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ABSTRACT
Forests constitute one of the worl dds most
global ecological balance-dowever, this forest was currently declining due to anthropogenic
activities and natural factors. Due to the forest being changed atlaaming rate, wildlife
faces different problems in this area. Thus, the aim of this study vesséssment dbrest
cover change of chilimaand make future predictions for forest change by ugiegspatial
technology. Furthermore, al7-year forecast wa made using QGIS to suggest how the forest
might change in the future. The study useddpa images from 2006, 2046d a SentineRA
image from 20230 analyze forest change. Tleesatellite images revealed foarajor land
cover classes: denderest, sparse forest, buitip, and farmland. Therefore, as a result of
change detection, densmd sparse€foress weredecreased by 983.4ha and 166.5ha while,
agricultural land and buikup area wherencrease froni135.5 to 14.14ha from 2006 to 2023
respectively The frequency analyzed drivirfgctors of forest change weriltivated land
expansion, firewood collectiograzing population growtrand charcoal productiorBecause
of these factors, the forest was degraded some problems occurredstudy area like, loss
of wild life, climate change and soil erosidgks the prediction result showdense and sparse
forestforests were decreased by 159.2ha and 214.5ha on otherfaandand and builup
where increased by 375.4ha and 18.2ha from 26232040 respectively. If this trend
continues,great impact on climate change, setlosionand loss of wild life Therefore, in
order to hold back the problem of forest cover change and its impact, corrective measures
have been suggested that can be imgleted both in the shetérm and longterm phases.

Keywords: forest change, LULC, geospatial technologieilimo, modelling
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CHAPTER I: INTRODUCTION

1.1. Background of the study

Forest is a major natural resource that helps to keep ecological ba(&ucgabhagavan,

2019) Forest is one of the most essential types of resources that humans and other animals
rely on, it helps to regulate environmental and biological change by ensuring that soil, water,
climate, and rainfall are all in excellent working order and can be sustaiigeksa, 2009)

Forest cover chandgesquency is increasing globally. Wildfires have major envimental and
ecological issues; threaten human lives, causing massive losses of lives and properties
(Parajuli et al., 2020)Wildfires contribute considerably to environmental deterioration,
especially global warming, on a worldwide scale (Tan et al., 2007). Forest reredsa a

major source of damage to forest resources, and they occur regularly in varying degrees of
severity (Ghorbanzadeh et al., 201%ire plays an important role in decreasing both the
quality and quanty of forest resources. Between 1990 and 2@0fca lost about 52 million
hedare of forest, accounting for about 56% of the global reduction in forest cover. Southern
Africa (including Tanzania) accounted for about 31% of the forest lossh@rcdntinen
(Saklani, 2008).

Almost 6.8 million square kilometers of African land were originally forestaftica is one

of the mostseverallydeforested continents. Forests in Africa are believedwe haen cleared

29 times fastethan they were being planted in early 1980s compared to 10.5 in Tropical
America and 4.5n TropicalAsia (Heltberg, 2002)The depletion of forests is of giteconcern

for environmental and development in developing contents in general Africa in particular.
Unsustainableise of forests has resulted in severe environmental problems.

According to FAO, 2011, from 1995 to 201Bthiopia lost about 141,000 hec of forest.

This forest declined due to factors like conversion to agriculture, timber production, and
wildfire and fuel wood consumptioiMillion, 2011). Consistent with Abera, 2019, in
Ethiopia, the cultivated area has increased from 9 million hectarg®0h to 15 million
hectares in 2009 alone, resulting in forest decline. And Ethiopia faced the threat of
deforestation and loss of wildlife resulting from the expansion of agriculture, grazing land

encroachmenBerhanu & Tesbme, 2018).



Currenty, satellite images are used evaluation of the forest cover change using remote
sensing and GIS techniques: the casehdfmo protected forest dandi woredas stated by
Kumar et al., 201l4emote sensing datasets are very useful and very impootaiorést cover
mapping and monitoring. Many researchers explore the study of forest change analysis by
using remote semgy data. But the previous researchers is use landsat image with having 30 m
spatial resolutiorhowever current studyse remote sengindata like spotmage by having

10m spatial resolutionio get high accuracy resuo, spot image better than landsat image to
acquire image qualitinterpreted.Therefore, this study aimed to fill the existing research gap

by usingremote sensing and &ltechniqueso evaluatdorest cover changef chilimo forest
1.2. Statement of the Problem

Forestchangehave become a major concern for several environmeriarts, on a global

scale, forest cover change the most effective means of transforming tropical forests into
agricultural areas, and it has severe impacts on the global atmosphere (Yakubu et al., 2015).
When forest fire burns in an uncontrolled manner, fire has been a cause of ecosystem
disruption According to VicenteSerrano et al., (2020) loss of forest, loss ofdiiersity, loss

of wildlife habitat, global warming, soil degradation, loss of biophysical wood and fodder,
damage to water and other natural resources, and loss of natural regersemamong the
ecological and socieconomic effects of wild land fires.

In Ethiopia, decentralized forest resource ngamaent was initiated in the maf 1990s with

the support of international norgovernmental organizations (NGPto mitigate natuta
resourcedegradation and its effects on the livelihoods of pedplassa et al., 2009)
ParticipatoryForest Management (PFMPSs) is a new paradigm of fanesagement which is
adopted andmplemented in order to fulfill the interests, respecting diti@nal users and
hence such aottomup approach may encourage a sense of ownership tartdepeople to
conserve forestesources. The participatory forest management plan has been going on in
Chilimo dry d@ro-montane forest which is one of the oldest remnant foresisdfon the

central highlands of thiopia since 199¢Lemenih et al., 2015Nevertheless, seveérstudies

show that initiativeghat use some kinds of participat@agproach to conservation patural
resources often fail tachieve their goals in terms of power devolution decision making

and promotingonservatior{Wells & McShane, 2004)



Due to forest cover change from time to time the number of wildlife decreased. As a result, the
natural environment agell as ecological balance of the area is under a serious of threat due to
the Persistent disturbance of the forest resources by the local community. If the use of forest
and deforestation are continuously increasing the problem are increasing on; tife wild
habitat and environmental change. The aim of this study E/&tuation of chilimoforest

cover changeaising geospatial technologieslso GIS and remote sensing are used to detect
forest cover change ichillimo forest over last 34 years between 2006 and 263,
modelling for 2040Finally, this researclvill intendto raise awareness for stakeholders and

indicate appropriate measures.

1.3 Objective of the study
1.31 General objective

The general objective of thitudy is toModeling of chillimo protected forest cover dynamics
from 2006 to 2023ising geospatial technologies: Dendi woreda, Oromia regional state,
Ethiopia

1.3.2Specific objectives

The specific objective of thigwady will to:
V ldentify driving forcedor forest cover change and consequences
V Evaluate the trendkand use/land covedynamics on forest cover changetween
selected years
V Detect the spatial change of forest cover for the study area be2@e@2023years.
V Forecast for future predictidorest cover changef study aredrom 20232040.

1.4Research question

V How to identify factor that influencéorest cover change and consequencethén
studyarea?

V What are the impact of land use/ land cover dynamics of the study area?

V What are thepatial changes in forest cover between the selected three years?

V How to forecastuture prediction forest cover changkthe study area?

1.5. Significance of the study

Despite a growing awareness among scholars and practitioners regarding the robd of loc
peopleds to deter mi ne t heensanagemens sshemes albtéessl ur e
attention is given to their roles in the overall psxeof forest reserve design and



implementation. Well managed forest that contributess ecotourism to provide local
communities with motivation to maintain and protect forestwaihdlife when local people get
income and employment from ecotourism; they are fas ld®ly to destroy the natural
resources thiagh unsustainable exploitatio

The findings of thestudy are expected to contribute towards an understandihg diyhamics

of deforestation inChilimo forest; the community in the local area can make ofdhe
findings of the study samproved the forest coverage management jmest it gives sme
guide line to the causes afimatic change, global warming and environmental protection
agencies about ¢hexistingsituations on deforestation of Chilimo forest besides to ttiese
finding of this study willhopefully be of scientifi contributions for those who are intsted

to make further studies similar issues at different geographical settings and it will laédp

to inform policy makers orhow to involve the local communities in forest management
activities.

