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Abstract

Bush encroachment has been among the major threats to the livelihood of Borana
pastoralists and their ecosystem. A study was conducted in Yabello district to map bush
encroachment using supervised classification and SMA (spectral mixture analyss).
Landsat Thematic Mapper and Enhanced Thematic Mapper Plusimages that were taken in
January 1986 and 2003 respectively, 33333were used to assess the land-use/land-cover
dynamics, to determine rate of bush encroachment and to spatially locate bush encroached
areas. Sx land-use/land-cover types were defined for supervised classification. They were
forest, woodland, bushland, grassland, crop/cultivated land and bareland. Unconstrained
linear SVIA was run on the original DN image using woodland, bushland, Savannah
grassland, tilled soil and bare surface endmembers. Endmembers collected from the field
were tested for their purity by applying pixel purity index and minimum noise fraction
transform. Classification result and unmixing were assessed for their accuracy using
random samples collected from the field. Overall accuracy and Kappa coefficient for
supervised classification of the 2003 image were 82.66% and 0.778, respectively. For the
bush fraction image of 2003, they were 72.28% and 0.640, respectively. The study showed
that bushland, woodland and crop/cultivated land were increased and forest, grassland
and bareland were decreased between the study period. The rate of bush encroachment
was 2.54% per year. Bush fraction image showed that in 2003 about 20% of the land was
covered by bushy species that had > 40% canopy cover. In Borana rangelands, where
heterogeneous vegetation exists, spectral mixture analysis using woodland, bushland,
savannah grassland, bare surface, tilled soil and shade endmembers based on Landsat
images was found less promising to unmix the land-covers. However, it gave better
measure on the status of bush encroachment during 2003 than supervised classification
method. Among others, multiple endmember spectral mixture analysis based on high

spectral resolution images is recommended to better unmix the land-covers.

Key Words: Bush encroachment, supervised classification, SetAimember & Landsat
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1. Introduction

1.1. Background

Pastoralism is the mainstay of most people livinghie drylands of Ethiopia. About 61-65
percent of the total area of the country is estmab be occupied by pastoral areas (Biruk,
2007). These areas are home to 12-13 percent dbthlepopulation (MOA, 2000). The
remnant rangelands where found in these areas r@ndnaer tremendous threat from a
variety of source (IIRR, 2004). For pastoralisemgeland has a meaning just more than
where they graze their animals. It is a vital reseuopen home, which they have struggled
to maintain and ensure its existence. The rangedandystem comprises a wide range of
biological diversity encompassing the smallest oyerganisms to the largest mammals
and trees. Understanding the changes in this systednthe interaction between its

components helps to manage it on a sustainable.basi

Most pastoralists occupy a naturally dry environtneiich is unsuitable for conventional
rain-fed agriculture (Save the Children USA, 2007@t, this very same land is ideal for
extensive livestock production, the kind of lifg/lst that pastoralists are so familiar at

managing. In such a fragile setting, proper landagament is an absolute necessity.

The Borana plateau is one of the best remainingppdsareas in Africa (Gemeda al.,
2005; Leykune Abune, 1991). It occupies an areabmiut 95 thousand Knin southern
Ethiopia (Kamaraet al., 2002). The livelihood of the dominant ethnic graefpthe area,
the Borana, mainly depend on extensive livestoaddpection predominantly cattle and

small number of small ruminants, camel and donkeys.

For many centuries, the Borana pastoralists wele tabmanage their rangeland based on
their own experience and knowledge. Their managémsgstem involves the interaction
between plants, grazing animals, abiotic componantsthe anthropogenic factors. Since
the past three decades, however, the area haskesnising tremendous threats. Reports
indicate that the threats are getting more as gjoes (UN-EUE, 1996; UN-OCHA, 2008).
These threats range from anthropogenic pressuretherenvironment to catastrophic

natural occurrences.
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Among the threats occurring in the area, bush ewtnment is found on top of the major
problems concerning range management (Alemayehwigkern 2006). According to Ward
(2005), bush encroachment means the suppressigralatable grasses and herbs by
encroaching woody species often unpalatable to domiévestock. The unpalatability and
thorny nature of the bushes prohibits access ektocks to the underlying grasses. The
major factors that are stated as a cause of bugbarhment expansion in the area include
overgrazing, ban of rangeland burning during thegDe regime, neglecting indigenous

knowledge and traditional pastoral systems andideriag it backward.

Efforts have been made by government and non-gomtal organizations to minimize
and control the rate at which bush encroachmenareg However, the success rate is
very low due to different factors. The repetitiv@ualghts occurring in the area give rise to
a favorable condition for the encroachers at thepeage of grasslands and herbaceous

cover.

Mapping of bush encroached areas helps to plars@adgthen the efforts being made to
control and manage this problem. Remote sensing GI®l techniques have a great
potential to come up with maps that indicate thte td bush encroachment and the spatial
locations of encroached areas with a minimum ddsiti-temporal imageries taken at a
similar condition are utilized to detect specificanges. There are different methods to
assess rangeland condition and cover such as NBY/Mailti-temporal Vegetation Index.
One of the most common methods for woody and hedagccover analysis of grasslands
is Spectral Mixture Analysis (SMA) which involvegabmposing image pixels into their

constituent surface cover classes.

A single pixel may not contain the reflectance eahf a single feature. But it is the
combination of the reflectance value of differeeatiires contained in the instantaneous
field of view of the satellite’s sensor. SMA isexhnique based on modeling image spectra
as a linear combination of endmembers. It has bessd to derive the fractional
contribution of endmember materials to image speutira wide variety of applications
(Philip and Dar, 2004).

SMA has been used in different application areand3heng and Qihao (2004) used the

technique for urban landscape classificatessmaret al. (2004) indicated that SMA is a
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powerful method to estimate biophysically distinotver types at the sub-pixel level and it enables
woody and herbaceous cover analyBlalaniswamiet al. (2006) indicated that SMA based
approach significantly improved classification aesmy as compared to the maximum

likelihood classifier.

1.2. Objectives
1.2.1. General Objective
The general objective of this research is mappimhlencroachment in Yabello Woreda

using supervised classification and spectral meanalysis methods.

1.2.2. Specific Objectives
» To assess the land-use/land-cover dynamics ofrédze a
* To determine the rate in which bush encroachmemplnagressed during 1986-
2003.
* To spatially locate areas under bush encroachnmehtoeestimate the level of
encroachment in the area.
* To assess the suitability of SMA for bush encroashinmapping relative to the

supervised classification technique.

1.3. Problem Statement

Bush encroachment is one of the most serious prablen Borana rangelands. The
magnitude and location of areas under bush encne&chis not properly determined. As a
part, proper management of rangelands requiresingcand quantifying areas under bush
encroachment. Mitigation and control measures shdél based on informed decision
making. Although maps play a big role in the attengpdetermine the causes of bush
encroachment in the area, there were no consistamis produced so far. Previously
undertaken studies were based on small spatiahtextowever, most land-use decision
and management activities are impacted by regitenal policies. Assessment of bush
encroachment and land-use change over large aregeded to guide regional policy and

land-use management.
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2. Literature Review

2.1. Definition of Bush Encroachment

There are different definitions given to bush eactoment. These definitions vary with
each other based on the perspectives they are diddavever, most of them converge to
a common central idea. According to Ward (2005)shbencroachment means the
suppression of palatable grasses and herbs byasiing woody species often unpalatable
to domestic livestock. Ahmad and Florian (2000)ired bush encroachment as the
invasion of shrub and bushes/trees into formersyraangelands. An expansion of bush
land, dominated by unpalatable thorny shrubs,deramon feature of overgrazed pastures
in Africa (Rhignos and Hofman, 2003). In semi-agitbsystems, there has been a general
increase in the density of woody plants beyonditical density, suppressing herbaceous
plant production (Obaet al., 2000).

The Borana lowlands cover an estimated area oft&ifhQ00kn3, being the major pastoral
rangeland in southern Ethiopia (Gemeti@l., 2005). Encroachment of woody plants has
been the major threat to the livelihoods of Borgrestoralists and their ecosystem
(Gemedaet al., 2006; BLPDP, 2004).

2.2. Causes of Bush Encroachment in Borana Rangelds

Grasslands are lands dominated by grass and onedgitierbs sometimes with widely
scattered or grouped trees and shrubs (Desta Ha2di@d). Canopy cover never exceeds
2%. The land is usually subjected to periodic wgniOne of the most important aspects
of rangeland management is a system of traditiorsditutions, a system that had been
operating successfully for hundreds of years amsl drdy recently been weakened by
modern influences (Save the Children USA, 2007).

Borana pastoralists in southern Ethiopia have & egthblished traditional system of range
and water management (Gemestlal., 2006). Their management system integrates plants,
animals, abiotic and human factors. Their rangecation system considers the carrying
capacity of the rangelands, rotational grazingesysbetween wet season grazing area, dry
season grazing area and drought season grazimygesmeas used to regulate the grazing
pressure. Also the Borana pastoralists were obligetheir Gada (traditional and cultural
Oromo’s management system) to move to other ardasnwan area is overgrazed.

However, this indigenous rangeland management rayktes been weakened in the near
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years, by external influences and interventionsvai as internal factors (Ahmad and
Florian, 2000).

Bush encroachment seems one of the consequenceshdpaened following the

depreciation of this indigenous rangeland managesystem. There are different factors,
which are stated as causes of bush encroachmenhisirarea. These factors combined
together, resulted in wide bush coverage, whichardp through time. These causes

include;

a) Overgrazing

Overgrazing is the utilization of rangelands beydmelr carrying capacity and optimum
grazing frequency. Overgrazing of the rangelandsrie of the main causes of bush
encroachment. It is associated with the increasungber of both human and livestock
population. The degree of grazing strongly affébts structure, composition and quality
and productivity of rangeland vegetation (Alemayahengistu, 2006). On the other hand,
light to moderate levels of grazing actually maxeniboth primary and secondary

production and encourage perennial grassland a&bense of woody vegetation.

In Borana rangelands, unwise development of nevemsadurces by government and non-
governmental organizations without understandimgftiure effects of it on the rangeland
and on the traditional rangeland management sysesulted an increase in livestock

population (Ahmad and Florian, 2000).

b) Ban of Prescribed Fire

The Borana pastoralists have traditionally usedrotiad burning as a range management
tool. During early growth, the encroachers werated with fire and killed by repetitive
burning. Fire limits tree recruitment, allowing #dwmortality to remain low (Ward, 2005).
Burning also helps to stimulate the growth of neasg shoots, and destroys unpalatable

dried and very mature grasses and undesired bushes.

However, the continuity of this traditional indigmrs range management system ceased
due to the implementation of the law that preventugeland burning (Gemed al.,
2006). Since 1970, the Dergue regime banned ramgelaurning and unpalatable
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grass/herb/shrub/bush species got the chance ta §fost of them are not palatable for

most livestock, and they suppressed palatable gpesses, and began to dominate.

¢) Undermining Indigenous Range Management System

Less application of indigenous knowledge of thetgras community also attributed to
conversion of rangeland to bushland (Gemedal., 2006). Considering the indigenous
knowledge and traditional pastoral system as bawgkwiay decision makers and
government institutions and neglecting it, weaketlezlrange management system. The
“Gada” system of the Borana people is known to m@rituman and livestock population.
However, due to internal and external pressuressyiséem has been losing its previous

strength and control over the community in the plaisty years.

d) Environmental Stress

Recurrent drought occurring in the area also gins to conducive environment for the
encroachers. Hence, they do not have a deep rbathwraps water from the deep soil,
shortage of rainfall limits the growth of grass&sainfall frequency is also a necessary

condition for bush encroachment (Ward, 2005).

e) Land Tenure

Directly or indirectly land tenure is another factthat has a negative or positive

implication on rangeland management. Its negativaaict reflected in Borana rangelands
is that depreciation of local governance structtmesftfectively and adequately participate

in the management of natural resources and theoement. Land tenure issues have not
been adequately addressed to ensure that ownemstiptilization of rangelands is clear

and effective (Sora Adi, 2007).

f) Land Privatization

The newly emerging trend, privatization of grazlagds by individuals, is another cause
that is indirectly related to bush encroachmenth@we guaranteed access to grazing and
water in times of scarcity, more affluent livestookvners fenced-off grazing lands.
Existing along side the no-fenced community gradamyd, still is used by all livestock
keepers, these areas become depleted. Again,aisicycle starts, where only wealthier

herders can afford fencing and thus reap the resvaicoin better animal quality, whereas
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those who cannot afford the investment overuser¢hwining land and are worse-off at
the end ( Sora Adi, 2007).

