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Abstract

Land degradation is an increasing problenkihiopia Combatingin land degradation needs an
improvement in awareness on causes, impact, and dedgreegradation Therefore, land
degradation assessmentth® main aim in a decision support system for reversing degradation.
The main objective of this study is &ssedand degradatiothrough modeling of landse and

land cover, soil erosigand biodiversity Status. Land/use and land cover classificatoemade

from Landsat 5, Landsat 7TETM+ and Landsat 8 OLI for thesyE290, 2005and 2020 through
supervised chsification inENVI 5.3. Seven different types of and/use and land/cover were
identified. Usinghepostclassification method accuracy assessment was computed for each study
period resulted imnoverall accuracy of 87%, 86, and 8P4 respectively The chage detection

was analyzed and validated with the aid of field data coupled with GRagle. The findings of

the study show land use/ Land coebiange 1990, 200%@nd 2020crop land, urban settlement

and grass land increase in expense afrddnd use while forest and shrub laadished seriously

for the last 30 year Soil erosion estimation was done by compiling RUSLE model results and
gully erosion maps with multriteria evaluation methods. Tkeudy area found that nearly 75%

has been moderate to severe levels of soil erosion severity. Moreover, biodiversity degradation
hotspotof the study area was computed with the combined proxy factors of road, settlement, slope
and land/use and/coveknd theresult revealed that abou6®o, 21.26, 54.3%, 20.4%, and3.6%

of the district experienced very low, low, moderate, hayid very high levels respectively. To
producethefinal composite land degradation map of the study area, vegetation, soihgapsio
biodiversity degradation levels vabeen standardized and normalized with analytical hierarchy
and pairwise comparison techniquékherefore, the combined muttriteria analysis result
showed that abo@0%, 44%, 32%, and4% exhibits low,moderatehigh, and very high levels of

land degradation levels. The study area ooy with biodiversity followed bysoil erosion
severityas critical levels of land degradation. Thus, the study sugg#stestation progras)

soil, and water conservatipand different sustainable land management practices shouldystart b

identifying the hotspot areas.

Key words: Composite Land degradation, MCBega Damot District, Soil erosion



Land degradation assessment using-geatial modeling approach, tlease of Dega Damot
district, NorthWestern Ethiopig2021]

CHAPTER ONE

1. INTRODUCTION
1.1.BACKGROUND

Landresourcds adelimitedarea of the earth's terrestrial surface, encompassing all attributes of
theatmosphere justbove or below this surface including those of the-sagace climate the soil

and terramn forms, the surface hydrologpearsurface sedimentary layers and associated
groundwater reserve, the plant and animal populations, the human settlement arad syt

of past and present manmade actions which indkrmacing, water storage or drainage cites,

roads, buildings, et@-AO, 1995. Land is the primary means of production used to generate a
livelihood for rural residents of most developinguotries. It is the main asset that farmers have

to accumulate wealth and, equally importantly, what they transfer in the form of wealth to future
generationsiegaet al., 2003Debrie, 201 Howevertheunwise use of land resources tetwls

the degradaon of lands

Land degradation is the reduction and loss of the biological or economic productivity and
complexity of land ecosystems resulting from land uses or from a combination of processes arising
from human activities and habitation patterdslCCD, 2015. Moreover, it is alsdhelong-term
diminishing of ecosystem function and productivity caused by disturbances froch vidmd

cannot recover unaide(Bai et al 2008a, 228 Moreover,Land degradation comprises all
processes that diminish the capacity of land resources to perform essential functions and services
in these ecosystems, i.e. deforestation, loss of biodiversity, soil degradéation £t al, 2010.

It is caused by a conmation of various causels.includes such types of land degradation such as

soil degradation (e.g. Soil erosion), biological degradation (e.g. loss of biodiversity), and water

scarcity among otherg\(med, 201}).

Among the variou$actas of land degralationis deforestation extractiorsf firewood, livestock
farming, absenceof usingshifting cutivation, industrialization, urbanizain mainlyaround the
main towns lahala, A. 201}

Yismaw Aregaw 1 Remote Sensing and Gedormatics , AAU
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The understanding of land degradation processes, including their causes and consequences on
ecosystem functioninglsobecausedentification of affected areas and regionslangey are a
prerequisite to develapg strategies tacombat and diminisltand dcegradation $tellmeset al.,

2015. Most oftheland degradation ibecause oéxtensive soil degradation caused by erosion,
salinization, compaction, and nutrient depletiGi=¢, 2013, biodiversity loss, water shortages
(Nachtergael& Petri, 2010, global climate change associated biophysical and manmade driven
factors.lt has been aignificantglobal issue during the #@entury andcanremain highewith in

the international agenda in the’2&ntury,owing toits impact on wod food security and quality

of the environment(Eswaren et.al, 200]). Land degradationcould be a serious global
environmental problem anday be anatter ofgreatconcernWide of all landeverywhere in the

world has been converted into unproductive and degraded lands (201J.

Ethiopia is alsmneof the most strictly affected countries by land degradation a high level of soil
loss(FAO, 2011; World Bank, 20)2The majorenvironmental problem in the Easteifrican
highlands is land degradation, manifested mainly irstive ofsoil erosion, gully formation, soil
fertility loss, water scarcity, anceductions in crop yieldwhich has been morgisible in the
Ethiopian {{ihenew & Tilahun, 2011 A shorttermincrease in agricultural productios often
obtained through increased pregsan the land visible in the northern paftEthiopia(Dagim,
2020)

Although various soil and water conservation interventions have been introduced across Ethiopia,
land degradation, mainly in the form of soil erosion, continues to brgraficant problem
(Amdihun, Aet al,, 2019. The evaluation of land degradation rasfyem thepopulation or social

terms to that okrosion or physical terms. It has different controversies like magnitude, scale,
reliability, relevance problem of land degradataata, whichhas both temporal and spatial scale

of dimersion(Mahala, A. 20.9).

Yismaw Aregaw 2 Remote Sensing and Gedormatics , AAU



Land degradation assessment using-geatial modeling approach, tlease of Dega Damot
district, NorthWestern Ethiopig2021]

This study @monstratedhe utilization of an integrative, spatially explicit procedure, using an
integrated geospatial approach of various land degradation agents which governments and relevant

stakeholders can adapt for assessing and validatingléx&dlland degradation.

1.2. Statement of the Problem

Land degradation manifestad terms of soil erosion, nutrient depletion, gully erosion, water
scarcity, and reduction in yield production is highly observed in the highlands of Ethiopia
especially inthe Amhara regionlt accaints for45% of the total land area tife country and 66%

of the tdal land area ithe Amhara regior(Lakewet.al, 2002). Land degradation is an alarming
problem inthe Amhara region where soil erosion leaving 20;300000 hectares of land

unproductive {affa, 2009.

According to CSA (200), the total populations of Dega Damot District wieieased by 26.48
percent inthe 10-year interval; this phenomenon has caused cropping and grazing activities to be
shifted toahillside and ecologidly fragile areas. Moreover, people are forced to use crop residues
and dung for fuel rather than using them as sources of organic fertilizer to improve soils and have
led toareduction in land management activities such as fallowing, planting arediavesting in
conservation structures. On the other hand, deforestation is severe in the study area. Forest cover
is declining from day to day due to population growth tnedack of strong forest protection and
management strategies in the Distrithis leadsto loss of biodiversity vulnerability to soil
erosion, which in turn resulis land degradationTo address the probleMost of the GlSbased

land degradation assessments are on a baasimjle agentfor instance, soil erosiorowever,

a land degradation assessment that involves a wide range of factors responsible for degradation

could be more informative.

Abebaw (2019 specifically assessed land degradation by $8UE model of soil erosion

considering limited input variableg/hich affets sustainable land management

Due toalack of welldeveloped research methodology, in many ¢gsasners take only one or
afew of them, commonly soil erosion maf$e applicationof remote sensing and geographic

information system (GIS) techniqugssesland degradation estimation and its spatial distribution

Yismaw Aregaw 3 Remote Sensing and Gedormatics , AAU
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feasible with reasonable costs and better accuracy in larger Breasy(G.P.O.et al, 2018.

However, to halt the problem, often requires, a Avetgrated application ofjeospatial
technology along with the intensive land degradation hotspots should be add&tgdexs

conducted Iflengieet al, 2019 specifically only soil erosion assessment at Gumara watershed
excluding other attributable factorshis study was condued to fill the gap by accompanying

other variables such as gully, biodiversity witie popular methodology of KIA. assessing the

land degradation atDega Damot districtising geospatial modeling approach combining with

ground truth data calibration amdlidation, in which the output may help as an input information
future |l and use and sustainable | and managemi

decisionmakers.
1.3.Objectives

1.3.1. General objective

The overall objective of the studynsappng and quantifyingand degradation bysinggeospatial

modelingapproactthat allows developinganeffective land management plan.

1.3.2.Specific objectives
The specific objectives of the study are

1 Toquantify and asses land use land cover change dynamics from ZEEDtosingnulti-
temporal images
To asses and mdpe Spatietempaal changeof soil erosion

To map and quantifpiodiversity degradatiohotspotin the study area.
1 To map andjuantifycomposite landlegradation irthe study area

1.4. Research question
1 What is the trend of land use land cover change over three decades?

1 How to assesthe spatemporalrate ofsoil erosion estimation of the study area?
1 What is the status difiodiversitydegradatiornotspo?
1

Whatarethe areal dynamics of composite land degradation?

Yismaw Aregaw 4 Remote Sensing and Gedormatics , AAU
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1.5. Significance of the study

In manystudiesassessment of land degradation studisdbban done taking only one aspect of
it, like soil erosion. However, such information has limited contribution in develoging
appropriate intervention that could halt land degradation. Therefore, this pradigdes
assessment of land degradation that considers the various land degragesthatcould allow
planners and land resources agers to getherequired information for the purpose to develop

aneffective management plan
1.6. Scope of The study

Thescope of the research study was spatially bounded in Dega Damot District, Amhara Regional
State of Northwestern Ethiopia. The stuslgsconducted on the Assessmehtand degradation,

which mainly concernedvith investigation of vegetation, biodiversitgnd soil degradation
hotspot areas with the aid of different geospatial modeling perspectivess Used to evaluate

the degraded lands within the use of land use land cgwanucs analysis, modelirgpil erosion,

which consists of glly mapping andhebiodiversityhotspotmodeling to come up with the overall

land degradation assessment in the study area.