1.6 Expected otcome of the study

This study will give how mucliorest cover of chillimds changed in the last I@arsusing
GIS and Remote Sensingorestcover change detectionapsof the study area will prepare to
analysis changedherefore, we willexpectfrom the finding of thisstudyto identify forest
cover change of the chillimo within different time interval and it wdhtribute ifiormation

for decisioamakers, resource managememd planners for sustainable development and
management of the natural oeisce

1.7 Scope of the study

This study will focused on theevaluation of the forest cover change usiggpspatial
technologythe case of chillimo forest dandi woreddne studywill be conducted inChilimo
forest Chilimo forest is cover around 7148lttectors.In order to investigate the problem
attempt will be made to look ito the dynamics diorest covethat focuses inlendi woreda in
chilimo forest In this study to analyze the spat@mporal dynamics dbrest cover hangand

its prediction was carried out in three comparison years.



CHAPTER II: LITERATURE REVIEW
2.1. Forest cover and deforestation

Forest is one of the great inherited resources of the earth.ud@shatural forests and forest
plantations. Théerm is used to refer to land with a tree canopver of more than 10 percent

and area of more than 0.5 h@eAO, 20®). (WBISPP, 1992)al so defines for
relatively coninuous cover of trees, which are evereagreor semdeciduous only being

leafless for a short period, and then not simultaneously fopals i e s 0 . Forests ar
both by the presence of trees and the absence of other predominamdandhe &esshould

be able to reach a minimum height of 5 m. Young stdinalshave not yet reached, kare

expected to reach, a crown density of 10 percent and ¢éighthof 5 m are included under

forest, as are temporarily unstocked af&asO, 2000)

Some define deforestation as the area that no longer remansnary forest(Pichon,et al.

2001) Others use strict sense of lamse conversion and deérdeforestation as the complete

clearing of tree formations and their replacement byfooest landuse(Thwin, 2003) Forest
degradation is a temporary or penentdeterioration in the density gtructure of vegetation

cover or its species compositiofhis encompasses the effect s#lective logging, which

causes change in canopy cover. It salseful in accounting for treffects of shortotation

shifting cultivation, in which secondarprest (forest fallow) grow ombandoned plots but

never reaches the same biomass or overallityuas mature forest as it @deared again for

cropping after a few years. The differencahe definition not only affestthe measurement

of the forest resources but also of annual deforestation.

2. 2. Globaloverviews of forest covecchange

Based on Earth observing satellite image 1990, there voene 4150 million heare of

tropical rain forest with the area of the humipics deforested anndyalestimated at 5.8
million ha. A further 2.3 million hetare of humid forest is appantly degraded annually
through fragmentation,logging and/or fires. In the stiumid and dry ropics, annual
deforestation ofropical moist deiduous and tropical dry forests comes to 2@ @.7million

ha, respectivelySoutheast Asia is the regionwhere forests are under theghest pressure
with an annuathange rate of 0.8 10.9%. The annual area deforested in Latin Ameisca
large, butthe relative rate (0.4 to 0.5%) is lower, owing to the vasaarethe Amazonian



forests. Thehumid forests of Africa are being converted at a similar matthdse of Latin
America 0.4 td.5% per yea( Mayaux et al, 2005)

2.3. Trend of forest covers change in Ethiopia

The forest cover of Ethiopia estimates made from 194@satly 1960s ranged between 2.6
million hedare and 12.2 millionhedare Apparently, estirates given by different authors
show variation and this has been attributed to the diffeseircelefining the forest by the
authors (Melaku, 1992) The general truth, however, that the forest cover has been
diminishing through time.

More recent work on forest monitoring of Ethiogleusing, 1998glearly indicated the high
rate of forests clearing in the country during the last themadkes. The study was conducted
using the Geographic Information System (GIS), and aisafysm the satellite images of
19731976 showed thahe forest cover in the country wag8% , while it declined to 3.93
between 1986 and 1990 (Reusing, 1998). Accordirdgforestation between 1973 abh@90
was around 24,543 Km2 (2.14%) of the country. Reyg1998) has also showed ttigange
detectedn the natural forest cover tvgeen 1973 and 1990 in Ethiopia.

2.4 Causes and Consequence of forest cover change in Ethiopia

Forest decline in Ethiopia isighlighted by several authorsGéssesseDemel, Reusing).
Regardless of thdisagreement exists aibt the cause and consequences of de#ties, the
need for more spader cultivation is mentioned as the major and underlining factdh®
problem. As the result ofhe growing demand of agricultural land, more trees being
increasingly removed Gessesse, & Christianson 2007) (EFAP, 1994)claims that the
population increase plays a majote. Similarly, (Demel, 2000%stated that the major reasons
for deforestabn are the clearing of foresasid woodland$or cultivating crops and the cutting
of trees ad shrubs for various purposesotably for fuel wood, charcoal, construction
materials, etc.

However, others linked the underlying causes of deforestatiom thé vicious cycle of
mutually reinforcing factes, namely poverty, population growth, poooeomic growth, and
the state of the environme@MINRCDEP, 1994)With population increasing faster than the
economy, the per capita income declined. THastors adversely affected natural resources

particularly forestand woodlands. Deforestation ase of the major factors contributing to



land degradation by exposing the soil to variousntegef erosion. With higkhintensity
rainstorms and extensive steep slojighjopia is highly susceptibk® soil erosion, especially

in the highlands. The organic contemtsoils is often low due to theidespread use of dung
and crop esidues for energpemel, 2000)

Land degradation in turn greatly aftecagricultural productivityand production. In 1990
alone,for instance, reduced soil depth caused by erosion resulted in a grain production loss of
57,000 (at3.5 mm soil loss) to 128,000 tons (at 8 mm soil depth).dtbeen estimated that
the grainproduction lost due to land degradation in 1990 would haea Isefficient to feed
more thanfour million people. The availability of land suitable for agrtavé is shrinking,
while at thesame time the amount of land required to feed the growing populatgeadily
increasing(Demel, 2000) Hence, deforestation results in environmental degradation in the

form of land and water resouragsgradation as well as loss of biodivergDemel, 2000)
2.5 Major forest conservation management practices
2.5.1. Traditional methods to conserve forestry

Traditional Forest Management practices this study has got exper@nthe religious
institutionsas themajor contributor for traditional forest conservation. Tidyareas where
one can observiees in central Ethiopia are the surrounding of churches. These patches of
natural forest havesurvived as the result of the traditions conservation effort (Yendsw
1995). These forests are still sanctuaries of many plant and animal species that hate almo

disappeared in most partsradrthern Ethiopia (Alemayhu, 2002).
2.5.21. Geda system traditional forestry conservation practice

Indigenous knowledge, as tk@mowledge obtained through pratted interaction humanity

with its environment, cannot be seen apart from the indignity oplpeadoption to the
indigenous culture. Enforcement of Geda Laws on indigenous knowledgefoodst
conservation the one whip nd obey the law of conserving forests, grass and waterseatkcre

at Geda assembly stated that hos e who f ai | to respect Gada
bulls for their wrolg doings andn certain cases chased out of the forests. In related to this
noted that the Guji people seemitave good knowledge of the advantage of trees. Because of
this, they have law which for bideke felling of big trees. The Abba Geda, the Quuallu as

well as eldes in the village often proclairthat trees should not be adown. If a person cut
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down a tree whout the consent of the Quualtw Abba Geda he/she undergoes corporal
punishment in théorm of beating in public or @ayment in cattle. Thus they perceive that

cutting down of tees is compared to killing oferson It is possible to learn such active laws

of people fom the proverb presented belofivM u Kubbuudha, luubbuthinhubano ( Tr ee
are life; one does not harm life) (Negessa, 20EGjests serve as shades for animals, humans

and the undegrowths like cd f e e . shade thdandfand serve as a shelter for the cattle

during dry season.
2.5.1.2. The tradition of the sacred grove conservation practices of forestry

Traditional forests reserves are protected natural forest estblishancestors to perform
manysocic cultural functions and are protected in accordanceustomary laws, not based

on government legislation. These reserves generally have a long history with well preserved
foreststhat could demonstrate what the surrounding environment ceuwiel looked liked, if
humans hadot altered it. Therefore, the traditional forest reserves might hgudicant
ecological value and potential high biodiversity (Alemayhu, 2002).

