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Abstract

This study was intended to investigate the trend of land use land cover dynamics in Merti
Woreda for the last 29 years (1986-2015.) For the selected study years 1986, 2000 and 2015
three time series satellite images TM, ETM+ and OLI were used respectively. Additionally,
socio-economic assessment was conducted by using Kll and FGD to investigate the driving
forces of land use land cover change. The study covers a total area of 125,069.6ha. Five land
use land cover classes namely; cropland, forest, grassland, shrub land and settlement land were
clearly identified for the study. The result reported that in the first period, 1986-2000 forest and
grassland showed decreasing trend by 43.9% and 6%, respectively. But cropland and shrub land
showed increment at the same time by 44.9% and 4.75%. In the second study period forest and
shrub land were decreased by 17.01% and 32.98%, respectively. Cropland, grass land and
settlement land showed increment by 34.2 %, 13.45 % and 2.34%, respectively. In the entire
period of the study forest and shrub land were decreased by 56.77% and 26.39%, respectively.
The extent of deforestation was very high during the first study period. In 1986, the largest area
was covered by shrub land and small area by settlement, which constituted 42.6% (53,476.3ha)
and 0.26% (150.2ha), respectively. The cropland, forest and grassland covered 31.52 %(
39,420.6ha) and 15.64 %( 19,559ha) respectively. The land use land cover classification for the
year 2000, as a year of 1986, the largest area was covered by shrub land and small area by
settlement which accounts for 43.1 %( 54,134.9 ha) and 0.31 %( 386.2ha), respectively.
Cropland, forest and grassland were accounted 38 %( 47,522.5ha), 9.3 %( 11,625ha), and 9.1
%( 11,400.9ha). In the final classification year (2015) land use land cover classification analysis
of the study showed that cropland 42.96 %( 53,723.5ha), shrub land 38.5% (48,154.1ha), forest
6.83% (8,540.2ha), grassland 11.07% (13,840.5ha) and settlement 0.65 %( 810.7ha)
respectively. It was different from the first and second classification years, the cropland was
42.79 %( 53,516.7ha) and dominant classes of the area. Therefore, to solve the forest cover
shrink; effective and strong natural vegetation management and utilization policy have to be
implemented by district forest office and the regional government to insure the sustainability of

natural resources by protecting natural forest with the participation of local community.

Key Words: Land use Land cover dynamics, GIS, Remote sensing, Landsat image



TABLE OF CONTENTS

LISE OF TADIES ...ttt bbb bbbt e et bbbt b e n e iv
S 0 o 0 OSSPSR PRSI v
S 0 Y o] o 1=] T | S vi
ADDIBVIALIONS ...ttt e e bbbt b bt e bbbt bbb e vii
ACKNOWLEDGEMENTS ... .ottt sttt st st e beataeseeseeneesnesnesseaneaneens viii
N 011 - Tod PSPPSRI IX
TABLE OF CONTENTS ..ottt sttt sa e e st et e b e stesbeaneanaeneeneeneas vii
CHAPTER ONE ... oottt e et et et e s be s teebeese e st e st e ssentestesbeenaaraenaeneenees 1
1. INTRODUCTION ...ttt sttt ettt sttt e st e be s be et e s aeeteeseese e s e et e bestesseateesaaneaneeneeneens 1
1.1. BACKGROUND OF THE STUDY ....ooiiiiiit ittt ettt sta e s anaenae e 1
1.2. STATEMENT OF THE PROBLEM .......ccci ittt 3
1.3. ODJECLIVE OF the STUY .....oviieiiiiiiieieee ettt 4
0 20 B €T 1T =] I 0 o1 T=Y o o V7SS 4
O T o T Tol 1 Toll o] o [=Tor 4 1Y/ TSRS 4
1.4, RESLAICN QUESTIONS ... .eeueeieeeieiieesteetiestee et et e et e st e s teestesseesteeseeaseesaeenseeneesseenseaneenneesseeneeaneenneans 4
1.5. Significance Of the STUAY .........coiiiiiiie e 5
1.6. SCOPE OF T STUAY ...t bbbttt 5
1.7. Organisation Of the TheSIS. ... 6
CHAPTER TWO ...ttt ettt ettt st s e et et et e e b e e se et e e st e st et et e stentesbeeneareeneeneeneas 7
2. REVIEW OF RELATED LITERATURES ...ttt 7
2.1. Concept OF Land COVEI DYNAMICS.........cciuiiiiiiriiiieiiisiesieieie ettt sb ettt 7
2.2 Causes Of Land COVEN DYNAMICS.........ccuiiiieiiiriesiesiesiesieeie ettt sttt sn b bbbt 8
2.2.1. Expansion of AgriCultural Land...........cccoooiiiiiiiiiiiee e 8
2.2.2. DEfOr@STAtION .oeueiii ettt sttt sttt e s et e st e s ba e s bte e s be e e bteenateesbaeenabee s 9
2.3. The Impacts of Land COVEr DYNAMICS ........ooiiiiiiiiiiiiieieie et 10
2.3.1. The Impacts of Land Cover Dynamics on BiodiVersity ......ccccceeviireeiiiiiiieeciiiee e eciree e 10
2.3.2. The Impacts of Land Cover Dynamics on Climate Change.......cccccveeeeeireieicciieee e ccieee e 10
2.3.3. The Impacts of Land Cover Dynamics on Environmental Degradation ..........cccccccveeeeeivieeeccnneennn. 11

Vii



2.3.4. The Impacts of Land Cover Dynamics on Socio economic Development.......ccccoecccviveeeeeeeeecnnnnns 12

2.4. Application of Remote Sensing and GIS on Land Cover DYnamics..........c.coeevvinenninncnciennn: 13
2.5. Characteristics Of Satellite IMAGES.........cviriiiiiiiiiireee e 14
2.6. Image ClasSIfICatioN PrOCESS .........cevirririerieieieiieieei sttt ettt sttt sb e sne e 15
D ST W [ g F- Y=d O o o =Yg ol =T o 1T o | U 16
2.7. Integration of Remote Sensing and GIS in Digital Change Detection ........ccccccueeevivieieeccieeeccciieenn, 16
2.8. Methods of Digital Change DeteCtion ..........cccccviviiieiiiie e e 17
CHAPTER THREE ... .ot 20
3. DESCRIPTION OF STUDY AREA AND RESEARCH METHODS ........c.ccoiiiiieee e 20
3.1. DesCription OF STUAY ATA .......cciviiieiiece ettt ettt te e re e s teeaesaeesreeeeenes 20
R 0 O I Y= [ ] o T PP P TP PPPPP PP 20
3.1.4. Population and ECONOMIC ACTIVITIES.....ccuuiiieiiiee ettt e e eiree e e et e e e e abe e e e enrae e s enreeas 21
3.1.5. Agriculture and LIVESTOCK. ......uviiieiiie e e e s e e 21
3.2. Methods and MaLErialS...........cccooveiiiiiiei e 22
3.2.1. ReSEArCh IMETNOMS ...ttt et e e s b e e sab e e sbeesnteesabeeenes 22
3.2. 2. Data TYPES @NGU SOUICES ..eeiieeiiieiiiiiieeeitieeesettee e ettt e e estreeessbaeeessasaeeessraeeessseeeessseeesansseeessssens 22
3.2.3. Method of Data ACQUISTTION .....ueiiiiiiiicciiee et e s tee e e s abe e e e ssbee e e enabeeas 23
3.3. TOOIS Of Data COHBCLION ..cuvieiieiieee ettt b e bt st st be e sbeesaeesaeeeas 23
B. Focus Group DiISCUSSION (FGD) .......ciiiuieieciecieii ettt sttt s ste st aeste e besaeensesreennas 24
3.4. Methods OF Data ANAIYSIS. .......ueiiiiiieieieie ettt se bbbt 25
3.4.1. Analysis Of Land COVEI DYNAMICS......ciiiiiuiieeeiiiieieeiiieeeeciiteeeesitteeesesaseeeeessseeesesssessenssesesensseeesenssens 25
R A Xolol | - Tor VA AN YT ] 0 1 1= | AP TPUPPPPNN 26
RS T Yool [oY=Tolo s o] ol {oll DE- Y - 1WA g 1 Y] PP UPR 27
3.4.4. Land cover and land use classes and its definitions .........cccocceviniiiininiinii, 28
................................................................................................................................................................ 29
CHAPTER FOUR ...ttt ekttt b e e e et e e e bt e ehe e e bt e e be e et e e naneenes 30
4. RESULT AND DISCUSSION ...ttt sttt ee e e e esneeannee e 30
AL RESUIES ..o s 30
4.2. Classification ACCUIACY ASSESSIMENT ......cccuiiiiieiiieireeiee st e siee e e ste et e e st e sbe s taeateesraeabeesseeesee e 35
4.3. Land Cover Change Detection: Extent and Change ...........ccccoovieiiiiiic e 37
4.3.1. LU/LC Change Detection for 1986 t0 2000 ..........ccceeeevueeeireeeeeeeeiteeeereeeireeeeteeeereeeeseeeesseeesseeesseeas 37

xii



4.3.2. LU/LC Change Detection for 2000 t0 2015 ........coocueieeeieeireeeeteeeeereeeeeeeeeteeeeteeeereeeeteeeereeeeseeeenreean 39

