ASSESSMENT AND MONITORING OF LAND DEGRADATION USING
REMOTE SENSING AND GEOGRAPHIC INFORMATION SYSTEMS (GIYS):
A CASE STUDY OF QOQODALA WITHIN THE WIT-KEI CATCHMENT IN
THE EASTERN CAPE, SOUTH AFRICA

A thesis subedtin fulfilment of the
requirembs for the degree of

MASTERS INNGGRAPHY

of
RHODESIWERSITY

by
LUNCEDO DALITHEMBA SANELISIWE BCOFE

June 2008




ABSTRACT

Land degradation is a global problem affecting maoyntries including South
Africa. This study was conducted in order to assegsmonitor the nature and extent
of land degradation within Qogodala in the Eastéape Province, of South Africa.
The study used GIS and Remote Sensing techniqugsther with household
interviews in determining extent, spatial charastas and nature of land degradation
within the study area. Vegetation cover and baoceHgd change were the land

degradation indicators assessed and monitoredi®gttidy.

Through RGB band combination, Tasselled Cap Anslyand Unsupervised
ISODATA classification techniques, Landsat image®rothe past eighteen years
(1984, 1993, 1996, 2000 and 2002) have been amklybe results showed that there
is vegetation cover and bare-ground increase instihely area. The vegetation
increase has been seen as a sign of land degradatiease due to the encroachment
of indigenous vegetation biuryops speciegalso known as Lapesi by the local
community). The bare-ground land degradation irtdicdas also increased. The
analyses of slope showed the spatial characteristicbare-ground occurring on
moderate to flat slopes while vegetation cover cc@n steep to very steep slopes.
Furthermore the photographs captured during fiesitsvshow rills and gullies or

dongas occurring on bare-ground.

The interviewed respondents indicated that dedlnéod production, increase in
dongas and vast increaseBanryopsand a decline in grassland are the indicators of
degradation that are observed in the study area.otlurrence of erosion features
(rills and dongas) on bare-ground and the increhsesgetation shown by GIS and
Remote Sensing techniques showed a positive cborelaith field and household

survey towards establishing the nature of land attagion.

In this study Landsat images together with intesgig@roved to be a very useful tool
for land degradation research. However the suggesti a higher spatial resolution

satellite image on small catchment studies is regended.
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“How we perceive an environment depends on our ewperience and knowledge.
Perception not only differ between groups and betwandividuals but also ove
time” (Dahlberg and Blaike 1999, p155).

-



CHAPTER 1: INTRODUCTION

1.1 Introduction

Natural transformation processes that occur indeages include some form of land
degradation, but “these processes are usually aosaped for and counterbalanced by
nature’s inherent recovery ability” (Blaike and Bkfield, 1987, p5). Even though

nature recovers naturally, in South Africa andrie of the world land degradation is

a huge problem (Meadows and Hoffman 2002).

Due to its negative impact on the environment amality of life, land degradation is
an important global issue (Eswarah al, 2001). A global assessment of land
degradation by Meadows and Hoffman (2002) conclutiatl more than one billion
people, dependent on land for their livelihood, &ffected by land degradation. Table
1 (UNCED 1992) gives a breakdown of the area ofralbgd land per continent. It
reveals that 73 percent of drylands in Africa affecied. The major causes of this
state of extensive global land degradation accgrtinSingh (1998), cited by Horta
(2002) is the repetitive cycle of human disturbaatéhe environment. This leads to

the problem statement of this research.

Table 1: Estimates of all degraded lands by centirfbare land and vegetation) in million
km2 (Dregne and Chou, 1994, cited by Eswaataal.,2001).

Continent Total Area | Degraded area % degraded
Africa 14.326 10.458 73

Asia 18.814 13.417 71
Australia and the Pacific| 7.012 3.759 54
Europe 1.456 0.943 65

North America 5.784 4.286 74

South America 4.207 3.058 73

Total 51.597 35.922 70




1.2 Problem statement

According to the National Fact Sheet (2005), ovgrl@tation of natural resources
and unjust land policies in South Africa have cauised degradation in the country.
In addition lack of awareness of the causes of ldadradation has resulted in
communal land practices that lead to land degradaind can be blamed for negative
effects on the environment. Hoffma al., (1999) cited by Meadows and Hoffman
(2002) argue that 91% of the country is subjectegradation.

Hoffman and Ashwell, (2001) produced a soil degtaxh index (SDI) for the
croplands of South Africa which shows the highestels of degradation in the
Limpopo Province and Eastern Cape respectivele((itef Figure 1). Acknowledging
this, UNEP (1997) stated that communal land gelyeexberiences high rates of land
degradation through water erosion, which has beefined by Stocking and
Murnaghan (2001) as removal of soil by water, Ugualbserved through rill, gully
and sheet erosion. However in many countries imegu&outh Africa, methods of
assessing land degradation in order to promote eangas of the severity of the
problem and promote sustainable land managemdintestiain to be a challenging
task. Hence the research problem for this study &ssess and monitor the extent of
land degradation using Remote Sensing and Geogrdplormation Systems (GIS)
methods in the Wit-Kei catchment.



Figure 1: SDI in the croplands of South Africa (Ho&n and Ashwell 2001)
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Hoffman and Todd (2000) argue that not enough rekda acquire knowledge about

land degradation status in communal areas ledetinticcuracy of maps depicting the
extent of land degradation. Bertram and Broman g)9therefore suggest that an

assessment of the past and present land degradations needs to be completed in
order to redress the issue of land degradatiort@adhieve sustainable land use. This
relates to the aim of this study which aims to lels&gh the nature and the extent of
land degradation in the Wit-Kei catchment in thetEen Cape, using remote sensing
(RS) and geographic information systems (GIS).



1.4 Objectives

The following are the objectives of this study.

1. To establish the extent of land degradation in @atp in the Wit-Kei

catchment at various time intervals, from 1984@062using image processing

techniques.

processing techniques.

land degradation.
4.

To determine the spatial characteristics of degtddled using GIS and image

To establish local knowledge, history and naturgmaictices with regard to

To relate results from image processing, interviamsg ground-truthing in

order to develop an informed perspective on largtatiation in the area.

Table 2 explains tasks to be concentrated on whkeafing) with the above mentioned

objectives.

Table 2: Key tasks

Sub-problems

Key task

What area of land has been degraded and hov

it changed over time?

vhasanalyse satellite images for different ye
(1984, 1993, 1996 2000 and 2002) to detern

the land use change over time.

What are the physiographic characteristics of

degraded areas?

ars

nine

the analyse topography and slope of degraded

areas.

Which land area is more sensitive to degradatiq

n?o0 arlalyse from satellite images for different ye

the direction and expansion of land use changes.
What are the factors affecting land degradation|ahal conduct interviews seeking to establish [the
their impacts on the local community? causes and impacts of land degradation and its

possible solutions.

ars

1.5 Structure of theresearch

The organisation of the research is shown in Figuré demonstrates the various

types of datasets used and how they were processddintegrated to derive

information about land degradation in the area.



RESEARCH DESIGN

ASSESSMENT AND MONITORING @QAND DEGRADATION

Quantitative technique Quialitative technique
A 4
Landsat Digital Topography Geological :
images elevation map map Random sampling
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Structured and semi-
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Information on land-use
Change Slope Roads, cultivated lands, ;:]hatmges odver Ittlmei
detection Computation eroded areas, :‘S Otfy anr ICli gr? land
techniques settlements, rivers practices related 1o fa
degradation.

Results, analysis and
recommendations

Figure 2: Structure of the research project



1.6 Significance of the study

In South Africa the policy of racial segregatiorridg the apartheid era has led to the
division of the rural landscape and economy intmie@rcial and communal farming
areas. Communal areas were reserved for Blackafsi (in the case of Transkei and
Ciskei the land was occupied by amaXhosa) and coniah@reas were reserved for
the white population. This has led to the allogated large numbers of people in
South Africa to be crowded on small spaces of lhdre soil erodibility was often
high and the topography susceptible to land detiadéHoffmanet al.,1999).

This has led to land degradation to be seen toraaical faster rate in communal farm
areas rather than in commercial farm areas duevariaty of factors which included

financial support for white commercial farmers smluce rate of land degradation.
The apartheid government then regarded black copiahdiarmers as greedy and
irresponsible exploiters of land for the short telenefits which resulted in land

degradation (Hoffmaet al.,1999). Despite all this, land degradation also tplaice

in commercial areas. Hoffman and Ashwell (2001 uarthat in the post-apartheid era
a need for more knowledge on the extent of landatkgion is required in order to

address the question of how severe land degradatiarthis country.

Eswaranet al., (2001) argues that one of the components of amaltistrategy to
address land degradation is to make a researclorietf monitoring sites to detect
changes in natural resource conditions. The assegsand monitoring of land
degradation using Remote Sensing (RS) and Geograpiormation Systems (GIS)
in the Wit-Kei catchment forms part of a nationahtegy of the type suggested by
Eswaranet al., (2001) to address land degradation. Agenda 21 (EDIC1992)
informs that one of the important challenges irdlase planning and management is
to develop land use models that incorporate boghntdtural and human factors that
contribute to land degradation. This research camnsiboth human and natural factors
in a study of land degradation and with the inmmibf minimising the gap identified
by Eswararet al.,(2001) and UNCED, (1992). It incorporates an view survey of
the local community in order to record their knodge of the Wit-Kei catchment
condition and combines this with knowledge of theygical environment derived

from image processing and GIS techniques.