The above mentioned factors are not the only factwhich caused and aggravated bush
encroachment in the area. There are different fectwhich are considered as minor.
However, overgrazing, ban of rangeland fire and splication of indigenous knowledge
are major factors that most of the pastoralisteedrwith and supported by different
studies. Land tenure and land privatization aremet¢rends giving rise to expansion of

bushes.

2.3. Effects of Bush Encroachment

Bush encroachment has an adverse effect on theysteos and the environment.
Herbaceous biomass production and bush encroachementegatively correlated in the
study area (Gemedet al., 2006). The expansion of unpalatable woody species
significantly reduced the rangeland size and abity of grasses. The consequence of the
decrease in herbaceous biomass might result inrigglof food insecurity in the area. In
addition, the bush prohibits access of livestockh® underlying grass and as the canopy

closes the grasses and herbs disappear lettimgyabad susceptible to water erosion.

Pastoralists in the area perceived that increalsirgh coverage is creating well suited
environment for harmful wild animals. A study coetkd by Borghesio and Gainnetti
(2005) suggested that bush cr@mvattariornis stresemanni) population decreased within
Yabello Sanctuary could be due to the encroachmieopen savannah by dense bush. On
the other hand, an increase in bush coverage tdggemplete disappearance of wild

herbivores, whose browsing is known to favour mapen grassland savannah habitats.

Furthermore, encroachment of woody plants may albdrcarbon (C) and nitrogen (N)
pools (Hudalet al., 2003). The Borana lowlands soil nitrogen was sjlyand positively
correlated with both density and cover of woodyngga(Gemedet al., 2006). According

to Hudaket al. (2003), severely encroached areas had low C:ibkrdtan less encroached
areas. It is evident that land-use/land-cover typage significant impact on the soil
chemical and physical properties. Altered carbajuestration has been reported to be one
of the many potential consequences of woody plantaachment. Progressive growth of

bush cover is claimed to alter patterns of livelstpi@zing and sitting encampments.

Addis Ababa University



Bush Encroachment Mapping Using Supervised Classification and&@pdotture Analysis in Borana
Rangelands: A Case Study in Yabello Woreda

2.4. Bush Encroachment Status

Most studies showed that there is an increasimgltre bush coverage. A study undertaken
on Bush crowZ. stresemanni) in Yabello Sanctuary and its immediate surroundisgsith

to the town of Mega showed that 8% increase in eé&uosh cover between 1986 and 2002
(Borghesio and Gainnetti, 2005). It revealed thettisg bush was the most wide spread
habitat followed by an open terrain and woodlandcdkding to Ahmad and Florian
(2000), the major woody plant species which aresiared to be encroachers &@cia
brevispica (Hammaresp A.bussie (Hallo), A. drepanolobium (Fillensg, A. melifera
(SaphansgA. reficiens (Sigirsg, A. seyal (Wachy and Commiphora africana (hammessga

in some placesThese species are the dominant species that makmaigr plant
communities of the area (Gemedo Dalial ., 2005).

By the mid 1980s, about 40% of the Borana rangelamad been affected by bush
encroachment (Eshegtal., 1986 as cited in Ayana Angassa, 2002). Genetdb (2006)
reported that in the Borana lowlands (only Yabellire and Hariro), overall mean
percentage cover and density of woody plants petahe was estimated to be 52% and
3014 respectively. They found that woody plantsreachment has been increasing
overtime and concluded that in the Borana lowlamokh woody plant cover and density

have crossed the threshold level and enteredthretencroached condition.

2.5. Efforts Being Made to Control Bush Encroachmen

Different government and non-governmental orgaronathave been trying to reduce bush
expansion in the area. The main control mechaniginich has been tried by almost all
organizations is clearing through cutting (Ahmadi d@forian, 2000). This is executed

through food for work and cash for work programmf&fer the bush is cleared, it will be

piled for burning. So far little attention was givéo bush encroachment. Currently, its
adverse effect on the performance of the pasto@amy is being acknowledged (Ayana
Angassa, 2006). Local and international non-govemtal organizations and some
governmental departments like Yabello Pastoralsi ®ryland Agriculture Research

Center are conducting range rehabilitation, invajvburning and hand clearing of woody

species along highways and near settlements, er@erimental basis.

According to the perception of Borana pastoralistegeland burning, bush clearing, and
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herd diversifications are potential solutions tonmmize impacts of woody plants
encroachment (Gemea al., 2006). Availability of grass temporarily improved areas

where bush clearing is already applied (Ayana abd,007). However, bush clearing
efforts made by development projects in the arehrdit have significant impact on

improvement of rangeland condition (Gemetlal., 2006).

Application of prescribed fire is suggested as basthanism by different authors (Ahmad
and Florian, 2000; Ayana and Oba, 2007; Genetd., 2006). Using fires with grazing
and tree cutting is highly recommended and gave besult for conservation of
herbaceous species diversity (Ayana and Oba, 20@8reas tree cutting and fire seemed

superior in terms of herbaceous biomass consenvatio

2.6. Remote Sensing and GIS

2.6.1. A Short Glance at RS and GIS

Remote sensing is a science and an art of obtainfogmation about an object, area or
phenomenon through the analysis of data acquired @gvice that is not in contact with
the object, area or phenomenon. (Lilisand and efeif1994). It utilizes the
electromagnetic radiation emitted from objects whatural or artificial radiations strike
them. Remote sensing was evolved as the abilitymah to observe in regions of

electromagnetic spectrum, beyond the range of hunsgm.

GIS consists of the tools and services necessarglltav one to collect, organize,
manipulate, interpret, and display geographic miaiion (Bettinger and Wing, 2004). It
helps to solve problems of human and nature famrpfay and sustainable management of
our environment using an organized computer sys@&i8.is effective at handling spatial
data and that, over the years, it has graduallpriecmore effective at handling spatial
data analysis. It is a relatively new area of redethat has made extraordinary progress in
the last few decades (Keighal., 2004).

2.6.2. Role of Remote Sensing and GIS in Rangelakthnagement

Satellite remote sensing was introduced as an i@mpbrtool in understanding and

monitoring various components of rangeland functiad health (Tueller, 1991 as cited in
Palmer and Fortescue, 2003). Keeping the limitsosep by scale and image resolution,

remote sensing application in rangeland managehsngot wide acceptance.

Addis Ababa University



Bush Encroachment Mapping Using Supervised Classification and&@pdotture Analysis in Borana
Rangelands: A Case Study in Yabello Woreda

One of the primary applications of remote sensimghe rangelands is prediction of
production potential of a ranch (Palmer and Fortes?003). Using different imageries

that have varying spatial and temporal resolutitois, possible to estimate grass biomass.

Satellite imageries have been used from its eatli@es for the preparation of base maps
for rangeland inventory. Integrated with GIS, thestem provides spatial and temporal
information, which are valuable for inventory. Fhetmore, range conditions can be
relatively easily handled with low cost and effoBatellite image like NOAA AVHRR
have high temporal resolution which can capturermftion on the condition and health
of rangelands on daily basis supported with grctuunith.

Satellite derived imageries have provided the opmaty to describe the spatial extent of
floristically and structurally defined units (Palmand Fortescue, 2003). Invasion of
rangeland by alien species remains a major problgough out the world. Attempts to
monitor the extent of this invasion based on groumgestigation and assist with the
planning of the control and eradication programyehanet with limited success. The
development of spectral libraries, which archive signature of each species, would
improve the efficiency of this application.

Change detection using high resolution imagernnistizer application provided by remote
sensing. Ground based change detection is expemgiderequires more manpower,
resources and time input. In addition, previousidditould be available at the appropriate
scale and level. However, for example, using Lahteageries of the past three decades
which are freely available, valuable informatiomdae extracted using remote sensing.

Rangelands change frequently and their successi@muf woody plants domination.

GIS has diverse application in rangeland managenidmse include selection of suitable
site for establishing new livestock water pointgcess road construction, disease
infestation mapping, animal migration mapping, kabisuitability analysis, habitat

modeling and the likes (Bettiner and Wing, 2004)e Tapplication of remote sensing and
GIS is not limited to this level. They are alsoliméid in complex models used to assess

range degradation, net primary production, belod/@vove ground carbon sequestration.
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2.7. Image Classification

Application of image classification in thematic npagg is a common process. The overall
objective of image classification is to automaticalategorize all pixels in an image in to
land-cover classes or themes (Lillisand and Keif®94).Land-cover classification uses
remotely-sensed reflectances or radiances to digtertine category to which a given pixel
belongs (Parker and Raymond, 200Mdrmally multi-spectral data are used to perform th
classification. Classification assumes that simitaaterials respond to the incoming
electromagnetic radiation in a similar manner. Thdifferent feature manifest different

spectral pattern.

Image classification procedures based on the mets®H can be classified in to
supervised classification and unsupervised clasgitin (Palaniswamet al., 2006). In
supervised classification, the image analyst “svpes” the pixel categorization process
by specifying, to the computer algorithm, numeridakcriptors of the various land-cover
types, called training areas, are used to compileumerical “interpretation key” that
describes the spectral attributes for each featype of interest (Lillisand and Keifer,
1994). Each pixel in the data set is then companaderically to each category in the
interpretation key and labeled with the name of ¢hgegory it “looks most like”. The
unsupervised classification in essence reversesstipervised classification process.
Spectral classes are grouped first, based solelyuomerical information in the data, and
are then matched by the analyst to informationselss There are different clustering

algorithms, which are used in both cases.

2.7.1. Supervised Classification

Supervised classification, as mentioned earliedoise based on knowledge of the area to
be classified. Three basic steps are involved pical classification procedure (Lillisand
and Keifer, 1994). In the training stage the artadgtects representative training areas of
each land-cover types of interest in the scenesdheaining areas contain numerical
descriptions of their specific land-cover type tlie classification stage, each pixel in the
image dataset is categorized in to land-cover efa#smost closely resembles. Finally,
after the entire dataset has been categorized$udts are presented in the output stage. In
supervised classification, one pixel is categorizsdone land-cover type, unless it is
insufficiently similar to any training dataset. Buch cases, it is usually labeled as

unknown.
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2.7.2. Spectral Mixture Analysis (SMA)

Usually mapping land-use/land-cover has been acksinepl using traditional (supervised
and unsupervised) classification techniques. Howeiteis difficult to find consistent
classes with this approach between images taketiffatent times (David, 2001). In
addition, for change detection, availability ofanhation on previous land-use/land-cover
types is uncertain. On the other hand, collectiblar@e amount of field data, in particular,
is costly (Dengsheng al., 2004). Therefore, application of historical remsénsing data
for land-cover classification is often difficult is necessary to develop a method that does

not require use of training sample data for clasaion of historical remote sensing data.

An alternative approach is to use mixed pixel mdtbo spectral mixture analysis. This
method recognizes that a single pixel typically ma@ of varied spectral types (i.e. soill,
water, vegetation). In effect, SMA is a techniggedito measure the percentage of spectra

for each land-cover type in a single pixel.