4.3.3 LU/LC Change Detection fOr 1986 t0 2015 ......c..ccocueieeeieeieeeeteeeeree et ereeeetee e et e eeteeeereeeereeeearee s 41
4.3.4. Land use |and COVEE MAtriX .....ccecveriiiiiiiiiiiiie et sa s 44
4.4, DISCUSSTONS ...ttt bbb bbbt 45
4.5. Analysis 0f SOCIOECONOMIC DALA..........ccveiiiiiiieeie et sre e 47
4.5.1. Major causes of |[and COVEr dyNamiCS..........cocviiiiiiiiieecciiee et e e e e e e e 48
4.6. Impacts of Land Cover Dynamics on the Study Ara .........c.cccveveeeeieeiesie e, 52
4.6.1. Impacts on socio economMic deVEIOPMENT .......uiiiiiiiiie et e e e e e eareeas 52
4.6.2. Impacts on Extinctions of biodiVersity .......ccocuiiii e e 53
4.6.3. Impacts on climatic Variability .......ccueeiieiie i s 53
4.6.4. Impacts 0N SOil DeGradation .........cccuiiiiiiiiii i e e nabeeas 54
CHAPTER FIVE ...ttt ettt h e ettt ena e e b e e be e e e e e nneeanns 55
5. CONCLUSION AND RECOMMENDATION ......coiiiiiieiieiitesiee et 55
5.1 CONCIUSIONS. ...ttt et r et r e en s 55
5.2. RECOMMENUALIONS. ...ttt ettt r e 56
RETEIBINCES ...ttt 58
APPENTIX 12 INTENVIEW GUITE ...ttt 65
Y o] o 1=] 16 [l | TSSO P PSP PT P URURPRPRPPRIN 68

Xiii



CHAPTER ONE
1. INTRODUCTION

1.1. BACKGROUND OF THE STUDY

Land cover change is identified as one of the major drivers of changes in ecosystem. The change
caused by different factors such as rapid population growth and rural to urban migration that
leading to unplanned urban sprawl. LC change can be cause for environmental degradation and
loss of biodiversity. Moreover, deforestation is the most significant LC changes mainly caused
by urbanization, transformation of agricultural lands and other infrastructures construction like
road, industries etc (FAO, 2006). Land cover dynamics are the most common problem and
aggravated by human activities. These modifications affect existences of human beings and
different biophysical resources. As a result, land cover changes lead to destruction of the
available various resources that serve for human beings like domestic animals, agricultural land

and environmental degradation (Agarwalet al., 2002).

LC change affects water, soil and biodiversity. The change in ecosystem function in turn leads to
long term decline in human wellbeing (Parksam, 2010).Land cover change is related with
farming animal husbandry, charcoal production and firewood. That accelerated land degradation
and soil erosion. The extent and the rate at which human being interacts with the environment
has been increasing, land resources used for multipurpose at different time and space, human
environment interactions facilitate for rapid land cover dynamics and these land cover dynamics
continued with an alarming rate from time to time which tied with global environmental

problems (Mugagga, 2011).

The term land cover originally referred to the kind and state to vegetation such as forest or grass

land cover but it has broadened in subsequent usage to include other things such as human



structure, soil type, biodiversity, surface and ground water (Meyer, 1995). Land cover dynamics
are caused by both natural and socioeconomic factors (Campbellet al., 2005). Socioeconomic
factors of land cover dynamics mainly include population pressure and agricultural land

expansion (Amare, 2013).

Land cover dynamics is different at different time and space all over the world due to different
economic activities. Land cover change has been occurring all over the world, but it is more
serious in developing country like Ethiopia. Because in developing countries there are large
number of human population that depend more on primary economic activities like agriculture,
mining, forestry, fuel wood and charcoal production for home consumptions as well as selling
near towns for their livelihoods that directly affect natural resources (Fazad ,2013). Deforestation
is a clearly observable major cause of land cover dynamics and critical issue in tropical
countries, where 2% or about 13million hectare of natural forest is lost annually, mainly due to
the expansion of agricultural lands, extraction of fuel woods, construction materials and
overgrazing (Lepers, 2003).

Ethiopia is one of the tropical and developing countries having large number of human
population and around 83% of the population lives in rural area depending on agricultural
economic activities. However, similar to some tropical countries of the world, rapid population
growth, agricultural land expansion, and fuel wood and forest encroachment was a major driving
force for land cover dynamics in Ethiopia (Kebrom, 2000). In this regard LC is highly changed
especially in the developing countries which have agriculture based economy and rapidly
increasing population. Most studies in Ethiopia indicate that population growth and agricultural

land expansion are the major drivers of land cover change (Hurni, 1993).



Demands for land are increasing as population increases because of the need of extra land for
their farming and housing activities that affect the natural resource coverage of the earth. To plan
the proper natural resource policies, first it needs to identify the causes and driving forces of land
cover change. What type of land cover change occurred in the past and what type of land cover
highly transformed now was analyzed. Therefore, this study was conducted in Merti Woreda to
identify changes, trends and ways to conserve these natural resources in Merti Woreda and

drivers of land cover dynamics and its impacts and to recommend in the light of the findings.

1.2. STATEMENT OF THE PROBLEM

Globally, land cover land use change was one of the most important causes of global change and
affects many parts of global environmental system. In addition, it is problem on biodiversity,
land degradation and climatic change. For instance, the number of species and forest coverage is
declined from time to time (Zubair, 2006). Demographic change stimulates structural dynamics
through different effect of converting forest into other forms of land cover. These types of
conversions are caused by rapid population growth. Due to human activities the extent of land
cover changed from dense forest to sparse or totally changed to bare land and decline in

productive agricultural lands (Sharma, 2004).

Land use land cover changes in the condition and composition have impact on climate,
biodiversity and people. The physical, social and economic situations in Ethiopia have
contributed to the degradation of these resources. Both natural and human factors have their own
contribution to land cover dynamics. However, human activities have been a main factor for land
cover dynamics. The study area is one of the places where vast agricultural activities practiced
and settled by agrarian populations. As a result, land covers, especially forest covers and shrub

land covers were highly vulnerable from time to time due to increasing of population number
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that primarily cause for the expansion of agricultural lands, fuel wood extraction, and charcoal

production and to obtain construction materials.

Therefore, the extents and the rates of land cover dynamics in the study area were observed and
its consequences on environmental, livelihoods of the area and to recommend local
administrative and decision makers to improve the existing situation in natural resources and
managed properly by identifying its causes based on geographic information system and remote

sensing data especially satellite image of the study area.

1.3. Objective of the study

1.3.1. General Objective

The general objective of this study is to examine the spatiotemporal land cover dynamics taking
place over the last 29 years (1986-2015) and the main driving factors in Merti woreda, Arsi zone,

Oromia Region.

1.3.2. Specific objectives

Based on the general objective, this study intends to achieve the following specific objectives.
1. To examine the trend of land cover change from 1986-2015 in the study area.
2. To examine the major causes of land cover change in Merti Woreda.

3. To investigate the major socio economic impacts of land cover change in Merti Woreda.

1.4. Research Questions

Based on the above objectives, the following research questions were formulated to guide the

study.



1. What is the trend of land cover changes from1986-2015 in the study area?
2. What are the major causes of land cover changes in Merti Woreda?

3. What are the major socio economic impacts of land cover change in Merti Woreda?

1.5. Significance of the Study

This research is significant to obtaining adequate information on causes of land cover dynamics
of the study area. The study identifies the information gap on spatiotemporal land cover
dynamics of the study area by integrating GIS and remote sensing data to know what the land
cover was looks like in the past and what it looks like now, what were the forces behind the
changes and its implications on ecosystem of the area. Then to fill this gap digital change
detection employed and further socioeconomic factors was investigated to identify the causes of
changes and consequences of the change on the livelihood condition. The output of this research
is essential for governmental and non-governmental organizations that carry out policy planners,
environmental researchers, natural resource managers, agricultural office and environmentalists
in order to have appropriate environmental protection and development, local community to

minimize the problem of environmental degradation.

1.6. Scope of the Study
The spatial scope of this study was focused on land cover dynamics in Merti Woreda. Whereas

the temporal scope is limited to land cover dynamics of the past three decades (1986-2015). It is
limited both in space and time to investigate total land cover conversion between the past 29
years. In this limited both area and time, the study identify total land conversion and

modification between different cover classes.



1.7. Organisation of the thesis
This thesis has been organized in to five chapters. The first chapter presents the introduction part

which introduces the background of land use land cover dynamics at worldwide, national level
and in particular the study area, statement of problem, research objectives, research questions,
the scope and limitation of the study. Chapter two focuses on brief discussion of theconcepts of
land cover land use dynamics the researcher tries to go through the work of other scholars,
researches and published articles. Chapter three deals with the general description of the study
area and research methods used to data acquisition and the procedures employed in both
quantitative and qualitative data analysis. Chapter four states overall interpretations of analyzed
results and discussions that mainly focus on the change detection.

Chapter five is deals with the overall conclusion and recommendation of the study.



CHAPTER TWO
2. REVIEW OF RELATED LITERATURES

2.1. Concept of Land Cover Dynamics
Land cover is the observed bio-physical covers of the earth’s surface. It includes vegetation,

grass land, asphalt, water and rocks. Land use refers to the intended use of the land cover type by
human beings such as agriculture, forestry and grazing land (FAO, 2000). There are two major
categories of land dynamics constitutes that both cover conversion and modification. In land
cover conversion, the pre-existing land cover type is completely changed and replaced by
another cover type like the change of forest land to cultivated or settlement land and agricultural
land to urban land; while land cover modification is small change of land cover which affects the
nature of former land cover category like dense forest to open forest, open forest to wood land,
wood land to grass land (Lepers et al., 2003).

Land use and land cover changes are the main causes of environmental dynamics such as loss of
biodiversity, soil degradation and climate change. Land covers dynamics caused by increasing
and decreasing numbers of population. In developing countries like Ethiopia population growth
has been a main cause of land use and land cover changes as compared to other factors
(Sherbinin, 2002).The sustainable resource use refers to the use of natural resources to produce
goods and services for a long period of time without destruction of resources that can be met
present and future human needs (Lambin, 2005). In this century one of the most significant
global challenges relates to proper management of the land cover occurring through

transformation of the earth’s surface (Mustard et al., 2004).