This local scale study therefore intends to coaotebto an increasing body of
knowledge on land degradation in South Africa. Tidsearch will be part of the
Integrated Water Resource Assessment of the Greav#tershed (a study conducted
by the Council for Geoscience). The results of tieisearch may be helpful to the
local government of the Eastern Cape when forrmdapolicies to combat land

degradation in the region.

1.7 Study Area

1.7.1Background of the study area and demography

The study area falls within the Eastern Cape Poaviof South Africa. The Eastern
Cape is the second largest province with an ard®@580km? (Eastern Cape State of
Environment Report, 2004). Within the Eastern Cidygestudy area falls within ward
2 and ward 8 of Emalahleni Municipality in the GhHani District (refer to Figure 3).
The population of the Eastern Cape was approxima®et million in 2001,
representing 14.4% of the total South African papah, making the region the third
most populous province in South Africa (Eastern €€§pate of Environment Report,
2004). The dominant population group in the regjaocording to statistics South
Africa, 2007) is African (88%), then Coloureds (7%hen Whites (5%) and
Indians/Asians (0.3%).

The study area (ward 2 and ward 8) is charactetgeldigh levels of illiteracy and
poverty with 67% of population not having secondagucation. 78% of the
population are unemployed and not economicallyvacséind 97% of the population
are still using paraffin and candles as their sewtenergy (Statistics South Africa
2007). The statistics of 2001 reveal that the 37%he population does not have an

income (refer to Figure 4).
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1.7.2Physical characteristics of the study area

The study area lies within the Great Kei primarychenent in the Eastern Cape
Province of South Africa (refer to Figure 5 and g 6). The major towns
surrounding the Great Kei catchment are Queenst8twutterheim, Cathcart and Lady
Frere. The Winterberg, Bamboesberg, Stormberg aadAmatola mountains define
the boundaries of the catchment area. The GreapHKmiary catchment consists of
several sub-catchments of which one of them idNfiteKei. The study area falls in a
tribal land area known as Qogodala in the Wit-Katchment (Figure7). The
interviews were conducted in three villages knovenQoqodala, Thambekeni and
Lalini (Figure7).
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Figure 7Qoqodala area within Wit-Kei catchment
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1.7.3Geology and vegetation

The geology of the study area is dominated by tlelstone and sandstone of the
Burgersdorp Formation of the Beaufort Group inklaeoo Supergroup (Chevalliet
al., 2004). These rock types increase the potentialaiod degradation due to their
high erodibility. The Karoo Supergroup sedimentargks are intruded by numerous
dolerite dykes, sills and rings of Jurassic agdackvire more resistant to soil erosion.
The Qogodala area is characterised by a coalesanger-shaped dolerite ring
(Chevallieret al.,2004) with most settlements within the area ocogret the base of

these structures (Figure 8 and Figure 9).

Figure 8: Dolerite rings of the Qogodala area shgwihe coalescing nature and
saucer-shape of the intrusive structures leading peculiar local drainage system
(Chevallieret al.,2004).
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The flat area of the Qoqodala ring structure isratt@rised by soil of varied depth,
texture and relief. Moderate to deep, sandy loaits soe found on the lower slopes
of the dolerite ring structure whereas moderatdeep clay loam soils are found on
flat terrain inside the ring structure (Chevallegral., 2004 and Gibson, 2003). The
Environmental Potential Atlas for the Eastern CAPEAT, 2005) shows that the soil
depth within the study area ranges from 450mm tOn#h. Soil assessment is
important in land degradation studies because rdiftesoils erode at different rates

according to their mineral content and structure.

An understanding of vegetation cover of the areaaasontributor towards land
degradation is equally important. The vegetatiovecmf the Wit-Kei catchment has
been described differently by several authorsimgjdhat it consist of several different
vegetation types. Acocks (1988) cited by Cheva#ieal.,(2004) describe this area as
a mixture of grasslands, sourveld, bushveld, féieenveld and scrubs. Mucina and
Rutherford (2006) classify the area as Grasslapg gnd Southern Drakensberg
Highland Grassland vegetation type. However fiesits to the study area show that
the area is covered by dense vegetation also cdiiekiet (which is characterised by
dense interlaced trees), Moderate vegetation aitewk as bush clumps (which are
characterised by scattered islands of thicket \aiget with matrix grassland) and
grassland (areas with grass and less than 10%dnex) refer to Figure 9. There is
also a shrub which is invading the natural indigeneegetation. This shrub species
have not been identified in laboratory, however kbeal residents call it Lapesi.
Lapesi is known to come from Haarpuys which is dnka&ans word for resin. It
belongs to theEuryopstype of species. The species are not palatabletaukeir
strong smelling leaves. Although it has not beeentifically proven, this type of
Euryopsspecies is believed to be an allelopathic piospecies, which contributes to
degradation through its ability to suppress graskleecovery resulting in areas of
bare-ground areas (Interview Tony Dold).
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Hoffman et al., (1999) recognise the role that climate plays mdldegradation, due
to its effects on hydrological cycles and tempermtegimes. Rainfall in the study
area is in the form of orographic rain, resultimgnountain tops being wetter than
inner sills (Chevallieet al.,2004). Schultz (1997), cited by Chevalletral., (2004)
states that the annual precipitation in Queenst@rich is the nearest town to the
study area) is 600mm with a mean annual temperatuepproximately 15°C. The
temperature of the area ranges from below zeragat m winter months up to 40°C
during the day in summer months. Most winter mageiare characterised by frost

and the area experiences an occasional snowfall.
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CHAPTER 2: LAND DEGRADATION
2.1 Definition of land degradation

There are various definitions of land degradatiahrost important is that they are
all about the deterioration of land. Stocking andrivighan (2001) state that there is
no single, readily identifiable definition of lamtkgradation, but all of them describe
how one or more of the land resources (soil, wategetation, rocks, air, climate,
relief) has changed from better to worse. Barro@0@9 defines land degradation as
loss of potential utility of land through reductiah the indigenous ecosystem and
damage of physical, social, cultural and economatires. The Food and Agriculture
Organisation of the United Nations cited by Stogkand Murnaghan (2001), states
that land degradation is a temporal or permanetiirgein the productive capacity of
land. UNCCD, (1995) cited by Hoffmaat al., (2001, p3) and World Meteorological
Organisation (2005), define land degradation agdiition or loss in arid, semi-arid
and dry sub-humid areas, of the biological or ecoogroductivity and complexity
of rainfed cropland, irrigated cropland or rangestpre, forest and woodlands
resulting from land uses or from process or contimnaof processes, including
processes arising from human activities and habitgtatterns such as:

I.  Soil erosion caused by wind and / or water

ii. Deterioration of the physical, chemical and biobadi or economical

properties of the soil and

iii.  Long term loss of natural vegetation”.

Horta (2002) and Bagt al., (2006) argue that, vegetation degradation thrdagg-
term reduction in biomass is also a form of landyrddation. However it is
acknowledged that vegetation degradation is natyegscognisable. Its changes are
revealed gradually, sometimes not in terms of b&syecrease in an area but through
loss of species diversity, increase in invasivecigseand reduction of woody species
(Horta 2002, Kakembet al.,2007and Wessett al.,2004).

Lambin (1997) states that causes of land deg@uatie of major concern in terms of

the environmental sustainability of catchments iangn parts of the world and
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especially in developing countries. Some of theseauof land degradation are

discussed in the following section.

2.2 Causes of land degradation

Land degradation is a natural process but it mayndeced by human activities
(Barrow, 2001). Blaikie and Brookfield (1987) argtirat the relationship of humans
with nature has in certain cases increased theofand degradation and therefore
undermined nature’s ability to recover. Stocking &turnaghan (2001) have cited a
number of studies, which identify poor land managethinappropriate technology,
overpopulation, poverty and decisions of social g@aditical structures as human
factors associated with land degradation.

However it has been argued that land degradatinrocaur independently of human
activities. Acknowledging this, Tooth (2004) and k@oa (2003) state that natural
land degradation processes are slow and are ofteotised. The rainfall is regarded
by the World Meteorological Organisation (WMO, 20@s the most crucial climatic
factor in determining areas at risk of land degtiatia This is due to the vital role the
rainfall plays towards development and distributadrplant life. In areas where there
is little or no vegetation, rainfall erodes soil the force of raindrops, surface and
sub-surface run-off and by river flooding (WMO, B)0Climate change is clearly a
factor which can increase the rate of land degraddbrough the alteration of spatial
and temporal patterns in temperature, rainfall amad. Soil erosion by water is
recognised as one of the most land degradationgotvorld wide (Vrieling, 2005
Stocking and Murnaghan, 2001). The increase ofsineaspecies as mentioned by
Kakemboet al.,(2007) is also an increasing land degradationlpmbHe argues that
in areas with a deep water-table invasive spe@es lgetter competitive advantage in
obtaining water to grow (due to their long tap s)ahan indigenous species (with
short roots). However it is also acknowledged bkdéfaboet al., (2007) that factors

influencing invasive environment are still a grelaallenge.

Land degradation is a complex issue and an unadelisig of the problem requires a

multi-faceted approach. The understanding of seiepolicies governing a country
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and community practices at a local, regional antonal level are considered
important contributors towards the issue of landrddation management (Hoffman
et al., 1999) According to Stocking and Murnaghan (2001) thenidieation and

analysis of social factors that contribute to latkelgradation deserve particular

attention because they often set the stage foectimg actions and policies.