1.7. Limitation of the study
Any research would not be free from limitation but the degree of challenges varies depending up
on the nature and thgge of research problem and the study area. Thus, the courses of this study

the most challenging and facisgme types of problesn

Since thestudy coversalarge areathat challenges the analysis and validation of data. Moreover,
this study also dealsith assessingand degradation, whictequired the collection of different
volumes of data, and there wadack well-structurecf the desired types of data.addition,there

are no enough meteorological gauging stations in the studyaréaeven the&€onsistencyof

record of the rainfall data had some gaps, which was a challenge for showing the long climate

trends.
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1.8. Organization of the thesis

This thesisis organized into five chapters to achieve the designed objectives. The first chapter
deals withthe background, statement of the probleasearch objectives, and scope of the study
and limitation of the studyChapter Two gives an overviewlahd degrdation studies with remote
sensingand GIS techology, soil erosion modeling, langse and landcover dynamicsand
biodiversity degradationChapter Three focused dhe description of the study area including
Martials methodologies applied for the acl@ment of the research objectiv€hapter Four
explains theesults,which mainly introduces the results and fimgs primarily leading to a map
of land use/cover, Accuracy assessment, Soil Eroaiwh biodiversity degradatidmtspot and
composite land degradation of the study area. Finally, Chapter BEiszussiongresentamain
works relatedto previous findings. Chapter Six dealwith drawing conclusions and

recommendations of the study area.
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Chapter Two

2. Literature Review

2.1. Land degradation an overview

Land is a nofrenewableresource which is a basis for human survivalhd devadpmentthat
provides acrucial material foundatio and space guarantee for human developméstd al,
2020. Land is the highest valuable resourcetf@survival and prosperity of humankind atie
existence of life. It helps for the production of foobefi, fue] and many other vitajoods require
to meet human and animal needs. However, it is facing sdhoests of degradatidmecause of
unrelenting human pressure and utilization incompatible with its carrying capaeitydiet al,
2012)

Land degradation is the reduction and loss of the biological or economic productivity and
complexity of landecosystems resulting from land uses or from a combination of processes arising
from human activities and habitation patteras\CCD, 201Y. It is not only one of the most
serious environmental problemsthin theworld, but also one of the majsocial al economic
issuegxie et al, 2020. Land degradation is closely relatedhesensitivity, resilience, and carrying
capacity otheland, as well as tthevulnerability of people living on and from these lands. It may

be defined as the loss of utility or potential utility, or reduction, loss, or change of features or

organismghatcannot be replacgdorn M; Komac B., 201}

Land degradatio manifests itself in many ways for which includasd abandonment, declining
populations of wild species, loss of soil and soil health, reduction of rangelanttestnavater,
and deforestationBES, 201 It is an ecological and environmentansabn that disturbing
arablelandsand affects the economic andatural excellence of an agronomic lantich is a
continuing deterioration of the production capacity of lanhdisiammad D T, 2020Additionally,
Coxhead and Oygaj@007) give a morespecific and detagld definition for land degradation as

land degradation is a loss or reduction of biological or economic productivity and complexity of
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rain-fed crop land, irrigated crop land, or range, pasture, forest and wood lands resultingnérom la
uses or from a process of combinatiompurdcessincludingproces arising from human activities

and habitation patter. Moreover, land degradation can also be defined in terms of actions taken
which increase the reduction soil loss from agriculturat$aaffecting crop productivity and
increasing sedimetdss to rivers and reservoitlsand degradationn generalimplies temporary

or permanent recession from a higher to a lower status of productivity thtioeiglecline of
physical, chemicabnd bidogical aspectsA complex ensemble of surface processdacilitated

by erosion, soil compaction, Stalinization, and soil water logging. These can ultimately lead to
severe land degradation and loss of productityir@giet al, 20129.

Globally, land degradation becomes a serious environmental issue in the context of anthropogenic
pressure and climate change in the twdinst century(Sandeep, Bt al, Jegankumar, Ret al,
2020. Land degradation is a critical globahvironmental problem and is a matter of serious

concern. It occurs in all kinds of landscapes over the Warldsie, S.B., 2090

2.2. Theextent, Forms and impacts of Land degradation in Ethiopia

The highland of northwestern Ethiopia is highly vulnerable to land degradation. Moreover, the
problemthatis more pronounced within the highlands of northern Ethiopia is refatadcient
human settlements and aglel farming activities relative to othegarts of the countryk@assahun
&Yitbarek, 2018).

2.2.1.Forms of Land degradation

Different Scholars have identified various causes of land degradation. Befry §pecifically
identifiesthe sourcesf land degradation, that involvevo linked complex systems: the natural
environmentandthereforethe humaractivity over the ecgystem.The extendedcauses of land
degradation can be viewedkephysical factorike unsuitable lad use (land use for the gdar
which environmentally unsuited rfesustainable u3gsocioeconomidactors such apoor land
managemendctivity, landissuing marketing, institutionasupport, income and humarwelling,

andpolitical determinantsuch as lack adecurityissues {emesegen Gashaw,2Q17
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2.2.1.1. Soil osion

Soil erosion as "soil cancerould bea multifarious process ant$imultiple obvious and unknown
social and environmental influences are an irgirgphazard for the human beifigwnegh, 2008

It is one part of land degradation that affects the physical and chemical properties of soil and
leading toon-site nutrient loss and effite sedimentation of water resources in Ethiopiar(i,

1993h). Soil degradation caused by water erosion u-SaharanAfrica (SSA) is of concern
mainly due toits impacton handto-mouthagriculture of which 75% of the populatiogenerates
theirincome(Zerihun Nigussieet al, 2017. The Rapid population increase and growing demand
posed a greater pressureland resourcesgesultingin severe soil erosiorsezahegrandArus,

202Q) The extent and severity of the problemdatifn spatial variations ialtitude, ecology, settlement,
topography and landuse systemHKefale Munye, 202 Nevertheless,hie Ethiopian highland, which
covers about 44% df he count r y 0 sared and sadtaingteediliheog of about 87% of the
population, isthat the foremosteroded physiographical regiamithin the country Gezahegrand Arus,

2020. Every year, Ethiopia l@s over 1.5 billion tons of topsoil from the highlands to erosiat

could beadded about 1.5 milliontondo gr ai n t o t he (LolsgedabdVIigkd s pr o
Paul. 2003 Approximately 39 percent of the land withihe Amhararegion is estimated to be
usedfor grazng and browsing and 27 percésntnde cultivation, much of its cultivated for three
millennia or longer.Many of te soils, which shrink and swellhave gvere drainge and
waterloggingprodems during the rainy season.majority ofthe land is steep, infiltratiorates

are low, and the little surface cover is leftafter extensive cropping or grazing

(https://www.ctahr.hawaii.edu/sersp/phasel/pcamhara.pdf.
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2.2.1.2Forms of soil Erosion

The forms of soil erosion depend on the process and agent of erosion drivers, coniidering
erosion cycle anthe position in the landscapbgere are various forms of soil erosion by water.
Sheetrill, and gullies are theostimportant onesh{itiku etal., 2009.

Sheeterosion: it is theremoval of athin uniform covering of top productive/surface soil from
large areas, often frothefield, more or less, during evergin, whichproduces a ruoff. Thisis
a type of erosiomhatis harnful since it keeps the cultivator almost ignorant of its ill effect. It is

also known ashedeath of farmeréTelkar, S.andPote, 2018).

Rill erosion: When runoff starts, channelization begamsl erosion is rianylonger uniformThe
raindrop effect does not directly ercalgy particledelowtheflow line in rills, however,increases
the detachment and transportation capacity of the flow. Rills are small chavimels mightbe
removed by timely normal tillage operationse(kar, S.and Pote, 2018). Researches the
highlands of Ethiopia revealed that Splash, shaed rill eroson have been studied in the
laboratory and at the plot scaleespective of district levelwhich comprises different agro

ecological setting(Birara Chekol, 2012

Gully Erosion: it is the removal of soil by runoff water and sometimes persists in nditohes

and, over a short time, removes the soil from this narrow area to reasonable @aliyhis. the

worst stage of all kind of erosion and it is a highly visible form of erosion, which affects many
types of soil functions that includes food atder biomass production, water containing, filtering
and transformation, habitat and gene pool, physical and cultural environment for mankind, and
source of raw materials and hence soil qualitiésil( Kendie,et al, 2015. In Ethiopia, soil
erosion isa typical part of the landscape, particularly in the highland area for which the loss of top
soil via gully erosion (lulseged and Vlek ,2008). Attempts have been made to use spatially
distributed models to study gully erosion in the country, mainly inlswetershedsNigussie
Haregeweyn et al., 2016n the study area ephemeral gully is more pronounced in most parts of

agricultural and grazing lands (Figure 2.1).
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Figure 2.1. The photowastaken from Gully land in Dega Damot District
2.2.1.3 Land useLand Cover change

Land use and land cover have sdmasicdifferencesKaul, H.A. & Ingle, Sopan(2012),defines
two terms Land cover refers to the physical characteristics of Easthiface, captured in the
distribution of vegetation, water, sggnd other physical features. Land use referototheland

has been usday humans and their habitatsch as agriculturesettiements, industry.

Vegetation cover functions as an integdabedicator of vegetation responses to environmental

factors Thisincluding rainfall, temperature, spdnd topography, as well as factors related to

human activities, which are typically derived from land cover and land use (LULC) information
However,changes and modifications of vegetated land surfaces, such as habitat loss and LD, are
consideredas the primary cause for global environmental charaggcularly land degradaticas

they reduce ecosystem services and impair ecosystem fu(@tire, 207). Vegetation plays an
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important role in stabilizinghe global environment. Reliable information on the status of
vegetation using different techniques is necesgairgolving environmental problenparticularly

land degradatioriNurhussen Ahmed. (20).6.and use/land cover changes (LULCCyabecome

a majorissue for natural resource management and environmental change moigioringm,

et al,2019. A guantitatie and qualitative alteration &ULC mostly with the interference of
humans is called Landse and land¢over change§Samsonet al,202(). Landuseand landcover
changes (UCC)increasingly have been regarded as a primary source of global environmental
changesuch agjlobal climatechange, lossf biodiversity, andoss of soil resourcg$/aina J., et
al.,2020).

Scholarsin the field of social and earth system sciences hypothe#iz@d ULC changesre
triggered by the interaction of anthropogenic and biophysical driving femcgsStudiehave
shown that LULCC has beseveran the highlands of Ethiopi&dBerhanandWoldeamlak,201)

The overgrowing othe population in Ethiopia, consequently inducimgny effects on the natural
resources such as very dynamic land use and land @dwventa, 2020)Similarly, the changes in

the population growthgvergrazing, and agricultural expansion in the highland areas have caused
a drastic increase in the rate of LULC chan@ésmayehuandChakma S., 2009

Ethiopiahighlandsareconsidered thenost degraded lands in Africal{Swaify and Hurni 1996
Moreower, LULCC occurs due to the combination of factors of the ragmhnsion of urbanization,

high demad for production, land shortagehich is attributable to management including
conversion of grazing and forest land into farming land, pollution and land degradation, removal
of vegetation, and conversion to Rragricultural useélesfa et al.,201)5 Previousstudies reported

that therenave been considerable LULC changes in different parts of the country over different
periods(Birhan and Assefa, 20).8 Recently £abielaet al, 2020 studied land use land cover
dynamicsand Properties of Soils Tejibara Watershelstieshowed thathte forest and grazing
lands have been reducing consistently for the three decades due to the demand for cultivated lands
and settlement by the evigrcreasing population residing in the waterstteat leads to LULCC.

As a resultRemoval of surfaceegetation decreases infiltration in the soil and results in increased

runoff which intern leads to deforestatiand LULC changes.
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Likewise (Wakjiraet al, 2020 studiedthat land use lahcover was changing in alarming r&te

30 years onward in Fiha Catchment, Northwestern Ethiopia; which is exhibited by expansion in
agriculture, commercial farm, and urban and bhuitshowecdendlessncrease whereas forestland,
grazing landrangelandsand swampy area showed a continuous decline. Simijadynesgenet

al., 2017, studied land use land cover change changes in the Andassa watershed around Dembecha
district and showed that Cultivated land was expanding from 62.7% in 1985 to 73.1% in 2000 and
76.8% in 2015The area of buitup also slightly increased (0.1.1%) betweethe1985 and 2015

periods. In contrast, forest, shrub laadd grassland weredeced alarmingly.

2.2.1.4 Vegetation Biodiversity Decline

According to(Muchin L., et al, 2019 biological diversity is thathe richnessamong living
organisms from all sources including, inter alia, terrestrial, maaime other aquatic ecosystems
andalso the ecological variabilitied which they are among; this contantigersity within species,
across species and of egsems.Geneic resources, species or parts of organisms, populations,
or any other biotic component of ecosystems having present or potential use or value for
humankind constitute biological resources. African ecosystems have a diverse biodiversity, with a
high numberof native and endemic plant species, making them biologically distinctive and
providing a variety of ecosystem servic€satarino L.andRomeiras M.,202))

Ethiopia is endowed with diverse ecosystamtiin which diverse flora and faurggsomicrobial
resources are found. Theainecosystems includ&fro-alpine and sulafro-alpine, Montane dry
forest and scrub, Montane moist forest, Acae@mmiphora woodland, Combretuiferminalia

woodland, Lowland humidofest, Aquatic, wetland, Montane grassland, and Desert and semi

desert ecosystems (https://www.ebi.gov.et/biodiversity/ecosystewfsethiopia/accessed on
20/01/2021.

Although some success in conserving biodiversity at the local levebidké/ersity continues to
decline due to continued increasehmman population, resource consumption, market factors
and policies. Ethiopiahiodiversity,being havinga uniquecombination of gene/genotypes, are
well selected againiteenvironmentor ages.However, these resources are gradually decreasing
in sustenance andill have serious ecological, social and economic implications in Ethiopia.