Many tree specious surrounding religious areas have relatiowghipheterm sacred groves

in most literature. The tradition of the sacred grove is well in Ethiopia tradition in experience
of traditional religion as the oromo sacred Adbar or in the clumpeet that customarily
envelopethe Debre (Bahru, 1997pacred grove are smaller or larger ecosyss, set aside

for a religiouspurpose. The origin of sacred groves can be attributed to theasidshurn
system of agriculturewhere several forests patches was left standing around |fenuis.
These groves came to bstitutionalized as centers for culture and religious life. Taboak a
social sanctions protect tilsacred groves from deterioration due to human interference. This
habitat at patches maye theonly primarily forests reaming locally. Several endenmcd a
endangered species have beenorded from sacred groves (Alemayehu, 2002). Sacredggrove
which form conservation sitesnd act as a refuge for specious are becoming ecologically

importantin the light of the currentates of deforestation and species loss.
2.5.1.3. Traditional knowledge of forestry conservation

Medicinal properties of plants have been recognized and practiced by traditional communities
as atraditional for thousands of years. Knowledge on some common medicinal plants of their

locality is valuable with all the members of the community (Ravislaank995). However, the



elderly members possess a great deal of knowledge of medicinal planiellags on
medicines for curingertain life treating diseases traditional knowledge forest congervat

forests for their medicingdurpose.
2.5.1.4. Traditional forestry conservation practices strategies of EOTC

EOTC (Ethiopia Orthodox Twehido Church) apply two traditionally conservation strategies,
namely religious holiness and legal protection. Religious Holingss main mode of
protection is achieved through creating religious commitment and respecth@ntioe
followers. As the churcls believed the house of God, everything in the compound is sacred
and respect. Every follower expected to respect and protect the house of God together with
the forest involving. Cutting #@ree in the church compound is considered as denying the
presence ofGod unless it is for spiritugburpose of the church (Alemalyu, 2002). It is
believed that dting in and smuggling of treesom the church compound would bring a
misery and the one/ho did it is considered as tlperson who has violated the kingdom of
God and would be isolated from the church community. A petisahcut a tree or even a
dead branch for personal usewid be presented to the churmbmmunity. He or she would

be alienated from the church community which
Hence, Orthodox Christian fear such conditions and tradias protect the tree in church
forests. Legal Protection Method monastery forest resourcesoarel faround people of
different attitudes and perspectives which force to use guards and ewibl@aonserve and
protect their forest resources. At present the demamdedt products increeg the
encroachers and outlangestruct the forest (Alemayehy, 2002). Therefore, EOTC assign
guards to prevent such conditiobgefore it happens and to bring to the civil courts for the

appropriate measures.

2.5.2. Modern Forest Mang@ement methods to conserve forestry
2.5.2.1. Community based forest management

Natural resource management have different dimension, but patiici is not always
beneficialfor conservation of forest because of types of participation, whaipate, when
they participateand under what circumstance (Zelalem, 2005).Commubéyed forest
Management througtorganized forest user group as a concept and a philosophy was

considered by the former bureatiagricultural and rural development, where in all fibrest
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dependent villagers of a villagerganize themselves into small cohesive group with the
objectiveof protecting, regenerating amdanaging the forests in the vicinity of their village
(Zelalem ad Mulugeta 2012community basedhatural resource magement has been the
key and also thenost criticized aspects of moparticipatory approaches. In most cases a
unified, homogenousnal community in locally evolvedules and norms for equitable and
sustainable management of resource is vizedliOn the othenand, it is argued that social
identities such as gender, wealtheamd origins divided cross ctwtmmunity boundaries can
be over looked (Agrwal, ,2000).

2.5.21 Participatory forest management

The arrangements for managements thahagetiated by multig stakeholders and are based
on set of rights and privileges recognized by the government arelynadcepted by resource
users;and the process for sharing power among stakeholders todralstons and exercise

controlover resourcese.
2.5.2.2Social forest management

The term social forestry is difficult to define precisely, but is generailyerstood to mean
treegrowing(including associated products, for example, Bamboassgs, legumes) for the
purposeof rural developmentGastern, 2005) for the purpose of rural depment. As social
forestry hasa rural development focus and is heavy dependent on the activ@ppéidn of
people, itisalsk nown as fAforestry for | ocal communi
f o r e.$Socialyovestryhas grown in importance and now constitutes a major element over
all progress of rural development. From modest beginnings over a decade agoasheeen

an almost exponentigrowth in the human and financial resources devoted taldocestry.

Social forestry progress usually includes one or more of this compbkeriarm forestry,
community forestry, reforestation or rehabilitation of degrafeest areas. The objectives of
social forestry necessarily differ by component whilesacial forestry aims to increase
production and reduce environmental degradation (Chomitz, 2@7hature of the product,
thetype of management and the distribution of benefits depend on the type of social forestry

involved.
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2.6. Remote Sensing an&kIS

2.6.1. Remote Sensing

Remote Sensing is the science and art of obtaining ilfitom about an object, area, or
phenomenon through the analysis of data acquired by a device that is not i withtdice
object, area or phenomenon under investigatibillesand and Kiefer 2000) The focus of
remote sensing in scope of this study is the nmmemsent of emitted or reflected
electromagnetic radiation, or spectral characteristics, from a target dlyjea multispectral
satellite sensorRemote sensing satellite images are imsedy used in natural resources
monitoring andmanagement, study the time to time chandes to its repetitive coverage

especially in forest resources estimation and monitoring.
2.6.2. Geographic Information System(GIS)

Different authors defined GIS from different perspectieBorrough and Mc Donngll986)
define AGIS is a Power f ulvingt asavell, tharsformimgcahdl e c t i
displaying spatial data from the real world foparticularseb f pur poseo. On t he
(EFAP, 1994 ef i ne fAGI S i1 s a s p eledtdgeographic tadarandast i o n
mainly referreda as a system of hardware, sadte and proedures designed &upport the

capture, management, manipulation, analysis, modellingdauday of spatiallyreferenced

data for solving complex plan i ng and ma n a gveshef the defmitiomdbgivenms 0 .
to GIS are relay on the computeased. This is because; itascomputer technology that

realized the digital data. By now, &lis popular as a result of tmapid access to data,
flexibility, easy update opportunity ednother features that enable #malyze different
databases. In addition, the popularity of GIS basomemore pronounceds a result of

parallel development with satellite technologgd computer science Borrough and Mc

Donnel 1986)

GIS is an information system that is designed to work with data referenced to spatial or
geographiacoordinates. GIS is both a database system withfgpeapabilities for spatially
referenced data, as well as a set of operation for workitig data. The functions of GIS

include data entry, data display, data management, inflermegtrieval and angsis. The
applications of GIS include mapping locations, quantities @amgites, finding distances and

mapping and monitoring change.