2.3 Indicators of land degradation

The definitions of land degradation mentioned absliew that land degradation
cannot be simply assessed by any single measuné. degradation indicators which
may be used to assess and monitor land degradaianbeen identified by Stocking
and Murnaghan, (2001, p7) and are defined as ‘d@sawhich may show that land
degradation has taken or is taking place”. There m@wany indicators of land

degradation and these are usually related to ooghan(illustrated in Figure 10). This
research uses vegetation cover and soil erosiomdasators of land degradation,
highlighted by the yellow boxes in Figure 10. Aatiog to Meadows and Hoffman

(2002) and UNEP (1997), loss of vegetation cov@rabably the first visible form of

land degradation. Florencia (2003) and Stocking &hdgrnaghan (2000), and

Kakembo (1997) acknowledge that land degradati®hdsvn by a serious depletion
of vegetation cover, soil degradation and an irsgea the proportion of bare land.
Analysis of various land degradation studies reteat reduction in vegetation cover
due to for example wood cutting, fire, drought anwérgrazing is the most serious
problem in South Africa especially in Gauteng, KwhiNatal and the Eastern Cape

Province (Meadows and Hoffman, 2002).

De Baetset al., (2006) highlight the importance of vegetation gowethe reduction
of soil erosion. They explain that vegetation copestects the soil from raindrop
impact, slows down the movement of surface runoff allows excess surface water
infiltration. According De Baetet al, (2006) roots also play an important role in
protecting the soil from erosion by reinforcing andreasing the soil shear strength.
Paesen (2003), also cited by De Baadtal., (2006), demonstrated the importance of

vegetation cover through his study which found tha cross section areas of gullies
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under grassed fields are smaller than those oflbatkand agricultural cropland for

the same flow intensity.

Hoffman et al., (1999) and Gobena (2003), claim that water erossothe most
common land degradation mechanism in South Afrigecording to Stocking and
Murnaghan (2001), water erosion is the removal aif garticles by water through
sheet erosion (removal of thin layer of top sail),erosion (removal of soil resulting
in small water channels) and gullies (removal ofl sesulting in large water
channels). They argued that the rate of soil lys&ater erosion from bare soil is 250
times greater than that from areas covered by alategetation. Van de Berg and
Keller (2005) state that the trend of degradati@nts with the removal of vegetation
cover over a small area which expands to a larga aver time. Stocking and
Murnaghan, (2001) state that the rate of soil erosin bare-ground is faster than the

rate of soil formation and might lead to irrevelsidegraded features on the surface.
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Figure 10: Indicators of land degradation (modifikagram from Stocking and Murnaghan, 2001)
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2.4 lmportance of the availability of land degradation information

Acknowledging the importance of land degradaticiorimation Beinart (1984) cited
by Hoffmanet al (1999, p69), gives a historical perspective onpitedlem of erosion

in South Africa with the following quote by Gener@muts in 1936 saying “...

erosion is the biggest problem confronting the ¢gurbigger than any politics.”
Improving the availability of land degradation infmation is likely to increase
awareness of land degradation. The authors of Ag@adUNCED 1992) agreed that
land degradation is an important global issue duéts negative impacts on the
environment, and they proposed that studies on ldegradation are vital to
increasing the knowledge base and possible sokitidcknowledging this Evans and
Geerken (2004), state that the willingness of coesitto participate in land
degradation reduction programmes requires bettawladge about causes of
degradation. The emphasis of gaining informationuadand degradation through
research programmes is also supported by Eswerah, (2001) arguing that results
from such research may find solutions to reducel dnpossible, reverse land
degradation. Boardmaet al., (2003) further state that the assessment of tgeedeof

land degradation is essential for decision make#dso are responsible for land

management.

2.5 Land degradation assessment technigues

The use of Geographic Information Systems (GIS) moed with Remote Sensing
techniques have been seen as one way of monitlamtgdegradation at a catchment
level. Sahet al., (1996) argue that these techniques can be utilisedrganise
catchment management methods with the effectiveigaesf data collection
processes. GIS software is said to be a valuallbnigue for enhancing and
organising the data required in catchment studieb itcan provide sophisticated

analysis of data necessary for assessmentgiSalh) 1996 and Vckovski 1998).

Remote Sensing is the collection of informationwtlemn earth surface without being
in physical contact with it. De Jong (1994) citedTmorrion (2002), states that remote
sensing has high potential for land degradatioessseent due to the regular time

interval of data capture and high to low spatial apectral resolution. Lambet al.,
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(1997) and Torrion (2002), suggest that when mappeatures whether they are

directly or indirectly visible on the ground, reracensing should be considered.

Lambinet al, (1997) further argue that estimating temporatllase and land cover
change is essential in assessing the rate at whiebe changes take place, the
problems or impacts they cause and therefore assishaking predictions of future
impacts and trends of degradatigkcknowledging thisVckovski, (1998) suggest
that, physical data (e.g. landforms and slopes) lase data (e.g. vegetation, urban
land-use) and socioeconomic data (e.g. employmamditons and income) are also
essential for land degradation assessment andefurtre they can be integrated
within a GIS. This research will use satellite ireagas its source of spatial
information with incorporation of physical datanthuse data and socioeconomic data

for land degradation assessment.

2.6 Case studies on land degradation assessment and monitoringusing GI S and
Remote Sensing

The over-utilisation of catchments to provide fobbre and shelter for the expanding
population has resulted in degradation of catchemantmost parts of the world (Sah
et al., 1996). Shalaby and Tateishi (2007) argue that 96epé of the population in

Egypt is concentrated around Nile River which cevegoproximately 5 percent of the
land. They argue that out of 1 million square kikras which is the total area of

Egypt, 95 percent of the land is desert and uniiddiband.

The Government of Egypt therefore started a pojuatedistribution plan through
applying a horizontal urban expansion along demeyads and near the fringes of the
Nile delta. The aim was to reduce pressure on prghuctive agricultural land. The
objective of the study was therefore to accuratedyp land cover change information

in order to understand consequences of populadidistribution on the environment.

The study used a maximum likelihood supervisedsdiaation and post classification
change detection techniques of 1987 Landsat 5 Ttervwpper (TM) and 2001
Lansat 7 Enhanced Thematic Mapper (+ETM) imageawndp land cover changes in
the Northwestern coast of Egypt. The results ofghely showed that the area has
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undergone a sever land cover change. The areastwiahvegetation were replaced
by urban settlements and agricultural land. This wilaerefore observed as land
degradation in the area. Shalaby and Tateishi (2@@7cluded that GIS and Remote
Sensing provided valuable information on the natdrand cover change and spatial
distribution of different land cover changes. Thesearch by Shalaby and Tateishi
(2007) relates to the current study as it aimsstal#@ish the extent and nature of land
degradation in the Wit-Kei catchment. However #tisdy will also incorporate house

hold survey which was not conducted in the studpbglaby and Tateishi (2007).

A study of catchment degradation and its socio-eoto impacts using remote
sensing and GIS was also conducted in Trijuga whésl in Nepal by Saét al.,
(1996). The aim of this study was to develop amstldemethodology for assessing the
degradation of the Trijuga watershed over time imdocio-economic impacts. The
study used Remote Sensing, GIS, the Universal [Sm8s Equation (USLE) and
household surveys. The remote sensed aerial plagiogyf 1978, Landsat MSS of
1984 and Landsat TM of 1991 were used to createcantpare land use and land
cover of the study area. The land use and landrcees obtained through visual
interpretation from the 1978 aerial photograph whsupervised classification was
used for Landsat images. The land use and land ¢ov&978, 1984 and 1991 were
compared in order to determine areas of changeestathlish degraded areas. ®&h
al., (1996) argue that change has been too high forstis¢ainable use of natural
resource in the study area and therefore highhighand degradation. The USLE was
used to calculate the exact amount of topsoilifothe area. The study concluded that
remote sensing and GIS in combination with the USk& the appropriate tools for
watershed resource monitoring whilst the housebaoldey yielded results relating to
the socio-economic status of people living withie tvatershed. The methods which
will be used in this study are similar to the methaconducted by Saht al.,
(1996).The current study use remote sensed Lafdgamages, auxiliary GIS data

and interviews but however will not use USLE dudirtoted scope of the research.

Dregne (1989) agrees with other authors that Gtbramote sensing have supported
developments in information on land degradationciwhare valuable in combating
land degradation. He further agues that for anrméal decision to be made either by

a local community, or a nation on financial andolabinvestments to control land
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degradation, information on land degradation treadsimportant. A case study on
land use change detection and analysis using GEsdess land degradation trends
has been conducted in two Nepalese watersheds lgtAiet al., (2002). One of the
objectives of the study was to assess land usdasadcover change. This objective
relates to one objective of the current researchiept which is the investigation of
land use and land cover change using satellite esyag the Wit-Kei catchment. To
achieve the objectives of the study in the Nepalestershed, image classification of
land use and land cover types for both watershezte wrepared for different years
(1978 and 1996). Field verification was carried tmtimprove the accuracy of the
1996 land use map. The results showed signifidéeriaéion and transformation from
1978 to 1996. Awastlet al., (2002) identified that land use and land covemgeais
not sufficient for explaining the land degradatidm bridge this gap, this research
aims to include a socio- economic element basddmhuse history and the views of

the people living within the Wit-Kei catchment.