2.2 Causes of Land Cover Dynamics
There are two main causes for land cover dynamics all over the world. These are natural causes

and anthropogenic causes. Natural causes include atmospheric change, glaciations, tsunamis and
fires. On the other hand, an anthropogenic cause which is the main driver of land cover change
includes population growth, infrastructure development, deforestation, urban sprawl, and
expansion of agriculture land. Hence, human beings are the major contributors to land cover
changes and more rapidly affecting the livelihoods of societies. In Ethiopia, inappropriate
agricultural practices, deforestation and overgrazing are affecting the rural poor population. This
alteration of ecosystem is due to changes in LC and negatively affects the ability of the
biological systems to support the human need (McClelland, 1998).

2.2.1. Expansion of Agricultural Land

Human environment interaction is continual at different spatial and temporal scale due to
different social and bio-physical changes occurring across a sequence of time. This is due to
human’s extraction of goods to satisfy their needs which cannot be fulfilled without the
conversion of land covers. Now days, the impact of human activities on land has grown
enormously because of population increase, technological development, economic factors and
cultural factors altering entire landscapes, and ultimately impacting the biodiversity, soil and
climate, especially in the developing world. Thus, simple land cover modification grown into
overall complicated land cover conversion that cause a significant impact on land capacity at
local and global level to support the whole ecosystem. Human beings have increased agricultural
production mainly by expansion of farm lands. Consequently agricultural lands has expanded
into forests, woodland, shrub land and grass land in all parts of the world to meet the demand for

their basic need of household (Sherbinin, 2002).



According to FAO (2010) estimation, Ethiopia lost 13 million hectares of forest per year during
the 1990s and 1.4 million hectares lost per year between 1990 and 1997. The annual rate of net
cover change in tropical forest was 0.43 % during that period. Similarly, FAO (2012) has
indicated a net decrease in global forest area of 1.7% between 1990 and 2005 at an annual rate of
change 0.11%. This shows an annual shift from forest land cover to other land cover of 3 million
hectares per year 1990 2000 and of 6 million hectares per year between 2000 and 2005.

In contrast, the area of agricultural land has increased globally from an estimated 300-400
million hectare in 1700 to 1500-1800 million hectare in 1990, 4.5 -5.0 increase in the Centuries
and a 50% net increase just in the 20th Century (Lepers et al., 2003).The increase in agricultural
land led to the clearing of forest and transformation of wood land, shrub land and grass land to
agricultural land. Several researches in Ethiopian highland showed that agricultural and
settlement land have increased rapidly at the expense of forest land, wood land and grass lands.
The fact that human beings are the major contributors to land cover change and are the ones
experiencing the consequences of these changes. Land cover dynamics has gone under

continuous change for a long period of time because of humans’ production demands (Sherbinin,

2002).

2.2.2. Deforestation

Deforestation is the destruction of forests caused by local residents. The rural poor living around
forests strongly depend on natural resources to satisfy their basic needs and social services. The
main reasons of deforestation is dependency of the poor rural people on the forest resources as
source energy (firewood and charcoal production) and source of income by selling charcoal, fire

wood, and timber to the town.



Moreover, the human population increased, the demand for arable land was inevitable and,
gradually, the increasing demand for cultivated lands, grazing land, house construction, charcoal
production and fuel wood including are the main reason for the forest cover declining in
Ethiopia.

In addition, forests are deforested to obtain constructional materials, to afford source of energy,
to accesses of land for building, grazing and farming (Mesfin, 1991).

2.3. The Impacts of Land Cover Dynamics

2.3.1. The Impacts of Land Cover Dynamics on Biodiversity

Biodiversity plays an important role in the way ecosystems function and in the services they
provide. Moreover, these valuable resources, biodiversity is declining rapidly due to land cover
dynamics all over the world. Ethiopia is characterized by abundant biodiversity, but shrinking
diversity in biological resources: forest, wood, grass lands, shrubs, and varied wildlife (Messay,
2011). In Ethiopia land cover change has significantly affected plant biodiversity (Nyssen et al.,
2004). The loss of plant biodiversity due to the human interference in forest areas is common.
The problem is occurrs particularly in developing countries because vegetation and soils of these

areas have been affected strongly (Lambin and Giest, 2003).

2.3.2. The Impacts of Land Cover Dynamics on Climate Change

Land cover dynamics have also different impacts on local and regional climate of the world
(Solomon, 2005). As Turner et al., (1995) stated, the release of carbon dioxide (C02) and carbon
monoxide (C0) to the atmosphere from the global terrestrial biosphere has become a serious

problem threatening the health of the environment. The primary causes of human induced

components of climatic change are the increased amount of greenhouse gasses (GHGS). They are
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released by the burning of fossil fuels, vast land deforestation for expansion of agriculture and

industries which leads to and increased in the green house effects.

2.3.3. The Impacts of Land Cover Dynamics on Environmental Degradation

Land use/land cover change is the most common problem on environment degradation. Human
activities like deforestation, urban development, agriculture, and others are significantly changed
the earth’s landscape. The disturbance of the land affects seriously ecosystem processes. For
instance, Conversions of forest land to crop production and irrigation water alterations have

brings many wildlife species to the verge of extinction (Marlandet al. 2003).

Moreover, forests provide many ecosystem amenities. They support biodiversity, providing
critical habitat for wildlife, remove carbon dioxide from the atmosphere, intercept precipitation,
slow down surface runoff, and reduce soil erosion and flooding. These important ecosystem
services will be reduced or destroyed when forests are converted to agriculture or urban
development. For example, deforestation, along with urban sprawl, agriculture, and other human
activities, has substantially altered and fragmented the Earth’s vegetative cover. Such dis-
turbance can change the global atmospheric concentration of carbon dioxide, the principal heat
trapping gas, as well as affect local, regional, and global climate by changing the energy balance

on Earth’s surface ( Marlandet al. 2003).

Land degradation is one of environmental degradation and broadly defined as any form of
deterioration of the natural resources of land that affect ecosystem integrity either in terms of
reducing or shrinking. Land degradation is declination of the  resources in quantities and
qualities and major global issue now days because of its adverse impact on the agricultural
productivity, which resulted shortage of food and the lack of income to satisfy basic needs. Due

to land degradation, most developing countries, specially, agrarian communities the agricultural
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yield reduction was remarkable and reached the level of beyond the subsistence requirement of a
household’s. As a result, land degradation destroyed soil composition and leads to loss of soil
fertilities through the process of soil erosion by water and wind. The main causes of land
degradation are unsustainable agricultural practices, over grazing, deforestation and unsecure
land tenure (Mesfin, et al., 2016).

The consequence of this land degradation includes inadequate land production, declined in the
quality and quantity of water supply, famine, political instability, soil erosion and climate change
(Solomon, 2005). Decreased productivity on farm lands due to land degradation can force
farmers to clear additional areas of natural habitats to increase production which again contribute

for land degradation due to change in biodiversity(Mesfin, et al.,2016).

2.3.4. The Impacts of Land Cover Dynamics on Socio economic Development

Land is one of the major factors of production in classical economics and vital input for housing
and food production (Lubowskiet al., 2006). Thus, land use is the backbone of agricultural
economies and it provides substantial economic and social benefits. Land use change is
necessary and essential for economic development. Moreover, Land use provides many
economic and social benefits, but often comes at a substantial cost to the environment. The
Conversion of farmland and forests to urban development reduces the amount of lands available
for food and timber production. However, the Soil erosion, salinization, desertification, and other
soil degradations associated with intensive agriculture and deforestation reduce the quality of
land resources and future agricultural productivity (Lubowskiet al., 2006). Land conservation is
a critical element in achieving long term economic growth and sustainable development. Land
use policy must balance between private property rights and the public interests. The sub

Saharan Africa countries, the most extensive rangeland and grazing land are also threatened with

12



degradation of land. Ethiopia is one of the sub Saharan African countries where deforestation,
cutting trees, degradation of the land and reduction of crop production that hinders socio
economic development. Therefore, the country is definitely exists with the difficulty of
producing surplus food for its rapidly growing population without natural resource dependency.
To insure a sustain natural resources with a population number has been a major challenge for

the country (Melaku, 2000).
2.4. Application of Remote Sensing and GIS on Land Cover Dynamics

Remote sensing is a science and art of obtaining information about an object or phenomenon
without any physical contact with the object and thus in contrast to site observation. It is defined
as the use of electromagnetic radiation sensor to record images of the environment which can be
interpreted to yield useful information while GIS is a computer based system which used to
capture, manage, analysis and interpret data in land cover dynamics study (Samuel et al.,
2009).Relating the gquantitative remote sensing data with social science analysis and socializing
the pixels is the main challenge in land use land cover change studies. But GIS enable us to
understand the determinants of land use land cover change and to understand the cause-effect
relationship between the change and the driving forces of the change ( Mugagga, 2011).

GIS data bases are used to improve the extraction of relevant information from remote sensing
imagery, where as remote sensing data provide periodic pictures of geometric and thematic
characteristics of terrain objects, improving our ability to detect changes and update GIS data
bases (Janssen, 1993 Satellite imagery provides a good source of data for performing structural
studies of land space. Simple measurements of pattern such as the number, size and shape of
patches can indicate more about the functionality of land cover type than the total area of cover

alone (Janssen,1993).
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2.5. Characteristics of Satellite Images

There are four main characteristics of satellite images which determine the quality of remote
sensing data obtained by different sensors. These are spectral resolution, spatial resolution,
radiometric resolution and temporal resolution.

Spectral resolution: Spectral resolution refers to the number of spectral bands and the width of
each spectral band to which the remote sensing system is sensitive to distinguish different feature
classes in a multispectral image based on their responses over a particular wavelength ranges.
Accordingly, a narrow band width and large number of bands in each band provide higher
spectral resolution and allow us to discriminate different features easily than small number of
bands and wide band width (Yeung, 2002). While we compare the spectral resolution of colored
film with a black and white film, black and white film records the whole wavelength ranges, of
visible portion of electromagnetic spectrum (0.4pum-0.7um) evenly. But colored film is sensitive
to each particular energy reflected at blue (0.4 pm -0.5 um), green (0.5 um -0.6 pm) and red (0.6
um - 0.7 um) wavelengths spectrum (Reusing, 2000).Therefore, colored film has high spectral
resolution and with this higher spectral resolution it can discriminate different feature with
different color based on their reflectance at each wavelength range. So this research intended to
use the colored film due to the above reasons.