SMA has become an essential tool for remote sensggtation analysis. It has been
successfully used to classify successional fongses of varying carbon sink strength
(Palaniswamgt al., 2006). It has also been used in applicationsiayse as monitoring
urban environments, measuring water turbidity (Kgameaet al., 2001), mapping land
degradation (Haboudanet al., 2002) and analysis of land-cover change detection
(Dengshenget al., 2004). Parker anéRaymond (2004) used a new method of spectral
mixture analysis, Mixture Tuned Matched FilterirdTMF) to determine the occurrence
of leafy spruggEuphorbia esula), a noxious perennial weedsagaan and Germino (2005)

also successfully used SMA to assess Juniperousoaaonent using multi-date Landsat

imageries.

SMA is based on the assumption that the reflectapeetrum derived from an air borne or
space borne sensor can be deconvolved in to ar Imedure of the spectra of different
ground components, frequently referred to as speetrdmembers. Pure features in a
mixed pixel are referred to as endmember of the¢lpgiPalanswamet al., 2004). SMA
involves two steps. First defining the spectragfore selected land-covers and second each
pixel is modeled as spatial mixture endmember spetd determine the physical
abundance. The mathematical model is describedolémvé (Dengsheng and Qihao,
2009);
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n
RI =) f R + €
K=1
Where,

i is the number of spectiands usedk = 1,...,n( number of endmembers);

RI the spectral reflectance of banaf a pixel, which contains one or mo
endmembers;

fx is the proportion of endmemblewithin the pixel;

Rik is known as the spectral reflectance of endmerkbeith in the pixel on

bandi and

€; is the error for band

Based on the type of endmembers selected, the &opation can be constrained to 1

Where, n
z fk =1

K=1

or remains unconstrained. Takeuodti al. (2002) used vegetation, soil and water
endmembers constrained to unity to investigate mexggion condition of fire affected

areas in Western Siberia and the method is foufettefe. The vegetation-impervious

surface-soil (V-1-S) model assumes that land-caweurban environments is a linear
combination of three components; vegetation, imiperysurface and soil (Dengsheng and
Qihao, 2004). Although this model describes thed¢gape in urban environments the
limited endmembers, complexity of impervious suefand omission of shade from the
model constrained its application. Shadow is s@uibdus that it must be included as an

endmember within the overall endmember list for mosiges

The linear mixing model is not strictly applicabfer a variety of reasons (Leica
Geosystems user’'s guide, 2000). As described eattie assumption underlying linear
mixing is that each photon interacts with a singlterial on the ground. However, this is
not always true. Multiple scattering or interactioha single photon with more than one
material is possible, even likely, which violatag @assumption and becomes a non linear

process.
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One of the main advantages of this system ovetr#uitional way of classification is that

it simplifies the classification process. In thaditional classification system, to select
training areas, it is mandatory to have some in&tiom about the land-use/land-cover
types existed during the time of image acquisitldawever, in SMA based on the spectral
characteristics of existing land-use/land-coveretypt is possible to classify previous
imageries. More than this, the percent cover ofheand-cover classes can easily be
estimated using this method, which is not possilile the traditional supervised

classification system.

2.7.3. Endmember Selection

The selection of appropriate endmember to inputoina linear model is important.
Endmember can be obtained from a spectral (fieldaboratory) library and from the
purest pixel in an image (Leica Geosystems userdeg 2000; Palanswarst al., 2006).
Several spectral libraries are developed for imagalysis. One such library is the
SPECMIN spectrum library series of minerals andlagio materials, which can be used
for all geologic and natural resource applicatibai¢a Geosystems user's guide, 2000).
Conventional spectrometers are used to collecttispaeflectance of materials from the

field in order to build spectral libraries.

In heterogeneous landscapes, it is exceedinglicdiffto locate image pixels containing
100% cover of each pertinent endmember, which is usualjuired when using image-
derived endmembers in a spectral mixture model @iieset al., 2004). Thus, library

spectra have been widely employed with the recagnithat libraries cannot easily capture
the full range of endmember variability as is foundnature. This method allows great
control over the selection of endmember spectra,réguires that raw image data be
correctly converted to reflectance, an often difficask in remote sensing (Palaniswasmni

al., 2006). Scene derived endmember selection is siamueaccompany the atmospheric

effects.

There are alternative options to get relativelyepeimdmembers. These involve pixel purity
index in which endmembers are selected manuallyidwyalizing the PPI results in an n-
dimensional visualizer with ENVI (ENVI, 2006) andanmual endmember selection, which
is a multidimensional visualization technique foteractively exploring the mixing space

in search of spectra to designate as endmembergébeng and Qihao, 200Z4he same
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authors used combination of image and referencemembers using high-spatial

resolution aerial photographs to characterize utbad-use/land-cover classes using SMA.

2.8. Maps as Management Tools

Maps are amazing tools, which, if constructed ailye have the ability to communicate
information quickly and clearly to the audience ti{Bger, 2004). They are an effective
method of illustrating ideas and representing spatelationships among landscape
features. The level of information obtained frommap depends on the degree of detailness
of the map. This is mainly governed by the scalatge scale maps provide precise
description and identification of the mapped object land plots to appear as a
recognizable unit (ECA, 2007). However, they reguintensive ground investigation,
storage space and compilation. So, it is necesgargeep the trade-off between the

intended application of the map and its scale.

In a digital environment, maps provide better imation when linked to attribute
databases, which is one of GIS functionality. Witle help of remote sensing,
classification and mapping past land-use/land-cof@n area helps to trace trends in land-
use change. Non availability of up-to-date spatitdrmation about the land makes land

management weak. This is a common truth in theldpireg world.

There have been considerable discrepancies amengifferent maps so far produced in
the study area. In addition the low land vegetationprevious maps is differently
represented from map to map (Fris and Sebsibe,)2@th wide gaps hinder planning

and management efforts.

2.9. Land-Use/Land-Cover Dynamics and Change Detech

Land is an important asset in the livelihood andneenic activities of human beings. This
includes agriculture, livestock production, tourismd extraction of mineral ore and oils.
Whether a country is developed or developing, leemains the ultimate source of all
materials, wealth and subsistence of life. Sineedtfiart of sedentary agriculture, man has

been engaged in the transformation of land-useltaver systems.

The earth’s surface is always through a continuysmism. Understanding the causes,

consequences and direction of changes have paramnguortance for proper management
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and planning of the earth’s resources. Landtasd-cover changes are prominent, but not

simple processes. Land-cover refers to the bioiphlystate of the earth's land surface and
immediate sub-surface including abiotic, soil, tp@phy, surface and ground water, and
human structures (Turnest al., 1993), whereas a land-use is the purposes forhwhic

human exploit the land and its resources.

A land used at one time for a specific use candael dor another purpose at another time.
In the case of pastoralists the use of land fop gr@duction is increasing at the expense of
livestock production. In these areas the accumdilafifect of population growth, crop
cultivation, land privatization and other factomssult in the general deterioration of
rangelands and livestock production. Populatiomjnds a ubiquitous catalyst of change,

along with changes in environmental condition.

Unless they are managed strategically, these fagtaice significant strain on existing
land-cover and natural resources. Changes to theoeament can also reflect how the land
has been managed, and using established changtiateteethodologies to monitor these
changes can serve as an evaluation of these maaagenactices. Change detection is a
technique used in remote sensing to determine lthages in a particular object of study
between two or more time periods. It is an impdrfancess for monitoring and managing
natural resources and urban development becaysevitdes quantitative analysis of the

spatial distribution in the area of interest (Saad Congalton, 2001).

Since the introduction of satellite-based techngplag the early 1970's, the Landsat
program has made this process possible. With temetsatellite coverage, the rapid
evolution of computer technology, and the integratof satellite and spatial data with
GIS, development of environmental monitoring apdliens such as change detection have

become simple.
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3. Description of the Study Area

3.1. Location and Topography

The Borana rangeland is found in Oromia RegionateStsouthern Ethiopia. It lies
between 20-5°30 N latitude and 3®B0-39°20 S longitude. It covers about 95,000 %m
which is estimated to be 7.6% of the national afd® Borana zone has 10 Woredas of
which six are classified as lowland rangelands.éellabWoreda is found in this category
covering about 5556 kinYabello town, the capital of the Woreda is 570kias from
Addis Ababa. Figure 1 shows the geographic locatiaihe study area.

Most of the lowlands of Ethiopia are characteribgdplain topography. According to the
Woreda Pastoralist Development Office, about 5% tloé district is covered by
mountainous topography. Except these few mountaitispeak elevation of 2200 m.a.s.l.,
the landscape is gently undulating across an etevaf 1450-1600 m.a.s.l., which falls
with in the Rift Valley system of East Africa (Capgk, 1994; Leykun, 1991).
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Fig. 1. Map of the Study Area.

3.2. Climate

Climatic condition in the lowlands of Ethiopia &r¢jely a result of altitude. Based on the
climatic map of Ethiopia, the climate of the stuahga falls with hot and semi arid "Upper
Kolla" zone (National Meteorological Services Aggnt989 as cited in Leykun Abune,

1991). The climate of the area is influenced byr&eef of high mountain ranges of Bale

in the northern and equatorial winds from the south
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The study area comes under the influence of a lainmonsoon rainfall type, where 60%
of the 300-900mm annual rainfall occurs during Ntate May (Ganna) and 40% between
September and November (Hagaya) (BLPDP, 2004) p€hied from June to September is
characterized by heavy cloud cover, mist and oooadly short showers, while the main
dry season (Bonna Hagaya) occurs from November &wcM with high evaporation

(BLPDP, 2004). Seasons in the study area are fitabssly the local people in to five sets

according to climatic variation and the uses ofrthege.

The overall average temperature ranges from amarmean minimum of 13’8 to
annual mean maximum of 25Q (Sintayehu Mesele, 2007). The area has an absolut
monthly minimum temperature of 12Q and an absolute monthly maximum temperature
of 26.9C.

3.3. Soil and Geology

The geology of the whole system is basement comatexsoils developed on precambrian
basement complex rock formations (Coppock, 1994%.ofding to Ayana Angassa (2006),
soils of the study sites are shallow red sandy ldarthe uplands and vertisols in the
bottomlands. The area is notable for its red seilsich have little organic matter. The

rangeland soils of Yabello are regarded as hawangfértility probably due to the inherent

fertility of the parent material (Getachesival., 2007).

3.4. Vegetation

The pastoral rangelands of Ethiopia are mostly adtarized by sparse vegetation
composed of mainly grasses, bushes, shrubs, smeaf tand bareland (Alemayehu
Mengistu, 1998). Soil type and topography are amitregmain factors that control the
vegetation type of an area. As the altitude in@sdsom sea level, the vegetation type
changes accordingly. This is evident in Yabellotrdis Most of the central mountain

vegetation was composed duiniperus procera, Olea europaena sub-spp.cuspidata and

Podocar pus falactus, whereas, the lowland vegetation is mainly comgadeAcacia spp.

The general vegetation type of the study area eciacsavannah, the major trees being
drepanolobium in black cotton soil, and\. brevispica and A. horrida on the slopes.
According to Gemedo (2005)Commbertum-Terminalia and Acacia-Commiphora

woodlands characterize the lowlands of Borana zBaoshlands and thickets, which cover

Addis Ababa University 18



Bush Encroachment Mapping Using Supervised Classification and&@pdotture Analysis in Borana
Rangelands: A Case Study in Yabello Woreda

major parts of the lowlands are dominatedAmacia and Commiphora species. Besides,
species of the geneBoscia, Maerua, Lannea, Balanites, Boswellia andAloe are common

in the study area (Gemedo, 2006).

3.5. Water Resource Potential

Water is one of the most important natural resayradich the Borana pastoralists depend
up on. The Borana rangelands in general and Yab@éllaeda in particular are
characterized by a general scarcity of surface maxte perennial rivers. The main water
sources for human and livestock consumption in\it@eda are deep wells (Eellas) and
hand-dug ponds (Haros). There are nine major virelthe district. Ponds are found in
greater concentration than wells. Harobeke is dhgelst pond found in the Woreda which
is the main water source for livestock during deasons. The pond is also utilized by

pastoralists in neighboring Woredas when therevgiswater scarcity.