In South Africa, a land degradation study was caetebl by Hoffmaret al., (1999)
for the whole country of which the results are swarised by Hoffman and Todd
(2000). The research used a participatory appraduith consisted of workshops and
interviews. Information on land use practices aattllcover changes over a ten year
period was collected through interviews with agdtio@al extension officers and
resource conservation technicians. Soil and vegetatere chosen as indicators for
land degradation assessment and monitoring (HoffamahTodd, 2000). The findings
of this paper perceived soil degradation as beregtgst in KwaZulu-Natal, Northern
Province and Eastern Cape. Vegetation degradatsrgported as high in KwaZulu-
Natal and the Northern Cape. Soil and vegetatigrattation were combined into a
single land degradation value, and communal arettedormer Ciskei, Transkei and
KwaZulu-Natal emerged as some of the most degraateds in South Africa
(Hoffman and Todd 2000). The gap, bridged by theeru research, is through
incorporation of other scientific methods (GIS amthote sensing) at a local scale in

order to acquire more information on land degraatati

Another case study on land degradation in Soutic&fwas done by Wessed$ al.,

(2004). They argue that soil degradation has amnemas effect on the regeneration
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and development of vegetation cover. Therefore tiuether state that there is an
urgent need for repeatable, systematic and spatedplicit measure of land
degradation. Wesselst al., (2004) study focused on vegetation cover as land
degradation indicator. Their study conducted a cammspn of vegetation cover from
the National Land Cover (NLC) map of 1996 with lkédvanced Very High
Resolution Radiometer (AVHRR) data. Using a deifamitof land degradation as loss
or permanent irreversible decline in forage, thiglg suggested that the areas mapped
as degraded by NLC were not necessary degradede\ouhey also argue that their
results might have been influenced by limited s@écand spatial resolution of
AVHRR data and therefore may lack the sensitivéguired to accurately quantify
degraded impacts. The recommendation identifiedMagselset al., (2004) is that
scientific methods may have limitations that canaddressed by field surveys and
household interviews. This study therefore will calsonduct field surveys and

household interviews in support the remote sen®algniques to be used study.
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CHAPTER 3: REMOTE  SENSING _FOR LAND DEGRADATION
ASSESSMENT TECHNIQUES

3.1 Introduction
The ability to acquire and process remote sensatisnformation with ease has led
to digital image processing playing a major roléaind degradation studies (Lillesand
and Kiefer, 2000; Cracknell and Hayes, 1991). Thiapter explores change detection

remote sensing techniques available for land dedi@dstudies.

3.2 Change detection analysis

Lillesand and Kiefer (2000), Singh (1989), and Lstngin (2003), describe change
detection as the use of multi-temporal data totiledifferences in the state of an

object or phenomenon.

A fundamental assumption of digital change detecisathat a difference exists in the
spectral response of a pixel at two dates if tlophoysical materials within the initial
field of view (IFOV) of the sensor have changedwssin the dates (Jensen, 1996).
Ideally change detection procedures should invdeta acquired by the same sensor
or similar sensor, recorded using the same spaéablution, spectral bands,
radiometric resolution and at the same calendar dadl time (Lillesand and Kiefer,
2000). Gibson and Power (2000) argue that it n@ybe possible to obtain images
taken on the same calendar date in different yfeatsvo reasons:

* The repeat cycle for the satellite may be such d¢nathe same calendar date,

the satellite may not be imaging the same area.
» Even if the anniversary date and the satellitesrpass do coincide, there may

be an extensive cloud cover for one of the dates.

Obtaining images that are cloud free for the samea #éaken on the same calendar
date in two given years may prove very difficultnéis often forced to approach the
change detection exercise by determining what cfoeel images are available for a

specific area and deciding whether any of the abl data are suitable for the
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investigation being undertaken (Gibson and Pow8002 The cloud free Landsat

images for this study were taken on different cdderdates (refer to Table 3).

3.3 Change detection methods

According to Jensen (1996) there are a number arigdr detection approaches which
may be categorised under the following:

* Manual, on screen digitising

* Write function memory insertion

* Image enhancement

* Multi data classification

* Comparison of two, independent, land-cover clasaifbns

» Spectral change vector analysis

The selection of an appropriate change detectigoriéhm is very important as it
indicates whether change in terms of land coverbeaaxtracted from the imagery or
not (Jensen, 1996). To improve the success of wmcay any changes that exist,
change detection methods can be used jointly. fBsisarch will employ some of the
change detection methods explained below.

3.3.1Manual, on screen digitising

Manual change detection can be performed usingcoees digitising to identify
changes between images (Campbell, 1996). Thisrelastly on visual interpretation
to identify the areas of change to be digitisedeAdigitising, the areas of change are

compared from two or more images and the resutt®aerlaid to show change.

3.3.2Write function memory insertion / RGB band combioat colour composite

Write function memory insertion is also known asBR@and combination or colour
composite. It entails the display of multispectoainds of imagery in red, green or
blue write function memory banks (Lillesand and f&re2000). The use of colour in
display is an important aspect of image procesasi visually enhances information
of interest (Schowengerdt, 2007). Lillesand andféi€2000) argue that mind is an
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excellent tool in interpreting spatial attributes an image and identifying obscure
features. Therefore they argue that the processodlly interpreting digital imagery

attempts to optimise the complementary abilitiethefhuman mind and the computer

3.3.3 Post-classification change detection

Post-classification change detection is used topawentwo or more independently
produced spectrally classified (supervised or uestped) results (Coppiet al.,
2004 and Shue, 2003). The classified results aréuged using the same information
classes to facilitate their comparison. Shalaby Baitgishi (2007) emphasise that this
procedure not only allows areas of no change tadbstified, but also allows the
nature of change to be determined. The principahmaihge of post-classification as
argued by Coppiret al., (2004) is the fact that the different dates of gery are
separately classified, thereby minimising the peablof radiometric calibration

between dates.

3.3.4Change vector analysis (CVA)

When land undergoes changes or disturbances, etdrap appearance will change
from one date to the next (Jensen, 1996). Changiervanalysis (CVA) therefore is a
multivariate change detection technique that preesthe full dimensionality
(spectral and temporal) of image data and prodtwesoutputs: change magnitude
and change direction (Coppat al.,2004). The direction of change can be positive or
negative (showing areas changing from better to creworse). While the magnitude
of change show the total change per pixel. Lamind &trahler (1994) cited by
Coppinet al., (2004) states that CVA technique proved to becéffe in detecting
and categorizing different land cover changes dpeyaat different timescales in
West Africa.

3.3.5Ilmage enhancement

Image enhancement is described as the process ibl ddita displayed on an image
can be made more obvious to the human visual sy&abson and Power, 2000). It

involves techniques for increasing visual distiogtibetween features in a scene
(Lillesand and Kiefer, 2000). The following imagehancement techniques were used

in this research:
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» Contrast stretching
* Ratio imaging

* Density slicing

There are several case studies which have usebthee mentioned change detection
techniques. A colour composite image of landsat 2996 and landsat 7 image of
year 2000 was used to assess the land cover civatigetropical rainforest by Dahal
et al, (2002). A visual false colour band combinati&34n RGB order was used and
a comparative view of land cover classes betweervtbb images was identified. The
on-screen digitising technique was then applieshép the land use and land cover of
the two images from the false colour composite.nTtiee change between the two
land use and land cover was derived by compariacgatea of change of each class.
They concluded that use of remotely sensed datavgascessful approach in change

detection of land use and land cover.

In Minnesota metropolitan area post classificatithlange detection technique using
multi-temporal Landsat data of 1986, 1991 and 18@8 used to study change by
Baueret al., (2003). The post classified images used a sulraaepproach to derive

the area of change. The 1986 image was subtractedthe 1991 image and the 1991
image was subtracted from the 1998 image. The ¢dtehch land cover class at each
date were tabulated and the trend of each classebatthe different years were
analysed. They concluded that the post classificatiechnique provided an

economical and accurate way to quantify, map amdlyaa changes over time in land

cover.

Image enhancement techniques have also been useah#&tysing and mapping
change. Image differencing using image ratios ogetegion indices is another
commonly used change detection technique for itlémgj land use and land cover
change (Coppiret al.,2004). An example of such a study in South Aftee been
conducted by Wessedd al.,(2004) and has been mentioned in the previoustehap

Approaches to change detection in image procesaregmany and varied, and
choosing one to use is a difficult task. It reliesgely on the experience and

confidence of the researcher on the technique antthe quality of the images. This
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research will use write function memory insertiopgst-classification change
detection and image enhancement techniques. Theechtechniques are further

explained under data processing in the followinghméology chapter.

3.4 Accuracy assessment of image classification

No map created from remote sensing data alone e@ofnpletely accurate (Steae
al. 1998) and consequently, no image classificatiotoisaplete until the accuracy of
the classification has been assessed (Lilleszgtndl. 2004). The term accuracy in
thematic maps created from remotely sensed datsad to express the degree of
correctness of the map or image classification wbempared to reality (Foody
2002). Different authors undertake classificatimtuaacy assessment for different
reasons including 1) to provide an overall measdithe quality of the product, 2) to
form the basis of an evaluation of different clsation algorithms or 3) to help gain

an understanding of errors in the classificatiarcpss.

A variety of classification accuracy assessmenhiriegies are described by Foody
(2002), Congalton (1991), Steedt al. (1998) and Stehmaet al. (1998). The most
common technique for accuracy assessment is thrthagltonstruction of an error
matrix in which the relationship between referede¢a and the result of the image
classification can be presented. The error masriganstructed by listing the know
land cover types used as reference versus thespaxalially classified into each land
cover category (Lillesandt al. 2004). The error matrix method is widely considere
to be the most accurate since the accuracy ofsmiuand the accuracy of exclusion
can be assessed for each category present inabsifidation. However this study
conducted accuracy assessment proposed by Ric{i®286). He argued that one of
the ways to assess accuracy is by taking sammestfie thematic map and checking
their accuracy against ground data. The reliabilify accuracy assessment is
dependent on whether the map has been effectiaehpled. Regardless of accuracy
assessment technique used, Foody (2002), Steelle(1998), Stehmaet al. (1998)
and Richards (1996) state that, if information framailable land cover maps are to
be used as input for scientifically sound managderaad policy decisions, the maps

should be accompanied by a statistically defensibfeiracy assessment.
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CHAPTER 4. METHODOL OGY

4.1 Introduction

To address land degradation, a conceptual frameworkosed by Hoffman and
Ashwell (2001) has been adopted (refer to Figure IThis conceptual framework
presents the view that climate and humans, eiti@vidually or jointly, can modify
the environment of a region by changing its wassi] and vegetation resources.
(Land degradation has been defined in chapter theasleterioration or depletion of
natural resources). This research considers changegetation cover and bare-
ground as indicators of land degradation. Infororatwas collected using Remote
Sensing, GIS techniques and household surveys.