Spatial resolution: refers to the size of pixels that is recorded in an image. Spatial resolution
refers to the size of the smallest object that can be distinguished by a given sensor which is
determined by the distance between the object or phenomenon and the sensor that discriminate
the object (Reusing, 2000). When the distance of the sensor from the target is increased, it covers
large area but it cannot provide greater detail, i.e. if volume of data is large, its resolution is low.

When the distance between the sensor and an image is large, the sensor covers large area with
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low resolution/detail. On the other hand, when the distance between the sensor and an image is
small, the sensor covers small area with high resolution. Satellite images possess small matrix of
pixels which are the smallest possible units of the image. These pixels are normally square in
shape and each represents a certain area of land on the ground.

Radiometric resolution: The number of different intensities of radiation sensor is able to
distinguish. It is the ability to discriminate the spectral reflectance between different features
which depends on the number quantization levels within the spectral band (Reddy, 2008). It is
expressed as the number of binary digits from zero to selected power of 2 that needed to store the
highest level value and define the tangible facts contained in the image. A sensor that used 8
bits to record an image has higher radiometric resolution than that used 4 bits. Because in the
first sensor there are 28= 256digital values ranging from 0 -255 which represents the maximum
number of brightness level, but in the second sensor only a maximum 24= 16 brightness levels
are available ranging from 0-15.

Temporal resolution: temporal resolution is refers to the visit frequency at which satellites
complete one full orbit cycle and obtain image of the same area at different period of time to
provide multi-temporal imagery that used to monitor the biophysical changes occurring on the
surface of the earth (Yeung ,2002).

2.6. Image Classification Process

Digital image classification is a process by which all pixels in an image are automatically
classified in to different land cover classes based on the spectral pattern present within the data
for each individual pixel. There are three methods of digital image classification namely:
Unsupervised classification, supervised classification and hybrid classification (Yeung, 2002). In

unsupervised classification method, the computer classify the image in to natural clusters of
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similar brightness value without training area selection in which pixels of the clusters can be
related to the actual land cover classes after ground verification.

In case of supervised classification approach, training area are selected to specify the spectral
signatures that will represent each desired categories of land covers in each bands of digital
image to the computer algorithm (Behailu,2006).This image classification method need prior
knowledge of the user to specify appropriate spectral signature of the desired class to the
computer algorithm. According to hybrid image classification, both supervised and unsupervised
image classification methods are combined together to classify the images. In hybrid image
classification methods: first, unsupervised classification is carried out to classify the image in
natural clusters and based on these natural clusters, training area are selected for supervised
classification in which maximum likelihood decision rule is applied to classify the entire image

(Reusing,2000).

2.6.1. Image Enhancement

Image enhancement is the process of making an image more interpretable for a particular
application. Image Enhancement is necessary for raw remotely sensed data, it makes more
interpretable to the human eye. Enhancement techniques are often used instead of classification
techniques for feature extraction studying areas and objects on the ground and deriving useful
information from images. The techniques to be used in image enhancement depend upon type of

data, objective of the study, expectations and background of the analyst (Erdas, 1999).

2.7. Integration of Remote Sensing and GIS in Digital Change Detection
Integration of GIS and remote sensing technologies can be used to develop decision support
systems for planners and decision makers. Remote sensing is a raster based data collection and

analysis system; while GIS is vector data based system even though raster based GIS data also
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exist. The different sectors such as urban planning, natural resource management, forestry,
agriculture sector and environmental management needs spatial data tools to work efficiently and
effectively (Reddy, 2008).

These days’ great improvements have been made in the integration of remote sensing and GIS.
Advanced computer hardware & software have permitted the expansion of current GIS and
remote sensing capabilities in dealing with data structure conversion. The main important area of
GIS integration with remote sensing lies in combining vector information in image classification
for the selection of training areas. The integrated system is able to perform a raster-vector
intersection query (Yeung, 2003). This is used to find which pixel fall within which polygon,
given an image polygon file, without the need of data format conversion. To be valued in GIS
environment, remote sensing data need to be digital in format (Reddy, 2008).Remote sensing
images and information extracted from these image together with GPS data are the main data
source of modern GIS. The combination of these fields will continue to transform the
quantification and monitoring of land cover changes. From remote sensing data there are two
methods of data extractions for GIS input. These are computer processing of remotely sensed
digital images and visual interpretation of satellite imageries in pictorial format (Reddy, 2008).
The output of both analysis methods provide data input for GIS that used to any applications. A
fully integrated system requires two way flows of data between vector data sets and raster
images. Image statistics within a polygon are generated and then returned directly to the GIS data

base as attribute of the polygon.
2.8. Methods of Digital Change Detection

Change detection is the process of investigating and identifying differences in state of

phenomenon by observing and analyzing it at different times (Yeung, 2002). Change detection
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process in remote sensing can be facilitated and performed by using GIS. There are two broad
methods of Change detection: Map-to-map comparison approach and image-to image
comparison.
I. Image to image comparison approach
Image to image comparison approach is a change detection approach which involves the analysis
of spectral characteristics of two or more images to identify the actual spectral differences caused
by the desired variables. Like in map-to-map comparison approach, the two images are
geometrically rectified and accurately registered to match exactly. After one of the image
classification systems is employed, the two images are compared by means of image
differencing. Then when raster GIS overlay is performed, in case of image subtraction the results
can be negative or positive. The constant value is used to convert the negative value to positive
value. Thus, in the resulting image, value greater than the constant value indicate increased
reflectance, value less than the constant value indicate decreased reflectance, and the constant
value indicate no change (Yeung,2002).

ii. Map to map comparison approach
Map to map comparison approach is also called post classification comparison change detection
approach. In this method satellite images of two or more different dates are used. First the two
images are pre-processed such as geo-rectification and registration to match exactly. Using one
of the image classification systems, each image is classified in to different land cover classes and
two independent land cover maps are generated to visualize the classes. After that the overlay
function of GIS is used to compare the two maps pixel by pixel or polygon by polygon (Fazad,
2013). Then, between the two maps cross-tabulation of change detection matrix is generated.

When the two maps overlay and subtracted pixel by pixel the resulting map may show negative,
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zero and positive for cover loss, no change and regeneration respectively (Yeung, 2002). In using
polygon by polygon comparison the raster image need to be converted in to vector format and

land cover change information is extracted with appropriate GIS functions.
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CHAPTER THREE

3. DESCRIPTION OF STUDY AREA AND RESEARCH METHODS
3.1. Description of Study Area

3.1.1. Location

Merti is one of the Woreda in the Oromia Region of Ethiopia. It’s a Part of the Arsi Zoneand
bordered in the south by SudeWoreda, in the west by JejuWoreda, in the north by the Afar Region,
in the east by AsekoWoreda, and in the southeast by CholeWoreda. There are 19 rural and 4 town
Kebeles in Merti Woreda. The total area of the woreda is 125069.6 ha. Agro ecologically, the
study area falls in Dega, woynadega and kola. The altitude of study area ranges from 873 to
2867 meters above sea level. The highest points in the Woreda are Garasirri and Gora. The
temperature of study area ranges from (14-25°c).The highest rainfall comes mainly during the
summer season (June, July and August). The annual rainfall is rangesbetween580mm-1,099mm

(Gemechu, 2007).
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Figure: 3.1 Map of study area Ethio GIS data.
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3.1.4. Population and Economic Activities

According to CSA (2016) the total population of Merti Woreda was116, 822, of whom 60,257
were men and 56,565 were women; 22,539 of its population were urban dwellers. The majority
of the inhabitants were Muslims, with 60.74% of the population observed this belief, while
37.68% of the population practiced Ethiopian Orthodox Christianity and 1.37% of the population
were protestant (CSA,2016). Afan Oromoo is spoken as a first language by 65.38%, and 33.79%
spoke Amharic; the remaining 0.83% spoke all other languages. Industry in the Woreda includes
quarrying and pottery making, 61 small scale industries that employ 178 people, as well as 727
registered traders 17.6% of whom were wholesalers, 42.4% retailers and 40% service providers.
There were 25 Farmers Associations with 14,179 members and 4 Farmers Service Cooperatives
with 6958 members. Merti Woreda has 148 kilometers of dry-weather and 105 of all-weather
road, for an average road density of 197 kilometers per 1000 square kilometers. About 22.7% of

the total population has access to drinking water (Socio-economic profile of Arsi Zone, 2006).

3.1.5. Agriculture and Livestock

The major means of livelihood of the study area are crop production and animal rearing. In
addition to this, charcoal and fire wood extraction also alternative incomes for the local
community. Rain fed crop production is a dominant agricultural activity because most of the
people of the study area engaged in agricultural activities. Major food crops grown in the area
includes teff, wheat, sorghum and maize. The smallest parts of the area have irrigation farms to
produce fruits and vegetables for market. In addition to this there are irrigation farms that are
owned by government, individual farmers and investors according to the information from

Agriculture Office of the Woreda.
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3.2. Methods and Materials

3.2.1. Research Methods

This study was undertaken using qualitative research methods. The qualitative method was the
first emphasizing on acquisition, processing and analysis of Landsat images followed by
collection of primary qualitative data for the analysis of socio-economic and physical data. The
main reason of qualitative research method used for this study was that, qualitative method
enables the researcher to gain adequate understanding of the problem, to clarify the result to
extend the width and range of inquiry by incorporating the findings of the at the final result

interpretation stage.