3.6. Socio-economy

3.6.1. Human Population and Settlement Pattern

The dominant ethnic group of the study area is Bar@romo amalgamated with a few
Guji Oromo, Amhara, Somali, Geri and Konso. Thedpiciion and livelihood system is
based on traditional Gada system, an approxim&telyyear's democratic, economic and

socio-political system, which is more or less comrfar all Oromo tribes (BLPDP, 2004).

The Gada council, which divides the entire rang#dam to traditional grazing based
administrative units called “madda’. The madda twirt part are centered around
permanent water sources, usually traditional deeglsw(Kamaraet al., 2002). All
economic and social life revolve around the welllse madda is further sub divided in to
sub-grazing units called “arda”, which consists @&f few encampments that have
jurisdiction over some form of grazing area, cuated land and to a lesser extent, on water
resources (Kamaret al., 2002). The encampments or ollas, which compriseutaten

households, are the smallest administrative unitee traditional system.

The Borana household unit consists of one housdtedd, one wife or more depending on
the number of animals one has, and three to seviédiran depending on the number of
wives (BLPDP, 2004). According to the Woreda Padistr Development Office, the total
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population of the Woreda in 2007 was 116,436 ofciwt88,688 reside in rural areas and

17,748 live in urban area.

3.6.2. Livestock Population

The Borana pastoralists traditionally depend maaniycattle, but also on goat and sheep
for household food security and a few donkeys aardads for transport. The local Zebu
known as the Borana cattle breed is bred and keBobrana rangeland and plays a major
role in the traditional Borana pastoralist prodoictand livelihood system (BLPDP, 2004).
This breed has good milk and meat production pikriesides adapting adverse
environmental condition under arid and semi-aridirammental conditions, which is
developed through time and selection. Cattle thkdargest number being 232,949. Goat,
sheep and camel were 97,794, 29,073 and 22,9f&zatasely, in 2007.

3.6.3. Farming System

It is known that agriculture is the basis of Ethiopiamremmy. In Borana rangelands
livestock production is the main source of food amahey. Beyond this, it plays a major
role as being a symbol object of a Borana ideratitg culture as well as being a central

element of their social and political organizatitre Gada system (BLPDP, 2004).

According to Yabello Woreda Pastoralist Developm@itice, out of 23 PAs in the
district, 7 are identified as agro-pastoralistse Tést of them are classified as pastoralists.
In some of the pastoralist PAs, there are smatitsraf lands which are tilled only to
satisfy household grain requirement. Cultivatedilenestimated to cover 11971 ha, which
is 2.02% of the Woreda. Agropastoralism is a neamyerging phenomenon in Borana
rangelands. Agropastoralism could be described efineld as an activity based on a
gambling system spearheaded by those individuatsivaldl lived in the pastoral areas and
due to one reason or the other became destitutam@ntbrced to cultivation of lands as

opportunistic farmers (Sora Adi, 2007).

According to Sintayehu Mesele (2004), the obsetueads of increasing cropland areas in
Borana rangelands could be attributed to a subistgmbportion of the grassland were lost
in response to environmental change and the radudreught forced the pastoralist to till

their land in greater extent than before to copevitip the conditions.
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4. Materials and Methods

4.1. Data Collection

Field investigations either to collect training aldor digital classification or for ground
verification or validation is part and parcel ofpipd remote sensing (Bedru Sherefa,
2006). Accordingly, primary data on the dominamdaise/land-covers of the study area
were collected in April 2009. The collection prooeal included defining the dominant
land-use/land-cover types in the area and selestingple Kebelles and relevant areas to

be visited.

Based on their abundance and coverage the mairulseithnd-cover types were identified
as forest, woodland, bushland, grassland, faminérd bareland. Since they cover very
small area as compared to other classes, urbanilbup areas were not considered in the

data collection. The following definitions were #ipgd as a baseline for the classification.

Forest refers to an area naturally covered by closed staridarge trees of indigenous
species likeJuniperous procera, Olea european sub-spp.cuspidata and Podocarpus

falcatus with more or less a continuous canopy cover atm30m height.

Woodland is an area covered by open stands of relativejel&rees ofcacia, Balanites,
Comiphora, Cambertum, Juniperous, Olea and Podocarpus species with more than 20%
canopy cover, taller than 5m and frequently doexateed 20m. The ground is dominantly

covered by grasses and herbs.

Bushland refers to open to closed stands of mainly Acagad 2 to 5m tall and canopy
cover greater than 20%. This land-cover class dantin refers to those species identified
by the local people as invasive and mostly unphlatéo livestock. Most of them are
thorny Acacia species forming a patch that profihitman and livestock movement. The
dominant species belonging to this category Ardrevispica (Hammaresa)A. bussie
(Hallo), A. drepanolobium (Fillensa) A. melifera (Saphansa)A. reficiens (Sigirsa) A.

seyal (Wachu)and Commiphora africana (hammessa)

Grasslandis an area dominated by local or introduced graasddorbs species, including

grass-like plants such as sedges and rushes, aibffewering and non flowering plants
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or herbal vegetation with trees found scattered@lihe landscape and canopy cover not

exceeding 2%. Savannah type of grassland is indludthis category.

Crop/Cultivated land refers to agricultural lands that are seasonalijivated by the

local people for the production of mainly grairnieliwheat, sorghum, maize and teff. This
category mainly includes fragmented or scatterezhsarthat are cultivated mainly for
subsistence. Perennial crops and irrigatedlandsnatesignificant and thus were not

included in this category.

Bareland refers to an area that has neither significanetaggn cover nor utilized for crop
production. This category includes lands which werenerly grasslands, but now due to
overgrazing and/or erosion, they become less worfirgas that are naturally non-

vegetated were included in this category.

Having defined the land-use/land-covers of the ystakka, the geographic location of a
total of 131 random sample points which were foatdthe center of a single land-

use/land-cover type that was greater than J00mere collected using 10m accuracy
Garmin GPS. The percent cover and the extent ofatie-use/land-cover surrounding the
reference point was estimated visually and recordée abundance of bushy species
based on canopy cover was defined as sever (>8ué#),(60-80%), medium (40-60%),

low (20-40%) and very low to none (<20%). Anothér goints were collected from a

1:50,000 scale topographic maps of the study areduped by EMA. These maps were
originally prepared from an aerial photo seriesuaregl during 1986 and 1987. Thus, they
are to some extent comparable to the Januaryl1986@aiiset in this study. In the absence
of other historical land-use/land-cover informattbese maps proved to give an important
insight about the historical situation in terms lahd-cover in better details than the

historical imagery (Bedru Sherefa, 2006).

Further, collection of reference points for thesslfication of 1986 image were aided by
local people who know the area very well during $pecified time period. It was assumed
that a land covered by forest or grass during feldvey, was also covered by forest or
grass during 1986, respectively, and used to trath images. This assumption was based
on the existing trend that forests and grasslanelglininishing. Informal discussion was

made with key informants from visited Kebelles, cemed government and NGO
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workers. Keeping the limit imposed by time relevenfibrmation such as tree species local

name, rate of invasion, and local people perceptiere also collected informally.

Secondary data were collected from Yabello Woredatd?alist Development Office.
Information on human and livestock population, femgnsystem and level of bush

encroachment was collected from Kebelles (Peassswdation).

4.2. Image Acquisition and Calibration

Two date cloud free Landsat TM and ETM+ imagerjegt{ 168; row 56 and 57) that were
acquired on January 1986 and 2003 respectivelye ve@alyzed to classify the land-
use/land-covers of the study area. Both of thellsatenages were obtained from ILRI.
The mosaics of the two scenes (row 56 and 57) cay¢ne whole extent of the study area
were prepared for both years. Landsat TM and ETd&ta have 7 and 8 bands,
respectively. The additional band on the ETM+ igamchromatic band with 15m spatial
resolution. The thermal bands and this panchronbaind were not utilized in the analysis.
All image processing and analysis tasks were dgnENVI 4.3 and ERDAS IMAGINE
9.1 image processing softwares and maps were pedduging ArcGIS 9.2.

For change detection application using multi-terabaemote sensing data, accurate
geometric rectification and atmospheric calibratare two important aspects in image
processing (Dengshemgal., 2004). The Landsat images obtained for this shatybeen
already orthorectified by the image supplier. Hoarethe model used for orthorectifying
is too broad (global) to be in the state of usaiecision. Accordingly, the two images
were rectified to Transverse Mercator projectiomg<larke 1880 spheroid to fit with the
projection of a 1:50,000 topographic map and furtfeoreferenced using 21 points. Then
the 1986 TM image was coregistered by the 2003 énvaith root mean square error less
than 1 pixel. Radiometric conversion of the datattsensor reflectance was not successful
due to absence of information on atmospheric ctuestts and other ancillary data. Thus,

all subsequent image processing were done onwh®Kimages.

4.3. Data Analysis
4.3.1. Supervised Classification
Supervised classification method is a well knowacpdure used to cluster pixels in to

their respective classes. Where there is a heteeoges landscape supervised classification
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gives best result (Yukset al., 2008). In this study, this method was appliedl&ssify the
land-use/land-cover types of the study area. Ihitthe image was pre-classified using the
unsupervised classification method and features e not readily identifiable on the
images were then identified during field visit. Te@mple points collected from the field
were converted to polygons using ENVI's ROI (regaininterest) tool. The extent of the
polygons surrounding each point was collected dufield survey. About 40% of the
polygons were used for training and the rest faueacy assessment. In addition, the
training process was aided by other supplementanying areas that were collected from
the scatter plots of the images by comparing thgéctral characteristics with the original

training areas.

The separability of the ROIs was computed steptbp gluring delineating them on the
images. ROIs that significantly reduced the degreseparability of one class from the
other were rejected. Both the Jeffries-Matusita @rmhsformed Divergence separability
measures were reported. These values range from 20t and indicate how well the
selected ROI pairs are statistically separate (ENU05). Values greater than 1.9 indicate
that the ROI pairs have good separability. For R&fs with lower separability values, it
was attempted to improve the separability by egitimd/or by selecting new ROIs from
the scatter plots of the images. ROI pairs withyMew separability values (less than 1)
should be combined into a single ROI. The sepatab#port of the ROIs is provided in

appendix I. Finally, pixels were clustered usirgu&sian Maximum Likelihood algorithm.

4.3.2. Spectral Mixture Analysis

As described earlier, development of high qualiacfion images depends greatly on the
selection of suitable endmembers. Points that septepure land-use/land-cover classes
that were converted to polygons for supervisedsdiaation were again used in the SMA.
However, these points were not enough to constauspectral library of each land-
use/land-cover. Thus, other mechanisms were apgieétermine the degree of purity of
each selected endmembers and to collect other gxeds from the images. The MNF
(Minimum Noise Fraction) transform and PPI (PixelriB Index) and scatter plots were

applied.

The MNF transform (Greeet al., 1988) is an algorithm consisting of two conseeutata

reduction operations. The first is based on amagion of noise in the data as represented
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by a correlation matrix. This transformation deetates and rescales the noise in the data,
by variance. At this stage, the information aboetween band noise has not been
considered. The second operation accounts forrtgmal correlations, and creates a set of
components that contain weighted information alibatvariance across all bands in the
raw data set. The algorithm retains specific chhimiermation because all original bands
contribute to eachf the components weightinyINF transform is used to determine the
inherent dimensionality of image data, to segregmise in the data, and to reduce the

computational requirements for subsequent procgssin

First the Landsat TM and ETM imageries were tramsém into new components using
MNF transform and the first four components weileced for the analysis based on their
eigenvalues. The other two were discarded dueeto kbw eigenvalues. Bands with large
eigenvalues (greater than 1) contain data, andsbaiith eigenvalues close to 1 contain
noise (ENVI, 2005). The MNF transformed images 88@ and 2003 are shown in
Appendix-IV. The first MNF components of the 1986da2003 MNF images contained
about 87.4% and 87.5% of the variation respectivéhe second components contained
5.96% and 5.83% of the variance. Figure 2 showsetbenvalues for each component.
Using the dominant components the MNF transfornmegige was again transformed back
to its original spectral space, resulting in thmmeaaumber of transformed channels as the

original data provided.