11



2.7. Application of Remote Sensing and GIS to monitor forest cover change

Remote Sensing is a powerful technique Surveying, mpping and monitoring earth
resources. This technology combined with GIS which ongsim storage, manipulation and
analysis for Geographic information and Seeemnomic datéo provide a wider application.
Land resource and environmental idean makers requirguantitative information on the
spatial distribution of land use types and their conditissvall as temporal changes. The
potential of remote sensing and GIS in the field of feyebecome established over many
years through the aof aerial photos and satellite imagterpretations in forest covehange
detection analysis, for the generation o@omap and inventory analysiBemote sensing
brings together a multitude of tools to bett@alyze the scope and ratedeforestaon.
Multi-temporal data provides for change detection analyses. Images of gedisr are
compared to recent scenes, to tangibly measheedifferences in the sizes amdtents of
forest cover change. Data from a varietfy sources are used to providemplementary
information. Satellite image data can be useéfticiently monitor the statusf existing clear
cuts or emergence of new ones, and eveesasregeneration condition. dountries where
cutting is controlled and regulated, remote sensieryes as a mowiting tool to ensure

companies are following cut guidelines and specifications.
2.8 Empirical review

Many studies have been performed to analyze forest cover change and identify factors that
cause changes in forest cover in different ar@@wse (Forkuo & Frimpong, 2014), used
Landsat and aster imagery to map and analyze structural changes in forest cover as well as the
factor of forest cover change in the Owabi forest in Ghana. One of those factors is population
expansion, rapid urbanizah, sandwinning activities, and uncontrolled grazing. In addition

to this, another study was conducted on forest cover change detection using Geographic
Information Systems and remote sensing techniques in Komto Protected Forest in Wolega,
Ethiopia(Zoneet al., 2020). This was used with Landsat imagery and a maximum likelihood
classification algorithm. They used focused group discussions (FGD), key informant
interviews (KIl), and a household questionnaire survey. The obtained results were forest

change dtection over a thregear period and the factors driving forest cover change, such as
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agricultural expansion, forest logging, firewood harvesting, and increasedupudtea
(settlement).

However, onestudy was conducted by Girmap18, on the impact ofree removal and
livestock encroachment on mountain nyala and Menelik bushbuck scat countsidde
different seasons). And identified firencroachment by livestock, and agriculture has been
known to be the major driving forceBut the current studshows key drivers for forest cover
change, a forest change detection map, quantifying the percent of forest cover change for
different images, anfbrest conservation management pragtiekich was not included in the
previous study (Girma2018)and canot use remote sensing data. Other previous studies (
Forkuo & Frimpong, 2014) and (Zone et al., 2020) can only conduct forest change analysis,
not include theconservation management practiBeit the present study will include aks

of the chilimoforest and identify the impact of forest change by using remote sensing data and
interview data .and using the train vector support machine classifier algorithm instead of the
maximum likelihood classification to obtain high accuracy of classification.
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CHAPTER Ill: MATERIALS AND METHODS

3.0Description of study Area

Chilimo forest isin Western Shoa Zone close to Ghinchi to@apital of Dendi District, and

70 km west of Addis Ababal t i s one of Governmentdos Fores:
kebeles engaged in traditional agricultural activities such as animal raising and crop
cultivation. The district has a total area of 109,729 mi2h an altitudinal range from 2000

3200 m.a.s.{ Mohammed and Inoy012)
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Figure 31Location map of study area
3.1. Demography

Based on figures published by the Central Statistical Agency in 2005, this woreda has an
estimated totapopulation of 255,896, of whorh29,226 are men and 126,670 are women,;
29,602 or 11.57% of itpopulation are urban dwellers, which is less than the Zone average of
12.3%. With an estimated area ©f549.07 square kilometers, Dendi has an estimated
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population density of 165.2 people psguarekilometer, which is greater than the Zone
average of 152.8.

3.2 Climate

The Chilimo Gaji forest area and the surrounding peasant associations are made up of two
major agreecologiesnamely: (i) Dega temperate like climate which is characterizecbluy
temperature, (ii) the Weyina Dega whishwarm compared to Dega. The type and range of
crops grown in these two agezological zones are differeabd in most cases the agronomic
practices are not the same. Because of cold temperature in the Dega ttm®

range of crops grown and potential tree species are fewer compared to the Woina Dega agro
ecological zone. The climatic data for 27 years was obtdied Holleta research center and
analysed. Junéugest is sason when highest rainfall igecorded and during

this time almost all variety of crops is sown from the beginning up to the end of this period,

though maize is sowstarting from the end dflarch
3.2.1 Rain fall

The season Junnuly represents one of the main cropping season of the disnach the 27

years datanalysed the highest rain is recorded in the year (2005)1431.5 mm/yr. followed by
1996 (1410.9 mml/year). THehilimo Gaji forest and the surrounding area receives rain for 5
months (May September), with the highest paakn July Fig 2). The average yearly rainfall

for the last 27 years is approximately 1091.51 mm in the study(ldmeata research center,
2014). The 5.31 °C was the minimum temprature recorded in 2006, where as 25.1 °C was

the maximum temperature recorded in 2009.
3.3. Materials and software

In this research various softwareds and mat e
achieve the proposed objective. There are a number of different kinds of methods, strategies
and techniques to process input datgeaerate the required output with desired quality. The

methodology integrates remote sensing and GIS tools.
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3.1 Materials and software used

Table 31 Materials and software used

Name of software

Purpose

ArcGIS 10.8.1

For thematic map preparation, accuracy assessmenResample pixe

size of sentinel and spot image.

ERDAS Imagine 2015

Digital image preprocessing, layer stacking, radiomeatdorectionand

delineation of area of interest (AOI) or subset.

GoogleEarth Pro

Visualization and verification of classification and point data colledtior
accuracy assessment of 200616 & 2023maps.

Microsoft Word and Integrating attribute data and writing final thesis report.

Excel Chart preparing, graphs and stitizl analysis.

Envi For Image and forest cover classification,

Handled GPS To collect sample coordinate to verify ground truth.

SPSS Statically analysis for factors that influence forest cover change.

3.4. Data Types and sources

Table 32 Data source

Data Spatial Resolution (m]) format Purpose

Spot 10 raster For image classification

Spot 10 raster For image classification

Sentinel 2A,2022| 10 raster For image classification

GPS point - point To verify the basenap

master plan Shape file | To identify boundary of study are

Land use/ land cover classification scheme

Table 3.3 Major land use /land cover class @hilimo forest and its description.

Land use classes

Descriptions

Dense forest

Area covered bhighly natural forest and tree plantation.

Sparse forest

Area covered by scattered natural tree.

Agricultural land

a large area of land used or suited for farming

Built-up

Area cover by building and infrastructure

16



3.5methodsof data analysis
In order to fulfill my objective the researcheses the following procedures

% > Interview

Landsat imagery

<7

Image preprocessing

)

Image classification
Resample sentinel 2A

L
Train site development.

Reference and ground truth dat\

7

Supervised classification

)4

Train SVM classifier

T |

Accuracy assessment High resolution google earth oﬂ

selected year
cepted

Statically analysis and determine fc
factors and cause of forest cover

change
< Classified LULC maps >
LULC 2006 B LULC 2016 LULC 2023
@ ;E;/aluate of forest cover change of each year j
t JHLI\/IodeIing forest cover change for 2040 J
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Figure 32 Work flow chart

3.6. Methodology of the study.

3.6.1 Image pre processing

Image processing is an important step that should be done before using the raw digital satellite
image directly for the intended purpose. It involves operations that are normally required prior
to the main data analysis and extracwbimformation. Therefore, image preprocessing in this
study was done after layer staking and clipping of the study area. After layer stacking and
band combination, radiometric correctiomsre made for the images of 2006, 2016, and 2023
including, noisereduction and haze reduction, to improve the image quality. Atmospheric
effects can cause imagery to have a limited dynamic range, appearing as haziness or reduced
contrast. Due to this, haze reduction is used to correct this éfféereas noise reductio
reduces the amount of noise in a raster layer.

Clipping: the process of extracting an interesting area from a satellite image using a shapefile
or by digitizing the area of interest is known as clipping. In this study, the interesting areas
were extractd from threemages of different years (2006, 2016, and 30@88using shape file

3.6.2 Image classification

Image classification is the process of categorizing pixels based on their data file values into a
finite number of individual classes or categsrof data. Hence, if a pixel satisfies a certain set

of criteria, then the pixel is assigned to thass that corresponds to ttriteria. For this study,

image classification was done after carrying out all digital image processing operations such:
as image enhancement (spatial and spectral) by using ERDAS IMAGINE 2015. Then
classification was done in ENVI 5.3. Extracting differgyges of information about the target
under investigation is largely possible classification to the raw digital satellite imagery. In this
regard, supervised classification techniques have been employed. Then, after supervised
classificationwill be donebased on training areas. Post classification techniques such as
confusionmatrix and kappa statistics have been used to assess the accuracy of the classified

image.
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3.6.3 Change detection analysis

Change detection analysis is used to identify, describe, gaantify differences between
images of the same scene at different times or to identify which land class was changed to
other land classes and how much change occurred in hectares and percent. In this study, a
different set of three imageries was used a change detection analysis wagqened on

these imageries (2006, 2016, and 2023 analyze changeetweenvarious land classes, a
postclassification comparison method was employed to analyze changes between various land

classes.