(Azamal et al, 2012. Moreover,this biodiversity, the biological resources of Ethiopia are
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currently under critical threat mainly due to rapid population growth. The livelihood of the
population mainly depends on natural products and lands, and the demand for these is gonsistentl
growing (Mengesheet al, 2020. Human actions have resulted in multiple changes on a global
scale that often drive contemporary biodiversity declines. In particularusen@¢hanges, exotic
species invasions, nutrient enrichment, and climmasmge are often considered some of the most

ubiquitous and influential global ecosystem char(gese!l, 2010).

2.2.2. Impacts of Land degrad#on

Land degradation ia seriougproblem in Ethiopia, with more than 85 % of the land degraded to
various degrees. Recent estimates using satellite imagery show that land degradation hotspots over
the last three decades cover about 23 % of the land area in the dgimtrylet al, 2014.
Moreover, Land degradation is a major threat to biodiverségological sustainability, and
ecosystem ability. It interrupts the regulating and provisioning services of ecosystems,

particular nutrient cyclinghe global carbon cycland the hydrological cycle. Even thoute

Amhara region &s wide biodiveiisy of flora and fauna, the quality and quantity of biodiversity
arediminishing due to significardepletion of forest resourcesil erosion, loss of soil fertility,

and degradation of water resulted framincreae in the population, livestogikressue, and
increased demand for arable Igitesalew, 201y The immediate impadf land degradation is
lower crop vyields, leading to higher poverty rates among agricultural househadd.
degradation is also a widespread problem in Ethiopia with over 85% of the land moderately to
very severely degraded (Gashu and Muchie 2018),atodit 75% affected by desertification
(Simachew, 202Y) Land degradation also adversely affects and seriously influencedithton

of, temporaryor permanent decline in the productive capacity of the land fofedimgricultural
practices. Thismpad can be seen through asfmof biomass, a loss of actual productyyibr in

potential productivitypn a loss or change and vegetation cover and soil nut(iérits|, 2018).

Land degradation is also altering hydrological condithere vegetativeover is removed and
the solil surface is exposed to the impact of raindrap$eteriorates the quantity aqgdality of
water resources. Many perennial springs and streams ofdios tead become seasonahfew

et al, 2000. Generally the effects of land degradatiarea serious phenomenon in northwestern

Ethiopia ofthe Amhara region.
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2.3.Land Degradation Assessment Approaches

Assessment of theroblemof land degradation andesertifiation is very difficult becausthis
phenomenon includes several complex proce@gasoudiet al, 2019. Due to thishe types of
degradation and the method used to address them agcyrdingly (Sileshi, 201§ Land
degradation has been a global develept andenvironmerslissue thatfiects mostly developing
countries regarding the economic impaeand food security Ahmed et al.,, 2014. The
guantification and monitoring frameworks developed to provide information about land
degradation have beewrry valuable; however, there are some opportunities to improve and test

methodologies according to regional and country needs.

The Global Assessment of Soil Degradation, GLAS@43 thefirst global assessment of land
degradationattempt, which was mainlconcerned,with humaninduced soil degradation
assessmeng(dman, 1994t al, 199D). In this studythe status of soil degradation was mapped by
defining physiographic units, themselves based on expert judgment, in which type, and degree,
extent,rate and main causes of degradation were characterized. The assessment was undertaken
throughaet wor k of r e ginsitutesaand idividual expests wineeré equested to
prepare draft regional soil degradation maps on supplied topogras@araps following gendra
guidelines and in recommendatigvith national soiland GISexpertswithin the region. The

findings of GLOSAD show that humanduced soil degradain affects about 15% othe
worldwide area This approach was recently upgradey & newworldwide pr oj e ct OLar
Degradation Assessmentn  Dr y LA®A, 240820 Withe retaining theoriginal GLASOD
categories of sodegradation, LADA takea stepforward byattempting at deliering quantitative

results formally including socioeconomic drivers anénlarging its scope to carbbalances and
biodiversity as components of the functiotehd system and its degradation procgssanet

al.,2009. Moreover, land degradation assessment emplmae using Soil erosion modeling for

the vulnerability of the area for degradation.

Since thensomeapproaches were conducted and tested. for instaneenalysisf LandUse
Land Cover Changes on Labeégradation Dynamicthat showsan increasing land degradation
sensitivity was associatedth the subsequeniaind cover transitions€Changein LULC can also
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negatively affect the potential use ofamea and may ultimatelgad to land degradation
(Bajocw etal.,2012;Binyam,2015.

2.2.2. Soil erosion Modeling

Soil erosion modeling is the process of describing soil pestand processes of detachment,
transportand deposition mathematically on land surfacesqle, 202(). Because a model &
simplification of reality, it has been practically developed and applied to solve soil erosion

problems Gebrat Shiferaw, 20)8Soil erosion modeling is used to:

A Predictand quantify soil loss for conservation planning,
A Predict where and when erosion is occurring and hence helping the conservation planner
target to reduce erosion and
A Understanding erosion processes and their interaction for setting regmévdkies
(Lal,1999.

To understand and estimate the amounts of soils eroded in an area, several erosion models have
been developed where most of them were formulated in the U.S, relying on different equations
(Patrick, 201} One of the major advancemantsoil and water conservation during the last
century was the establishments of The Universal soil loss equation (USEL), which is an empirical
model designed to predict the longtime average soil losses in runoff from specific field areas in
specified crpping and management systems and Widespread field use has substantiated its
usefulness and validity for this purpos&igchmeir and Smith, 19§8The USLE was originally
applied to theassessmenmif soil losses from agricultal landin the USA which isto preserve soil
resourceshoweverhas been extended for useviariouscountries(Sadeghiet al, 2019. The
modelwasdevelopedased onhte data collected frorthe specific rotation, slope length, slope
steepness, row direction, is@rodibility, and support practiccEmpirical models are easy to
implement, reliance on easiiccessible datand produce relatively accurate results than others
(Patrick, 2015

Lots of consecutive attempts were done by researchers over ttiedasiecades to improve into
a better version of USEIBecause USLE predicts the annual soil sas a resyltonly annual

sediment yield can bguantifiedby this equation, which is less important foe design of water
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storage structures. To overcortie drawbacksof USLE regardinghe prediction of sediment

yield, Williams in the year 1975 made an effort to modify the USLE suitable for computation of
sediment yield, either monthly or seasonal values. He modified the USLE by replacing the rainfall
enggy factor (R) with another factor calledeé r unof f f act or 6. e deternm
which is less important for the design of water storage  structures

(https://www.soilmanagementindia.com/slmiss measurement/selbssequation/modifieeliniversal

soil-lossequatioamuslesoil management/155p4 Therefore l§ including the runoff as an

independent factor in modeling erosion, MUSLE has improtiesglaccuracy of soil erosion

prediction over USLEArekhi et al.,2012. In general, MUSLE can be expressed as,

Y=11.8(QQP) 0.56(K) (L) (S) (C) (Ry=w-mrrrmmrrmsremmeemmsemmsemmemme e 2.1)
Where,

Y = sediment yield in tones;

Q =volume of runoff in cubic meters;

g p=peak flow rate in cubic meters per second, and

K =the soil erodibility factor, which is the erosion ratr unit of erosion index for specified soil

in cultivated continuous fallow,

LS =the slope length and gradient factor, which is the ratio of soil loss from the field slope length

and gradient,

C = the cropping management factor defined as the ratamibfoss from a field with specified

cropping and management to that from the fallow condition for which the factor K is evaluated,;

P =theerosion control practice factor, which is the ratio of soil loss with contouring, strip cropping,

or terracing tdahat with straightow farming, up and dowaslope.

Over time, The Revised Universal Soil Loss Equation (RUSLE) is an upgrade of USLE that is
land use independehad been develope@he RUSLE modelwas first introduced in the USDA
Soil and Water Conservation Service in 1993. RUSLE maintains the same empirically based

equation as USLE to compute sheet and rill eroBidgrunable to gully erosiori-Q.O, 2001).
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2.3.1.Spatial Multi -Criterial Evaluation

Multi-criteria evaluation involves multiplsteps from statement of the problem, setting and
formulating objectives developingriteriato the final analysis of the resyl®ilshi, 201§. The

main elements of any muitrriteria decision problenmclude decisiormaker(s), alternatives, and
criteria. The procedures for tackling medtiteria decision problems involve three main concepts:
value scaling (or standardization), criterion weighting, and combination (decision) rule
(Malczewski, 201x The gatial multicriteria evaluation method followgriousindicators for
producinga land degradation majpése indicators ohhd degradation are categorizetb three
groups as biophysical degradation indicators, chahaegradation indicators suchsasl acidity

and alkalinity, and socteconomic indicators anthe biophysical degradation inditors used

include land use arldnd cover, vegetation indé%ilshi,2016).

2.3.2.Analytical Hierarchy Process (AHP)

The most popular use for MCDM is tl®HP) method, introduced byhibmas Saaty in the early
1980s.The AHP technique was used as a method for consensus building in circumstances
involving acommittee or community decisianaking. The AHP is more than a critenigighting
method, as iprovidesan additive hierarchical aggregation of criterisadsessethe viability of

every factor ina compl e x system, whi ch includes mu | t
compari sons o0 atowdeightariteria, basing itsglecisionan theights from the
evaluationcriteria. Italso differentiateshe factors into different levels that are related to each
other based on thedgment of relative importanamong the factors on the same level while
using the calculated weithof every facto The AHP hasnany advantages, such as integrating

the tangible and intangible aspects of questions, focusingroup objectives rather than
objectives, and constant brainstorming to getteoeanswers. The approach alsas some
drawbacks, however, su@s the presentation of the environnantncertainty issue, the deuce
deficiency resulting from hierarchies and the possibility. Moeeoxank reversal is due to the
modification of the relative values between the local priorities, isia deferent ahindependent

cause of rank reversal due to the right and left inconsistencies.

Therefore, the phenomenon of ramversal is independent of the accuracy of the priority matrix

and themethod of derivation. While AHB common and often used in MCDA, st mot enough
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to remove all di@ uncertainty because the dalteracteristics used play a role in whether the data

is certain or uncertai Certain (deterministic) datre expressed in discrete forms whereas the
(non-deterministic) unertain data are remented bydistribuions (continuous or discreté)/hen
applying WOA, the method of analytical hierarchy (AHP) isduas a comprehensive logicatlan
structural framework that allows the understanding of cemplecisions to be strengthened
through decompasg the problem into a hierarchical frameworkeTihcorporation of all relevant
decision criteria and their comparison with Pairwise allows the decision maker to determine the
tradeoffs among objective&satty, 1980).

2.3.3. Weighted overlayanalysis

Weighted Overlay Analysis is one the components of the methegaiél modeling using spatial
Multi-criteria evaluation. Weighted Overlay Analysis assigns more importance to some criteria
over theothers. It has been usby severaauthors Gileshi, 2016Misganaw 2020; Alelgn et al.,
20217). They have adopted the Weighted Overlay Analysis method in undertgiatigilmodeling

for several pur poses. The Ayusedlogénerdithielw8Sidht sof t w
factors for each criterion in the context of analytical h@raiprocess. These authors hadepted

the Weighted Overlay Analysis method for a comparisfoexpert systems and weightederlay
analysis for land degradation vulnerability mappir§patictemporal assessment of land
degradation, for cross traffability suitability modeling and mapping and quantifying land
degradation

2.4. The role of Geggatial Technologies for LandDegradation Modeling

Geospatial technology refers to equipment used in visualization, measurement, and analysis of
Earth's features, typically involving such systems as remote sensing, Geographical Information
systemsand glolal positioning systentDwivedi, 2019). The applicatiorof geospatial techniques
particularlyremote snsing and GIS technologiesvegproved successful inamy fields of natural
resourcesnanagement. Its sgptic and large area extentsll as the abity of GIS to collect

store andnanipulate various pes of data in a unique spatidtabase help® performvarious

kinds of analys and thus, extractg information about spatiallydistributed phenomena
(Salem,200) Furthermore thesetechnologies, including GPS (Global Positioning System),

Satellite imageries,r@l GIS hold great promising famproving the quality and quantity of
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information on degradation trends over large areas ab agelprovide for rore effective
management of that informatiomhich includesProcessing of time series of gexormation
products allows reliable detecting and mapping of landscape changes at local, regional and even
global level(Badapalli,et al, 2020.