Eigenvalue

1 2 3 4 5 6 1 2 5 4 5 &
MNF Component MNF Component

a) b)
Fig. 2. MNF plots of Forward MNF Transformed Imagé2003(a) and 1986(b).
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In this study scatter plots of the first and seconthponents of both the 1986 and 2003
MNF images were examined. The pixels that were doanhthe extremes of the scatter
plots were assumed to be pure relative to othezlpiim the image. The scatter plots of
band 3 and band 4 of the original images were elsnined to get pure pixels of bush

species and woody species from the images.

The Pixel Purity Index, as the name indicates, sedufor defining potential image
endmember spectra for spectral unmixing. When insgggetra are treated as points in n-
dimensional spectral space, endmember spectracshieudlong the margins of the data
cloud. The PPI creates a large number of randoménted test vectors anchored at the
origin of the coordinate space. The spectral pang¢sprojected onto each test vector, and
spectra within a threshold distance of the minimamd maximum projected values are

flagged as extreme.

The PPI was run on the inverse MNF transformed esdyy testing the optimum number
of iterations. One thousand iterations were madbath images with a threshold distance

of three and the PPI images were produced.

For most remote sensing applications using linddASthe image-based endmember
selection method is often used because the endmerale easily obtained and represent
spectra measured at the same scale as the image ldathis study five types of
endmembers were identified for the unmixing. Thesrevsavannah grassland, bushland,
bareland, woodland and shade. According to Dengsleeral. (2004), the number of
endmembers should be less than or equal to thdrapeands used. On the other side
other author argues that the number of endmeberddcsibe less than the spectral bands.
Takeuchiet al. (2002) used constrained endmembers one lesshbamands in the image
to unmix NOAA AVHRR image for detection of fire affted area. However, it is clear
that the number of endmembers is dependent on égeee of heterogeneity of the

landscape and number of available relevant bands.

The selection of pure endmembers for developingstiextral library of the land-covers
should be looked thoroughly. Selection of inappietper or incorrect endmembers
adversely affects the accuracy of the unmixing.af§m to avoid such undesirable

outcomes and to get the best endmember, five depérsglection criterions were set.
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Thus, to be selected an endmember should meeifttherfteria unless it did not meet one
of the first four criterions. The criterions aresdebed here under according their order of

importance;

I. Endmembers that have high PPI value, found at dteeree sides of the MNF
scatter plots and that were collected from thelfiel
II. Endmembers with high PPI value and found extrem#heMNF scatter plots.
[ll. Endmembers that were collected from the field aaerigh PPI value.
IV. Endmembers that were identified from the field dodnd extreme on the MNF
scatter plot.
V. Endmembers that were found on the extreme siddsedicatter plots of band 3 and

band 4 and have high PPI value.

The fifth criteria was mainly applied for the sdlen of endmembers that represent bushes

and woodlands.

For each class, endmembers that fulfill the abatecsterions were compared to each
other by plotting their spectral reflectance. Ormedreember per class which mostly
resemble the other was finally taken and speatvedries were constructed for the 1986
and 2003 images. The unmixing was tested by comdidifferent endmembers to get the
best result. Combination of woodland, bushlandasaah grassland, bare surface, tilled
soil and shade was examined first. Then woodlarslamaitted, next bushland was omitted
and woodland was incorporated. Again savannah lgrassind tilled soil were omitted.

Then bare surface was omitted and tilled soil wasriporated. And finally combination of

bushland, soil and shade was tested. Unconstrainetxing was applied to produce the
final fraction images. The bushland fraction imagas then stretched to 100% and

classified in to five classes based on canopy cover

4.4. Postclassification Accuracy Assessment

The outputs of both the supervised classificationl &SMA were assessed for their
accuracy using field collected random samples.tkerformer, ground truth data of each
land-use/land-cover classes collected from thel fiehs used. But for the later the bush
fraction image was assessed based on canopy cogsyumd truth data collected from the

field. The accuracy assessment was only limitedush fraction due to the limit imposed
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by time to collect and analyze field data for ealdss. Collection of verification samples
assumed that there was no significant vegetatioercohange between image acquisition
time and data collection time. This assumption wesle due to unavailability of other
better options. The accuracy of the 1986 classifieaige produced by both methods was

not assessed due to lack of appropriate data.

Landsat TM and ETM+

Images
l Red vs. Infrared
Bands Scatter
Georeferencing and Corigistratiqm a Plot
v
v Forward Inverse
Classifcaton MNF e MINE
(Maximum [+ Ground Data Transform Transform
Likelihood l l
Algorith
gorithm) MNF PPI Images
l l Components
: Scatter Plot
Change Regrouping 1 v 4
Detection Endmember
Selection Criterions
v
) vV Endmembers
Comparison | Accuracy
K Assessmenf '

A

Spectral Library
Development

v
Fraction Images

Reclassification

A

v

Bushland Canopy
Cover Map

Fig. 3. General Methodology Flow Chart.

Comparison of classification outputs obtained fisupervised classification and SMA was
made by regrouping the classified images in to lamhand no-bush classes. In the
supervised classification all land-use/land-coMasses except bushland were grouped in
to one class; no-bush. In the SMA bushland canawerc<20% was considered as no-
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bush based on the definition of bushland and otfesses that have >20% canopy cover
were regrouped to a single class; bushland. Acguoddhe regrouped images obtained
from both methods was assessed using about 100mapdints collected from the field

that represent bushland and no-bush classes. Oaecakracy, Kappa coefficient, User and

Producer accuracy were reported.
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5. Results and Discussion

5.1. Outcomes of Supervised Classification

Change in land-use/land-cover has important coresemgs on the management of natural
resources including soil and water quality, glotlahatic systems and biodiversity. Thus,

classification of dominant land-use/land-coversusthidoe done first to evaluate the trends

in the system.

As described earlier in the supervised classificatinethod, pixels are assigned to their
respective classes based on their spectral chasticte In the central mountain ranges,
where remnant forests and woodlands are relatipedyninent, classification of pixels to

these classes was found difficult. This is dueitwlar composition of the forests and the
woodlands and the spectral variability between éhtgo classes was masked by the

presence of shade from adjacent mountains and.cliff

On the other hand, grasslands and farmlands codw&yalar radiance, where there were
residues of corn and sorghum left on the farmlaB#side, relatively moist grasslands
were observed to have similar reflectance wittedillsoils. The images were acquired
during dry season and this gave better room toraspavoodlands and forests from
grasslands. During the wet season, grasslands @edts have nearly similar spectral
characteristics. Barelands were readily separaiole fother classes except with a little
confusion with croplands. This land cover type gaeey distinct white colours on the
false colour composite images (Appendix-Ill) shayhigh (>1.90) separability index for

the two year images.

Generally, crop/cultivated land and grassland (1.8Gshland and woodland (1.62), forest
and woodland (1.64), forest and bushland (1.82) enogh/cultivated land and bareland
(1.83) for the 1986 image and bushland and wood@n2B8) and forest and bushland
(1.69) for the 2003 image showed lower (<1.9) Je$fMatusita separability measures.
Both Jeffries-Matusita and Transformed Divergenepasability measures for all of the

training areas are provided in appendix-I.
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User and producer accuracy for each land-use/lamdrcclasses of the 2003 classified
image is shown in Table 1. The overall accuracy lkagpa coefficient were found to be

82.665% and 0.778, respectively.

Table 1 Producer and User Accuraof/theClassification of 200&T™M Image

Class Producer accuracy Usewraoy  Producer accuracy User accuracy
(Percent) (Percent) (Pixel) (Pixel)
Forest 44 .41 86.11 155/349 155/180
Grassland 79.16 74.19 319/403 319/430
Bareland 80.72 94.23 490/607 490/520
Bushland 90.50 85.43 38@147 1038/1215
Woodland 91.00 79.67 435/478 435/546
Cropl/cultivated 94.19 69.23 243/258 243/351
land

A land-use/land-cover classification system whiah effectively employ orbital and high-
altitude remote sensor data should meet an intatfpe accuracy of at least 85 percent in
the identification of land-use/land-cover categeri@ndersoret al., 1976). However, this
threshold is put regardless of the next applicatibtine classification output. It is clear that
different applications require different classifioa accuracy. To get such result, however,
the classification should be done repetitively aridrpretation of the remotely sensed data

should be aided by other high resolution maps.

Relatively good user and producer accuracy wasesaetifor the bareland and bushland
categories. Despite the fact that bushlands shdowedr separability from woodland and
forest, they are classified with better accurachisTmay be due to their presence in

abundant. User and producer accuracy and confusadrix were shown in Appendix-II.

5.2. Land-Use/land-Cover Change Between 1986 and(&)

Postclassification comparison method was used tecti¢he change from 1986 to 2003.
The land-use/land-cover maps of the study ared986 and 2003 are presented in Figure
5 and 6, respectively. Change in land-use/landft@/@ natural process that cannot be

stopped. But changes induced by anthropogenic riactoll aggravate or divert the
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direction of change. In Borana rangelands, accgrttinthis study, there is a tremendous

change during 1986-2003. Table 2 shows the chaingesch land-use/land-cover classes

in km® and in percent. This result shows that crop/catéd land, bushland and woodland

increased whereas, forest, grassland and baretmdaked over the study period.

Table 2: Statistical Results of Land-Use/Land-Cdvkange Detection Between 1986 and

2003.
1986 2003
Areain | Areain | Areain | Areain | Change | Change in
km? % km? % in km? %

Forest 66.04 1.192 46.86 0.84 -19.18 -29.04
Woodland 483.35 8.75 665.97 12.06 182.62 37.78
Bushland 1549.37]  28.05| 2418.46 43.80 869.09 56.09
Grassland 2661.16 48.18 1580.28 28.82 -1080.88  6140.
Crop/cultivated 335.12 6.06 453.23 8.20 118.11 35.24
Land
Bareland 427.46 7.74 356.97 6.46) -0.49 -16.49

The above table only shows the extent and perdemegetation cover change. Even if

vegetation cover is determined by the structurthefvegetation, supervised classification

output tells nothing about the vegetation structligure 4 shows the change between
1986 and 2003.
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Fig. 4. Comparisons of Change in Land-Use/Land-@oBetween 1986 and 2003.
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Fig. 6. Land-Use/Land-Cover Classes ath&lo District in 2003.
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5.2.1. Forest

It is known that the extential quality of forestbitat have been dwindling from time to
time all over Ethiopia. Table 3 shows the initinbdinal state of each land-use/land-cover
classes and direction of change in each class ncepeduring 1986-2003. The existing
trend is also similar that the forests of the adnmrountain ranges of Yabello district were
declined by 29.04% during 1986-2003. These forastsmainly composed of indigenous
species that are found on top of the list of endesa) species. The main threat to these
forests is illegal cutting. Almost all Borana trawinal mud houses have been constructed
mainly by Juniperous procera (Yeabesha Tid). This is due to its durability lsisting
decay and termite attack that are very prominem¢dhsoils of Borana rangelands forming
blocks of soil by churning up the sub soil to tlop.tAbsence of fast growing, straight-
truncked multipurpose trees species put strongspreon the indigenous species. Besides,

these species are transported more than 100knesMpyale town and sold illegally.

Areas that were initially covered by forest werggédy converted to woodlands and bush
lands. This indicates that there existed seleaiuéng of trees. Conversion of forests to
farmland is not significant as compared to the vaod and bushland. This may be due to
the restricted coverage of forests. The conversfdorests to farmlands is a rapid process

and if it were existed it could be seen clearly.

Table 3: Land-Use/Land-Cover Change Matrix.