Specifically, to @étermine the detection of forest cover change and the rate at which it changes.
This kind of change detection method identifies and provides where and how much change has
occurred. In this forest cover change detection, the selected three dates of sateliry are

used to determine the change by generating information on spatial and temporal distribution.

In the meantime, four aspects of forest cover change detection characteristics, such as
detecting the changes that have occurred, identifyingdhére of the change, measuring the

areal extent of the change, and assessing the spatial pattern of the change, are being
investigated. Moreover, a change detection matrix has been generated to investigate the trends
and patterns of land use and land costeange detection in general and forest cover change
detection in particular. Besides, different statistical results were documented, and the rate of

forest cover change was also computed using the following equation.
R02 DI éééééééé. .equation 3.1
Where, R= is rate of change , Q1= is initial year forest cover in ha

Q2=recent year forest cover in ha T=the interval year between initial and recent year

Total LULC change = Area final yeafrea initial year......................... equation 3.2

Percentagef LULC change = (Area finalyeaAr ea i ni ti al year )*100¢&e

After the change detection was computed by using equation 3.1, land use and land cover
change map were generated form the imd@906.2016 and 2023
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For more information see resuection of change detection. In addition to these NDVI
(normalized difference vegetation index) value was used to know the coverage of vegetation
change between each selected year. Which range betdeand 1.Thus based on the
reflectance the feature sls classes can be identifiedr Fmage of selected years (2006, 2016

and 2023 NDVI value are Calculated by using the equation below.

-For spotimage of 2006 and 2016

NDVI=NIR(Band4)-r ed (band3) / NIR (band4) +red (ban
-For SentineRA image of 2023

NDVI=NIR (Band8)-r ed (band4) / NIR (band8) +red (ban

3.6.4 Accuracy Assessment

Each LULC map derived from remote sensing always contains some sort of errors due to
several factors, which range from classification teghe to method of satellite data capture.
These errors must be quantitatively explained in terms ofifitat®n accuracy. Whether the

output meets expected accuracy or not is usually determined by the users themselves,
depending on the type of appliat the map product will be used for later.

The accuracy levels that are acceptable for specific tasks are determined by the kappa value.
According to(Forkuo, 2014)he ranked kappa values ranging from O to 1 are characterized
into 3 groupings: a value greater than 0.80 (80%) represents a strong agreement and a value
between 0.40 and.80 (40 to 80%) represents a moderate agreement, and a value below 0.40
(40%) represents poor agreement. kappa can be used as a measure of agreement between
model predictions and reality or to determine if the values contained in an error matrix
represena result significantly better than random.

The accuracy of the years 2006, 2016, and A02S8sifications was assessed for each year
classification using the collected GCP points of each class from classified images and Google
Earth. Each point is takers ground truth for the classification the locations of each class were
compared to the ground truth by using the following formulas. And accordiigot&uo,

2014) kappa value is calculated by using equation 3.6

User accuracy= z1 0 OChOuDEx 3.4
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Overall accuracy= *100eéeéeéeé. .equation

////////

B
Coefficient of kappa K=

CHAPTER IV RESULT AND DISCUSSION

4.1 Introduction
This section describes the results obtained through data processing and analysis methods and it

encompas the followingmajor parts. In the first part, the land use/ land cover map of study
area and the nature of forest cover change detection and the magnitude of its change are
documented using post classification comparison change detection techniques and NDVI
analysis. h the second part, an attempt has been made to present the fhatang of forest

changewere described.

4.2 Statistical Analysis for identify factors that influence forest cover change.

Statistics are applied in this study to become more sciealifiat decisions for identifying the
factor that influence forest cover changechilimo forest The sample data collected from
four kebeles and municipality employers. The total number of sample were 79 from this Ten
(10) were female and sixty nine (68e males. The gender based frequency analysis of total
respondents on both causefofest cover changtactors and the problems due to foeest
change was represented as follows

Table 41 Gender based frequency analysis of respondents

sex Respondents %

female 10 12.7
Male 69 87.3
Total 79 100.0

Source: SPSS frequency analysis.

The frequency analysis on above table shows the total numbers of respondents for the study to
determine, which factors highly affecting tfugest cover chang® be analyzed and what was
the happened problems due the changdeforestn study area. Tattain the required goal
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87.3% of males and 12.7% of female are participated to respond the prepared questions

properly
Table 42 Age based frequency analysis for forest cover change of chilimo forest

Age ofrespondent

Characteristics Frequency Percent

30-35 years 28 35.4

3540 years 18 22.8

40-45 years 14 17.7

4550 years 3 3.8
years 50-55 years 5 6.3

55-60 years 4 5.1

60 years above 7 8.9

Total 79 100.0

From these respondents, 28 (35.4%) wa&5 years old, 18 (2298) were 3540 years, 14
(17.7%)4045 years, 33.8%) 4550 years,5 (6.3%) 5055 years, 6.1%) 5560 and/(8.9%)

above 65 years old .This indicates that the average age of respondents 5¢aartb 5055

years old.

Table 43 community stay at the study area

Duration around the study area

Frequency Percent
10-20 Years 39 49.4
20-30 Years 23 29.1
30-40 Years 17 21.5
Total 79 100.0

The community stayhe duration of each rpendent in the study area was 39(49.4%) for 10

20 years, 23(29.1%) for 280 years andl7(21.8%6) for 3040 years. Therefore, based on
respondent responses key factors for forest change, the problem happened due to forest change
were clarified in the next section. And for more information about the total number of the
respondent that participatesfactors for forest chang#ie present status of foreat problem

that occurred due to forest change, the responsible bgdiesan see from the appendix.
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4.3.1The key drivers/factors for forest cover change

To analyze the collected communligseddata, SPSS software was used and the results of
frequency analysis for the present status of the forest, the key factors for forest cover change
and the problems that occurred due to forest change were illustrated in the table and figure
below.

Table 4.4 Current status of the forest.

Response Frequency Percent

increasing 3 3.8
decreasing 73 92.4
No change 3 3.8
Total 79 100.0

Before chillimo forest coveredvas dense and sparse forest, where different wildlife was
found. These forests are used as habitats, food sources, and other uses for different wildlife.
(Source: community elders and local society). It was also the area where people found
cultivated land, prduction ofcharcoal trees, timber trees, firewood and different wildlife that
were used as a source of food for the local soctyrently,as shown in the above table,
3(3.80) answered thatofest cover had increased, an(8.8%) answered there were no
changes irthe forest. However, around 73(9%) of respondents answered that the coverage

of forests had greatly changed due to different factors, which are illustrated in the table below.

Table 45. Numbers of respondentspercent on driving factors for forest change

cause of forest cover change Response Percent

Expansion for cultivated land 38 48.1
Cutting tree for firewood 13 16.5
charcoal production 11 13.9
grazing 7 8.9
population growth 10 12.7
Total 79 100.0

Source: community based interview data
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Result shows irabovetable, there are several reasons forftirest cover changeSome of

them are Expansion of farmland, Fire wood collection, making chaiGoating Population
Growth. Fom theresut, 48.1% of the respondents replied thailtivated landwas cause

forest 10ss16.3%0, 13.9%0, 12. @6, and8.9% of thetotal respondents answered tlatpansion

for cultivated land firewood collection, making charcoal, population growth, &rdzing
production were other factofer forest change, respectivellfrom this result, the expansion

of cultivatedlandand firewood collectionvere the major factors for forest change.

Due to thdforest cover changie amount of LULC change will lead to sopreblems. Based on
frequency analysis of r ©respaverdceanghespoblemsmber i n
occurred in the studgrea were shown in table below.

Table 4.6 Respondents number on problem due to forest change.

Problem occurred due to forest change respondents Percent

loss of wild life 43 54.4
climate change 27 34.2
soil erosion 9 11.4
Total 79 100.0

Source: from community based interview data.