Over the application of remosensing and GIS environmental studies has become verytanpor

for mapping and monitorintand degradation and various natural hazards over broad spatial and
spectral resolution usingulti-temporal satellite imageTo obtan more reliable and accurate

data, it is better to use as many temporal images as possible with a certain interval of generation
including images older than the degradation procesgsii 2016). Moreover, instudying,
monitoring,and degradationemde Sensing provides a cesffective ealuation over extensive

areaswhereas in situ procestudies areesource demandingnd thus, are usually conducted at

a field leve (Olena, 201). Remote sensing technology in general satellite imagery in particular
provides imagery data for identifying and analyzing necessary data layers. BesidesatGit§ in
environmentit is possible to integrate the preprocessed data that are generatedifterent

data source with their spatial location for further analysis and interpretétiehr{a, 2009).

At the larger scales, topography, saihd vegetation patterns become more important. This is
where remote sensing and GIS become valuables.td®émotely sensed imagery and GIS
have a long history in erosion modeling. This is where remote sensing and GIS become vital tools.
Remotely sensed imagery and GIS have a long history in erosion modeling. Numerous studies
have shown the potential of rereotsensing inland degradation modeling and mapping
(Prasannakumaat al, 2019. As an indicator of land degradation antprovement, igreferred

to NDVI T in its own right as a direct measurement of an important biophysical paramegter, it
related to biophysical variables that control vegetation productivity and land/atmosphere fluxes
(Bai, et al. 2008 A geographic information system is so an important tool for coping with the
vast number of spatial data and the relation between data fawious sources ithe land
degradation modeling procedsoreover,theapplication of remote sensigd GlStechnologies

has provided great opportunities to provelédence of degradation over large areas at relatively
low cost and time investme(@lelgnet al,202]).
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CHAPTER THREE
3. MATERIALS AND METHODS

3.1. Description of the Study Area

3.1.1. Location

Dega Damot Distat is found in Amhara RegionaBtate, Northwestern Ethiopia. The study area

is far from 110km from ragnal Capital Bahir Dar and04kmfrom Addis Ababa It is bordered

on the south by Dembecha, on the southwest by Jabi Tehnan, on the west by Kuarit, and the north
by Hulet Eju enbsiandin theeast by théBibugn District Geographicallyits absolute locain
extendsetween 1045 00" and 1905” 00" N Latitude North and 345" 00" and 3550” 00" E
Longitude east witlatotal areaof 83,331 hectares of land (Fige3.1.)
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Figure 3.1: Location map of the study area
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3.1.2 Physiographic Background
3.1.2.1. Topography

Topography is the study of the shape and feature of the surface of the earth and other observable
phenomenon or it is an integral paftthe land surface. It contaimsountains, hills, creeks, and

other bumps and lumps orspeific hunk of the land

The study areds characterized by rugged topography which contains, mountains plateau and
rugged topographyVhile north and southern tip of thBistrict has a broad flatrea in between

the western andasten escarpmenilhe topographyaries from lowand (1716 m) in the northern

part of the district wich lays between the westeegsternand central highlands and undulating
rugged topographyesides thathe centralandsome parts of northern and southern starts of the
escarpments in thetudy area is range from above 2000 m to the highest beidgn3&@rs above
sedevel (Figure3.2A) Thisbig elevation difference relatédtopographic variation withiashort
distance contributes lot for micreclimate anomalies and plags enormousole in catrolling
factors on the surface and ssirface hydrological conditions and hasignificant catribution

to land degradationThis abrupt elevation difference brought variation in weather tondiin

the high lands and tHewland areas.

Table 3.1. Slope class of the study area

Slope Gradient (%) Area (ha Area (%)

0-2 971 0.7
2-5 2651 3.2
5-10 8629 10.4
10-15 11136 13.4
1525 29240 35.2
2535 16215 19.5
>35 14489 17.5
Total 83331 100

Source: Computed from DEM (30)m
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The topography of the study area is mountainous, undulating plains, hills, and gulles st

of flat to very steep slopd&igure3.2, B) As indicated in table 3.1 the last part of the study
area (3%1%) ranges from 1b 25 %, which is strongly sloping whereas thealiest portion of the
area (0.%) ranges from 2%, falls in a flat plan. The largest proportion of the study area around

80% is characterized by steep and very steep slopes.

Steep slope areas are highly susceptible to land degradapenially soil erosioandmost parts
of the study area igharacterized by steep slopee@ andmost likely vulnerable to land

degradation.
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Figure 3.2. Elevation map (AandSlope map (Bof the study area

3.1.2.2. Soil
Soil is a mixture of organic matter, minerals, gasses, liquids, and smmttat together support
life. Soil formation is a factor of climate, parent rock material, the natfitbe landform, soil
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organisms and time.Soil compriseshorizons near the Earth's surface thaintrary to the
underlying parent material, have begltered by the interactions of climate, relief, and living
organisms over timesoil distribution and characteristics vary by their parent materials, climate,
vegetationand interaction among these factors ame. Accordingto the data obtained from the
Water and land resource center of Ethiopia, the study area generally constitutes six major types of
soils (Figure3.3)Among them, Luvisols which is characterized by low nutrient retention highly
weathered with a subsurface accuatioin of clay highly vulerableto erosion hazards facilitates

soil degradation hftps://www.britannica.com/place/Ethiopia/Spiis the dominant types of soils that
account for half of the study area which is ab4RP64 ha (50.96) of the total area of the

landscape. The second major soil types in the study are Niti8@ ha (23.70), followed by
Leptosols, Acrisols, Vertisolsand Lixisols which covers about,7489 ha (21.26), 2398 ha
(2.9%),1222ha (1.86) and22 ha (0.26) of the total area of the ldmass respectively (Table 3.2
Soil is one of the parametethat affectthe rate ofsoil degradation and thus contributeland
degradation. Soil texture, water holding capaatyd gravel conterdre major soil components

that can determinthelevel of land degradation.

Table 3.2. Major soil Types of the study Area

No Soil Type Area (ha Area (%)
1| Acrisols 2398 29
2 | Leptosols 17489 21.1
3 | Lixisols 22 0.1
4 | Luvisols 42264 50.9
5 | Nitisols 19722 23.7
6 | Vertisols 1222 15

Total 83116 100

Source: Water and land resource center, Addis Ababa
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Figure 3.3. Soil Map of the Study Area (Source: Water and land Resource Center)

3.1.3. Climate and Agreecological zones

3.1.3.1. Agreecology
According to the studyonducted by the Ministry of Agriculturel$99, The diversity in
topographic features rements varied elevations amstbpes withthe lowest point at Danakil
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depressino at about 126m below sea leagld the higest on the top of Ras Dashen in the Semien
mountain which is about 4,620ms.l. Mainly based on the relation between elevation and
temperaturethe traditional agr@cological zones are classified from Berha to Wurch which ranges
from 500 m to over 3700 m a.s.l. in altitude andnfr below 500 mm to over 1400 mamnual

rainfall.

Thesepresently identified, describe@nd deined Agreecobgical Zones AEZ) reveal the
gualities, potentiakandrestraintof the agicultural resources to help plan studiegd#terent levels
for specific purposes cope#iith the zones. Moreover, give variouslications for delineating
areasrequiring resourceonservatiorprograms for the agricultural lands, foreséas, degraded
lands,and natural vegetation and wildlife ardd80A, 1999. These have a major influence on
what crops farmers grow, how they keep their livestbolky they manage their land. particular,

the study area is charactazd by altitude ranges from 1716m to 359@bove sea level

Table 3.3. Traditional agreecological zone of the study area

No Agro-ecology Area(ha Area (%)
1 Weyena Dega 50371 60.7
Dega 32482 39.2
3 Upper Dega 83 0.1
Total 8333.00 100.00

As indicated in(Table 3.3. The study area is dominantly demarcated by Weyna Dega traditional
Agro- ecological zone that accounts for 50371ha and covers 60.7% whereas; Dega is the second
AEZ that covers 32482 ha with 39.2%. The remaining is the smallest unit with 83 ha that covers
of 0.1% the arealNoyena dega comprises the northern and southernpadstof the studgrea,
Degacovers the central parts and Dega aggological zone covers very small parts of Dega
Damot district (Figure3.4).
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Figure 3.4. Agro-ecological zones of the study area (MOA, 2014)
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3.1.3.2. Climate

Rainfall and temperature are the two most important climatic factors that play a vital role in the
development and distribution of plant life, but the variability and extreme determine areas at risk
of landdegradation and potential vugrability for desertificationSivakumar antefanski,200).

Based orthe National metrological agency of Ethiopia, 30 yearsemforded data (1992020)

from 8 within and near weather stations indicate that the studyisobaracterized by receiving

high annual rainfall ranging fro®00 mm to 1800 mr{Figure3.5) Moreover the study area gets

8°C and 27°C minimum and maximum average temperature per monthufinges season of
June, July, Augustand Septembereceived a small amount of rain thus becomes dry months
Whereas,the winter seasormontts October, Novemberand December dryConcerning
temperature, the warmest months are April, Jand July while Deember, Januargnd February

are coolemonths.The mean monthlynaximumandminimumtemperature of the study area for

thirty years is given in detail in (Figure 3@0)d (Figure3.7).
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Figure 3.5. Monthly averag&ainfall (1990i 2020) of the study area
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3.1.3.2. Drainage system

According toDega DamoDistrict Agricultural and RuraDevelopment Office, five major streams

along with their tributaries drain across the study area. The biggest streams, which flow throughout

t he year , arCu maorcaadl, | oyiBbrés, feadikabi a Gimberd . Al 1l of th
rivers start frondifferent directions of the areathie western high land and flow towards relatively

flat ar easuofar t h @an drizetthavda Eangeavolume of water andrains to

lower Gumara, which amects to finally Abay RiveRecentlysmall parts of this river are used

for irrigation purposes.

3.1.3.3. Natural Vegetation

Ethiopia has eight major vegetatitypes classified mainly by elevation and climate namdig-

alpine and sulafro-alpine vegttion, Dry evergreeAfromontane Foresind grassind complex,
Moist-evergreenAfromontane Forestvegetation, Acaciommiphora woodland vegetation,
CombretumTerminalia woodland vegetation, Lowland sezwergreen forest vegetation, Desert

and semidesert scrubland vegetation, and Aquatic vegetdfiars et al,2010. According to the

elevation and climate, the study area vetimta includes Afroalpine, subafro-alping dry

evergreen montane, agdassland completypes (\ssefaet al, 2020. The main vegetation types

of forests are found in monasteries and churches and protected areas of the Fdistnidtis

remnant vegetato t he common typedinopetusepracer a)T,i di
Europaea subspeciescusp@lga nd bamboo (Bambusoideae) Girar (
viscose), AShembekod (arundodonx), Agam) (Cari

and AEret H(Erica arborea

Moreover,the eucalyptus tree is the dominant tree species in the studyuseelafor various

purposes and found in every residential area

3.1.4. Population and settlement

According to the national census condudigthe Central stistical agency4007), the study area
has atotal population 0f151,1210f whom74,383are males an@6,738females. From the total
population,144,428 or 95.86 are rural dweélrs. The remaining 6,693 or 50f the poplation

resides in than areas.
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Moreover, according to CSA2(17), projection the total population is abdlif9,966lived in

different agreecological zones of the study area of whd&36lare males an81,605female
population.The study area haspopulation density of 1827, which is greater than the #on
average of 15%ersons pesquare kilometer33,336 households were counted resulting in an
average of Jersons to a household, and 32,497sly units. The majority of thimhabitants
practiced Ethiopia®rthodox Christianity, with 99.92% reportinggt as theireligion. The district

is structured by 31 rural and 3 urban kebele administrative of which the capita Fereabet is the most

densely populated.

3.2. Research design
The researclemployed a mixed gproach that integratelooth qualitative and quantitative data
The qualitative approach wasead to analyze nespatial data that comes from qualitative data

sources and quantitative approaclvasused to quantify spatial data.