Initial State in percent

Forest Wood | Bush Grass Crop/ Bare
land land land Cultivated land
land
& | Forest 729 | 1.344] 195 0.19 0.12 0.05
(:—; Woodland 58.33 29.74 13.81 8.73 6.74 3.46
=
L | Bushland 31.47 48.54 65.53 34.90 23.91 32.49
Grassland 1.44 11.75 12.64 36.32 46.57 47.59
Crop/culti 1.18 4.09 5.02 11.06 14.79 2.59
vated land
Bareland 0.29 4.55 0.99 8.80 7.84 13.81
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5.2.2. Woodlands

Woodlands are the main components of rangeland=sy Bhar fodder and shade for both
wild and domestic animals beside other ecologigalificances. In the study area, about
665.97knT was covered by woodland in 2003. There is a r@ease in this class. Mainly

bushlands were converted to woodlands next totffores

The change matrix shows a 6.74% conversion of cutfp/ated lands to woodlands.
Crop/cultivated land confuses with grassland. Thbese grasslands that were burned
before the fire ban would have similar reflectamdgth crop/cultivated land before they
were overtaken by woody species. However, this ghaalso indicates that there was a
confusion between crop/cultivated land and othass®#s during classification. There was
also a conversion of grasslands and barelands ddlad. This conversion is possible due
to privatization of communal grazing lands and drettonservation in some places like
enclosures. On the other hand, this may show thstilands would be wrongly classified

as woodland.

5.2.3. Bushland

The natural succession of vegetation in East Afisceowards woody vegetation unless it
is restricted by very low rainfall and/or unfavuble soil-water condition (Alemayehu
Mengistu, 2006). The major constraints to woodyetagon completely dominating the
rangelands of Eastern Africa are burning and abgarin Yabello district, bushlands were
increased significantly between the study periddss result agrees with the findings of
other authors (Nigusse Bekelle, 2008; Sintayehuelée007; Ayana Angassa, 2006 and
Gemedcet al, 2006).

The percent cover of bushland in 1986 was 28.05&6.ii82003, it reached about 43.8%
which is 56.09% increas in seventeen years. Thiabisut 2.57% increase per year.
Woodlands are mainly converted to bushland. Gradsknd forest were converted to
bushland next to woodlands. The conversion of warwdd to bushlands may be due to
high resistance of bushes to the prevailing droughd illegal cutting. However,

conversion of woodlands was offset by the conversid forests and grasslands to
woodland and thus, there is no a general decreabe iwoodland category. Bush clearing
activities and conservation of communal grazingdtann some places resulted in

conversion of bushland to grassland.
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There is an increasing pattern in bush cover sli®d® after the ban of rangeland burning.
Overgrazed and degraded lands give rise to bushsion due to their low moisture
content and low competition exerted on bushes lagggrBush encroachment decreases
grass biomass yield and cause shortage of foddalsd increases migration for feed and

reduces animal productivity and hosts predatorgydie Bekelle, 2008).

5.2.4. Grassland

Grasslands were shrunk by 40.61% during 1986-200& was the largest value among
the classes that were reduced. They were convéatgdly to bushland, followed by
woodland, crop/cultivated land, and bareland. Simjustifications were given for the
disappearing of grasslands in Borana rangelandsrgtazing, bush encroachment,
population pressure (both human and livestock)dimehate change are the top reasons. In
dominant pastoralist groups of Borana, cattle petida is favoured than browsers. So,
imbalance between browsers and grazers also cotadifor the expansion of trees and

shrubs into the grassland in the study area (NegBskelle, 2008).

Similarly, Joing (2004) stated that increase in dstit livestock (grazers) and a decrease
in browsers number increases the pressure on #ss tayer, the competitive advantage of
a vigorous perennial cover declines, and it creftesurable environment for the woody
component. Another factor is that successive etlooicflicts displaced portion of the

population and brought additional pressure on theigg land.

5.2.5. Crop/Cultivated Land

As discussed earlier, crop cultivation was restdcto a few Peasant Associations in
Borana lowlands generally, and Yabello districttigatarly. However, starting from a few

years back, crop production has been practiceddommercial purpose beyond producing
for household subsistence. In this study, expanefocrop land at the expense of other
classes indicates a general shift towards cropystamh. About 11.06% of the grassland
was converted to crop/cultivated land. Bushlan®i%), woodland (4.07%), bareland
(2.58%) and forest (1.17%) were converted to afucal land. According to Sintayehu

Mesele (2007), there was a big shift in the land pattern of the lowlands during this
period because of farmers’ attractions towards miragp mainly teff, maize, sorghum and
wheat on valley bottom lands. More recently, teiitigation for commercial purposes has

gained momentum on the lowlands mainly due to im@doaccess to local markets. Also
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the recurrent drought forced the pastoralistsltetheir land in greater extent than before to

cope up with the conditions.

5.2.6. Bareland

The very striking result of this study is that Hanels were decreased between the study
period. They are mainly converted to grasslandtarghlands. This change is visible from
the false colour composites of the two date imafesvn in appendix-Ill. Initially very
white pixels were changed to red to bluish. Bustess grow on degraded lands if little
moisture is available. But this does not imply thash encroachment reduced soil erosion.
Because bush encroached sites have low grass ahdcheus cover due to light and
moisture competition. Thus, the underground surfagkich is formerly covered by
grasses and herbs will be subjected to soil eroian before. Bush invasion increases
evapotranspiration and surface run-off by intencgpthigh amount of rainfall that
infiltrates to the sub soil. Ayaret al. (2006) reported that soil condition is generaibod

in the study area except in areas where agriculiaeebeen practiced for long period of

time.

5.3. Spectral Mixture Analysis

5.3.1. Spectral Library Development

Different methods were applied to explore possibviage endmembers. The scatter plots
of the first MNF and second MNF components of t®86lLand 2003 MNF images are

shown in Figure 7. In the scatter plots bare serfathade and tilled soil have distinct

spectral limits. However, the bushland and woodlarde not readily separable and found
mixed with other classes. This created a big teubl get endmembers of bushland
particularly for the 1986 image. The presence cddsiwv on the central woodlands

seriously reduced the spectral variability contdiimethe images.

Endmembers for bushland and woodland were findiitaioed from the scatter plot of

band 3 and band 4 of the two original images aonhfthe PPl image. Vegetation has high
value in the near infrared region and low valué¢hi red reflectance region. Although the
original scatter plot gave better separation betwiée bushes and woodlands than the

MNF scatter plots, there was a difficulty to sepatae two land-covers.
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Fig. 7. MNF Scatter Plots of Forward MNF Transfochimages of 1986(a) and 2008(b

Bushy species have relatively higher DN value ttrenwoodlands in the infrared region.

This is due to the greater effect of seasonal m@sstress on the woodlands. As stated
earlier, most of the bushlands are composed of iAcggecies and can resist moisture
stress than the woodlands. However, this did redrt} segregate the two classes due to
the presence of large Acacia trees that are founa@uthe woodland category that have
similar leaf structure with the bushes. Variatiorgaf chemistry and structure has a great

importance in the identification vegetation types.

The spectral libraries of both years shown in Feg@8r developed from the selected
endmembers, exhibited better separation at thargdrand mid-infrared regions for all of

the land-use/land-cover classes. Savannah grasdided soil and bare surface depict
nearly similar pattern through out the spectral dsanWoodland and bushland were
separated at the near infrared and mid infrareibmegof the spectrum. All the land-

use/land-cover classes follow nearly similar pattrthe blue band. This is mainly due to
high atmospheric scattering at this band. Thisepatmay be reduced by using spectral
libraries that are developed from images initiatygliometrically converted to at-sensor

reflectance.
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Fig. 8. Spectral Library Plots of Endmembers frad@2 ETM+ (Top) and 1986 TM (Bottom)
Images.

5.3.2. Characteristics of Produced Fraction Images

Using the constructed spectral libraries fractimages of each land use land cover classes
were produced. The unmixing was iteratively tedtedhe best result. The combination of
bushland, savannah grassland, tilled soil, baréaseirand shade endmembers clearly

segregated bushlands from other classes on thei2@@@.

Fraction of images produced from combination ofreechbers where both bushlands and
woodlands were present did not capture both the dimods and the bushland
satisfactorily. However, the root mean square etemreased as the two classes were used
separately. Bare surfaces tend to enter to theldndttategory as the two endmembers
used together. This problem was prevalent in th@6l@nage, where combination of

bushland and woodland endmembers did not unmixlandh. Thus, this study suggests
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that selection of bushland and woodland endmemb&sed on Landsat images requires

further investigation and analysis.

Visual analysis of fraction images is useful fordarstanding the characteristics of
different land-cover types. Figures 9 and 10 prevedmparisons of the multi-temporal
fraction images derived from 1986 TM and 2003 EThages for the best combinatioAs
high abundance of each endmember is indicatedibiter pixels and a low abundance by
the darker pixels. Figure 9a and Figure 10a sh@wégetation fraction and bush fraction,
respectively. The increasing trend in vegetationecas visualized clearly on the images.
The brightness of vegetation varies due the redalvundance and canopy cover variation
along the landscape. Areas that have high vegatatibush fraction have low soil or bare
surface fraction. Savannah grasslands are foundreater concentration on the 1986
fraction image than the 2003 fraction image. Aso the later image, savannah grasslands
convey parcel formation trend, which shows therig&in of this land-cover from time to

time.

On the tilled soil and bare surface fraction imagédoth years, vegetation appeared
darker owing to lower exposure of soil and bardas under the canopy. The shade that

was existed on the central mountains is clearlgldi®d on the shade fractions.

Different fraction images have their own charastis in representing land-cover types,
and different vegetation stand structures and laoder-types have different area
proportional compositions of the endmembers (Deengglet al., 2004). For example,

vegetation and non-vegetation have significantfffedent soil fractions; very low soil

fractions for vegetation covers and high values rfon-vegetation cover except water.
Thus, soil fraction differencing image from two eatcan be used to detect vegetation
deforestation or reforestation. However, in thiggtimage differencing was not attempted
due to the unsuccessful unmixing of bushland foactor the 1986 TM image and due to

time limit.
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Fig. 9. Fraction Images of 1986 a) Vegetation, djya&nah Grassland, c) Bare Surface, d) Tilled
Soil, e) Shade.
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c)

Fig. 10. Fraction Images of 2003 a) VegetatiorG&yannah Grassland, c) Bare Surface, d) Tilled
Soil, e) Shade.

The vegetation-impervious surface-soil model udiage surface as impervious material
was also tested and showed high root mean square €his model works better for urban

environment, where soil fraction is low and impens surface is prominent.

5.3.3. Mapping Bush Encroachment from Fraction Imags

Linear spectral unmixing was found suitable for piag homogeneous vegetation cover
(Palanswamgt al., 2006). In this study, due to the limitation otli@metric and spectral
resolution, it was difficult to greatly improve tH&MA classification accuracy for the

fraction images. The heterogeneity and compositibthe vegetation in the study area
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combined with the limited number of bands in thedsat TM and ETM+ images utilized

in this study also reduced the quality of fractimages produced.

The overall accuracy and Kappa coefficient of tlassification of bushland fraction image
were found to be 72.00% and 0.64, respectivelyis Well recognized that Landsat ETM
data are hampered by the low spectral dimensigratit by low spatial resolution, which
limits the selection of a few pure non-mixed pix@&eer and Jong, 2000). In a standard
application of SMA, a fixed number of represen@tendmembers, usually between two
and five, are selected. However, this procedulienised because the selected endmember
spectra may not effectively model all elementshim image, or a pixel may be modeled by
endmembers that do not correspond to the matéoizdsed in its field of view. Both cases

result in decreased accuracy of the estimateddrac{Sabokt al., 1992).

Table 4: Statistical Result of User and Producesutacy for the 2003 Bush Fraction Image.