As indicated in table 4,813(54.4%) of the respondents said that thiédlife was decreased or

lost immediately dudgo forest cover change, and 27 (34.2%) and 9 @a},.4espondents
replied that climate change, high soil erosion, can occur in the study area. This implies that

forest losgs linked to wildlife loss, climate changandsoil erosion

4.4Trained of land use /land cover change

4.4.1 Land use/land covers classification

Land use/land cover map of the image the study area were categorizédunrn@jor types;
these areDensity forest, sparségricultural land andBuilt up.

4.4.2 Land use land cover map

Based on the results extracted from 8@ot image of 20Q6the LULC of the stdy area was
classified into fourmajor classes. This area h@snse forestsSparseforests,Agricultural land

andBuilt up. Therefore, the results of these classes are shown in the following figure.
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Figure 41 land use/land cover change of chilimo forest from 2006 to 2023 years.

4.4.3 Accuracy Assessmenof the image
A map using remotely sensed or other spatial data cannot be regarded as the final product

without taking necessary steps towards assessing accuracy or validity of that map (Congalton,
1991). Assessing accuracy for each category as well awdowhole image is essential to
compare the results of various classification techniques and quality and reliability of the
results obtained. Sampling size is an important consideration for accuracy assessment and
sufficient number of samples wgsken wihch ranges between 34 and 1{diel samples for

each classes. Moreover, for accuracy assessment of the classified images ground truth
(physical survey)and google earthvere used for further validity of the dato compute
accuracy, an error matrix is ated to show the difference between classifi&@gorical maps

and their conforming actual reference maps. The error matrix or confugitrits is an array

of values allocated to a specific category in the reference data awthslsdied map to be

assssed in the table. The rows in the table represent the categoredsrehce image or data
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while columns represent for the categories of classified image ormtag error matrixThe

values along the diagonal represent the number of correctly @ddspihints or truesample

pixels. All nonzero values off the diagonal show discrepancy of the classified iaradje
reference image which is error of omission (processing error) and commission (command
error). Commission errors are incorrect inclusions spetify number of points whose pixels
incorrectly included to column categories but omission errors are incorrectly excluded pixels
Ne xt calcul ati on

from row categories f @ raccyracyp dvaralle r 6 s

accuracy and kappa statistics wdigcussed in detail.

i Producerdéds Accuracy

Thep r o d uaccerac§ isforms the image analyst of the number of pixels cordatigified

in a particular category as a percentage of the total number of pixels abtlaltging to that

category in the imge and calculated by using (Equation 1). Accordintig, results showed

the minimump r o d uacceiracy esult for the study was showed #1a9%, 93% and 92%

for the year 2006, 201@&nd 2023classificationmaps or results respectively. Ther oducer 6 s
accuracy for other categories varies betw®&rf% and 10% for all years which indicates

that the classification performances wegkable and th results are acceptable

i User s Accuracy
The

number of pixels assigned to a particular category. It is the probability that a pixel classified

sa&@inady is computed using the number of correcilgsdied pixels to the total

on the image actually represents that category on the ground and calculated i qusitign
t hat % &nd 100%forthe v ar i e
year 2006 91.26 and 100% for the year 20183% and 10% for the year 2023 herefore,

the results in botp r 0 d & ¢ @ n & aacwsaeyinlicated that the performance of image and

2). Accordingy, the results h o we d user 6s

its clasdiicationwas achieved very well and the error margins are wlbtceptable accuracy

Table 4.7Accuracy assessment table of 2006

Dense forest Sparse fores| Agricultural land | Built-up | Total (user)| UA(%)
Dense forest 84 0 0 0 84 100
Sparse forest 0 91 6 0 97 93.8
Agricultural land | O 13 98 0 111 88.3
Built up 0 0 3 12 15 80
Total 84 104 107 12 285
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PA(%) 100 91.9 97.3 100
Over all accuracy 92.8%
Table 4.8 Accuracy assessment table of 2016
Dense forest Sparse forest Agricultural land| Builtup | Total user| UA(%)
Dense forest 60 1 0 0 61| 984
Sparse forest 0 108 4 0 112| 964
Agricultural land 0 0 92 0 92 100
Built-up 0 0 3 31 34| 912
Total producer 60 109 99 31 299
PA(%) 100 99 93 100
Over all accurado) 97.3
Table 4.9 Accuracy assessment table of 2023
Dense forest Sparse forest Agricultural land| Builtup | Total | UA(%)
Dense forest 35 0 0 0 35 100
Sparse forest 3 46 0 0 49 94
Agricultural land 0 0 63 0 63 100
Built-up 0 0 3 38 41 93
Total 38 46 66 38 188
PA(%) 92 100 95 100
Over all accuracy(%) 96.8

iii. Overall Accuracy

The combined accuracy of map for all the classes can be described using overall accuracy,
which calculates the proportion of pixels correctly classified (Anupam, 2017). Accordingly, an
overall accuracy was calculated using (Equation 3)tla@desults showed the2.84%, 97.3%

and 98.6% for the year 2006, 2058d 2023 lassified maps respectively.

iv. Kappa Analysis

Kappa analysis generates a kappa coefficient or statistics. It is a measure of the agreement
between two maps taking intocaunt all elements of error matrix. The values are varies
between 0 and 1 and thus the results converging to 1 show excellent conformation between the
classified map and reference image. Accordingly, It was calculated using (Equation 4), an
overall kappatatistics results indicate@ 89 0.94 and 0.96 for the year 2006, 2016, and 2023
classification maps respectively. Thiene, Kappa coefficient of 0.89,94 and 0.96mplies
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that the classification process wagiding 89%, 94% and 96 of the error thah completely

random classification would generate.
4.5Land use Land covers (LULC) Analysis
4.5.1.Land use Land cover (LULC) in 2006

As presented in (Table 4.4) and (Figure 4.1), land use/land cover (LULC) of chillimo forest in
quantity and mapespectively. In this year (20PBense forestover was the highesbverage
3037ha (42.%) of the total area in the boundary. Also, a relatively considerable amount of the
area was covered bxgricultural land was 22R4ha (30.96) followed by Sparse forst
1896.4a 6.5%), Built up area 9.2 (0.%).

Table 410Area and percentage coverage land use land cover (LULC) of 2006

Year 2006

LULCC Aregha) %
Agricultural land 2205.4 30.9
Built up 9.2 0.1
Dense forest 3037.5 42.5
Sparse forest 18964 26.5
Grand Total 7148.6 100.0

(Source:Satellite image analysis of 2006

4.5.2Land use Land cover (LULC) in 2016

In this year (2008 Built-up and agricultural land was slowly expanded but,dense and sparse
forest was decline durinthis period Similar to the year 200éhe land use land cover classes
that covered the highest share of total area wlerese forestvhich was abou516.0 ha
(35.2%) of the total ared.ikewise, a relatively considerable amount of the area was covered
by Agricultural land2430.3a(34.0%) followed bySparsdand2190.%a (0.6%), and Builtup
areall.dha (0.2%) se also (Table 4.10 and Figure §1.2

Table 4.11Area and percentage coverage land use land cover (LULC) of 2016

year 2016
LULCC Area (ha) %
Agricultural land 2430.3 34.0
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Built up 11.4 0.2

Dense forest 2516.0 35.2
Sparse forest 2191.1 30.6
Grand Total 7148.6 100.0

4.53. Land use Land cover(LULC) in 2023

After 10 years in 2023 the land use land cover (LULC) of the study area was intensely
changedAgricultural laandduring this period covered the highehare of total area which
wasabout3340.%a (46.%6), followed bydense foresandsparse foreswvhichwas1577.14ha
(28.%0) and 1727.ha Q4.26) respectively. Othershuilt-up area constitute the smallest

portion of the total area in thehilimo boundary which wag3.6ha (0.3%) respectively.