3.2. 2. Data Types and Sources

In order to achieve the stated objective of the study, two types of data were used. These were
Primary data and secondary data. Primary data includes, socio economic data collected from
selected household heads through key informant interviews and focus group discussions. These
data were mainly concerned with the socioeconomic issues and livelihood conditions that
typically include historical spatiotemporal land cover changes. Focus group discussions also
summarized the opinions and understanding of the local communities of the study area.
Participants in both key informant interviews and focus group discussions were selected
purposively from the population of the study area. Secondary data used for this study included:
official reports, local and national CSA data of the study area. Land sat images were considered
as the main data source of the study and aims to create the overall image of spatiotemporal land
cover dynamics of the study area. Land sat images on sunny day which acquired for the three

Observation years were downloaded from USGS website.
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3.2.3. Method of Data Acquisition

The analyses of spatial and temporal land use and land cover changes, satellite image maps were
produced. The satellite imagery provides excellent sources of data for performing well organized
studies of a land use land cover (Sachs et al., 1998). Present and past information on land cover
and land use changes for the study area was generated from remotely sensed data.The main
purpose of studies was quantifying the land use /land cover change of the study area and
evaluating the dynamics between the different LULC classes. To quantify the extent and rate of
the changes as well as the dynamics of major land use/land cover types in the study area three
Land sat imageries of 1986(TM), 2000(ETM+ and 2015(OIL) that acquired during sunny day
that means between January and March Land sat image of 30m x 30m spatial resolution were
downloaded from USGS website and used.

Table:3. 1 Land sat images used in the study

Sensor Spatial Date of acquisition  Path and row

resolutions(m)

™ 30mx30m 1986/01/21 168/54
ETM+ 30mx30m 2000/02/05 168/54
oLl 30mx30m 2015/01/05 168/54

3.3. Tools of Data Collection
Tools of primary data collection used for this study are focus group discussion and key informant

interview questions.
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A. Key Informant Interview (KII)

This was undertaken by the researcher just with well-experienced and informed individuals to
get information in depth on the socio-economic and physical data which the investigator wants to
go through. Therefore, Key informant interviews were conducted with experts in Agricultural
Office, Developmental Agent Workers, and Chair persons of Kebeles and District Forest Office
of the study area about spatiotemporal land cover dynamics taking place over the past 29 years.
Thus, key informant interview was conducted to get first-hand information of socio economic,
biophysical (based on their perception of change) and policy related to land use land cover
information of the study area to strength the findings of satellite images. Key informant
interview totally included 8 persons and 2persons for each sectors. They were selected
purposively based on the following criteria by the help of chair persons of Keble’s: they lived in

the study area for long periods of time and they have enough information about the study area.

B. Focus Group Discussion (FGD)

The four FGD discussions have been conducted. Each group consisted of five persons. FGD
were consisted elderly men, elderly women, poor farmers and rich farmers of the study area.
Poor farmers and rich farmers were identified based on the data obtained from agricultural office
of the Woreda. To extract valuable information, discussion points were translated into Afan
Oromo language. The information extracted from this group discussion points were summarized
at the end of the discussion to strength the findings of quantitative satellite image data and
history of land cover experiences of the study area. Pseudonym (false) names were assigned for

KI1 in the analysis part of the study area to keep their confidence.
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3.4. Methods of Data Analysis

3.4.1. Analysis of Land Cover Dynamics

The extent of land covers dynamics were analyzed in the study area in the years 1986, 2000 and
2015 using land sat image of these years. Before using these data, each image was preprocessed.
The term preprocessing comprises a number of image processing activities carried out to
improve the quality of the image and information that were extracted from the image. These
include layer stacking, radiometric correction, topographic correction and image enhancement.
First, the separate single band images were stacked in to a single output multi-band image file.
Subsequently, image enhancement was done to minimize error in the detector and to maximize
the brightness value of the data. This function used histogram equalization applying linear
contrast stretch to redistribute pixels of the same number of values within a range. Band
combination and false color combination were also used to improve identification of the class.

In unsupervised classification method, the computer classify the image in to natural clusters of
similar brightness value without training area selection in which pixels of the clusters was related
to the actual land cover classes after ground verification. Moreover, supervised classification was
used to cluster pixels in data set into classes corresponding to user defined training classes. This
classification method requires selecting training areas for use as the basis for classification. It
requires a prior knowledge of the area in order to provide the computer with training classes. In
this method, the user defined the original pixels that contain similar spectral classes representing
certain land cover class. The Supervised Maximum Likelihood classifier algorism classification
system was used, since it is the most common method in remote sensing image data analysis
(Richards, 1995). In addition to after supervised classification, post classification and accuracy

assessment were taken place.
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3.4.2. Accuracy Assessment

In order to produce land cover maps from remote sensing always contain some errors due to
several factors which ranges from classification technique to method of satellite data capture. To
wisely use of the land cover maps which were derived from remote sensing the errors should be
quantitatively explained in terms of classification accuracy. Whether the output meets expected
accuracy or not is usually determined by the users depending on the type of application the map
product used. The accuracy essentially measured how many ground truth pixels were classified
correctly. Accuracy levels that acceptable for certain task may be unacceptable for others. The
common means of expressing classification accuracy the preparation of classification error
matrixes. An error matrix (confusion matrix) is a square array of numbers organized in rows and
columns which express the number of sample units assigned to a particular category relative to
the actual category as indicated by reference data (Congalton etal., 1999).

Error of omission is the percentage of pixels that should have been put into a given class but
were not. Error of commission indicates pixels that were placed in a given class when they
actually belong to another. These values are based on a sample of error checking pixels of known
land cover that are compared to classifications on the map. Errors of commission and omission
can also be expressed in terms of user's accuracy and producer's accuracy. User's accuracy
represents the probability that a given pixel appear on the ground as it is classed, while
producer’s accuracy represents the percentage of a given class that is correctly identified on the
map and overall accuracy is calculated by summing the number of pixels classified correctly and
dividing by the total number of pixels. One of the problems with the confusion matrix and the

kappa coefficient is that it does not provide a spatial distribution of the errors (Foody, 2002).

26



The accuracy is essentially a measure of how many ground truth pixels were classified correctly.
The kappa coefficient is a measure of the agreement between classification and reference data
with the agreement due to chance removed. The kappa coefficient is greater than 0.80
represented strong agreement between the classification and reference data; between 0.40 and
0.80 represented moderate agreement; and less than 0.40 represented poor agreements. The
Kappa coefficient lies typically on a scale between 0 and 1 and usually multiplied by 100 to give
a percentage measure of classification accuracy. This implies that the Kappa value of 0.80
represents a probable80% better accuracy than if the classification resulted from a random
assignment (Anderson, 1971).

Knapp and Mueller (2010), validity is the usefulness of research instruments in addressing
research objectives and research questions. Therefore, as a principle, in order to assure the
validity of the research, the researcher was tried to review quite adequate conceptual and
empirical literatures related to the problem under investigation. Generally, to ensure the validity
and reliability of this study, ground reference data assumed correct was collected from
topographic map for the initial Land sat image, Google earth map for the second and Google
Earth Image for the third Land sat images. The ground reference data from sample points was
compared with the corresponding class on the pixels groups/polygon. Then, the final evaluation

result was presented in the form of error or correct.

3.4.3. Socioeconomic Data Analysis

In this investigation, the major concern of integrating socioeconomic data with quantitative
remote sensing data to obtain supplementary information from the local community that
explained the results of the study in depth. Therefore, socioeconomic data collected from KIl and

FGD were interpreted to identify the understandings and perceptions of local community on the
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interaction of socioeconomic activity and biophysical attributes of the study area on
spatiotemporal land cover dynamics. The data analysis has taken the form of paraphrasing and

quoting the words of key informant interviews and focus group discussions.

3.4.4. Land cover and land use classes and its definitions

Land use and land cover in study area, forest land, shrub land, crop land, bare land and Settlement
were identified and the description of each land use and land cover type is given based on FAO
(1997) in below Table 3.2

Table 3.2 Description of Land use and land cover classes found in the study area

Land use/cover | Land use/cover description
categorise
Crop land Areas of land that is ploughed and/or prepared for raising crops.

Small rural communities and other built up area
Settlement

Tree canopy cover >70%.Amulti-strata community, with interlocking
Forest land canopies, composed of canopy, sub canopy, shrub and herb layers

All areas of grassland with less than 10 % tree and/or shrub canopy
Grass land Cover and greater than 0.1% total vegetation cover. Dominated by
grass-like, non-woody, rooted herbaceous plants

Shrub land Communities dominated by low, woody, self-supporting, multi stemmed
plants branching at or near the ground, between 0.2-2m in
height. Total tree cover <1 %
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CHAPTER FOUR
4. RESULT AND DISCUSSION

4.1. Results
For the study area five land use land cover classes were identified. These were cropland,

settlement, forest, shrub land and grass land. The land use land cover classification result for the
study year 1986, 2000 and 2015 indicated in (Table 4.1). In 1986, the largest area was covered
by shrub land and small area by settlement, which constitutes 42.6% (53,476.3ha) and 0.26%
(150.2ha), respectively. The cropland, forest and grassland were covered31.52 %( 39,420.6ha)
and 15.64 %( 19,559 ha) respectively. The land use land cover classification for the year 2000, as
a year of 1986, the largest area was covered by shrub land and small area by settlement which
accounts 43.1 %( 54,134.9 ha) and 0.31 %( 386.2ha), respectively. Cropland, forest and
grassland were accounted 38 %( 47,522.5 ha), 9.3 %( 11,625ha), and 9.1 %( 11,400.9 ha). In
final year (2015) land use land cover classification analysis shows that the same classes and area
with the first and second observation year, but covering different quantity of area: cropland
42.96% (53,723.5), shrub land 38.5% (48,154.1ha), forest 6.83% (8,540.2ha), grassland 11.07%
(13,840.5ha) and settlement 0.65 % (810.7ha), respectively. It was different from the first and

second classification years, the cropland was 42.79 % (53,516.7ha) dominant classes of the area.
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Table 4:1.Land use land covers (1986, 2000&2015).