Class Producer Accuracy User Accuradyroducer Accuracy User Accuracy
(%) (%) (Pixels) (Pixels)
<20% 68.76 9. 590/858 590/593
20_40% 59.47 59.55 424/713 424/712
40_60% 79.20 58.37 537/678 537/920
60_80% 86.31 83.08 599/694 599/721
>80% 54.69 4. 70/128 70/98

Based on the produced fraction image, bush cover e@siimated. Table 5 shows the

percent cover of bushes based on canopy cover.

Table 5: Bush Cover of Yabello District Based omQay Cover in % in 2003.

Canopy cover in % Area cover in km Area cover in % Severity

<20 2037.53 36.90 Very low
20-40 2374.3 43.07 Low
4060 932.6 16.89 Medium
6080 161.78 2.93 High

>80 10 0.18 Sever
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Fig. 11.Map of Bush Encroachment During 2003 Based on Cataver.

Figure 11 and 12 show bush coverage and vegetattmerage in 2003 and 1986,
respectively. Majority of the land was covered lugly species that have 20-40% canopy
cover in 2003. Severely encroached area covereat &2% of the district. According to
Gemedoet al. (2006), shrub cover of 40% and/or 2400 woody fslaper ha was
considered as a border line between non-encroaaté@ncroached condition. Thus, 20%
of the district is encroached only by bushy speci&ss figure is excluding contribution of
other woody species that were not considered asa&citer in this study. Vegetation cover
existed during 1986 was estimated from the fracimage. Hence, it was not possible to
segregate bushlands and woodlands using the SM@paxson was made with total
vegetation cover that was existed during 1986. ddblshows the percentage cover of

vegetation in 1986.
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Table 6: Vegetation Cover of Yabello District i86 Based on Canopy Cover.

Vegetation canopy cover Area cover irfkm Area cover in %

in %
<20 4460.5 80.78
20-40 1023.74 18.54
40-60 35.34 0.64
60-80 1.65 0.03
>80 0.08 0.0015

From Table 5 and Table 6, it is clear that thers waremendous increase in vegetation
cover. In 1986, 80.78 % and 18.54% of the land e@®red by vegetation that had less
than 20% and between 20 and 40% canopy cover, atagglg. Areas that had >40%

vegetation cover were rare (0.67%). However, in8Bout 20% of the land was covered
by bushy species that had > 40 canopy cover. Wwetdhat the 1980s and 1990s were the
transitional periods from grassland to bushlandefhe ban of rangeland burning these

periods give rise to the expansion of woody species

ARHGH0 ELici ile] 4200006 450000
2 =
: g
i 3
& ]
i g
20000 A0D000 AJ0000 LACOOG
e Filometers Canopy Cover
eeE 3 M <20% [ 20-40% | 1060%
Projection: UTM Adindan Zone 37N I 50-30% Il >80%

Fig. 12.Map of Vegetation Cover During 1986 Based on Carfopyer.
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5.3.4. Bush Encroachment at Peasant Associationsued

According to discussions made with local peoplestiit Pastoral Development Office
experts and non-governmental organization worklesgel of bush encroachment varies
from place to place and from one Peasant Assoniatidhe other. Gemeda al. (2006)
indicated that cover of woody plants was signifibadifferent across different land-use
units and sites. Density also significantly vargesoss different land-use units. Based on
the level of bush encroachment, the Pastoral Dpwedmt Office of the district divided
Peasant Associations in to none encroached, lowjume high and severely encroached
classes. Figure 13 and Table 7 shows the levelush lencroachment in each Peasant

Association.
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500000
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" | 8
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[ — AT Bush Canopy Cover
A .. SO <20% [ 20-40% [N 40-60% [ 60-50%

Projection: UTM Adindan Fone 37N !
B >30%: — Roads — Seasonal Rivers

— PA Boundary — District Boundary @) Towns

Fig. 13.Map of Bush Encroachment Status of Peasant Asgmsan Yabello District.

“The names of peasant associations in the map aremettty spelt. The right naming is the one that is
followed on table 7.
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Table 7: Bush Encroachment Status of Pedsssuciations in Yabello District (source:

Yabello District Pastoralist Development Office).

No Peasant Level of bush encroachment
Association None | Low | Medium | High | Sever

1 | Adegelchet N

2 | Areri N

3 | Bildimraso N

4 | Cheri N

5 | Cholkasa N

6 | Dedertu N

7 | Dedim N

8 | Derito N

9 | Deed Hara N

10 | Deed Yabello N

11 | Elweya N

12 | Ganya N

13 | Harobeke N

14 | Haroweyu N

15 | Obda v

16 | Surupa N

17 | Tula Weyu N

18 | Utalo N

19 | Yubdo N

Gemedoet al. (2006) found that the mean cover of woody plant®eed Hara Peasant
Association was 50% in 2006. The major contributeese A. drepanolobium and C.
africana. A. drepanolobium mainly grows on black cotton soils andhias nearly dry
canopy with thorny black to dark brown swellingsotB supervised and SMA
classification outputs exhibited lower level of busncroachment at Deed Hara. The
spectral characteristics of the underlying black sonfuses with the signature .

drepanol obium.
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Figure 13 shows some agreement with the classdicaif the Pastoralist Development
Office. For example, in Haroweyu and AdegelchetsBat Associations, there exist sites
which have > 80% canopy cover. Peasant Associatibas are found in the highly
encroached category in the classification also ltav@py cover between 60% and 80% on
the map. The map shows that Adegelchet, Areri, Wayo, Tula Weyu, Cheri, Elweya,

Dedertu and Utalo are Peasant Associations that h49% canopy cover.

5.4. Comparison of Supervised Classification Methodnd SMA

According to this study, both supervised classiftra and spectral mixture analysis
methods showed the level of bush encroachmentinligirict. Comparison results showed
that bush encroachment was mapped with greaterramycuusing the supervised
classification than SMA. As described earlier, Rewami et al. (2006) indicated that
SMA based approach significantly improved clasatiin accuracy as compared to the
maximum likelihood classifier. However, in this dyusupervised classification performed
better than the standard SMA application. The divarxuracy and Kappa coefficient for
the supervised classification based on no-bushbastland test samples were 90.38 and
0.80, whereas, SMA exhibited 84.61% and 0.69 ovauracy and Kappa coefficient,

respectively.

Independent of the endmember selection technigaeddat-type instruments tend to
provide sufficient spectral information to broadliscriminate between green vegetation
and non-photosynthetic materials such as littersamld/Asneret al., 1998). However, they

do not typically provide the spectral resolutiorcessary to delineate species, functional
groups, or greenness conditions within the “greegetation” class using spectral mixture

models unless seasonality enables such separéfitessman, 2004).

Qualitatively, the main advantage of the supervidadsification method over the SMA is
its higher flexibility in selecting the number ofasses considered in the classification.
Since in SMA the number of endmembers that are &mednmixing should not exceed
the number of spectral bands in the image, incatpay one endmember enforces
omission of the other. Beside, where there areemuifit species of bushes under a single
bushland category readily separations of bushasireegelection of the best endmember
that represent all species in the cle&&€A does not account for spectral variations presen

within the same material, as it permits only onelreember per material (Dennison and
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Roberts, 2004). Also uncommon materials, which matymerit their own endmember, may
be poorly modeled by SMAdowever, in the supervised classification selectbtraining
areas that represent similar species that are fomdeér one category was found more

simpler.

Regarding the requirement of training areas fosgfacation, the SMA method was found
simpler if ones the representative endmemberseiieedl. In the supervised classification
adequate number of pixels should be provided tosgand classification. Also the final
output does not tell us anything about the pergentaver of the class in a specific area. A
pixel is classified to only one dominant land-used-cover. However, SMA provided an
opportunity to estimate the abundance of each entreein a pixel and gives room to

asses the accuracy of each fraction images baseovenage.
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6. Conclusion and recommendations

6.1. Conclusion

The Borana rangelands are among the remnant rawigela Eastern Africa. However,
bush encroachment is found to be a threat to tbeystem among others. Satellite based
remote sensing application was found suitable tp tha level of bush encroachment and

study the land-use/land-cover dynamics of the sardg.

Better classification accuracy was achieved foresuiped classification than SMA.

Change detection results showed that there israetrdous change between 1986 and
2003. Bushland, woodland and crop/cultivated laretenincreased by 56.09%, 37.78%
and 35.24%, respectively, between the study penmidereas, grassland, forest and
bareland were decreased by 40.61%, 29.04% and%6 4Spectively. The annual rate of

bush expansion was found to be 2.57%.

In 2003, areas with bush canopy cover <20%, 40-660630% and >80% were found
36.9%, 43.07%, 16.89%, 2.93% and 0.18%, respegtiva&tnerally speaking, vegetation

cover increased significantly between the studyoglst

For Yabello district, where heterogeneous vegatagaists, spectral mixture analysis
using woodland, bushland, savannah grassland, barface, tilled soil and shade
endmembers based on Landat images was found lesgsprg to unmix the land-covers.
However, it gave better flexibility in measuringettevel of bush encroachment during

2003 better than the supervised classification atkth
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6.2. Recommendations

Change in land-use/land-cover is an inevitable ggsecthat has been operated since the
creation of man kind. However, once gone its regton needs a tremendous effort and/or
may not be possible at all. Thus, assessment dfdar/land-cover change should be done

earlier, to get better information and set viab&np.

Increase in woody species cover in Borana rangslad threat to the livelihood of the
pastoralists. Controlling mechanisms which do ntieca the trade-off between the
ecosystem and the social welfare should be coresidas early as possible before things
get harsher. On the other hand, bush encroachrhentdsbe seen with the prospect of
carbon credit/offset programmes. Bush encroachmmyt become an income-generating
commodity because of its potential to sequesterenoarbon above and below ground
relative to the grasslands it replaced. Thus, #ie gnd perverse outcomes with resgect
livestock production, wildlife habitat, grasslandodiversity, aquifer/stream recharge

should be studied in depth and compared.

The study area is composed of different vegetatyges. Application of high spectral
resolution remote sensing satellite images to sauty map bush encroachment at species
level using Multiple Endmember Spectral Mixture Asass (MESMA) should be

considered and tested for its result.

In this study, the SMA was run on a raw DN imagan@spheric effects reduce the level
of information contained in the image and may leathappropriate decision. Thus, the

study better tested using images that are radigrafiyrconverted to at-sensor reflectance.
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Appendices

Apendix I: ROI Separability Report
Report I-A: Separability of ROIs Used for Classification oB69Landsat TM Image.