A 4

Climate impact [* Human impact

N

Environment

A 4
Land degradation

LN

Water Soll Vegetation

Figure 11: A conceptual framework for land degremafHoffman and Ashwell
2001)
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4.2 Selected and pre-processing of Remote Sensed Satellite imagery

One of the ways of capturing remotely sensed imégéy satellite. Images for this
study were obtained from the Landsat satelliteesearch satellite provided by the
National Aeronautics and Space Administrator (NASA)rther information about it

can be found in Jensen (1996), and Mather (20G8gllBe imagery is used for land
degradation studies due to its capacity to prounggery of low to high spatial and
spectral resolution. Landsat data used was bas#teawvailability of Landsat data by
the Council for Geoscience.

The Council for Geoscience acquired Landsat im&ges the Satellite Application
Centre in South Africa. The images for 1984, 1988 4996 came from the Landsat 5
TM and the images for 2000 and 2002 came from Land&TM+. However Landsat
of high quality was recommended. The quality ofraage was accessed by the cloud
cover percentage in an image and categorised as higdium and low. High quality
representing zero cloud cover, medium quality regméing less than twenty percent
cloud cover while low quality represent greaterntttventy percent cloud cover.
Table 3 shows the capture dates of the imageshamdduality level. The 1984 image
was captured during winter season while other imagere captured during summer
season. Yangt al.,(1999) argues that the land use and land covergehaf one class
to another is a slow process when compared sedganrad therefore not easily
guantified. Hence this study also used a wintergenan 1984 rather than an
unavailable summer image. The medium quality datd $93 image was used as less
than twenty percent cloud cover occurred at theegag the image and therefore not
hiding the land use and land cover of interest.l& dbshows the differences and the

similarities between Landsat 5 TM and Landsat 7 ETM
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Table 3: Landsat image data acquisition information

Year of Day Month Sensor Quality Notes

images

1984 24 May Landsat 5 High Zero cloud
cover

1993 15 December Landsat 5 Medium Less than
twenty percent
cloud cover

1996 16 December Landsat 5 High Zero cloud
cover

2000 20 November Landsat 7 High Zero cloud
cover

2002 25 November Landsat 7 High Zero cloud
cover

Table 4: Landsat 5 TM and Landsat 7 Enhanced Themapper (ETM+) properties

Properties Landsat 5 Landsat 7
Band 1 30m 30m
Band 2 30m 30m
Band 3 30m 30m

Spatial Band 4 30m 30m

resolution | Band 5 30m 30m
Band 6 120m 60m
Band 7 30m 30
Band 8 Not available 15m

Swath width 185km 185km

Temporal resolution 16 days 16 days

(Repeat-coverage

interval)

Radiometric resolution 8 bits 8 bits

Inclination 98.2° 98.2°
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The normalized difference vegetation index and mthemparison techniques
computed by Vogelmanat al., (2001) as cited by Florencia (2003) concluded that
Landsat 5 TM and Landsat 7 ETM+ are very similad d@nherefore can be used
interchangeably to measure and monitor the samdsdape and conduct change

detection. However, pre-processing of remote seimsades need to be conducted.

Pre-processing of remote sensed images starts dbijyireg the distortions on an
image. Satellite images are affected by distortiduns to the sensor angle towards an
object. In order to reduce distortion, images aubject to the process of
orthorectification. Jensen (1996) states that oettdication is the process of
correcting the distortion within an image. Figur@ 1ilustrates the process of
orthorectification which was used in this study dompensate for the distortion

problems within images.

Sensor angle

nadir \ o < A

seq level |+ distance from nachr {d) —P'\. N e .“ﬁT‘_ B

Figure 12: lllustration of process of orthorectiion (modified diagram from Lick
2004)

The sensor records the object at an oblique amxyleept for some satellite images
like ASTER which can also record the object dingstbrtically). This results in the
object being recorded as if is in position B rattte&an A, which is its true position.

The purpose of orthorectification therefore is timpensate for the error created by
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the sensor angle. The remote sensing softwarefasdis pre-processing was ENVI

software.

Another typical pre-processing step involves atrhesig correction. Atmospheric

correction has been stated by Satal., (2001) as the correction or removal of the
atmospheric effects on an image. Sagigal., (2001) further argue that whether
atmospheric correction is needed depends on tloemiation desired and analytical

methods used to extract information. Therefore taye that atmospheric correction
is unnecessary for change detection for land usklamd cover, when multidate

images are rectified and analysed separately asgie sdataset. Since this study
analysed and compared the results of each imageately as single datasets, it was
deemed unnecessary to apply this process.

4.3 Data processing

The change detection techniques identified as ldeitior this study include: image

enhancement, write function memory insertion anstqotassification.

4.3.1Write function memory insertion (RGB band combinaji

For visual understanding and interpretation of ¢esnin the images, colour
composites were created. Colour composites alswikras Red Green Blue (RGB)
were generated using different band combinatiome different colour composites
were used to highlight different information withthe image. The useful colour

composites used within the study are:
* RGB =321 (used to give a true visual image ofaiea)
* RGB =432 (used to visually observe changes intatiga)

* RGB =574 (used to visually observe changes ie gesund)

4.3.2lmage enhancement (Tasselled Cap Analysis (TCA))

Tasselled Cap Analysis is one of the methods fdraraing spectral information
content of Landsat data. Mather (2003), Levatnal., (1998), Urban (2000) and
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Huang et al., (2001) promotes the use of TCA as a method whidarky
differentiates between vegetation and bare-grouhttiware the land degradation
indicators being studied. TCA is based on a mathiealaequation that converts an
image acquired by Landsat multispectral sensor amamage which has three main
output components that highlight bare-ground, va&tgmt and water feature. The TCA
was run on ENVI software for this study through fvecesses explained by Figure
13. Soil brightness and vegetation greenness weréands used for vegetation and
bare ground monitoring for the study years 19843194996, 2000 and 2002. The
result of TCA for each band is grey scale imagmi(ar to a black and white aerial
photography) where brightness in a particular imag®esents area of interest. The
vegetation cover and bare-ground monitoring TCAdsamere analysed in this study.
Bare ground represented areas of exposed soilceuas influenced by human and /
or natural causes while vegetation representeds avéalense interlaced trees and

shrub species.

Tasselled Input TCA
Transform |:> Cap |:> Landsat |:> results
image

Figure 13: Steps involved in TCA processing ushgENVI software. The boxes
represent the control icons which must be activatieen computing the application.

In order to identify specific areas of interestnfradf CA bands for bare-ground and
vegetation, a density slicing techniques was uBexthsity slice is a technique which
highlights a range of values which are of intetesthe researcher. The values of
interest which density slice was applied to wereseim based on histogram analysis
of each image separately. The histogram being el@fas a graphical representation
of the brightness values that comprise an imageh&ta2003). It therefore allows a
concise portrayal of information in a bar graphtat. The histogram of all the TCA
images for the years being studied were unimoeééti(to Figure 14). The histograms
are automatically divided into 3 ranges, those \dth range value (representing dark
pixels in an image), medium range value (represgrgrey pixels in an image) and
high range values (representing bright pixels iniraage, refer to Figure 14). The
density slice was computed to select only the hagige values of the TCA of each

37



image. The default high range values from dersdicg were analysed. The areas for
the selected high range values in each year wécalased and compared with each

other. The end result demonstrates the changeadrvegetation and bare ground.

1.0 T T T T T T T 1 — T T, T 1 T T T 1
__ Low range diu High range _
value range v ||J]S value
05— I ] -]
oo 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 ] 1 1 1

-1 0 1

Figure 14: Histogram analysis of Tasselled Cap

4.3.3Post-classification (Unsupervised classification)

Post-classification is a process which allows a mamson of change between
classified images (Jensen 1996, Shalaby and Ta06i7). The image classification
procedure automatically categorises all pixels nnirmage into information classes
(Campbell, 1996). Image classification is dividatbitwo techniques; supervised and

unsupervised classification.

The supervised classification technique requires d@halyst to select sample sites
which are known classes within an image. The supemiassification technique then
determines the character of each sample site amgpar@s every pixel in an image
with those in different sample sites selected by #malyst. The pixels are then
labelled according to the closest class they remte€Campbell, 1996 and Lillesand
and Kiefer, 2000). The major risk presented by théthod is that the analyst may not

be able to select sample sites to represent altlifferent classes within an image.
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Due to the shortage of enough information to sehpda sites an alternative

unsupervised classification technique was chosethi® study (refer to Figure 15).

Classification ::> Unsupervised |::> ISODATA

Figure 15: Steps involved in ISODATA unsuperviséssification processing using
the ENVI software. The box represents the contwh$ which must be activated
when computing the application.