Land Use
land Land use land cover area coverage Land use land cover change(ha)
Cover
Class
1986 2000 2015 1986- 2000- 1986-2015
2000 2015
Hectare % Hectare % Hectare % Hectare Hectare Hectare
Cropland 39,420.6 31.52 47,5225 38 53,723.5 42.96 | 8102.2 6201.4 14303.
Shrub 53276.3 42.60 54134.9 43.28 48154.1 38.50 | 858.6 -5980.8 -5122.2
land
Forest 19559 15.64 11625.4 9.30 8540.05 6.83 -7933.6 -3085.35 -11018.95
Grass 12492.3 9.99 11400.9 9.12 13840.5 11.07 | -1091.4 2439.6 1348.2
land
settlement | 321.2 0.26  386.2 0.31 810.7 0.65 64.945 424,535 489.48
Total(ha) 125069.6 100 125069.6 100 125069.6 100
Source: calculated based on data obtained from Land sat images of 1986, 2000 and 2015.
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4.2. Classification Accuracy Assessment

Accuracy assessment for the land use land cover classification has been conducted and the 1986,
2000 and 2015 classification retained 92.8%, 92.5% and 94.55% respectively indicated in
(Table4.2). In land use land cover classification, accuracy assessment and kappa statistics values
are important to quantify the accuracy of the classification. The Kappa coefficient lies typically
on a scale between 0 and 1 and usually multiplied by 100 to give a percentage measure of
classification accuracy. This implies that the Kappa value of 0.80 represents a probable 80%
better accuracy (Anderson, 1971). As a result, the overall accuracy and kappa values for the

study year are acceptable.
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The result showed the kappa values were 0.9277 for 1986, 0.9548 for 2000 and 0.9455 for 2015
classification and User accuracy of the study period were 92.77%, 95.50.38% and 94.55% for
1986, 2000 and 2015 respectively with corresponding to 0.88, 0.873 and 0.89 kappa statistics

shown in (Table4.2). Almost all of the values in area were an indicative of a perfect agreement.

Table: 4.2 Accuracy assessment and Kappa statistics for land use land cover classification 1986,

2000 and 2015
Year LULC Class Producer  User Overall kappa statistics
accuracy  accuracy  accuracy
(%) (%) (%)
Settlement 77.7 70
Cropland 97.1 95.71
Forest 87.5 87.5 928 0.88
1986 Grassland 62.5 71.4
Shrub land 80.76 87.5
Settlement 88.8 80
Cropland 98.6 95.95
2000 Forest 80 80
95.50 0.873
Grassland 75 85
Shrub land 77.78 100
Settlement 100 80
Cropland 100 96.1
2015 Forest 100 30 94.55 0.89
Grassland 75 100
Shrub land 66.67 100

Source: Analysis based on data obtained from Land sat images of 1986, 2000 and2015.

Moreover, user's accuracy and producers' accuracy also determined for all the three classified
images. Users' accuracy measure the percentage of pixels or points mapped as a given class is
indeed belongs to that class on the ground and producers' accuracy measure the percentage to

which the ground reference data itself was correctly classified. Image 1986 was classified at
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maximum and minimum producers' accuracy 97.1 %( cropland) and 62.5 %( grassland) and
Users' accuracy at maximum 95.1 %( cropland) and minimum70 %( settlement) respectively.
Image 2000 was classified at maximum and minimum producers' accuracy 98.6 %( cropland)
and 75 %( grass land) and Users' accuracy at maximumZ100 %( shrub land) and minimum 80 %(
settlement) was classified. Similarly, for image 2015 all land use land cover classes were
classified. Land use land cover class that classified producers' accuracy was 100 % (settlement,
forest and cropland) and grassland and shrub land 75%and 66.67% respectively. Users' accuracy
of grassland and shrub land was 100%, settlement and forest was 80% and cropland was 96.1%.
4.3. Land Cover Change Detection: Extent and Change

4.3.1. LU/LC Change Detection for 1986 to 2000

In the case of the year 2000, the area covered by settlement increased by 64.94 ha from 1986
which was 321.2ha. The forest cover decreased in 2000 by 7,933.6 ha from 1986, 19,559 ha. In
other words, from the analysis, it was found that, the forest cover declined from 15.9% in 1986
t0 9.3% in 2000 and 7% in 2015 (Table4.1). In the study area, forest coverage showed a decrease
in the area and the push factors were expansion of land for agriculture and settlement. The study
conducted by Gete and Hans, H. (2001), stated the quest for agricultural land is the one that
made the deterioration of forest cover significant. Kebrom and Lars, H. (2000), also discussed
the effects of cultivation land increase on the dramatic decrease of forest cover. The total cleared
forest area between 1986 and 2000 was 7, 933.6ha. According to informantsextensive
deforestation occurred during government transition period due to instability and conflict in
study area.* Therefore, major deforestation took place in study area between 1986 and 2000 that

decreased by 7,933.6 ha and the need for agriculture land was increased tremendously and

YInformants: TadeseGemeda and Hawa Kemal.

2 FGD: Discussion with poor farmers and Informants: Kedir Tufa.
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cleared the forest. Land use land cover change with regard to forest cover, in 14 years from 1986

to 2000 the cover declined from 19,559 ha to 11,625.4ha in 2000.

Table 4.3: Land use land covers change for 1986- 2000

Land Use land
Cover Classes Study years

1986 % 2000 % Change

Hectares Hectares

Areain(ha) %

Cropland 39,420.6 31.52 47 522.5 38 8102.2 +44.9
Shrub land 53276.3 42.60 54134.9 43.28 858.6 +4.75
Forest 19559 15.64 11625.4 9.30 -7933.6 -43.93
Grass land 12492.3 9.99 11400.9 9.12 -1091.4 -6
Settlement 321.2 0.26 386.2 0.31 64.945 +0.35
Total(ha) 125069.6 100 125069.6 100
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Figure 4.6: Land cover change from 1986-2000

4.3.2. LU/LC Change Detection for 2000 to 2015

From 2000 to 2015 the forest coverage decreased by 3,085.35 ha and reached 8,540.05 ha in
2015. In this study, the expansion of agricultural land 47,522.5 ha in 2000 to 53,723.2 ha in 2015
and settlement expanded from 386.2 ha in 2000 to 810.7 ha in 2015 and resulted in the decline of
forest coverage from 11,625.4 ha in 2000 to 8,540.82 ha. The group discussion and interview
result also indicated, the forest cover was decreased from year to year due to timber production,
fence, house construction wood, charcoal production, fuel wood and expansion of Agricultural
land.?Gessesse and Johan, K. (2007), in their study found that, the forest cover mainly lost by
expansion of agricultural land. The respondents also emphasized on the increase of expansion of
agricultural land and settlement was affected the forest cover and also the shrub land area.® The

cropland area was also increased in 2015 by 6,201 ha from the second study year indicated

2 FGD: Discussion with poor farmers and Informants: Kedir Tufa.
*Informants: HusenAman.
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(Table 4.4). With regard to settlement, in 2000 and 2015 constitutes 0.31% and 0.65%,
respectively. Settlement coverage in 2000 was 386.2 ha increased to 810.7ha in 2015 the
settlement was increased by 424.5ha.

Table 4.4: Land use land cover change for 2000-2015

Land Use Study years
land
Cover
Classes
2000 % 2015 % Change %
Hectares Hectares Area in(ha)
Cropland 47,522.5 38 53,723.5 42.96 6201.4 +34.20
Shrub land 54134.9 43.28 48154.1 38.50 -5980.8 -32.98
Forest 11625.4 9.30 8540.05 6.83 -3085.35 -17.01
Grass land 11400.9 9.12 13840.5 11.07 2439.6 +13.45
Settlement 386.2 0.31 810.7 0.65 424.535 +2.34
Total(ha) 125069.6 100 125069.6 100
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Figure 4.7: Land cover change between 2000and 2015.

4.3.3 LU/LC Change Detection for 1986 to 2015

From initial to final year, settlement was increased by 489.48ha. The settlement category result
showed there was a change in coverage or settlement expanding from 1986 to 2015. Statistically,
the area used for settlement in 1986 was 321.2 ha and this was increased by 489.48ha and cover
810.7ha in 2015. During this time land use also showed the change that existed in the study area.
In the case of cropland, the northern part of the study area was dominated by extensive farming
system and the change was not significant, but in the south western and southern part clearly
indicates an expansion of cropland area was increased by 14,333.3ha from reference year in

2015.

The shrub land coverage in1986 and 2015 was 53,276.3 ha and 48,154.1 respectively. Between
these years, shrub land was decreased by 5,122.2 ha. The grassland land covers in 1986 and
2015was 12,492.3ha and 13,840.05 ha respectively; increased by 1,348.2ha. Settlements were
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increased from time to time; between 1986 and 2015 settlement was increased by 489.48ha

shown (Table 4.5).

