     

May 

  

Jun 

    

Jul 

     

Aug 

     

Sep 

     

Oct 

    

Nov 

    

Dec 

1987 x x x x x x 26.8 88.8 80.6 119.2 25 29.2 

1988 18.0 38.4 45.9 143.9 13.3 27.8 189.0 133.8 87.2 106.4 24.0 10.1 

1995 1.4 38.9 138.4 245.8 X 13.7 185.7 52.2 11.3 64.6 4.7 38.4 

1998 106.5 46.3 x 65.8 128.8 36.7 84.6 68.8 104.3 173.9 34.1 0.0 

2000 12.2 0.0 10.5 74.7 116.1 20.8 35.4 49.5 38.5 75.2 26.2 20.1 

2004 57.5 0.0 40.4 171.0 4.0 13.0 33.1 40.3 29.4 65.7 34.5 45.6 
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Annex 3. Monthly Rain Fall in Bale Zone Dollo Menna Station. 

 

 

Year 

Months 

      

Jan 

      

Feb 

      

Mar 

     

Apr 

     

May 

  

Jun 

    

Jul 

     

Aug 

     

Sep 

     

Oct 

    

Nov 

    

Dec 

1987 2.3 16.0 80.9 93.3 353.4 19.1 1.8 14.9 75.7 255.1 X 1.3 

1995 0.0 48.0 193.4 387.4 114.7 81.0 19.9 13.2 65.7 226.2 107.8 47.4 

1998 148.1 199.1 26.5 174.7 156.7 12.0 8.4 49.8 15.4 482.6 28.5 0.0 

2000 6.8 0.0 3.2 173.6 365.5 10.5 3.5 6.9 X 226.8 36.8 41.2 

2004 31.5 4.5 7.5 161.6 64.1 28.6 22.3 26.7 111.6 126.0 174.4 25.1 

 

Source: (National Meteorological Service Agency). 
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Annex 4. Monthly Maximum and Minimum air Temperature (0C) in Bale Zone Dollo Menna Station. 

 
 

Year 

 
 

Tem. 

Months  
 

Mean 
      

Jan 

      

Feb 

      

Mar 

     

Apr 

     

May 

  

Jun 

    

Jul 

     

Aug 

     

Sep 

     

Oct 

    

Nov 

    

Dec 

1987 Max. 30.7 30.3 30.7 28.3 25.3 25.4 25.9 27.6 29.5 26.7 X 31.4  

Min. 13.6 15.2 17.4 17.0 16.9 16.8 17.1 16.2 17.2 16.8 x 13.4  

1995 Max. 29.4 27.7 28.8 27.1 25.6 24.6 26.9 27.7 26.5 28.8 28.6 30.0  

Min. 14.3 15.1 15.8 16.4 14.8 15.3 15.7 15.4 15.3 16.6 16.4 14.7  

1998 Max. 29.4 30.1 31.6 30.8 28.6 28.2 26.5 27.2 27.6 26.7 25.9 27.9  

Min. 16.1 15.9 17.1 17.7 17.7 16.8 17.0 16.6 17.7 15.1 14.6 11.1  

2000 Max. 32.1 33.5 33.9 31.9 28.4 27.8 26.7 28.0 x 28.4 29.4 30.5  

Min. 12.7 14.0 15.1 16.5 17.3 16.4 16.8 17.0 x 16.8 14.9 13.4  

2004 Max. 30.8 32.3 33.0 28.6 28.7 27.3 27.6 28.5 29.3 28.1 28.9 29.5  

Min. 15.6 15.0 16.0 17.4 17.6 17.0 16.2 17.1 16.8 15.6 15.6 14.2  

 

Source: (National Meteorological Service Agency). 



 77 

        Annex 6. Number of House Holds in Kebeles of BMNP and Base of Settlement 

S.N Name of the kebele 

Number 

households 

              

Base of settlement 

               

 

Unknown 

and 

Others 
Temporary 

 % 

Temporary 

        

Permanent %  Permanent 

1 Eshedom 55 12 22 43 78 0 

2 Gojera 133 90 68 43 32 0 

3 Gora 868 185 21 318 37 407 

     4 Meskel Darkeena 133 74 56 53 40 10 

5 Hawao 1043 19 2 996 95 31 

6 Geremba Deema 299 154 52 105 35 53 

7 Lashekon 19 19 100 0 0 0 

8 Ayida 127 60 47 16 13 90 

9 Rira 436 85 20 334 77 16 

10 Wabero 4 4 100 0 0 0 

11 Bucha Raya 14 0 0 7 50 57 

TOTAL 3131 702 22 1915 61 

 

525 

 

Source: (Bale Mountains National Park Documentation). 
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