ROI Name: (Jeffries-Matusita, Transformed Diverggnc

Cultivated land [Red] 733 points:
Forest [Green] 446 points: (1.99999237 2.000000
Bareland [Yellow] 3611 points: (1.82915417 R99961)
Grassland [Cyan] 1775 points: (1.30254259 156305)
Bushland [Maroon] 2236 points: (1.99036192 29#840)
Woodland [Magenta] 650 points: (1.99971303 29¥996)

Forest [Green] 446 points:
Cultivated land [Red] 733 points: (1.999992300200000)
Bareland [Yellow] 3611 points: (2.00000000 2200000)
Grassland [Cyan] 1775 points: (1.99959835 200000)
Bushland [Maroon] 2236 points: (1.82487879 2@@iD00)
Woodland [Magenta] 650 points: (1.64882496 441 09)

Bareland [Yellow] 3611 points:
Cultivated land [Red] 733 points: (1.829154199997961)
Forest [Green] 446 points: (2.00000000 2.000000
Grassland [Cyan] 1775 points: (1.90066771 144901)
Bushland [Maroon] 2236 points: (1.99911746 998B67)
Woodland [Magenta] 650 points: (1.99999931 QG@®00)

Grassland [Cyan] 1775 points:
Cultivated land [Red] 733 points: (1.302542585D56305)
Forest [Green] 446 points: (1.99959835 2.000000
Bareland [Yellow] 3611 points: (1.90066771 1794701)
Bushland [Maroon] 2236 points: (1.96369901 23241)
Woodland [Magenta] 650 points: (1.99612176 298839)

Bushland [Maroon] 2236 points:
Cultivated land [Red] 733 points: (1.990361929999840)
Forest [Green] 446 points: (1.82487879 2.000000
Bareland [Yellow] 3611 points: (1.99911746 R99867)
Grassland [Cyan] 1775 points: (1.96369901 139241)
Woodland [Magenta] 650 points: (1.62632192 238652)

Woodland [Magenta] 650 points:
Cultivated land [Red] 733 points: (1.999713029999996)
Forest [Green] 446 points: (1.64882496 1.99090)7
Bareland [Yellow] 3611 points: (1.99999931 200000)
Grassland [Cyan] 1775 points: (1.99612176 199339)
Bushland [Maroon] 2236 points: (1.62632192 238652)
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Pair Separation (least to most);

Cultivated land [Red] 733 points and Grassland [GJ& 75 points - 1.30254259
Bushland [Maroon] 2236 points and Woodland [Mage6%) points - 1.62632192
Forest [Green] 446 points and Woodland [Magentd] 6&ints - 1.64882496
Forest [Green] 446 points and Bushland [Maroon]&2@8ints - 1.82487879
Cultivated land [Red] 733 points and Bareland [¥ell 3611 points - 1.82915417
Bareland [Yellow] 3611 points and Grassland [CyRn[5 points - 1.90066771
Grassland [Cyan] 1775 points and Bushland [Mar@236 points - 1.96369901
Cultivated land [Red] 733 points and Bushland [Menjo2236 points - 1.99036192
Grassland [Cyan] 1775 points and Woodland [Maget®8] points - 1.99612176
Bareland [Yellow] 3611 points and Bushland [Maro@@B6 points - 1.99911746
Forest [Green] 446 points and Grassland [Cyan] Poists - 1.99959835
Cultivated land [Red] 733 points and Woodland [Magé 650 points - 1.99971303
Cultivated land [Red] 733 points and Forest [Gre®t points - 1.99999237
Bareland [Yellow] 3611 points and Woodland [Magé®a0 points - 1.99999931
Forest [Green] 446 points and Bareland [Yellow] B@bints - 2.00000000

Report I-B: Separability of ROIs Used for Classification of 2d0andsat ETM Image.
ROI Name: (Jeffries-Matusita, Transformed Diverggnc

Forest [Green] 101 points:
Grassland [Magenta] 1630 points: (1.99999988@00000)
Bareland [Purple] 1531 points: (1.99999998 aG@®00)
Bushland [Yellow] 3239 points: (1.69670294 ©66718)
Woodland [Cyan] 2543 points: (1.96635910 1.9927)
Farmland [Maroon] 700 points: (1.99999994 2@DO0)

Grassland [Magenta] 1630 points:
Forest [Green] 101 points: (1.99999984 2.000000
Bareland [Purple] 1531 points: (1.96681809 378959)
Bushland [Yellow] 3239 points: (1.98233166 1790110)
Woodland [Cyan] 2543 points: (1.99840106 1.999E3)
Farmland [Maroon] 700 points: (1.98981713 18&8530)

Bareland [Purple] 1531 points:
Forest [Green] 101 points: (1.99999998 2.000000
Grassland [Magenta] 1630 points: (1.96681809378959)
Bushland [Yellow] 3239 points: (1.99898431 R99082)
Woodland [Cyan] 2543 points: (1.99967107 1. 9®®B)
Farmland [Maroon] 700 points: (1.99991619 1%3I86)

Bushland [Yellow] 3239 points:
Forest [Green] 101 points: (1.69670294 1.9998%7
Grassland [Magenta] 1630 points: (1.982331668770110)
Bareland [Purple] 1531 points: (1.99898431 999®82)
Woodland [Cyan] 2543 points: (1.28420627 1.GHIED)
Farmland [Maroon] 700 points: (1.99760284 1B87)
Woodland [Cyan] 2543 points:
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Forest [Green] 101 points: (1.96635910 1.9987)0
Grassland [Magenta] 1630 points: (1.99840106951703)
Bareland [Purple] 1531 points: (1.99967107 298998)
Bushland [Yellow] 3239 points: (1.28420627 1168050)
Farmland [Maroon] 700 points: (1.99875131 198%h4)

Farmland [Maroon] 700 points:
Forest [Green] 101 points: (1.99999994 2.000000
Grassland [Magenta] 1630 points: (1.98981793288630)
Bareland [Purple] 1531 points: (1.99991619 299986)
Bushland [Yellow] 3239 points: (1.99760284 098927)
Woodland [Cyan] 2543 points: (1.99875131 1.9RE81)

Pair Separation (least to most);

Bushland [Yellow] 3239 points and Woodland [CyaB}2 points - 1.28420627
Forest [Green] 101 points and Bushland [Yellow] 328ints - 1.69670294
Forest [Green] 101 points and Woodland [Cyan] 2pdiBts - 1.96635910
Grassland [Magenta] 1630 points and Bareland [Rluf831 points - 1.96681809
Grassland [Magenta] 1630 points and Bushland [YgIB239 points - 1.98233166
Grassland [Magenta] 1630 points and Farmland [M&r@00 points - 1.98981713
Bushland [Yellow] 3239 points and Farmland [Maro@Ap points - 1.99760284
Grassland [Magenta] 1630 points and Woodland [C2&43 points - 1.99840106
Woodland [Cyan] 2543 points and Farmland [Marod®d) points - 1.99875131
Bareland [Purple] 1531 points and Bushland [Yell@2B9 points - 1.99898431
Bareland [Purple] 1531 points and Woodland [Cya&d2points - 1.99967107
Bareland [Purple] 1531 points and Farmland [Maro( points - 1.99991619
Forest [Green] 101 points and Grassland [Mager@&aD Joints - 1.99999984
Forest [Green] 101 points and Farmland [Maroon] @éibits - 1.99999994

Forest [Green] 101 points and Bareland [Purple[l1a@nts - 1.99999998
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Appendix II: Confusion Matrices

Table II-A: Confusion Matrix of 2003 Image Classification.

Overall Accuracy = (2680/3242) 82.6650%
Kappa Coefficient = 0.7782

Ground fri§Percent)

Class Forest  Grassland BaklBushland Woodland Crop/Cultivat Total
Forest 44.41 0.00 0.00 1.92 0.63 0.0000 5.55
Grassland 0.00 79.16 917. 4.18 0.00 581 13.26
Bareland 0.00 5.96 720. 0.52 0.00 0.00 16.04
Bushland 32.95 5.21 90.4  90.50 7.95 0.00 37.48
Woodland 22.64 0.00 0.00 2.79 91.00 0.00 16.84
Crop/Cultivat 0.00 9.68 10.87 0.09 0.42 94.19 10.83
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.0 100.0
Class Commission ~ OmissionCommission Omission
(Percent) Pefcent) (Pixels) (Pixels)
Forest 13.89 5.5 25/180 194/349
Grassland 25.81 20.8 111/430 84/403
Bareland 5.77 28. 30/520 117/607
Bushland 14.57 ®.5 177/1215 109/1147
Woodland 20.33 9.00 111/546 43/478
Crop/Cultivated 30.77 5.81 108/351 15/258
Land
Class Prod. Acc. User Acc.Prod. Acc. User Acc.
(Percent) (E&at) (Pixels) (Pixels)
Forest 44.41 136. 155/349 155/180
Grassland 79.16 74.19 319/403 319/430
Bareland 80.72 94.23 490/607 490/520
Bushland 90.50 85.431038/1147 1038/1215
Woodland 91.00 79.67 435/478 534/546
Crop/Cultivat 94.19 69.23 243/258 243/351
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Table 11-B: Confusion Matrix of the 2003 Bushland Fraction ¢@a

Overall Accuracy = (2220/3071) 72.2892%
Kappa Coefficient = 0.6409

Ground Truth (Psel
Class 0-20% 20-40% 40-60% 60-80%0-100% Total

0-20% 590 0 3 0 0 593
20-40% 168 424 118 1 1 712
40_60% 77 230 537 66 10 920
60_80% 1 59 20 599 42 712
80_100% O 0 0 28 70 98
Total 858 713 678 694 128 3071

Ground Truth (Pemen

Class 0-20%  20-40% 40-60% 60-8080-100% Total
0-20% 68.76 0.00 0.44 0.00 0.00 19.31
20-40% 19.58 59.47 17.40 .140 0.78 3.18
40-60% 8.97 32.26 79.20 9.51 7.81 29.96
60-80% 0.12 8.27 2.9586.31 32.81 23.48
80-100% 0.00 0.00 0.00 4.03 54.69 3.19
Total 100.00 100.00 100.00 100.0 100.00 100.00
Class Commission Omission onmission Omission

(Percent) (Petgen (Pixels) (Pixels)

0-20% 0.51 31.24 3/593 268/858

20-40% 40.45 40.53 288/712 289/713

40-60% 41.63 20.80 383/920 141/678

60-80% 16.92 13.69 122/721 95/694
80-100% 28.57 45.31 28/98 58/128
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) (FRaT) (Pixels) (Pixels)

0-20% 68.76 99.49 590/858 590/593
20-40% 59.47 59.55 424/713 424/712
40-60% 79.20 58.37 537/678 537/920
60-80% 86.31 83.08 599/694 599/721
80-100% 54.69 71.43 70/128 70/98
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Table II-C: Confusion Matrix of Bo-bush and Bushland Test Slasfor the 2003
SupervisedClassification.

Overall Accuracy = (94/104) 90.3846%
Kappa Coefficient = 0.8077

Ground Truth (Pel
Class No-bush class bushlandTotal
No-bush 48 6 54
Bushland 4 46 50
Total 52 52 104
Ground Truth (Percent)
Class No-bush class Bushland Total
No-bush 92.31 11.54 51.92
Bushland 7.69 88.46  48.08
Total 100.00 100.00 100.00
Class Commission Omission Commission Omission
(Percent) (E&at) (Pixels) (Pixels)
No-bush 11.11 7.69 6/54 4/52
Bushland 8.00 11.54 4/50 6/52
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) el€ent) (Pixels) (Pixels)
No-bush 92.31 88.89 48/52 48/54
Bushland 88.46 92.00 46/52 46/50
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Table II-D: Confusion Matrix of No-bush and Bushland Test Sawpbr the 2003 Bush
Fraction Image.

Overall Accuracy = (88/104) 84.6154%
Kappa Coefficient = 0.6923

Ground Truth (Pixels)

Class No-bush bushland otall
No-bush 37 1 38
Bushland 15 51 66
Total 52 52 104

Ground Truth (Percent)

Class No-bush bushland Total
No-bush 71.15 1.92 36.54
Bushland 28.85 98.08 63.46
Total 100.00 100.00 100.00
Class Commission Omission  om@ission Omission
(Percent) (Percent)  (Pixels) (Pixels)
No-bush 2.63 28.85 1/38 15/52
Bushland 22.73 1.92 15/66 1/52
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) (Percent) (Pixels) (Pixels)
No-bush 71.15 97.37 37/52 37/38
Bushland 98.08 77.27 51/52 51/66
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Appendix Ill: False Color cCmposite Images of the Study Area.

Kilometers
0 4 B & 24
Fig. lll-A: False Color Composite of Landsat ETMaKen on January 2003(R=4 G=3 B=2).

- O hilomois
o 4 B 1& 24
Fig. l1I-B: False Color Composite of Landsat TM Eakon January 1986 (R=4 G=3 B=2)
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Appendix IV: MNF Transformed Images of the Study Area.

_— e Rilomeiens
0 4 B 15 24

Fig. IV-A: 2003 Forward MNF Transformed Image.

| mwm c— R
o 4 B & 24

Fig. IV-B: 1986 Forward MNF Transformed Image.
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Appendix V: Photos Taken from the Study Area

A drepanblobi umStand at Deed  C. africana at Ade Gelchet PA
Tuyura Ranch

During Field Data Collection with Experts
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