With the unsupervised classification techniquegf@xn an image are examined by
the computer and classified into spectral clas3é®e spectral classes are then
matched by the analyst to information classes (Qmthpl996 and Gibsoet al.,
2000). Campbell (1996) argues that the advantagieeounsupervised classification
method is that it reduces human objectivity. Thgoathm used for unsupervised
classification method for this study is Iterativeelf8Organising Data Analysis
(ISODATA). The ISODATA unsupervised classificatidimds an optimum set of
groupings under chosen constraints. The user haspply a range for a number of
possible classes plus the maximum number of alberaio be performed. The
minimum number of classes chosen for this study ®asasses and maximum
number of classes was 15. The minimum predictableber of classes was derived
from visual analysis of the RGB images and captynieotographs of the area. It is
advised that the maximum number of classes chameansupervised classification
should be atleast 3 times more than the prediciedmam number of classes. For the
alteration 100 percent was chosen for the ENVNMg&xi¢ in order to get clear group of
classes as possible. The other parameters weraslafefault. The final step was to
analyse and assign class names to classes reByltetsupervised classification. The
assigning of information classes was conductedutiitradhe use of auxiliary data (1:50
000 toposheet of 1994, RGB colour combination oages and photographs by
Gibson, 2003). The classification of grouped pixiel® land cover and land use
classes was based on land cover classes develgpbeé KCouncil for Scientific and
Industrial Research of South Africa. The classesewdense vegetation, moderate

vegetation, grassland, stressed or degraded gmdsslad bare-ground. Dense
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vegetation and bare-ground classes were furthategklto the vegetation and bare-
ground class from the TCA. The unsupervised diaasion has a dense vegetation
cover and a bare-ground class which representshigeatgetation type and exposed
soil surface type. The greenness and brightness 6aRCA promote the equivalent

land cover type. This therefore brought a direchparability of dense vegetation and
bare-ground from these techniques. To enhance antprehend results, the two

classes (dense vegetation cover and bare-groum)tfre unsupervised classification
and TCA technique were compared.

4.4 Geoaraphic Information Svstems (GIS

ArcMap 9.1 GIS software was used as a tool forgrgeng the various layers of
spatial data and for carrying out analysis of lahehradation assessment and
monitoring. The main data layers overlaid and asedywithin a GIS for this study
were: Landsat images, a digital elevation modepe&s map, topographical maps and
a geological map (refer to Figure 2). The resubksved from the GIS were used
together with interview results in order to getdistic view of land degradation in

the study area.

4.5 |nterviews

Interviews serve as a method of clarifying andfyerg the meaning of desktop study
findings. Although interviews are time consuming {erms of transport to visit the
area and making necessary arrangements with tlevieiwees) they have the
potential to provide highly illuminating materiaR¢bson, 2002). The purpose of
interviews in this research was to assess thess#atdi knowledge of land degradation
from the perspective of the community who are aéfedy land degradation in the
study area. A crucial part of the interviews wasuinfrom older community members

who contributed to the historical perspective & study.

A field trip to the study site was undertaken ingist 2005 and May 2006. The main
purpose of the visits was to capture images of atkgt lands in the study area and
conduct interviews with members of the communitige thoice of participants was

randomly selected covering three villages withia study area (Qogodala, Lalini and

40



Thambekeni). De Vost al., (1998) argues that random selection minimises inias
choosing interviewees as it give equal chance di e@ember of the community to be
selected. The people in the villages intervieweel ¥hosa speakers with a varied
level of education (from those who understand aoelak English with a tertiary
qualification up to those who cannot understandliEngvith informal education).

This therefore led interviews to be conducted iXHssa in order to get a holistic
view and understanding of community regarding ldedradation. However for the
purpose of this research the questioners and amalys response from the

interviewees were converted into Engl{sifer to annexe 1).

A total number of 14 interviews were conducted bg tesearcher with 32 people
using both focus group and personal interview teghes. This resulted in 5 focus
group interviews and 9 personal interviews. Diffex@ of opinion exists with regard
to the minimum number of respondents that shoulihbdelved in an investigation.
Nachmias and Nachmias (1987) states that thereamyements that suggest the
sample size should be 5% of the population whileeotargument suggest that the
samples size should be total of 2000 people. Grianeé William (1990) cited by De
Vos et al., (1998) argue that a sample size of 30 people asigim In this study 32
people were interviewed due to time constraints alsd the homogeneity of the
study area (all people were amaXhosa) which mirentie need of larger sample in
order to accommodate different groups (\&tsal., 1998). “The observation of the
study of a phenomenon in its entirety is tedioud #me consuming, leading to
massive of data which would be difficult to proaegsand interpretation” (Vost al.,
1998, p194).

The choice of a focus group interview technique wae to its ability to integrate
people with different backgrounds, age, employnsatus and experience in one
group. Robson (2002) argues that the focus gratimtque enriches the discussion as
people with different backgrounds view the topiffedently. The capacity of the
focus group technique to focus on a specific tapia group setting made it a suitable
tool for gathering information on a particular aspef land degradation. The focus
group within the study was not organized in an ampeent form but rather occurred
when the people visited each other. Each focuspgwas having a minimum number

of three people and a maximum of six people.
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However it is also acknowledged by Johnston (1966¢d by Robson (2002), that
the focus group approach has the potential of tgpdeople not to freely discuss their
opinions, so personal interviews were also condudte order to enhance the
limitations of the focus group technique. Persantdrviews also served as a method
of gathering information from interviewees who wateheir homes by themselves at
the time of the field visit. Personal interviewsaltargeted individual perceptions,
opinions and facts about land degradation. Theopatsnterviews were conducted in

9 households.
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CHAPTERS5: RESULTS

5.1 Introduction

This chapter presents the results of the deskt@bysis together with community

interviews and field work.

5.2 RSand GI S perspective on land degradation

The current research monitors and assesses thee ratdand degradation over a
period of 18 years. The vegetation cover and besargl increase or decrease are the
chosen land degradation indicators for this stulgrencia (2003) and Kakembai

al., (2002), consider vegetation clearance and bareagrancrease as recognisable
indicators of land degradation. Van de Berg andek€R005) have been mentioned
arguing that trends of land degradation starts whth removal of vegetation cover
over a small area which expands to a large banenrgrcarea over time. Land
degradation in this study is analysed through Rem®énsing, GIS, field and
household surveys.

5.2.1RGB band combination (Colour Composite)

The goal of RGB band combination is to improve Wwual interpretability of an

image. It has been mentioned by Lillesand and efig2000) that mind is an
excellent tool in interpreting spatial attributes an image and identifying obscure
features. Therefore RGB band combination have baatysed in this study.

RGB band combination in this study was computedrafer to determine what land
use and land cover information is captured by thages. Band combination 3, 2, 1
(RGB order) was computed for all the years (198931 1996, 2000 and 2002, refer
to Figure 16). This combination is also known aseticolour combination as it
represents the object under investigation in iie tolour (e.g. green vegetation will
appear green in the image). The results show tle@ngareas throughout the images
highlight vegetation (e.g. healthy grasslands) wasrthe bright areas show bare-

ground. Black areas indicate shadow while moisasargvater bodies, wetlands) are
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shown by a blue colour. At the edges of the 1993 image, clouds are observed with a

very bright colour and with a distinct shape.
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Figure 16: True Colour Band Combination
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The false colour band combination was also usefditber enhance visual analysis
and interpretation of the land use and land comérination more especially for
vegetation and for bare-ground land degradationcatdrs. The 432 false colour
composite was computed specifically for healthyetated areas. This combination
was chosen due to the capability of band 4 anddetect vegetation while band 3 is
useful for determining soil boundaries. Figure hdws the vegetated areas indicated

by the red colour.

The 574 false colour was computed for the purpdsgetecting bare ground areas
(refer to Figure 18). The green colour within theage reflects the bare ground while
blue highlights vegetation. The choice of thessedalolour combinations had been led
by the sensitivity of band 5 to discriminate betwegdouds snow and ice when
detecting bare ground. The ability of band 7 totinggish between soil and

vegetation led to the chosen band combinationdesasbare ground.
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Figure 17: False Colour Band Combination R =4, B =2
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Figure 18: False Colour Band Combination R=5, G 8 =4
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5.2.2Tasselled Cap Analysis (TCA)

In this study, the tasselled cap components weed s differentiate between bare-
ground and vegetation cover areas. The brightnedgyeeenness bands were found to
be especially useful to distinguish between théseses. The greenness band provided
a measure of the amount of healthy green vegetht@nass while the brightness band
provided an indication of bare-ground. The restilbree of the tasselled cap bands is a
grey scale image in which lighter shades indicaéa af interest while darker shades
indicate area of low interest. For instance, in timage representing the greenness
component (refer to Figure 19), the lighter shaggsesent a large amount of healthy
green vegetation while the darker shades represenvegetated regions. Conversely,
in the brightness image (refer to Figure 20), tgbtér shades represent reflection from

bare-ground surfaces. The dark remaining areadmssified information.

A density slicing technique was used to defineshodd values for the greenness and
brightness components with the aim of classifyiregetated areas and bare-ground
surfaces (refer to Figure 21). The total vegetatedace area and total bare-ground
surface area between different years was comparggaph representing the changes

observed is displayed in Figure 22.
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Figure 20: TCA of bare-ground
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Figure 21: Density slicing of vegetation greenreass bare ground
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Figure 22: Differences in vegetation and bare-gdoointhe captured images

The results of the TCA are presented in Figure rR2he form of a comparison of

vegetated areas against areas of bare-groundnpgei The yearly rate of change from

one image year to another has been calculated tisendormula of annual rate of

change, which is proportion of an area of one imsgjatracted by proportion of the

next image and divided by number of years. Thelt®gherefore reveal the annual

average change in bare-ground and vegetation per(rafer toTable 5).