3.2.1. Data description

To achieve the desired objective both Primary and secondary and secondary data were collected
from different sources. The primary geospatial data were information extracted from Landsat
satellite ime series sensors of 1990, 2086d 2020 imageries at dfdrent season of acquisition.

Which is freely available at United States geological survey (USGSearthexplorer.usgs.gov), used

mainly for Landuse and landover processin{lrable3.4)

Table 3.4. Description ofatellite images used for this study

Landsat type Path and row Resolution Acquisition date
Landsat TM 169/052 and 169/053 | 30 m 01 Jan1990
Landsat ETM+ 169/052 and 169/053 | 30 m 03 Feb 2005
Landsat OLI 169/052 30m 03 Feb 2020

*The images werdownloaded at the same season of January, February and March when the

cloud cover condition is minimized.
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Apart from this, the secondary data obtained from different organizations published and
unpublished books magazinesd reports. The general description of the data and their possible

sources used for this study are provide(Tiable 35).

Table 35. Data types and sources

No. | Types of Data Resolution Data Source

1. Landsat 5 TMLandsat 7 ETM, 30x30m USGS, Earth explorer
Landsat 8 (OLI)

2. DEM 30m USGS, Earth explorer

3. Rainfalland temperature Ethiopian meteorological agenc@HRS

4, Population data CSA

5. | GPS Field data

6. | Sall Water and land resource center, Addlizmba

3.2.2. Software used

Data management, manipulation, analysml interpretation of spatial and none spatial data used
to manage by using differerdoftwareThe software packages used for this study were ArcGIS
10.5 for data analysis, storage visualization and map preparation, E=EBifdt classification and
postclassification of satellite images, IDRISI SELVA 17.0 for mliteria decision support and
Microsdt office is also used for documentation statistical analysis and presentation.

3.3. Methods
The methodstarts from collecting all the necessary data, organizing preprocessing and

classification of the data to produce the composite dmguladation map of the study area.

3.3.1. Landuse and landcover

Satellite image preprocessing

To produce landise and lanatover for 1990, 200%nd 2020 six bands from the visible to short
wave infrared from Landsat 5 TM, Landsat 7ETMand Landsat OL were used.After
downloading and extracting the Landsat image (Level 1), preprocessing activities have taken
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place. These include layer stacking/merging, atmospleriection, gap filling (Landsat 7),
image mosaic (Append&) and to improve the quaji.ind interpretability of the image so that the
image become applicable and ready for furtéealysis.Remotely sensedata often comprises
types of distortions due tessthanoptimalatmospheric conditions, rotation of the Earth, satellite
or aircraft motionthe curvature of the Earth, and the exact locatiba given point within an
image, hencét needdo be reduced before image procesglifigorram, et al,2013. To obtain the
required quality Laneuseand landcover data from Landsat, image processing is mandatory.
These include atmospheric correction, stacking, mosaicking viiglgs to improvehe quality
and interpretability of images for further processimgd extract crucialinformation Image
Enhancement as applied on row imageof Landsat 5, 7and 8 to restore geometric and
radiometric distortion.Top of Atmosphere (TOA) reflectance was calculated bygighe

following procedures andquations givem U.S. Geological Swey 2019.

Spectral radiance of Landsat 5 TM imagaswealculated using Equation

Ua_jk >PPQE\PQMR.. _ L2 o2 o2 2 o2
L & :U\él_'?jUa_jkgl Sal (Qcal'QcaImln) eeeeee3.1) (
Where:L& Spectral radiance at the sensor's apert

Qcal= Quantized calibrated pixel value [DN]

Qcal min= Minimum quantized calibrated pixe
Qcalmax= Maximum quantized calibrated pixel value correspondibgMcA X &= [ D N]

L MI Na = S psensor raddahce thdtissst ed t o Qcal min [ W ( m2
L MAXa= S psesorradidncedhetis® |l ed t o Qcal max [ W (m2

For Landsat 8 (OIL), the digital numbers (DN) of the images converted to the Top of

Atmosphere reflectance using the formula giveb.S. Geological Survey (19
W a SEn; y s s o2 oz oz o4 o s s sz
] (Q”W—;f_’n) 66666666. 666632

Where;)j = = Top of At mosphere Planetary Refl ectan
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Mp = Reflectance multiplicative scaling factor for the band.

Ap = Reflectance additive scaling factor for the band.

Qcal = Levell-pixelvalueinDNd = Sol ar El evation Angl e
Image classification

Image classification is the process used to produce themafis from imagerylrhe themes can

range from general categories to specific classesbert, 200)y. In this study classesare
identified from processed images and applied to supervised classification, which often requires
human skills and understanding of distinct features. It is a-petd classification system based
upon the spectral signature of featurddaximum likelihoa classification assumes that the
statistics for each class in each band are normally distributed, and calculates the probability that a
given pixel belongs to a specific clagzsoon Park, 2008The number of training sites varied

from one LULCclassto another depending on the case of identificagiod the level of variability.

The Maximum Likelihood Classification is the most widely usedgyeel method by taking into
account spectral infaration of land cover classeSl{eruto.et al, 2015. The sécted Training
samples from each land class type warployed andinally generate seven types of lange and
land-cover types namely: waterbody, forest, grassland, settlement|abdreshrudand, and
cropland(Table3.6)

Table 3.6. Landuse and landover types

LULC Class Description
Waterbody Includes ponds,streams and major and minor rivers
Forest Natural and plantation forests and trees
Grassland Includes grazing lands grasses and wetlands
Settlement Contains town residential areas
Bareland Open space lands which has no activities and sand areas
Shrubland Bushes scrubs and sparsely distributed trees
Cropland Main agricultural activities and rural settlement areas

Source: USG$2019.
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Change Detection

Change detection is used to determine which-las®l class is changing to the other. The most
commonly used land change detection methods coo§isin image overlay, classification
comparisons of land cover statistics, change vector analysis, princippboent analysis and

image differencing [fires and Temesgen,2020t is important for overall LULC change
calcul ation while performing Afromd to operat.
major conversion of landse and landover is notted. The detection is operated in two or more

different periods of images classified. After classifying the study period intotthreentervals;

19901 2005, 2005 2020 and 1990 2020, the percentage change of each interval was calculated

using the gquation applied by{iros andDesalegn2019.

Percentage of LULC changesnal year area LULC Initial year area LULG---------------- (3.3)

Initial year area LULC

The positive value shows amcrease in the area while the negative value indicated that there was

a decrease meant for an area of LULC.
Accuracy Assessment

Accuracy assessment is the final step inathedysis of remote sensing détathelps us to verify
how accurate our resultre. It was carried out once therpretation/classification has been
complaed. Here, the study usedassessinghe accuracy of thematic maps or ddged images,
which is known as themati@r classification awuracy (Mohan and Anand, 20)21t was
conductedto obtain better data fno sample points (ground contrpbints) usingthe Global
positioning system (GPS) androparing this data with the magassification to improve the
uncertainty. Theadvantagef acuracy assessment using GCP ifaproving the uncertainty of
classification isaccentuabn (Samson,et al., 2020. One of the commonly used accuracy
assessment methods is thkassification error matrix, also known as a confusion matrixch
encouragedhe assesmentof the accuracy of the output of image classification. This confusion
matrix is the differeoe betweenthe collectedeference data and the results of the diassion
(Semahbizu, 2020The reference data collected from the field and assisted by Googlevaarth
mappedapplication regarding classified data to measure the accuracy of the(Aggudhdix3.
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Using the following formula suggested biyn(it, 2019 theaccuracy assessment of each category

has been computed.

User accuracy sumberof correctly classified pixels in each category 100

Total number of classified pixels in that category row total

ProducerAccuracy = Numbeof correctly classified pixels in each categony 100

Total number of classified pixeis that category column total

Overall Accuracy =Total number of correctly classified pixa&ggonal x 100

Total number of reference pixels

Kappa Coefficient (T) £Total Sample x Total Corrected Sample}Column total x Row total)

Total Samplé- x (Column- total Row totd)

3.3.2.Vegetation degradationhotspot mapping

The landuse and land@over hotspot mapping was quantified after the LULC transition change
has been done. By Taking 1990 and 2020 images and performing an image differencing.
Subsequentlyareas distinguishedominantly byhigh conversionfor example, conversion of
forestto cropland, grassland to croplaack classified as high change kpbt areas. Moderately
changedareas are dominantly characterized by modification toanersion example shrub land
tograsslan¢https://pheethiopia.orfgdf/6.%20Hotspots%200f%20Environmental%20Degradatio

n%20in%20the%20BER.plfThe rest with no change slightly changed areas are aseahere

change is not detected or minor changesohservedAccording to the result gained thetspot
areas are reclassifiedanhigh, moderate and no change or slightly changed areas badwezhge

intensity The overall vegetation degradation hotspapping pross is given in (Figure3.8).
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Figure 3.8. Vegetatiordegradatiorhotspotflowchart

3.3.3. Soil erosion Modeling
3.3.3.1. Estimationof sheetand rill erosion risk using RUSLE

The RUSLE model has been widelgedfor the prediction of average annual dodses caused

by sheet and rill erosion and to display the spatial distribution of potential erosigAmisicw

and Brigitta, 202Q The model is good to estimate in areas where different geographical and
topography variability. 1t wasdapted and mostfdhe variablesmodified calibrated by Hurni
(1989 in the Ethiopian highland conditiomhereforejt was applied for thistudyby considering

its merit of simplicity, compatibility, applicability in limited data conditigrend its adoption in

Ethiopian highland conditiorennual soil erosion risk mapping induced by sheet and rill erosion.

RUSLE model is used to quantify by integrating parameters ofrcoamagement factor (C),
Rainfallerosivity (R), Soil erodibility (K), slope steepness and length factor (LS) and Conservation
(P) factor in Dega Damot District. All the five parameters are combined by using the equation
provided below.

N = R G o = o ——— S —— — - (3.4)
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Where, A is the computed spatial average soil loss rate {yind), R is the rainfatrunoff
erosivity factor (MJ.mm.hdyr-1), K is the soil erodibility factofMgh MJ1mm-1), L is the slope
length factor (dimensionless), S is the slope steepness féditoensionless), C is the cover

management factor (dimensionless), and P is the conservation support practice factor

3.3.3.2. Processing of RUSLBarameters
Rainfall Erosivity (R) factor

Therainfall erosivity factor (R) describes the erosivity of rainfialan aredased on the rainfall
amount and intensity and reflects the effect of rainfall intensity on soil erdsigmantifes the
effect of raindrop impact and explaithe amount and rate of runoff associate with rainfall
(Koirala, et al, 2019. Rainfall was @e of the dynamic laysused for model inputt hasadirect
relationship with average annual rainfall valuEserefore Rainfall erosivity (R) was calculated
by the equation given by Hurnl985 calibrated for Ethiopian conditions based on thelabiai

mean annual rainfall data

R (T N T N — (3.5)

Where; P is the mean annual rainfall of the study,anethis study the mean annual rainfall for

30 years from19902020) was employeftom CHRSgauging stations
Soil erodibility (K) Factor

The soil erodibility factor (K) reflects the characteristics of the soil. Soil erodibility is a measure
of the susceptibility of the soil particles to detachment and transport by rainfall and runoff
(Habtamuet al, 2020). It also reflectshe resistancef the soil to both detachmeand transport,

the unitbased orthe amouhof soil occurring per unit ofrosivity and under specified conditions
(Desale, 202)L Thisfactor isquantitativelydetermined for specific ara soil type anghows the
physical and chemicadroperties of the soil, which contribute to its erodibility poterdrad for

soil loss estimation as well. For the analysitheK factor,thesoil map that coicted from Water

and land resource center and then estimated the value by using a formula (3.6) adapted from
Williams (1995, as cited by Yonas, 2020
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Topographic (LS) factor

The dope factor is a combination of slope length and slope steefrteskngth and steepness of
a slge affect the total sediment yield from the area and is accobytia LSfactor in RUSLE
model Habtamuet al., 2020. It was derived fronthe 30n high-resolutionDigital Elevation
Model (DEM) with multiple flow algorithmsthat can divide flow between sevemltput cells
(Ahadu, 202). To calculate LS factor for the studyea, the formula (equation 3r@commended
by (Moore and Burch, 199@wvas used. Flow accumulation was an input for LSutaton, which

is generated in the ArcGIS environmenheTmodified equation for computing the topographic
factor (LS factorwasalsoadopted by different studiesgdesse, 2014 janawet al., 202)).