Table 4.5: Land use land cover change for 1986-2015

Land use Study years
land
Cover
Classes

1986 % 2015 % Change

Hectares Hectares

Area in(ha) %

Cropland 39,420.6 31.52 53,7235 42.96 14303 +7.36
Shrub land 53276.3 42 .60 48154.1 38.50 -5122.2 -26.39
Forest 19559 15.64 8540.05 6.83 -11018.95 -56.77
Grass land 12492.3 9.99 13840.5 11.07 1348.2 +6.94
Settlement 321.2 0.6 810.7 0.65 489.48 +2.52
Total(ha) 125069.6 100 125069.6 100

The total area covered by forest in 1986 was 19,559 ha and after 30 years, in 2015 the forest
coverage was decreased by 40.56% it reached14, 333.3ha and this indicated the vulnerability and
pressure on forest was increased. However settlement, increased at least 2 times from 1986 total
area, 321.2ha to 810.7 ha in the year 2015. The expansion of settlement and decline of forest

coverage was a serious problem.
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Figure 4.8: Land cover land use change of between 1986-2015

Generally, land use land cover change result shows changes were clearly identified. The

expansion of crop land area and forest coverage was highly changed as compared to the other

classes. Extensive hectares of forest land were changed to agricultural land and converted to

other classes. Considering the 360 year, the forest area is deteriorating, statistical values also

support this decline and about 11218.18 ha of land covered by forest were cleared for the

expansion agriculture and to some extent for settlement purpose. Clearly shows that land use

land covers change from 1986-2015 in (Figure 4.9).
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Figure 4.9: Land use land covers changes for 1986, 2000 and 2015

4.3.4. Land use land cover matrix

Land use land cover matrix was produced by overlaying two land use land cover maps of the
same area to show the probability that one particular land use land cover category changed in to
other land cover category. It is used to predicting the likely possible change between different
particular states. In this study, from initial to final year transitional land cover matrixes were
produced for each three periods of the studies in which column stands for the initial state of land
use land cover categories and the row stand for the final state of land use land cover
categories.Considering the land use land cover matrix indicated (table 4.4), the forest area about
66% in 1986 was changed to other classes in 2015. In the case of cropland category, from the
1986 area covered by crop land, gain 14,303ha which was 11.4% of area from other land use
land cover classes and the shrub land from other classes dominated the increment to crop land

category.
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Table 4.6: Land use land cover matrix

From 1986
Land Forest Cropland | Grassland | Shrub land | Settlement | Total

To use/cover

2015 class
Forest 695.88 13.66 1213.13 7.33 8540.05
Cropland | 11871 1587.78 4644.21 154.3 53723.5
Grass land | 57.67 563.41 6794.16 141.59 13840.5
Shrub land | 843 2432.35 | 4375.60 7.9 48154.3
Settlement | 177.33 261.20 231.59 130.5 810.7
Total 19559 39420.6 | 12492.3 53276.3 321.2 125069.6

4.4. Discussions

The extent, trend, and the change of each land cover classes in the study area were summarized

as follows for the three study periods. Most of the area occupied by this land use land cover class

was located in south and south west part of study area in altitude ranges from 1,702 to

2,867masl. In the first study period from 1986-2000, the analysis of both TM and ETM" satellite

images showed that the total size of land area covered by forest was 19,559 ha and 11625.4 ha

respectively. In the second observation year (2000), it decreased in 7933.6 ha of the study area

due to the conversion forest to cropland and grass land. In the year 2000 -2015 forest decline by

3,083.35ha and between the years 1986-2015 declined by 11,018.95 ha. The entire period of the
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study considered, this land use land cover class declined and transformed to other land use land

cover.
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Figure 4.10: The amount of Land use land covers in percent 1986.
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Figure 4.11: The amounts of Land use land cover in percent 2000
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4.5. Analysis of Socioeconomic Data
According to FGD and KII Merti Woreda experienced land cover dynamics during the study
period. In different extents, forest land and shrub land were converted to cropland/settlement
land. Moreover, the agricultural land expansion in to forest areas, timber, charcoal and fire wood
was another major land cover dynamics in the study area.”

As 58years old DA worker in the study area stated that...

“I was born and work here for 32 years within the Woreda in different Kebeles.
All most the whole areas in this district were covered by dense forest and
grasslands during my childhood. Nowadays the forest coverage declined and
totally changed. Not only forest everything is changed. The wild animals have
been endangered. The amount rainfall and temperature are also greatly
changed. The livelihood in the area became difficult because there are no
alternatives sources of income without agriculture and selling forest products
for the most people the in area. Due to low rainfall crop production is

decreasing from year to year and livestock is dying. During past times, farmers

* All FGD and Informants: MekonnenGashaw, Teshome Solomon and Mohammed Kedir.
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produce at least two times in a year (summer and Autumn seasons). Currently,
farmers produce once in a year and the production is low when we compare
with the past. Moreover, the charcoal, fuel wood extraction and timber
harvesting is not easy task now. Before some years ago, they get forest products
within short distances travelling. Now they travel long distances up to 7 to 9

hours to collect fire wood and others forest products to house consumption as
5

well as for selling.”
4.5.1. Major causes of land cover dynamics
Several land use land cover change studies carried out in different parts Ethiopian showed that
land cover change which resulted from land use change was activated by different factors such as
immediate and proximate factors which broadly include social, economic, institutional and
natural factors that drive land use land cover dynamics at different rates and extents based on
different terrestrial and chronological circumstances (Amanuel and Samuel, 2014). The recent
study confirms with these studies and identified different drivers of land use land cover change
in the study area for which mainly human being was responsible. These include livelihood
situation, expansion of agricultural and settlement land that aggravated by population pressure,
charcoal and fuel wood extraction, intensified timber harvesting and construction wood and
ineffective forest management system and frequent fire. All these factors have been discussed as
follows:
I. Livelihood situation
As both key informants and focus group discussants, agricultural activity including both crop
production and animal rearing was considered as the major economic activity of the study area

and it was the major source of income for the local community. Agricultural activity was widely

®Informants: Mohammed Kedir.
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practiced as the main source of income for the people of the study area. However, it couldn’t
generate enough annual income for most of the people for their family needs. Hence, they
participated on other alternative sources of income like timber, fence wood, fire wood extraction
and charcoal making to get additional income that helps them to fulfil their family needs by
selling it to the near town. Therefore, such livelihood situation activity facilitated for decline of
forest land.®

ii. Expansion of agricultural land and population pressure

The focus group discussants were agreed with this data during their discussion and they
explained that population of the study area was increased from year to year by both high natural
increase and in-migration to the study area from neighbouring Woredas. Agriculture was main
livelihood for the local community on which most of the local community practiced agricultural
activity as major income sources for their household needs. Agricultural land was increased
from time to time to balance the increasing demand of food with population pressure. Then, as
agricultural land increased from year to year and other land cover classes were decreased
continuously such as forest land.” Kassay (2004) stated that the expansion of cultivated land
from 25 % in 1972 to 56.4 % in 2000 in the central highlands of Ethiopia due to expansion of
farm land pressed by high population pressure. Amanuel and Mulugeta (2014), also suggested
that the continuous increment of agricultural land from 19.16 % 1973 to 65.6 % in 2004 in Nada
Asendabo watershed, south western Ethiopia instead of forest land, grass land, bush land and
reverine forest due to high population pressure and expansion of farm.

iii. Charcoal and fuel wood extraction

®FGD: Discussion with elder Women and Informants: Mohammed Kedir.
"Informants: TadeseGemeda ,Mohamed Kedir and Genet Tolosa
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As focus group discussants, the most common traditional energy sources like fire woods,
charcoal and crop residuals were identified as the dominant sources of energy for the study area.
Fire wood and charcoal was not only sources of energy for local population. It was the sources of
income by selling it for the town population.®A key informant supported that population growth
of the study area pressure the local community to engage in exhaustive charcoal production and
fire wood extractions to get income for their basic needs. Specially, economically ineffective
households were involved in these activities. Therefore, intensive firewood extraction and
frequent charcoal production of the study area have been considered as the main cause for the
destruction of forest land and shrub of the study area.’

As stated in Messay (2011) woodland was tremendously declined in Nonno district, Central
Ethiopia due to intensified extraction of fuel wood, construction wood, charcoal making, farm
equipments and cropland expansion. Additionally, Zenebe (2007) showed that devastation of
remnant natural forests in Tigray regional state was resulted from the alarming rate of
agricultural land expansion, fuel wood collection, timber harvesting forced by increased human
pressure.

iv. Intensified timber harvesting and construction wood

A key informants and focus group discussants agreed that timber and construction wood
products for domestic use such as house construction, farm tools, simple furniture and fence
highly demanded in all parts of rural areas. In addition, the small land holders and landless
community in the study area mainly engaged in timber harvesting and fence wood extraction
illegally and sell it to the local communities nearby markets at night. In the same way, Zenebe

(2007) revealed that destruction of remnant natural forests in Tigray regional state was resulted

8EGD: Discussion with elder Women.
®Informants:Husen Ali and TadeseGemeda
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from the alarming rate of agricultural land expansion, fuel wood collection, timber harvesting
forced by increased human pressure which can be considered as causes for change in the forest
structure that resulted mostly in transition between forest, shrub land and grassland. Furthermore,
the key informants stated that forests close to settlement areas were vulnerable to great extraction
of construction woods and timber products and resulted in fast deforestation which is similar to
the findings of the studies conducted by yosef (2014) in Anferara Wadera high forest.

v. Ineffective natural resource conservation

According key informant’s population pressure and agricultural land expansion considered as
main factors that enforced local communities to forest extraction to increase food production for
their household needs in study area. This forest and other natural resource destruction were
occurred due to ineffective conservation and protection of natural resources of the study area.™®
As FGD discussants expressed....

“The proper natural resource conservation and planning was weak especially in forest
resource. Therefore, the conservation method should be applied to recover the forest
by creating awareness to the societies, government must be take more responsibility, the
salary of guards that protect forest is very small. Due to this, they participated in selling forest
products or works with those people engaged in timber production to get additional incomes.
In addition to this, the numbers of guards are very small and they have no training regarding
forest conservation method. Therefore, increasing the numbers of guards, giving training
regarding natural resources conservation and improve their salary is possible solution. The
government must revise strategies and policies related to natural resources and additional
investigation is needed because during Derg regime there was better forest resources

. )Jll
management in the area.

19 nformants: MekonnenGashaw, Genet Tolosa , Teshome Solomon and Mohammed Kedir.
11 EGD: Discussion with Elder Men and Rich Farmers.
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4.6. Impacts of Land Cover Dynamics on the Study Area

4.6.1. Impacts on socio economic development

The forest land cover was entirely deforested and converted to other land cover within the
indicated period of time. Selling of fuel wood and other forest products were alternative source
of income in study area. Additionally, local communities engaged in collecting medicinal plants
and selling it for local dwellers. Gathering and selling medicine plants economically useful
plants shows that there has been a tremendous loss in plant biodiversity over the last half century
(Nanyunja, 2003). Therefore, Accordingto the key informants, due to weak natural resource
conservation, the forest trees of the study area were destroyed. As a result, indigenous trees
which were planting previously are now in the way to disappear. Today, these indigenous trees
are found only in protected areas. The impacts of land use land cover change on the livelihood of
communities brought drought most frequently. Before 20 years, they cultivated a crop twice a
year. Now days, due to forest resources shrinking, there is the shortage of rainfall that caused
shortage of production and lack of income.?