Table 5: Yearly rate of change per time periodnfrane
date to the next

)

=

Year Bare-ground in (%) Vegetation in (9
1984 — 1993 +0.2 +0.5

1993 — 1996 +0.6 -0.3

1996 — 2000 +0.75 +0.25

2000 - 2002 +4.5 +10.5

The results in Table 5 show a gradual increaseane-ground over each time period,

with a high figure for 2000-2002 period. Vegetatimereases over each time period

except for a decrease in 1993-1996 but increadestamtially in the 2000 -2002 period.
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5.2.3Post-classification (unsupervised classification)

Unsupervised ISODATA classification was the choserhnique to be analysed for

post-classification technique. An unsupervised &DA) classification technique

uses a computer programme that automatically grpiyeds in an image into different

cluster groups depending on their spectral feat{Besgaardet al.,1998). This method

requires minimum user input to create the classiiieage however the output tends to

require a great deal of user knowledge of the laseland land cover spectral signatures

to make the results more meaningful. Unsupervidassification of each image date

produced a result of 5 classes which were descabddllows (based on the land cover

classes developed by the Council for Scientific dndustrial Research of South

Africa); dense vegetation, moderate vegetation,sgiaad, degraded or stressed

grassland and bare ground (refer to Table 6 andr&i@3). The grassland is the

dominating land cover type within the study areaach image (refer to Figure 24).

Table 6: Description of Land cover / land use bg3éwmpson, 1996).

Class name

Description

Dense vegetation or Thicket

Areas of dense intedatrees and shry
species. They are composed of multi stemt
plants with no clearly definable structure w

>70% cover.

b
med
th

Moderate vegetation or Bush clumps

They are seattistands of thicket vegetatic

with a matrix of grassland.

N

Grassland

They are all the area of grassland veiis

than 10% tree and / or shrub canopy cover.

Stressed grassland / degraded grassland

They asslagrd with patches of bar

ground.

e-

Bare-ground

Land of exposed soil surface as infladroy

human and / or natural causes.
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Figure 23:Land cover classes derived from the unsupervised classification technique
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Figure 24: Results of unsupervised classificatarea of land at each date in each category.

Dense vegetation experienced a decrease in 1998aameld an increase in 1996 up to 2002.

Moderate vegetation experienced a fluctuation feolow in 1984 and an increase in 1993 but

further decrease in 1996 up to 2002. Grasslandriexped a stable state characterised by an

increase in 1993. Degraded / stressed grasslamierped a decrease from 1984 to 2000 and

increased in 2002, while bare-ground showed a dserm 1993 and was characterised by an
increase from 1996 to 2002. The rate of changadh gear is shown by Table 7.

Table 7: The area (km?) of change in each landrooass from one image date to the next

1984-1993 | 1993-1996 1996-2000 2000-2002
Dense Vegetation -5.6 +5.9 +0.3 +2
Moderate vegetation +3.8 -0.5 -0.5 -2
Grassland +13.9 -14 0 -2
Degraded / stresses -2.3 -1.8 -0.9 +2
grassland
Bare-ground -10.5 +10.5 0 +1
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5.2.4Accuracy assessment of unsupervised image classifc

In this study, accuracy assessment have been akderto provide an overall measure of the
guality of the classified scenes. Due to issuemstedl to inaccessibility of field areas as well as
time and cost constraints, only 21 reference daiat® were collected representing the GPS
coordinates of known land cover categories. Of 2fiepoints, 8 points coincided with bare-
ground, 3 points were associated with dense vegetand 4 points were associated with
grassland, 2 points were associated with stresssbslgnd and 4 points were associated with

moderate vegetation

Due to the small number of observation points dmdistribution in the study area, the error
matrix method could not be used for accuracy agsasspurposes. The classification accuracy
was achieved by employing a procedure proposed ibjaRls (1996) whereby accuracy is
assessed by extracting samples from the classiiicatsults and comparing it to ground
reference data. Accuracy assessment was achievéetdynining the percentage of pixels in the
classified image that were correctly classified paned to the reference points. The result of the

classification accuracy assessment is summarizédbie 8.

Table 8: Classification accuracy assessment results

Category Number of correctlyMisclassified pixels| Classification
classified pixels Accuracy (%)

Dense vegetation 3 0 100%

Moderate vegetation 4 0 100%

Grassland 4 0 100%

Stressed grassland 2 2 0%

Bare-ground 8 0 100%
Overall classification) 80%
accuracy

The results of the accuracy assessment revealshthatlassification achieved 100% for dense
vegetation, moderate vegetation, grassland and-dvatend while the accuracy for stressed
grassland is 0%. This provided for an overall dfacsgion accuracy of 80%. However, these
results may be somewhat misleading. It is importantote that the ground truth data was

collected during a field season in August 2005 e/kfile classification accuracy assessment was
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conducted for the classified result for an imagptwaed in December 2002. Therefore one
cannot assume that no land cover change occurmgd2002 (when the image was captured)
and 2005 (when ground reference points were captuifechanges did indeed occur during the
time period, the classification accuracy result lddae negatively influenced and the availability
of ground-truth data collected in 2005 may havedased the classification accuracy to a certain
degree. Another limitation of the accuracy assessmerformed in this study is the limited
number of ground control points and the distributod the points in the study area. The issues of
inaccessibility meant that ground control pointsevehonly collected in areas directly accessible
by road while cost and time constraints meant thdy 21 samples where collected. It is
recommended that future studies should focus deatoig ground truth data as close as possible
to the time of satellite image capture; thereby @amreliable estimate of the accuracy of the
methodology can be established.

5.3 Physical factors affecting land degradation assessed: slope. aspect. geology and
climate

5.3.1Slope and Aspect

The influence of slope and aspect cannot be exammesolation if vegetation dynamics are to
be clearly understood (Kakemkobal.,2007). The slope map for this study was compusaagu

a 50m pixel resolution Digital Elevation Model (@efto Figure 25) and slopes were categorised
into 4 classes (refer to Table 9).

Table 9: Slope description of the study area

Slope category Per centage of slope (%)
Flat 0-5

Moderate flat >5-15

Steep >15-30

Very Steep > 30

The percentage of slope compilation for this stwdg achieved using ArcMap (ESRI software)
slope classification. The formula for percentagslope is: Tan = Rise/ Run (further reading for
this formula is provided in ArcMap user manual @)idThis produces a result in which lower
slope values represent flatter terrain and highmwesvalues represent steeper terrain (refer to

Figure 26). The slope map was then overlaid withAT@asses in order to establish the
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relationship between slope; bare-ground and vegatabver (refer to Figure 27). The resulting
image shows that bare-ground most commonly ocaurs@derate to flat slopes while vegetated

areas most commonly occurs on steep to very steppss(refer to Figure 28 and Figure 29).

Aspect measures the direction of slope in a closkwdirection from 0 to 360 degrees. The
importance of aspect in land degradation studiesbean mentioned by Kakembbal., (2007).

They argue that an invasive speciésiricang was strongly influenced by slope angle and
aspect. However in this study aspect could notetetad to bare-ground and vegetation cover

increase or degrease and therefore was not fuatteysed.
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5.3.2Geomorphology

The geomorphology of the study area (refer to FEgB0) is essentially controlled by the

dolerite sills and rings (Jurassic in age) thatiateided into the red and greyish mudstone
and yellowish sandstone of the Triassic BurgersadogbMoletno Formations of the Beaufort
Group (Hancox, 1998 and Groenewald, 1996). Thederith sill/rings systems have a

typical saucer shape structure with a flat lyingensill at the base and a sub-circular
inclined sheet on the rim (refer to Figure 31) adow to the model proposed by Chevallier
et al.,(2004).

The entire middle part of the Qoqgodala ring is hesveoverlain by recent alluvial deposits
that can reach several meters in places and cowetiec layer of organic soil. All erosional
features in Qogodala (dongas) are well developddearioose deposits of the alluvial or soil
profile. The geological map (1:250 000) of the stadea mapped the underlying and sub-
cropping rock and not the alluvium deposits. Thés ltherefore led to the limitation of

identifying the relationship of land degradatiodisators relative to geology.
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Figure 31: Hydro-morphology tactic model of Karcaetite rings and sills (Chevalliet al.,

2001) showing the relationship between inclinecethesills and rings.
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5.3.3Rainfall

The rainfall data for the study have been captateQueenstown rainfall station. Figure 32
shows yearly rainfall in the study area from 19®4ta 2002. The years in which the 1984,
1993 and 2002 images were captured had relatieglyyearly rainfall while year 1996 and

2000 had higher yearly rainfall. Figure 33 showes ittonthly rainfall for each year in which

an image was analysed (refer to Table 3 for images).
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Figure 32: Yearly rainfall of Qoqodala for the joer 1984 - 2002
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Figure 33: Monthly rainfall variability

The relationship of rainfall with vegetation coward bare-ground of TCA and unsupervised

classification techniques have been analysed auised in the discussion chapter.
Figure 34 shows relationship of vegetation coved hare-ground of TCA technique with

regard to yearly rainfall while Figure 35 show tleéationship of dense vegetation cover and

bare-ground of unsupervised classification techaiqu
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Tasselled Cap Analysis
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Figure 34: Relationship of yearly rainfall with tiheap results of vegetation cover and bare-

ground produced by TCA technique

UNSUPERVISED CLASSIFICATION
Bare-ground & dense vegetation vs rainfall
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Figure 35: Relationship of yearly rainfall with theap results of dense vegetation cover and
bare-ground produced by ISODATA unsupervised diassion technique
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5.4 Evidence of land degradation as observed in thefield

Visual observation is also important for groundtimag and verifying interpretations made
in the desktop study. Indicators of land degradaiidserved in the field were erosion
features such as rills and dongas and also an@malieh as dense vegetation which turned

out to be an invasive species.