LS = pow[(Flow Accumulation) * cell sizé22.13 0.4 * pow|sin (slope * 0.01745 /0.089B.3
-(3.6)

Where; LS is slope steepness length factor,

Cell size is the resolution of DEM 30m of the study area,
Flow accumulation: represents the accumulated upslope area for a given cell,
Slope: the steepss of the study area in degree

Cover management (C) factor

The coverand management (C) factor reflect the effect of LULC, cropping, and management
practices on thrate of soil erosiorand it is the ratio of soil loss from lawdvered by vegetation

to the corresponding loss from continuous fallgWienaw, et al, 2021). According to different
studies the values of LULC were assigned whieeeGfactor value ranges between 0 implies very
strong cover effects and 1 indicates neezqpresent and the surface treated as barrenliatius

study LULC for three periods from covers of the three periods of 1990, 266832020 coupled

with C values compiled from different sourd@able3.7).

Yismaw Aregaw 39 Remote Sensing and Gerormatics , AAU



Land degradation assessment using-geatial modeling approach, tlease of Dega Damot
district, NorthWestern Ethiopig2021]

Table 3. 7 The LULGlong with their C value

LULC Type Value Source

Cropland 0.24 Birehanu et a) 2020
Forest (Dense) 0.01 Hurni, 1985

Grassland 0.05 Tiruneh & ayalew 2015
Shrubland 0.2 Tiruneh & ayalew 2015
Bare land 0.6 Alelgn et al.,2021
Waterbody 0 Erdogan eal., 2006
Settlement 0.15 Hurni 1985

Support practice (P) factor

Support practice factor indicates the rate of soil loss according to the variouss&add land

cover types on the surface of the eafthere are considerable practices strip croppingtout

and terracing that can implement to control soil erosidre conservation practices factor (p
values) reflects the effects of practices that will reduce the amount and rate of the water runoff and
thus reduce the amourf erosion, whichdependson the type of conservation measures
implemented, and requires mapping of conserved areas for it to be qudhtifieth, 2011 P

value ranges from 0 to 1, whereby the value 1 indicates there is poor or no soil erosion conservation

practice implementedna the value 0 shows very good manmade soil erosion resistance.

Studies conducted by éssemat al., 202(), determine the P factor by different lanse and land

cover classification types. In this study area there are no significamtediraldjusted permanent

soil and water conservation practices, however, there are some practices of terracing implemented
annually by the community mobilization program, thus it is a seasonal and marching ways.
Therefore, to estimate support practice (@ues of the area the classified LULC along with slope
gradient §hin, 1999 as cited by Balabathiat al., 2020 determine the value from contouring,

strip croppingand terracing; considering the practice of terracing in the study area the estimation
of P-value has been adopted (Table 3.8).
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Table 3.8. P factor value on different LULC types

LULC Slope gradient P values
0-5 0.1
5-10 0.12
Cropland 10-20 0.14
20-30 0.19
30-50 0.25
>50 0.33
Other lang All 1

The detail process of steand rill erosiorrisk by RUSLE s givendetailin (Figure39).
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Figure 3.9. Flow chart for estimatingheet and rilerosion
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3.3.4. Gully erosionassessment

For assessinghe gully erosiorspatial patterns of gullgein the study area, the methpidposed
by Thorne et al.,1986)and Mooreet al., (1989 wasused.Upslopecontributing area or flow
accumulation (As)md | oc al sgenerpted frgnbhe DEM @& thesstudy area. Using As
and binpatsstream power index amgtness index were then detened (Appendix Bin
ArcGIS 10.5Spatial Analyst raster

Stream Power Index (SPI):The product oDistrict areaand slopendicatesa possible source of
erosion ly concentrated flow detachmentkisnd used to ideriti suitablelocations for soil

conservation measures to reduce concentrated surface. runoff
Stream power indexSPI) = In As/t a)n-B------------------ (3.7)

Where; isAs local upslope contributing area from flow accumulation rastet aads local slog
angle (degree).

Topographic wetness index magTWI)

Theeffect of topography on soil erosion is multifarious because the local slope gradient influences
flow velocity andtherate of soil erosion. Erosion would normallg expected to raise with slope
steepnesand slope length incremeriecausef respectiverncreases in velocity and volumé
suface runoff (Kefale 2020). Topographic Wetness Index was useddadine the effect of
topography based onthe saturated excess runoff mechanism. It characterizesspatial
distribution of surfaceaturation and surface runoff that were very important parasifetesoil
erosion aalysis. Topographic wetness index and soil moisture increases asbcuimigi area
increases and slopgeadientdecreaseshis implies that TWI haahigh correlation wit saturation.
Thewetness of theatchment or topographic wetness index Wggograpic wetness indexi\wi)

=1In (AS/ — f @ 3gmmmmmmme e (3.8)

Where; isAslocal upslope contributing area from flow accuatidn raster and- f «islocal slope

angle (degee)predicted based on flow accumulation and slop@eparicular pixel of the study
area.Finally, accuracy assessment was calculated from 32 Ground truth points of which 12
collected by GPS and the remaining 22 points was from google earth pro.
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3.3.5. Biodiversity degradation hotspot Mapping

To estimate biodiversity several factors identified as land use management classes, species
richness, patch size, shape and level of fragmentation but also vulnerability to biodiversity
degradatia afro-alpine and suafro-alpine ecosystem was forwardégk(nissie, 202)) To assess
biodiversity degradation hotspots different driving factors or parameter thematic layers were
preparedin this studyproximity totheroad,Land-useand landcover, slopgand settlemenwere
identified (Table3.9)

Table 3.9.Parametersused for biodiversity degradation hotspot mapping

Parameter Range Reference

Road 0-5,510,1015,1525 and >25 km Demissie, 2020

Settlement 0-1,1-2,2-4,47 and >7km Amare and Semegn, 2021

Slope 0-5,510,1015,1525 and >25 km Kiros and Desalegn ,2019

LULC Geparajuet al. (2017)Amare
and Simgn (2021)

3.4. Producing composite land degradation
3.4.1.Spatial Multi -Criteria Analysis (MCA)

Quantifyingcomprehensive land degradation is noeasy task, since it comprises multifdetors
that can be challenging to combinéo a single outpuilo solve this challenge, muitriteriacan be
appliedwith a combiration of geospatial datasets€lgn et al., 202)). To determine the factors were
determined usingSatty, 1989 relative importance of constraints (Table3.1Dhe Multi-Criteria
Analysis(MCA) addresses the analysisaofariety of decision alternaties and landise options that
aids the identification of the most suitable management solution for a given punpode &ffects

of alternative optiongBelal et al, 2015. Moreover, The MCA process includes several steps:
describe objectivesselect the criteria to measure the objectives, identifyratees, renovate the
criterion scales intocommensurable units, assign weights to thesatthat reveal their relative
importance, choose and apply a mathematical algoritmrdnking alternatives, choosan

alternative, and combine criteria into a single inffexIgn et al., 202)).
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To model complex problems, in the MCA literatutbereis a wide range of decisiemaking
techngues.This study employedhe AHP method with integrated geospatial models which is a
powerful approach to identify the hotspot areas for land degradains.gudy appliedMCA in
integrationwith an AHP that allows pairwise comparison and applies weights to each vidtar
merging to a single composite outpéi€lgn et al., 202)). For determining, the final output three
major stages levels weprocessed. In the first leyelegetation degradation hotspot raapere
preparedrom LULC data inputbased on standaxglues. In the second stage, soil erosion risk level
maps derived from RUSLE model agdlly mapwere prepared. In the third stage from proximity to
theroad, settlement,ULC and slopeyielded vegetation biodiversity degradation status has been
produced. Finally, all the three major inputs were processed tEmngightedoverlay techniqueo
combinethe criteria maps. Eadstandardized criterion was multiplied by its weight in the overlay
procesgSelshi, 201pand produced single composite land degradation map.

Table 3.10. The ale oftherelative importance of constraints.

Degree of| Definition Explanation
Importance
1 Equal importance Two values contributing

equaly to the objectives

3 Weak importance of one over anothe| One variable haslightly more
importance

5 Strong importance Strongly favorable over th
other

7 Demonstrated importance Dominance importance

9 Absolute importance The highest possible overta

over the other variables

2,4,6,8 Intermediatevalues between adjacel When compromise is eded
judgments
1/3,1/5,1/7,1/9 Values for inverseomparison

Source: §atty, 1988cited by Munye 2020
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3.4.1.1. AHP approach

The criteria were weighted through the pairwise comparison of indivigaabmetersvhich
derived from raster data (maps) following AHP approach. In this thsdwo criteriawere
compared, the less important criterion gets a reciprocal value of the most impanthusel the
principal eigenvalue and the corresponding normalized right eigenvector of the comparison matrix
to provide the relative importance of the criteria beingmamed. The elements of the normalized
eigenvector were weighted with respect to the criteria oicstdria and ratedvith respect to the
alternativeqAlelgn et al, 202). Theevaluation ofconsistency of the matrix of order wdsne.
Whenthe consistency index failed to reach a thotsevel, the comparisons wereevaluated

Lastly, the weighted overlay technique was usecbimbine/aggregate the criteria maps, and each

standardized cririon was multipked by its weight in the overlgyrocess

3.4.1.2.Consistencycheck

The consistency of subjective judgmerfiteachvariablefor producing one singleutputcanbe
checked by estinmieng consistencyatio, whichis the comparisobetween consistency index and
random consistency indeXfter converting the comparison matrices pairwisatrices, the
consistency of eacatrix ischecked by the method in crisp AHP. For this, first, multiplying
togetherthe entries in each row of tineatrix and then taking the nth root of that product. The nth
are summed ahthat sum is used to normalitee Eigen value. The next stage is to calculate,
multiply total value okach column to Eigen value. Tbensistency index faa matrix is calculated
from ( max- n)/ (n-1). Some randomly generatednsistency index (R.l) values are shown in
Table 3.49. Acceptability of alternative or dttrte ismeasured terms of Consistency Ratio (CR).

Theconsistency chedis

CR=CIIRéééeéecéecéecéeéeeéeée (B.9

Where, Cl is the consistency index and RI is the random consistency Aitdgxcalculation, the
consistency ratio of each comparison matrix isitbto be under 0.10.hTs,it concludel that the

consistency of pairwise judgments in all matrices is acceptiiveoverall research process flow

chart is given detail in (Figure3.10)
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CHAPTER FOUR
4. Results

4.1. Land-use/Land-cover mapping and change analysis

Landuse/Landcover isused to show the effect of each land use type ondeagdadationThe
land use/cover pattern of the study area was the result of natural anécsmumnic factors and
their utilization by man in time and spadde LULC of Dega Damot district has been classified
into seven landise clases forassessinthevegetatiordegradation status of the study area. These
land u®s are forest, cropland, griessl, shrubland, settlement, watdsody, and settlement.

Classification of lad use and many classes froemote sensing data can be dependent on the
purpose, dallite resolution and nature of the stly area. Forexample, rural settlemets have
been classified as crigmd, because rural hut withraof of grass and surrounded by cultivation
land makesit difficult to discriminate settlement from cidapd. So, rural settlementare
categorized under crignds. The land cover class stfirubincludes bothbushand perennial crops.

The other land wslayer is grassland and whitttorporates annual crops and giasesl.