Table 4.12 Area and percentage coverage (LULC) of 2023

Year 2023
LULCC area (ha) %
Agricultural land 3340.9 46.7
Built up 23.6 0.3
Dense forest 2054.3 28.7
Sparse forest 1727.7 24.2
Grand Total 7148.6 100.0

Table 4130ver all changérom 2006 to 2023

Year 2006 2016 2023
LULCC Area(ha) | % Area (ha) | % area (ha) | %
Agricultural land 22054 30.9 2430.3 34.0 3340.9 46.7
Built up 9.2 0.1 114 0.2 23.6 0.3
Dense forest 3037.5 42.5 2516.0 35.2 2054.3 28.7
Sparse forest 1896.4 26.5 2191.1 30.6 1727.7 24.2
Grand Total 7148.6 100.0 7148.6 100.0 7148.6 100.0
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Figure 4 2 historical land use/land cover results in 2006, 2016, and 2023
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Figure 4 3Pie charts of land use/land coveaps in percentage for 2006, 2016 &2023

From the change map shownHigure 4.2 there is a conversion of one class into heotlass
between the years 2006 and 20Tthese conversions were between the same class and
different classedDenseforest todense forest, Sparse forest to spémsest, built-up to built

up, and Agricultural lando Agricultural land(i.e., between the same land Alsed cover

classes) show unchanged area during the period. In other words, the conversion from one class
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to anoher class alters the area coverage of the classes. For more information, see the
following change map.
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Figure 44 Change map of between 2006 and 2016
Table 414 Change matrixf land uses between 2002016
£ LULC class | Area of Land use class (ha) in 2016 (final)
g Agricultural Built Dense Sparse Grand
@ land up forest forest Total
3 Agricultural | 1106.8 3.3 220.8 874.5 2205.4
[%2)
> land
T
@ S| Builtup 0.1 7.1 1.6 0.4 9.2
w Cc
8 5| Dense forest | 875.2 0.3 1760.7 401.3 3037.5
o O
< Q| Sparse forest | 448.2 0.7 532.9 914.9 1896.7
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Grand Total | 2430.3 11.4 2516.0 2191.1
Change 224.9 2.2 -521.5 294.4 7148.8

According to the transition matrices between 20062016, Agricultural lando Agricultural
landwere1106.8,Built-up to Built-up 7.1, densé¢o densdorest 1760.7, sparse spars€®14.9

hectare respectivelythis means the diagonal number indicates an unchanged area. However,
in another word the conversion from one class to another class indicates the area convergence
of the classedetween selected yeawsrea of land use/land cover change from the final to
initial in 2006 to 2016, agricultural land, builp, and sparse werecireased by 224.9, 2.2, and

294.4 hectors Respectively but, dense forest decreased by 521.5 hector

4.5.4Change detection between 2016 and 2023

This period shows a similar trend to the previous period in dantkusdaAnd cover classes.
The total areascovered by agricultural land and builp where increased while the area
covered by dense and sparse widgerease. From the below LULC matrix tablgricultural
land andbuilt-up were increased b910.6 and 12.2nd-223.4 in hectareln another ways
den®g and sparse were decrehdy 461.7, 461.1hector respectivelyThe diagonal matrix

indicates that there is no change between the periods unless and otherwise there is a change.

32



38°6|'0"E 38°8|'0"E

38°1?'0"E

38°1;2'0"E

38°1 :4'0"E

9°6'0"N-

9°4'0"NH

9°2'0"N-
Legend

[ Agricultural land to Built up

\:] Built up to Agricultural land
- Built up to Dense forest
9°0'0"N- - Built up to Built up

- Built up to Sparse forest

- Agricultural land to Sparse forest

- Dense forest to Dense forest

- Dense forest to Built up

- Dense forest to Sparse forest

Agricultural land to Agricultural land - Dense forest to Agricultural land
- Agricultural land to Dense forest

- Sparse forest to Agricultural land

Sparse forest to Dense forest

- Sparse forest to Built up

- Sparse forest to Sparse forest

1 0
e e KM

F9°2'0"N

F9°0'0"N

38°6'0°E 38°80'E

38°100"E

38°120'E

38°140'E

Figure 45 Change map of between 2016 &3

Table 415 Change matrix from 2016 t02023

g LULC clas®s Area of Land use class (ha) in 2023 (final)

(Q\]

-E Agricultural | Builtup | Dense | Sparse Grand Total
g, land forest forest

é Agricultural land | 2324.5 3.0 6.6 96.2 2430.3
; Built up 1.1 9.5 0.2 0.6 11.4

-E Dense forest 21.2 5.2 1991.4 | 498.2 2516
« Sparse forest 994.1 5.9 56.1 1135 2191.1
“g | Grand Total 3340.9 23.6 2054.3 | 1730

2 é Change 910.6 12.2 -461.7 | -461.1 7148.8
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4.5.6 Over all Change detection between 2006 and 2023

The change between these years shows the overall change between the initial period (2006)
and the final period (2023). During the initial period most of the area was covered by dense
forest and at final year Agultural land covered large area, the least coverage in initial period
was builtup. The dense forest decreased fil@d37.7ha in 2006 to 2054.3ha in 2028h a
decrement 0883./ha between the year€onversely, farm land andulit 1 up area shows an
increment 0f2205.ha to 3340.%a and 9.2 to 23.6 from 20688023 and the change is
1135.%aand 14.4 respectively
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Figure 4 6 Over all change from 2006 to 2023
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Table 4.16 Change matrix of land use/land cover from 2006 to 2023

Area of Land use/land cover class (

LULC classes

Area of Land use class (ha) in 2023 (final)

Agricultural land| Built | Dense fores| Sparse fores
up

Agricultural land | 1392.6 6.9 294.7 511.2 2205.4

Built up 0.3 7 0.9 1.0 9.2
= Dense forest 11521 4.3 1245.8 635.5 3037.7
E Sparse forest 795.9 54 512.9 582.3 1896.5
é Grand Total 3340.9 23.6 | 2054.3 1730.0
§ Change 1135.5 14.4 |-983.4 -166.5 7148.8

4.6 Area gain and loss between selected years.

year Agricultural landha) Built up(ha) | Dense foregha) | Sparse foregha
20062016 224.9 2.2 -512.5 -294.4
20162023 910.6 12.2 -461.7 461.1
20062023 | 11355 14.4 -983.4 -166.5

In above tabléndicate thearea loss and gain in heata between selected years (2006 and 2016, 20016

and 20232006 and 2023 Negative signs show that area's loss and positive signs show that area's

gain. The area lost fatenseforest andsparse forest between 2006 and 201618.5ha and 294ha,

respectiely. The areas gained for agricultural land and fuglare 224.9 and 2.2haspectively. The
area lost fodense foredbetweer2016 and 2023 was 46hd, andhe another land cover classes were
gained like agricultural landouilt-up and sparséorest was910.6ha and 12t respectively. From
2006 to 2023the total area lost fatense and sparse was 98®4nd 166.5hawhile agricultural land
and builtup was gained by 1135 1&and 14.4ha
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Figure 47 gain and loss of land use/land cover for 2006 to 2023

4.7 Predicting forest cover changdor 2040

A cellular automaton (CA) is a relatively simple modeling approach, which is compatible with
Geographical Information Systems (GIS), and it has lag@hied to reproduce the evolution

of some natural phenomena, This modeling approach is atsmanly used for simulating

the LULC and forest change (Zheng et al., 200IH)e MOLUSCE Plugin is used to obtain a

land cover change map and to establish thedtd change for the study area between 2023

and 2040. The plugin measures the percent of area change in a given year and provides a
transition matrix that shows the proportions of pixels changing from one LULC to another.
The plugin carried out the arehange map, which presents the change in the land from 2023

to 2040in all 4 classes.