Informants stated that.....

““In the past, the soil was very fertile. As a result, farming was very easy and productivity was
also very high. During that time, cultivation was on small plot of land and the other part of the
land was for livestock grazing. There was no need of fertilizer even we were not using animal
manure. Large plot of land was under fallowing so that there was no other conservation
measure we put into practice. Currently, we plough large plot of land but every land requires
fertilizer to increase the productivity. Now, without fertilizer the land doesn 't give yield and

production decreases from year to year. As result, we faced shortage of food and unable to cover

12 \nformants: Genet Tolosa , Teshome Solomon and Mohammed Kedir.
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the expenses like chemical Fertilizers, insecticides and herbicides. Furthermore, we need

government supports to improve our livelihoods. Generally, currently, our livelihood faced

difficulty both socially and economically. 13

4.6.2. Impacts on Extinctions of biodiversity

Rapid land cover dynamics reduced quantity and quality of biodiversity from year to year which
highly affect natural ecosystem of the earth’s surface. In Ethiopia land cover change has
significantly affected plant biodiversity that strongly related with loss of wild animals (Messay,
2011). Wildlife diversity is generally the decline species of wildlife have declined strongly
around the park and forest area (Lamprey and Mitchelmorel996). The reasons for losses of
biodiversity are the expansion of agriculture to other land cover classes (Dublin, 1995). FGD
similarly stated that the decline of forest cover caused a decline in the number of wild animals in
study area. For example, animals such as tiger and lion which were commonly found in the study

area now disappeared. **

4.6.3. Impacts on climatic variability

Land cover dynamics have also different impacts on local and regional climate of the world
(Solomon, 2005). Climate change affected water resources and soil formation systems directly
and indirectly (Mesfin, et al., 2016). Similarly agricultural officers and forestry experts in study
area agreed that the local communities deforested the forest area to obtain different forest
products that maintain local climates. The study area exhibited a gradual warming with
decreasing rain fall. Furthermore, the climatic changes were unfavorable to agricultural

activities. Therefore, recently local communities faced shortage of rain fall as well as unseasonal

13 Informants: Mohammed Kedir, Genet Tolosa, MekonnenGashaw and Teshome Solomon.
 FGD: Discussion with all groups.
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rainfall. The decline in forest and rainfall resulted in decline in agricultural production and

productivity. This forced local communities to live under difficult livelihood situation.’

4.6.4. Impacts on Soil Degradation

Soil degradation facilitated by soil erosion and loss of soil fertility by different agents mainly
water. It was commonly caused by human activities such as deforestation, agricultural land and
burning forest. Due to rapid population growth, Soil degradation in the form of soil erosion is
common particularly in the northern and central high lands of Ethiopia (Hurni, 1993).The effect
of land degradation includes insufficient crop production, decline in the quality and quantity of
water supply, famine, soil erosion and climate change (Solomon, 2005).Likewise, an informant
in study area stated that, soil erosion was most common in cultivated land washed out by running
water and develops gully erosion that reduced cultivated land. Due to population pressure, land
resources were become fragmented and forest coverage declined. Additionally, farmers in study
area used chemical fertilizer unknowingly which resulted in soil degradation and environmental
pollution. On the other hand, the water bodies such as rivers, streams and ponds were declined
and dry out due to deforestation.Now days, it is difficult to search water in most for livestock and
home consumption and we travel a long distance to obtain water. This affected our working time

and energy.®

5 Informants: TadeseGemedaandKedir Tufa.

18 Informants: Mohammed Kedir and Hawa Kemal.
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CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATION

5.1 Conclusions

Merti Woreda is one of the Woreda in the Oromia Region of Ethiopia. It’s a Part of the Arsi Zone.
Change detection of land cover dynamics and its trend and extent description of the driving
forces of the dynamics are the most important information for environmental resource planning
and management. This study focused on quantitative analysis of satellite image integrated with
qualitative data to investigate past and present land cover change conducted in Merti Woreda.
This study provide three land cover maps from quantitative analysis of satellite images that used
to detect the dynamics of land cover and its transitional matrix. There are five land cover classes
identified during satellite image classification namely: forest land, shrub land, grass land,
cropland and settlement land. The quantitative analysis of satellite images of the study area
showed that the occurrence of significant land cover dynamics in the study area was between
1986 and 2015.

The land use land cover classification result for the reference year 1986, the largest area was
covered by shrub land and small area by settlement, which constitutes 42.6% (53476.3ha) and
0.26% (150.2ha) respectively. The cropland, forest and grassland were covered 31.52 %(
39,420.3 ha), 15.64 % (19,559 ha). The land use land cover classification for the year 2000 area
was covered by shrub land 43.1%(54,134.9 ha), cropland 38%(47522.5 ha),forest
9.3%(11,625ha) and grassland were accounted 9.1% (11,400.9 ha). In final year (2015) land use
land cover classification analysis the study showed that the cropland 42.96% (53,723.5ha), shrub

land 38.5% (48,154.1ha), forest 6.83% (8,540.2ha), grassland 11.07% (13,840.5ha) and
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settlement 0.65%(810.7ha) respectively. The change was significant and continuous on forest
and shrub land due to high demand for agricultural land, charcoal making and fire wood.
Agricultural and settlement land increased continuously in the entire study periods to balance the
increasing demand of food for the rapidly growing population. In addition to this, the
socioeconomic factors like population pressure, agricultural and settlement land expansion,
charcoal making, fuel wood extraction, construction materials, timber wood harvesting and
ineffective natural resource conservation methods were clearly shown as drivers of land cover

dynamics of the study area.
5.2. Recommendations

The study showed that different driving factors including livelihood situation of population,
expansion of agricultural, settlement land, timber harvesting, fence wood, charcoal making,
intensive fuel wood extraction, construction materials, fire and lack of effective management of
natural resource were contributed to the transformation in the study area. Therefore, based on the
findings of this study to minimize the impacts faced by inappropriate land management
strategies, the following points are recommended:
% In order to solve agricultural land shortage problem and destruction of natural forest for
expansion of agricultural land should be adopted and alternative economic activities
should be encouraged by administrative of the Woreda.
%+ Encourage local community and indigenous knowledge and planting wood lots to reduce
the influence on the natural forest and give more responsibility to community with
appropriate management incentives.

% Fuel wood was the dominant energy source for house hold energy consumption and

distinguished as one factor that increases deforestation. Therefore, to decrease the
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devastation of natural vegetation, the administrative of Merti Woreda, especially Natural
Resource Management Office should raise awareness of the communities to use
alternative energy like biogas.

Provide a short term Training and technical support exposure to natural resource
management experts should be implemented in the area integrating with Zone and

Regional responsible bodies.
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Appendix I: Interview Guide

Dear respondents

My name is Helen Megersa. | am a postgraduate student at Addis Ababa University, Department
of Geography and Environmental studies. Now | am writing my thesis on the spatiotemporal
land cover dynamics in Merti woreda Arsi zone, Oromia National Regional State. You have been
selected purposively from experts in Merti woreda Agricultural office, Developmental Agents,
chair persons and forest management office of study area. The responses you give are important
and used for the analysis of this research. You not be identified by your name in any case. If you
accept to participate in this research you so voluntarily. You are also free to refuse to respond to

any questions you do not feel comfortable or to withdraw from the research participation.
Thank you.

Interview Guide 1: To be administered to Chair person, Agricultural office, Forest

management office and Developmental Agents of merti woreda.

Part I: - Background of Key informants.
1. Age
2. Sex

3. Level of education

4. Your position in the Office

5. Year of services in the Office
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Part I1. Interviews about land cover dynamics and its impacts.

1.

2.

6.

7.

For how many years do have you been hear?

Can you please describe land cover dynamics in the area from1986-2015?

What do you think the main causes of land cover change?

Which period is remarkable for you in the process of forest cover declining?
Which type of land cover classes increases, decrease and unchanged?

What are the major socio economic impacts of land cover change in MertiWoreda?

What do you recommend to avert the impacts?

The focus group discussion Guide: to be administered to poor farmers and rich farmers,

Elderly Men and Women of the study area.

Part I: - Background of focus group discussants
1. Age
2. Sex

3. Level of education

4. Your major source income

5. is there additional source of income, please mention

Part I1. Focus group discussants about land cover dynamics and its impacts discussion

Points

1. What are the main livelihoods you practiced to sustain your family?

2. How do you see the population number of this area? Increasing or decreasing?
3. What do you think is there significantly changed land cover woreda?

4. Which land cover has greatly changed over the last 29 years?

5. Which period is remarkable for you in the process of forest cover declining?
6. What does the trend of natural forest cover look like in this area?

7. What do you suggest the major causes of land cover change?
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8. Please can you describe any land cover types that significantly increase, decrease and
unchanged?

9. What are the major socio economic impacts of land cover change in your area?

10. What do you recommended possible solutions to be taken to reduce the impacts of land

cover dynamics of the area?
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Appendix Il: Profile of key informants.

No Name Sex | Age | Religion | Fam | Marital | Position Education level
ily | status
size
1 Mohgmmd M 58 Islam 4 | Married Development agent _
Kedir worker Diploma
2 Tadese M 42 Christin 3 | Divorce Fo_rest management Degree
Gemmeda officer
3 Hawa F 39 Islam 4 Expert in agricultural Degree
Kemal Married | office
4 Genet F 45 Christin 5 | Married Development agent Diploma
Tolosa worker
5 Mokonnen | M 47 Christin 4 | Married Chair person Grade 12
Gashaw complete
6 Teshome M 50 Christin 6 | Married Chair person Grade 10
Solomon complete
7 Kedir Tufa | M Islam Forest management Degree
35 1 | Single officer
8 Husen M 37 Islam 1 | Single Expert in agricultural Degree
Aman office
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