4.1.1. Landuse and landcover maps of 1990, 20Q%&nd 2020 periods

Figure 4.1. Depicts Spatiemporal pattern of different LULC types thfe year 1990. The areal
extents of the landse and landover types are presented in table 4.1. The result stiawvshe
study area is dominated by cropland ahdub land Cropland covers 66% of the total area. The
second major landse and landover type ishrub landhataccounts for 21% of the study area.
The remaining landise and lanaover types are gsslands, forest, waterbody, and bare land,
settlement that covers 5.7%, 4.6%, 0.8%%& &d 01% respectively. This figure shows that 80%
of the total area of the study area was covered by Cropland andaduln 2005, there was an
increagin cropland expansigrand forest cover of the area decline within fifteen years of interval.
From the seven LULClasses, cropland covers 6073B&band 72.8%shrub landL5316.5ha and
18.4, Grassland 3484.&nd 4.18%, Forest 2800 ha aBdl%, Bare land 793 hand 0.9%,
Waterbody 357 ha and @&land Settlement accounts the smallest portion in the stualgfaké.4

ha and @ %. In this period, there was a consideraiteement irsettlement expansion especially
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in the study area capital Feresbet and adjoining small rural towns. This results in deforestation of

major forest areas found in the central and western parts of Dega Damot District.

Table 4.1.Landuse and Landover of three perus

LULC Type Year

1990 2005 2020

Area (ha) | Area (%) | Area(ha) | Area (%) | Area(ha) | Area (%)
Waterbody 553.2 0.7 3573 0.4 161.7 0.2
Forest 3811.9 4.6 28004 3.3 2655.3 3.2
Grassland 4735.9 5.7 3484.6 4.2 2343.5 2.8
Settlement 5.7 01 14.4 0.2 186.8 0.2
Bare land 585.2 0.7 793.7 0.9 288.2 0.4
Shrub land 18184.2 21.8 15316.5 18.4 5921.5 7.1
Cropland 55483.8 66.6 60733.6 72.8 71802.9 86.1
Total 83360 100 8330 100 83360 100

Land use land cover change is onéhefcommon phenomeron the earth and it is none stoppable
event due to the interaction of ardpogenic and natural factork the study area, a considerable
LULC changehad happenesince 1990Particularly, in the landise and landover unit of 2020,

a magnificent increment in cropland was noticed. On the other hand, vegetation coverage
especially in the forest of the study area was a decline from the previous period. The LULC map
of 2020 show that out of the total area of Dega Damot Dist@rppland, Shrubland, Forest,
Grasslandbare land, settlement and Waterbody accounts atk@@29%ha (86.14 %)5921.5ha

(7.1 %),2655.3ha 3.2%),2343.4ha @.8%),288.2ha (0.4%), 186.84 ha@.2 %) and 161.7ha 0.2

%) respectivelyThis figureindicates thatorest cover in the study area was critically extracted
out due to massive deforestation fine expansion of agricultural land, energy source and
construction of houseMajor forest areas wergdantations and done by reforestation programs
especially Tid (Juniperus procera) was the dominant one. Since then, those arsinather
plantations became cleared and used for household purposes and turned the arealfiorahgricu

activities.
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4.1.2. Accuracy Assessment

The process of producing a land use land cover classification from remotely sensed data could take
lengthily. After the classification algorithm the accuracy assessment used for this work, and which
has recorded the larger set of spectral classes intduzea@ set of information classes, it is
tempting to publish the resulting land cover naa then move on to other work.

The accuracy assessment result of ase and land cover indicated that the years 1990,,2005
and 2020 sheed an overalaccuracy of 87%, &b, and 826 respectively. The kappa statics

the year 1990 is 88%, 8¢ for 2005 and 83% for 2020 (Appendix1). According teirfos and
Desalegn, 2019the Kappa statistics of a value greater than 0.80 indicasé®ragagreement
wheraas there exista substantial agreement between the ground truth and classified LULC types
if the value ranges from 0.60 and 0.80.

4.1.3. landuse and landcover change detection
This study aimed to understarukttertaking detail and longear LULC change After
classification has been done on every three images separately, using-ttiagsifstation method

change detection was calculated.

Table 4.2. Net Changes of LULC

Period
#%g 1990- 2005 2005- 2020 1990- 2020

No Area (ha)| Area (%) | Area (ha)| Area (%) | Area (ha) | Area (%)
1 | Waterbody| -196.1 -354 -195.3 -54.7 -391.4 -70.7

2 | Forest -1011.8 -26.5 355.1 12.6 -656.6 -17.2
3 |Grassland | 2487 5.2 -2641.1 | -52.9 -2392.3 | -50.5
4 |Settlement| g6 150 172.4 1197.5 181.1 3143.7
5 | Bareland 208.5 35.6 -505.5 -63.6 -297 -50.7
6 | Shrubland| -2867.7 -15.7 -9395.1 | -61.3 -12262.8 | -67.4
7 | Cropland | 5249.8 9.4 11069.1 | 18.2 16319.1 | 29.4
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In this study15 year time span, and two phases of change detection have been made one from 1990
to 2005, second from 2005 to 2020 which is moderately enough in showing the long history of
land use and land cover. Land cover change status of Dega Danmtt Brisin 190 to 2020 has

been discussed in two segmented periods. The first period has 15 years of the gap from 1990 to
2020 and the second period is from 2005 to 2020. The cover dynamics discussed the rate of land
cover change from 1990 to 2005 and 2@03020 (Table 4.2). Depicts the land cover change rate

for the past 30 years in Dega Damot District.

The dynamics of land use and land cover for three periods have beenathliffement rates and
trends. From 1990 to 2005 waterbodirub landand forest diminished by 196.1 ha, 2863

and 1151.8ha respectively. On the other hand, the remaining-lesedand landover units;
cropland Grassland Settlemdaire landhas been increased at an alarmingof&249.8ha, 248.7
ha,8.64 haand208.5ha. Sarting from the second period 20@820,shrub langforest, grassland
waterbody and bare land were converted to cropland and settlement whereas Forest, settlement
and cropland were expanded over 15 years. The overalllsmdnd landover change in990-

2020 indicated that settlement and cropland were increased dramatically.

4.1.4. Spatiotemporal Transition of landuse and landcover

As shown in the ULC transition matrix (Appendix2 and (Figuret.4.) in the last 30 yearshrub landhe

largest converted13539.75ha) and grassland2849.20ha) both converted to cropland. The transition
matrix reveals that cropland was increased dramatically due to the demand for agricultural land was
increasedrbm time to time in the study area. Moreover, forested areas were cleared and converted into
agricultural land. The study area is dominated by croplémdg;, the major unconverted land is. On the

other hand1387.19ha of forested areas were converteatrapland. In addition, forestland diminished
magnificently from the base year to recent a period that was attributed by converted to other lands. Some
of the noticed changes in the LULC could have beenngireindicator for vegetation degradation that

leads to land degradation in the study area. Girlee most important changes, whiciay have a significant

impact on land degradation, is the expansion of cultivated(Teatale 43).
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Table 4. 3. Landise and land@over transformation over the year three decades

LULC 1990 (ha)

LULC 2020 (ha)

Bare Crop Grass |Settle

land [land Forest |land ment Shrub langWaterbody Total
Bareland| 0.8 | 559.4 | 0.7 6.5 3.7 1.8 0.00 572.9
Cropland | 189.9|53374.7 195.9| 472.1 | 104.5 11638 55.2 555561
Forest 2.1 | 1387.2|1225.7, 13.8 1.8 1169.9 0.2 3800.8
Grassland 13.9| 2849.2| 168.7| 1486.4| 26.2 145.7 0.0 4690.2
Settlemen 0.1 2.5 0.00 | 0.00 3.2 0.00 0.0 5.7
Shrub lan¢ 28.7 | 13539.7 10209 | 304.5 47.4 3170.8 9.2 18121.4
Waterbody 45.2| 343 1.5 0.00 0.00 78.3 90.7 558.7
Total 280.6| 72055.7 2613.6| 2283.4| 186.9 | 5730.5 | 155.3 | 83305.9

*Bold values in the diagonal matrix are unchanged LULC types

4.1.5 Vegetation degradationhotspot mapping

Based on the LULC change results, the vegetation degradation hotspot of DegaliStitiaias

been varied from this transition, by taking significant changes the vegetation degradation hotspot

map has been classified into fauotspot zones high, mediurtow and very low(Figure4.2). The

hotspot area contains 22.5%, ®411.6% and 63% for high, medium, and low zones

respectively(Table 44).

Table 4. 4 Areal distribution hotspot of Vegetation Degradation

Vegetation Hotspot Area (ha) Area (%)
Category
High 185849 225
Medium 19437 2.4
Low 95181 11.6
Very low 53278.2 635
Total 833248 100
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Figure 4.2. Vegetation Degradation hotspots in the study area
4.2. Soil erosiomassessment

4.2.1. Sheet and rill erosion assessment
The present study applied RUSLE to assess soil erosion. Parametrization of the factors used in the

model was done before running the model.
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4.21.1. Rainfall Erosivity (R) factor

Rainfall erosivity factor (Rfactor) determineghe sheet andill, erosion processedy detaching

power of a raindrop striking the sailirface and for the incidence of runoff on the soil surfacegn et
al.,2021).The processed mean annual rainfall from CH@RBa and the computed erosivity result map of

the study area for each study peritepicted (Figre 4.3). The distribution of the Rainfall erosivity value

of 1990 @A) rangesf rom 590. 064 to 832.256 MJ mm hatllhtT1lyr
southwestern; southeastern part of the study area was characterized by high to very high erosivity. Northern
and some parts of central high land part of the District were domircwéyred with low erosivity.

This shows that, area with high erosivity have a probability to face high amount of soil erosion and vice
versa. Rainfall erosivity of 200Bj also shows that, central plain, the Southeastern and northeastern high

lands of thestudy area were characterized by high rainfall erosivity. Some parts of Northeastern and
northern tips of the study area have low rainfall erosivity. The rainfall erosivity ranges from 597.07 to
821.89 MJ mm hailht1lyr1 1. dnnrdeclihédZdmpared tohé kadt fiffteen er o s i
years as indicated on the map. Most of the study area northern and central part was under low erosivity and

the southeastern part was characterized by high rainfall erosivity.
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4.2.1.2 Soil erodibility (K) Factor

When physicechemical properties of soil determine detachment and transportation of by the water
that have great impact on the erodibility of the soil across an area. The result indicated that the Soil
erodibility (K) Factor value of Dega Damot district ranges froml @o 0.25 t ha

MJ T 1 mrigute4.4) The dominant soil type in the study area is Haplicidals 0.2 to 0.24 t

ha MJ31
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Figure 4.4. Soil erodibility (k(A) and Topographi€LS) (B) factorof the study area
4.21.3. Topographic factor (LS)

The value ofthe LS-factor determineshe relative erodibility of thepecificslopelength and steepness
(Desale Kidang2021).The result revealed that tekpe length and slope steepness faSor of the study
rea ranges from to 31.7439. The increase in the LS factor tends to increase in erosiontldeeunoff
will be faster and then its energy will increass it is shownn figure (4.4B northern and most parts of
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southern parts of Dega Damdistrict where the topography is steepest and more undulating landscapes,
has been denoted with medium to high LS value. This value indicated that these areas are more likely
vulnerable to soil erosion. On the other hand, most parts of the study aokameterized by lowlope

length and steepne@sS) factor.

4.21.4. Cover managemen{C-factor)

As shownin (Figure 4.5 Cover management factealue of the Dega Damot district ranges from

0 to 0.6.The smallvaluein the C factorindicatesthat the speified area is dominantly covered by
vegetation and less susceptible to soil erosioreghi, 201%. This indicates that the higher the
value of cover management factor(C) the more vulnerability to soil erosion. Vegetation reduces
soil erosion by protettg the soil against the action of falling rdips, increasing the degree of
infiltration of water into the soil, reducing the speed of th&faxe runoff, binding the soil
mechanically, maintaining the roughness of the soil sarfand improving the physicahemical

and biological properties of the sail{betamuet al.,2020).
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Yismaw Aregaw 58 Remote Sensing and Gedormatics , AAU




Land degradation assessment using-gpatial modeling approach, tlease of Dega Damot
district, NorthWestern Ethiopigd2021]

4.2.1.5 Conservation support practice (P) factor

TheConservation support practice (P) vale of Dega Damot district ranges froondplandgo
1in other landuse types specifically in foregEsgure 46). This isbecausdorests and dense
shrubland$iave a high contribution in reducing the quantity ane & runoff and the amount of

soil erosion(Ajanawet al, 202)).
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Figure 4.6. Conservation support practice (P) fact®00(A), 2005(B), 2020(C)
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4.2.1.6. Model result
The RUSLE model indicated that annual soil loss for the study p&8i@d, 2005 and 202tas been
ranges from 0 to 428; 0 to 586; and O to YBBa 1 1 yespeclively (Figre4.7).
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Figure 4.7. Annual soil loss 1998, 2008B) and 2@0(C) for the study eea
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As it is depicted ir{Figure 48 ) annual soil loss of the study, area ranges from different levels of severity
classes slight (8) tosevere (50) t/ha/yr.