Table 4.17 Predicted LULC for chilimo forest 2040

Year 20240
LULCC area (ha) %
Agricultural land 3698.5 51.7
Built up 41.8 0.6
Denseforest 1895.1 26.5
Sparse forest 1513.2 21.2
Grand Total 7148.6 100.0
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Cellular AutomataANN, based on the change in LULC betwee®@@nd 2@3, was used
transitional potential modeling to forecast future changes. The result indicates that the
probabilities of the increasing area will be covered byatiécultural land and butip areas

The reasons for these changes are that the method @ draske previous change in pixels
according to 206 and 2023The belowmapshow the change in each land cover, its predicted
that Dense and sparseill decrease more and will cover about 26.5% and 22® of the

study area in 240, while agricultural bnd and builup will increase in51.7% and 0.%

respectively
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Figure 48 Predcted forest cover change for ZD4
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Figure 4 9 Change matrix from 2023 to 2040

Improving the use of accurate daastudies of land change by Utilizing stratified estimation,
estimating precision and characterizing uncertainty. Validation computes kappa statistics.
Input accuracy is typically evaluated using the kappa statistic. The degree to which the data
gatheredfor the study are accurate representations of the variables measured is what gives
rater reliability its significance.The MOLUSCE plugin integrates some wietlown
algorithms for transition potential modeling, such as the ANN (multilayer perceptroghta/ei

of evidence, multcriteria evaluation, logistic regression, and CA algorithm, for future
simulation. The spatial variables for model calibration were chosen based on their relatively
strong association with LULCC. In this study used the-AMIN approah for transition
potential modeling and predioti. Employed LULC data from 2008023 along with spatial
variables to project LULC for 2031 and obtainadvalidation kappa value of 0.9@/fter
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obtaining the projected LUL&ompared the actual LULC of 2028th the projected data and
obtaned an overall accuracy of 98%5ard an overall kappa value of 0.9Fables 4.1&how
the actual and forec&sl maps and statistics for 2023 to 2040

Table 4.18Predicted forest cover change232040

Year 2023 2040 Kappa value

LULC classes Area (ha) Area (%) Area (ha) Area Accuracy ANN Validation
(%)

Agricultural 3340.9 46.7 3698.5 51.7

land

Built-up 23.6 0.3 41.8 0.6 98.4%% 0.97 0.96

Dense forest 2054.3  28.7 1895.1 265

Sparse forest 1727.7 24.2 1513.2 21.2

Total area (ha) 7148.6 100 7148.6 100

4.8discussion

The results to be discussed:ahange detection, including forest cover change between the
selected three years based on the classified, ret@pistical analysis to determine the
influencing factors for forest change and the problems that ocalmestbforest change; and
future prediction of forest cover change for the stidys, the listed results are discussed as

follows.

4.8.1 Discussioron LULC and Forest Change Result
In this section, the extent, trend, change rate, and accuracy of each classified land cover class,

as well as the change of dersm®d sparse forest are discubs$er selected three years (2006

2016 and 2028 The total area covered by LULC for the study ared #8.tha, and each land

cover class covered a different area. Thegtarea is classified into four land cover classes. In
2006 denseforestwas covered3037.5hasparseforestcover by1896.sa, Agricultural land

were 2205.4ha and bullip also covered by 9.2hiln this year (2006), BuHup and
agricultural land was slowly expanded bdgnse and sparse forest was decline during this
period. Similar to the year 2006 the land use land cover classes that covered the highest share
of total area were dense forest which was abB6u6.0ha (35.2%) of the total area. Likewise,

a relatively conslerable amount of the area was covered by Agricultural 248D.3ha
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(34.0%) followed by Sparse lan2iLl90.%ha §0.6%), and Builtup areall.ha (0.2).In 2023 the

land use land cover (LULC) of the study area was intensely changed. Agricultural land during
this period covered the highest share of total area which was3g#@utha (46.7%), followed

by dense forest and sparse forest which was 1577.12h#&6) and 1727./ha @4.2%6)
respectively. Others, builip area constitute the smallest portion of theltarea in the

chilimo boundary which wa&3.eha (0.3%) respectively.

There was a conversion of land use classes into farmland as shown in the transition matrix.
The change between these years shows the overall change between the initial period (2006)
andthe final period (2023). During the initial period most of the area was covered by dense
forest and at final year Agricultural land covered large area, the least coverage in initial period
was builtup. The dense forest decreased from 3037.7ha in 20P85¢.3ha in 2023 with a
decrement of 983.4ha between the years. Conversely, farm land anidupugltea shows an
increment of 2205.4ha to 3340.9ha and 9.2 to 23.6 from-2028 and the change is
1135.5ha and 14k respectively All land use classes likdense forest, sparse ahdilt-up

were converted to farmland. Moreover, sparse and grassland were convertadiolass. In
agreement withthis result(Abera, 2019), in Ethiopia, farmland has increased from 9.44
million to 15.4 million hectares; 2001 and 2009, respectiveljhus, the study area is a part

of Ethiopia, and the forest cover has continuously decreased. The study has positive
implications for the mentioned scholar and the conversion of forest land to farmland decreases
forest coverge. This study also improves the idea of the scholar because the forest was
changed into farmland in the selattdree years (for a total of 3#&ars).The area of forest
change for 34/ears wa$2.9h&b, which included the conversion of forest into fammaland

other land use classes.
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5. CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion.
The study area contained different LULC classes. From this, forest cover is the one that is
classified ino density forestand sparse forest.dbse forests are used as itetb for large
mammals, and the sometimes sparse forest is used as grassland for livestock. But this forest
cover has changed due to different human activities in the area. Remote sensing data and
interviews with local community members and experts weeel io analyze forest change and

driving factorsof the study area

Analysis of the results from the classified imaf®ws that the magnitude of land use/land
cover changend forest cover @nge, in particular, dramatically changed between 2006 and
2023 In partcular, the expansion of cultivated largtasslandCutting tree for firewoodnd
charcoal production are facgdior decline of forest covan chilimo forest In relation to this,
currently, the overall condition of the forest cover landlafimo forest is strongly disturbed.
Besides, the areal extent of forest cover land is reduced from time toltsaéotal areaof
chilimo forest wag148.6ha, from this about 3037.5ha and 18%ta4f land were covered with
Denseand sparse forest in 200®ut, this forest declined from 2054.3ha to 1727.7ha in the
year 2023 On other handagriculturalland andbuilt-up area where increase fra2205.4ha
and 9.2ha in 2006 to 3340.9 ha and 23.6ha in 2023 respectively.

The result from frequency analysiesvealed that forest cover was changed in the study area
due to the expansion of cultivated larittewood collection, making charcoajrazing and
population growth. In particular, dense forest areas have been converted into sparse grassland,
and a few bthem have been changed to farmlandeas that were covered by Sparse forest
more changed to farm land and buifi aea.Due to dense&nd sparséorest decline in the

study area, some problems like climate change, soil erosion, and losing wildlife were
observed.

Deforestation in the study area increased as a result of both forest conversions starting from
the selected three years up to the predicted Vdwr.spatial variables for model calibration
were chosen based on their relatively strong assogiatith LULCC. In this study used the
CA-ANN approach for transition potential modeling and predictiEmployed LULC data

from 2006 2023 along with spatial variables to project LULC for 2031 and obtaaed
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validation kappa value of 0.9@&\fter obtaining tle projected LULC,compared the actual
LULC of 2023 with the projected data and obtad an overall accuracy of 98%b5ard an
overall kappa value of 0.97 for 204@ addition, the problem occurring due to forest change
in the study area is increasing, ahd wildlife is losing their habitatind other factor on study
area Unless necessary measures are taken to retrerg@oblem, the decline of forests and

problem occur due to forest change

5.2 Recommendations

The final result of this study shows th#tg decrement of densexd sparséorest with some
increment of the sparse forast2016 the driving factors for forest chamdjke the expansion
of cultivated land firewood collection, charcoal makingrazing, andpopulation growth, in
the study areaTherefore, to protect the natural and plantation forests from further depletion

and use these precious resources on a sustainable basis to minimize the loss of wildlife, the

following feasible suggestions are forwarded based on the fisdargl the corgsions are

given

V As a result, as shown in the classified image between selected years and the information

from the respondent, the dense and sparse forests were changed and wildlife lost their

habitat.

V The governmental bodies and private sectors must participate in Local communities on

different natural forest conservation mechanisms like reforestation, afforestation, and

agroforestry programs, and also the management of planted trees by understaeding t

forest is used as the home of wildlife.

V Above all, there is a need for the design of policies and strategies to protect the

destruction of forest resources. This requires -amgjhnized institutions to take

responsibility for the conservation of foressources at a district level.
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