Table 4.5 Soil erosion risk class of 1990, 2005 and 2020

1990 2005 2020

Soil loss Area Area Area Area Severity
(t/halyr.) | Area (ha) (%) Area (ha)| (%) (ha) (%) level
0-5 63656.4 77.8 60814.2 | 73.9 | 51215.4| 62.6 Slight
5-10 15749.2 19.3 17912.1| 21.8 | 26340.3| 32.2 Moderate
10- 30 1885.4 2.5 2760.9 3.4 3430.9 4.2 High
30-50 369.1 0.6 571.9 0.7 652.7 0.8 Very high
>50 124.6 0.2 220.2 0.3 218.3 0.4 Severe

The mean rate ofodl loss inthe study area is 193.89, 24add589.5t/halyrin the years 1990,

2005 and 2020 respectivelyThe highest mean rate of soil earsivas observed in the year 2020

which was589.4t/ha/yrThe result shows the mean rate of soil loss increamsaphificently from

the beginning 1990) to 20¢Dable4.5)

4.2.2. Gully erosion assessment

For the assessment of gudlyosionin the study area, mapping and quantifying gully occurrences

is crucial. Becauseagully erosion contributes significantlffectto soil degradation in different

landscapegKarydasand Panagos, 20p@ comprehensive land degradation assessment shall not

escape the gully erosion estimation. There is no direct, eiedrobust gully erosion assessment

technique for large areas. However, some literature swgtestthe topographicthreshold

approach is a potential technique to indicate gully erogdotopographic threshold for gully

initiation and location haBeen explained mainly in ternosf
drainage area (As) relatioisiflue, 201(. Basel on the method proposed @yhorneet al, 1986
and(Mooreet al, 1989, SPI and Wimaps were generated described in section 3.3 map
potential spatial patterns gullies occurrencen the study area, SPI addVI above threhold

values were estimatedaod o0 s s e d wBiodlehn ofiefatibDin ArcGIS 10c&ster calculator

using

t he

Yismaw Aregaw
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gradi e

eXpr essi onThe restlfétd map shawa aréadvidth Walles @ané . 8 0
1 indicating areawith non-gully and with gullyerosion respectively
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Figure 4.9. Gully erosionmapof the study area
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The reclassified map (Figure9}.portrayed the spatial distribution of gully occurrences within
different parts of the study area. Theulesevealed that 5,236 ha (5@ of the study area is
covered by gully ashthe rest area 78,094 ha (9.)2is nongully areas

According to the finding, gully formation is accompanied along natural streams and rivers in which
are the caustic condition factors. As clearly shown, the galtymencesremore pronounced in
southern and northern parts of the study area wHeamages Riverand other associated
intermittent streamshave beenTo validate the gully occurrence location, ground truth and
polygons digitized from google earth aleen used field point data was collected as shown in
Figure 4.10., and validated by credsecking with the result obtained from SPI and TWI
prediction. The accuracy assessment result of gully occurrence shows 80%, which was relatively
good Ephemeral gllies were noticed during field visit in the study area (Figure 4.10).
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Figure 4. 10 The photo was taken from gully hotspot areialega Damot dlstrlct

4.3. Soil erosion statuslue tosheet,rill and gully

The overall soil erosion status of the study area was calculated from the result obtained from sheet
and rill erosion computed by RUSIaad gully erosion badeon the pairwise comparisorcoteria
weighting(Table 4.6) Theweights hae been given based on the influence of eachctaks for
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soil erosion. As presented inbta 46, soil annual soil erosion wasmore influential indicator
than gully erosion for mapping and quantifying soil erosion assessment of the study area. The
compued pairwise comparison consistency ratio was 0.003, which inthikasomparison was

nearly perfect which is less than the standard acdtib1, whichis acceptable.

Based on the weight overlay analysis portrayed in Figurk th& northern and southeparts of
the study arearecharacterized by moderate, hjgind very high soil erosion risk. on the other
hand, the central and other parts of the amadominated by very slight to slight levels.
Statistically,12984.6ha (23%),2992.5ha (9.86), and 2496 ha (73%) of the study area fall
under moderate, highnd very high levels of soil erosion risk lévea addition, 2595.%a (3.246)

of land is very slight and0133.4and 40133.4 ha (5X6) falls in slight levels.

Table 4.6.Degree of soil erosion risk levels of the study area

No Soil erosion class Area(ha) Area (%)
. 2595.9
1 Very slight 3.1
: 40133.4
2 Slight 57.1
12984.6
3 Moderate 23
. 2992.5
4 High 9.5
2149.6
5 Very high 7.3
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Figure 4.11. Soil erosion risk map of the study area
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Table 4.7. Pairwise comparison matrix o$oil erosion

criteria Annual soil loss by RUSLE Gully erosion Weighting
Annual soil loss by RUSLE | 1 2 66.7
Gully erosion 0.5 1 33.3

4.4. Biodiversity degradationhotspot
4.1.9.1. Proximity to Road

Distance from rods is one of the factors for biodiversity deteriorakioe vegetation biodiversity
of different plant communities and composition resounsegby access roads i®ra vulnerable
to be exploited thathe less accessible ongsnare and Semegn, 202 This entails that the more

road density in the area, the ragrone to biodiversity disturbance and degradation.
4.1.9.2. Proximity to settlement

The settlement patterns of thady area as shown in figure 4.ihZalmost all parts of the landscape
especially in northern and southwestern areas. The livelihoolds district predominantly depend

on energy sources such as fire, char@a other household activities. These activities are mainly
increasing deforestation and clearing of other plant and tree communities. The areas where
settlements are clustered tande prone to biodiversity degradation.

4.1.9.3. Land management practice

Biodiversity contains and valuable habitats that contguecies related to ecosystem
functionalities. These functions are prone to anthropogenic disturbance of the ecosystand The
use and land cover types of the study aresewlassified io seven categories (Table ¥ f8r
evaluating the expose to biodiversity diminishing. The land use and land cover types have
different level of vulnerability as forestis the least vuherable and grassland and cropland are
more prone to degradation due to the expansion of settlement and agriculture. This resulscoincide
with the study conducted byr(nare and Semegn, 20)l@t Senawuha watershed ang(nissie,

2019 showed that biodiveity vulnerability is low in dense foressind high on agricultural lands
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and settlements. Hence, most parts of the study area are dominated by croplands, the more visible

biodiversity degradation.
4.1.9.3. Slope gradient

The bpographical setup of particular area has an influence on distribution and pattern on the
guantity and function of plant communities and forest biodive(8ityng et al., 2018Altitude and
aspect are closely relatemlvegetation richness in a deciduous foresthis studythe slope ranges
from flat to very steep where disturbance of biodiversity is high in flat to gentle slopes dukyto eas

accestble to settlement and farming.

The vulnerability of each parameter for mapping biodiversity hotspot degracaépping is
given in (Table 4.8) andhé overall Biodiversity degradation hotspot parameters mapping is given
in detail in(Figure 4.2)
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Table 4.8 Parameters fdBiodiversity degradatiohotspotmapping

Parameter Class Scale Weight Rank

Settlement (km) 0-1 Very high vulnerability | 14 1
1-2 High vulnerability 2
2-4 Moderate vulnerability 3
4-7 Low vulnerability 4
>7 Very low vulnerability 5

Distance road (km)| 0-5 Highly vulnerable 36 1
5-10 Moderately vulnerable 2
10-15 Less vulnerable 3
1525 Least vulnerable 4
>25 Not vulnerable 5

LULC Settlement | Very high vulnerability 41 1
Bare land High vulnerability 2
Cropland Moderate vulnerability 3
Grassland | Slightly vulnerabé 4
Shrub land, | Very low vulnerability 5
waterbody
and forest

Slope (%) 0-5 high vulnerability 9 1
5-10 Moderate 2
10-15 Low vulnerability 3
1525 Least vulnerable 4
>25 No vulnerability 5
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Table 4.9. Pairwise comparison matrix for determining biodiversity degradation mapping

Criteria Land use Proximity  to| Settlement Slope Weighting
land cover | road

Land use land cove 1 2 3 41

Proximity toroad | 0.5 1 4 5 36

Settlement 0.33 0.25 5 14

Slope 0.33 0.2 0.5 1 9

Consistency ratio = 0.07

The consistency ratio<0.1 is acceptable and as a result, the weight calculated is acceptable to

proceed for determining biodiversity degradation in mertieria analysis.

The result in [figure4.13 revealed that the intensity of biodiversity degradatioimerability of

the study area ranges from very high around central parts of the study area where there are urban

expansion and settlements to bare siregh status of degradation found alovith areas where

there is road accessibility. Generally, moderate to very high status of biodiversity degradation

dominantly characterizes the study area.
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Figure 4.13. Biodiversity degradatiohotspotmap of the study area
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The spatial distribution of the biodiversity degradation level of the studyspessentedh (Table

4.10.). The result revealethat2979.7 ha 3.6%) of the study area is critical of characterizedaby

very high biodiversity degradation leviel which the area iRighly hotspot foibiodiversity loss

like anatural forest. This was observed in settlement bare areas where plant communities present
in the lower composition. Thestudy areal70494ha @0.4%) falls under highbiodiversity
degradatiorhotspotassociated with grasslands due to overgrazing and easy way of expansion of
farmlands. The remaining study area is describedaderate, loywand verylow levels45228.5

ha (51.3%) and17780.6ha 21.2%), 291.8ha (.5%) respectively.

Table 4.10. Statistics of biodiversity degradation in Dega Damot District

Area (ha) Area (%) Statusof degradation
291.8 0.5 Very low

17780.6 212 Low

45228.5 54.3 Moderate

17049.4 204 High

29797 3.6 Very high

4.4. Composite land degradation map

A final composite land degradation maps developed with the integration of different thematic
layers of vegetatiodegradation, soil erosion vegetation and finally biodiversity dedi@ud As
indicated in(Table 4.1}, Soil erosionpiodiversity degradation angegetation were the most to
the least important components for composite land degradation in the studyhereeeighted

comparison consistency ratio was 0.02, and thus, the comparison was aecapthiel values is
less than 0.1

Table 4.11. Pairwise comparison matrix of composite land degradation in Dega Damot District

Criteria Soil erosion Biodiversity Vegetation Weighting
Soil erosion 1 3 5 63.5
Biodiversitydegradation | 0.33 1 3 25.8
VegetatiorDegradation 0.2 0.33 1 107
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The result ifTade 412)shows that about 16492h& (20.1%pf thestudy,area experienced low
level degadation while35872.8ha (43.46) is moderately degradeth addiion, 26097.2ha
(318%) and3364.9%a (4.P6) werehigh to very high land degradation levels the result also shows
thatvery high and high degraded arezshe study areaeregeographically distributesiparsely
distributed @er the area.

Table 4.12. Composite land degradation status of Dega Damot District

No Land degradation level Area (ha) Area (%)
1 Low 16492.4 20.1

2 Moderate 35872.8 43.4

3 High 26097.2 31.8

4 Very high 3364.9 4.7

As depicted inFigure4.14), the most highly degraded areas are locatede northern southern

part of thestudy areaThis is a result of a number of factors: steep slopes, poor land management
and continued cultivation, rugged topography, populapoessure, and erratic rainfallhe
moderately degraded areas were located in the middle elevation portionsaidherea, where

the area is characterized thgt to gentletopography and low vulnerability to safosion.Local

land users confirm thegactors Local communities explaingtiat a combination of sleérosion,

low vegetation coverand continued deforestation and overgrazimgtributed to land degradation

in the study area.

Overall, thecombined degradation analysis shows that more than half of the study area was
moderately to highly degrade. This implies that land degradation is a serious environmental and
economic problem in Dega damot district.
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Figure 4.14. Composite land degradian hotspotmapof thestudyarea
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