Ground observation points together with photograptesre taken for the observed
degradation feature. Points A, B, C, D, E and Fenaloserved land degradation features
which best represented examples of erosion andueteer explained through photographs.
The observed points were overlaid with 2002 imadgssification for analysing the

relationship of the degraded features with regarthé¢ classified image (refer to Figure 36).
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Photographs that illustrate the observed points

The study focused on mapping of land degradatiorebyote sensing with reference
to surface features, together with field visits draisehold interviews. Figure 37

shows land degradation points (from A to F) whiakrevobserved in the field and are

further explained in Table 10.
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Figure 37: Observed land degradation features
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Table 10: Ground observation points for land degftiad features.

Ground observation points

Description

A Sheet erosion on reduced grassland

B Donga with some stabilised surface and
some currently eroding surface.

C Stream with bank erosion having gully
development potential

D Expanding gully network

E Wall of donga showing depth of erosion

F Early signs of gullying
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5.5 Local perceptions on the history and extent of land degradation

In order to understand the overall environmental sacio-economic problems related
to land degradation in the area, interviews wenedooted to establish perceptions

about land degradation and its current status.

A total of 14 interviews were carried-out with B2ople in isiXhosa and the majority
of respondents were female (refer to Table 11). irterviews were held with

individuals or groups of people who fell within pesified age range. The research
covered the period from 1984 up to 2002 with imagealysis (Landsat data). To
establish a historical perspective from 1984 u2@02, people in the 25 year age

group and above were interviewed.
The semi-structured nature of the interviews alldvpeople to expand on certain
issues which they regarded as important. All #spondents were friendly and their

own perceptions on various issues were broughteatw

Table 11: Profile of the respondents

Age (years) Gender L evel of education
Male Female Infor mal Primary | Secondary | Tertiary
education
25-30 2 1 1
30-35 1 1
35-40 3 11 6 2 2 4
> 40 9 6 11 2 2
Total 14 18 18 5 2 7
Per centages 43.8% | 56.3% 56.3% 15.6% 6.3% 21.9%

56.3% of the study sample population is largelgeitate or has only an informal
education and cannot read (refer to Table 11).ak &also been noted that not all
interviewees were born in study area. 15% of timeales came to the area after they
got married. Females were the predominant respisddue to the migration of
males to the cities in the hunt for jobs. Howewerget different opinions teachers

from Tyulu primary school and Lawini secondary smheere also interviewed.
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Different subsistence agricultural activities aragbised in the area (refer to Table
12). 68.8% of the respondents recognised that ¢egpladation is occurring in their
area.

Table 12: Agricultural activities practised by resgdents

Crop farming | Stock farming | Both Stock & | None

crop

12.5% 18.8% 37.5% 31.3%

Mr Mqgwathi highlighted the problem of donga expamsiHe pointed out the problem
he faces with a donga expanding into his yardstitated in Figure 38. All the crop
farmers and those who stopped ploughing claimttieit crop yields have declined.
They argue that this is a result of several factoree being a lack of government
assistance, which was in place in the past (bef®8 elections). Mrs Hoho states
that the government used to supply tractors artdiders to assist the community in
the preparing phase of the soil for planting, Htdral 994 this support ceased. This is
said to have led to a decline in the volume of poedharvested compared to that

planted.

37% of respondents who were involved in stock fasmeere asked for their views on
land degradation. The type (whether cattle, shegmwat) and number of stock owned
by an individual family was not considered, dudhe sensitivity of such a question.
Other questions though, related to how and whatstbek was grazing on, were
considered. The main problem cited by all the stesters was that of encroachment
of the grassland by the shriduryopsalso known to the local community as Lapesi

(refer to Figure 39).
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Figure 38: Mr Mqwathi shows us the donga whichasvly expanding towards his
yard

Figure 39: Typical grassland in the study arear@athed byEuryops(Lapesi)

The summary of awareness of land degradation dbgtttee community was based on
their awareness of physical change in the ared,esosion and vegetation change
(refer to Table 13). Most of the respondents 48). acknowledge that there is a
decline in the physical status of their environmemhile 68.8% are aware of soll
erosion. Vegetation change was also considered nasmaortant issue by the
community. The increase &uryopshas been seen as a degradation feature by the
respondents due to its invasive nature and itsetarydto out-compete indigenous
vegetation for growth.
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Table 13: Overall land degradation awareness

Awareness of detectable features of land degrauatio
Awar eness of physical change

Decline | Improvement Unnoticed
change
84.4% 0% 15.6%
Awareness of soil erosion
Erosion
Yes No Not aware
68.8% 0% 31.3%

Awareness of vegetation change
Depletion Increase Not aware

56.3% 34.4% 9.4%

Nature of land degradation

.| Natural Human- Not sure/ no
induced comment
21.9% 6.3% 71.8%
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CHAPTER 6: DISCUSION

The main aim of this study was to investigate theemt and nature of land
degradation within the study area over time. Toreslslthe mentioned aim, vegetation
and bare-ground have been the chosen indicatdendfdegradation to be assessed
and their results are presented in the previouptehaln this chapter the results from
the Remote Sensing processing, GIS analysis, grounking (field investigation)
and interviews of the local community are discusse@n attempt to explain the
findings of land degradation in the study area.

6.1 GIS and Remote Sensing

To achieve the objectives of the study the visumallysis of the images (1984, 1993,
1996, 2000, and 2002) was first carried through R@Bd combination.

The analysis of vegetation was first through RGBdoaombination 321 true colour
composite and 432 false colour composite. It waseonked that through true colour
composite, visual portion indicating vegetation dndeen shown by a green colour
(refer to Figure 17). This band combination howedier not clearly reveal for visual
analysis all the vegetated areas hence a falsaerdoémd 432, which is suggested as a
good combination to indicate vegetation (Jenser6L98s computed. A vegetation
increase from 1993, 1996, 2000 and 2002 as compardd84 is seen to increase

from one time period to the next.

The true colour composite 321 and false colour B8\ also been analysed in order
to establish bare-ground. The importance of usoigur composite in detecting bare
ground is acknowledged by Van Triehal., (2004) and Gobena (2003). True colour
composite resulted in brown to bright colours withihe images being detected as
bare-ground. False colour composite of 574 whichal® suggested as a good
combination to indicate bare ground (Jensen 1938) eomputed (Band 5 and 7 are
said to be good indicators of soil while band gasd for vegetation (Mather, 2003)).
The green colour within the images shows areasatd-ground while blue indicated
vegetated areas (refer to Figure 18). To enhameenformation obtained from the
RGB band combination technique, Tasselled Cap @wadje classification techniques

were computed.
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6.1.1Tasselled Cap Analysis (TCA)

Better understanding of vegetation cover and bavergl status has been achieved
through the TCA technique. As mentioned in the ltssthapter TCA results in three
bands, brightness, greenness and wetness. Thengeseband was analysed in order
to gain further understanding of vegetation covera indicator of land degradation
while the brightness band was used to gain bettdenstanding on bare-ground. The

results of TCA are shown by Figure 22.

The results showed an increase in vegetation cbeen 1984 to 1993, a slight
decrease from 1993 to 1996, further increase fré86%o 2000, with a vast increase
from 2000 to 2002 (refer to Figure 22). The yeamdgetation cover change analyses
have also been calculated. Each year from 1984988 vegetation cover has
increased by 0.5%, while from 1993 to 1996 eachr ga&perienced a decreased of -
0.3. The vegetation cover experienced an increa$e26% in each year during the
1996 to 2000 period and further experienced aimastase of 10.5% per year during
2000 to 2002 period (refer to Table 5 and Figure 40
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Figure 40: Average annual rate of change
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It has been mentioned by several authors (Florep@@8, Meadows and Hoffman
2002 and Stocking and Murnaghan 2000) that a vegttation decrease or increase
are signs of land degradation. De Bagttsl., (2006) further argue that removal of
vegetation cover may lead to the acceleration bfesosion as the soil shear strength
is reduced. Acknowledging this however other augh@almeret al., 1999, Evans
and Geerken 2004, Kakemlet al., 2007 and Hoffmaret al., 1999) also mentioned
that vast increase of vegetation may be the resuttvasion of indigenous vegetation
by shrubs. In this study the cause of the vasttatiga increase in vegetation during
the period of 2000 to 2002 could not be explaingdT®A. However information
obtained from interviews explains that the increa$evegetation is the result of
Euryopsinvasion. Kakembet al., (2007) argues that there is no simple explanation
as to why some biomes and regions are more suBleefaiinvasion.

The brightness band as mentioned has been usedddy lsare-ground. The results
revealed that there was a bare-ground increasalftre years from 1984 up to 2002
(refer to Figure 22). The yearly increase rate fi#84 to 1993 was 0.2%, from 1993
to 1996 was 0.6% , 1996 to 2000 was 0.75% and 20(D02 experienced a vast
increase of 4.5% (refer to Table 5 and Figure 4Gakembo (1997), Florencia (2003)
and Stocking and Murnaghan (2000) argue that iseréa the proportion of bare-
ground is a sign of land degradation and furthemtroeed that (Stocking and
Murnaghan 2001) the rate of soil erosion on bacexg is faster than the rate of soil
formation causing irreversible degraded featuresknAwledging this Bakkeet al.,

(2005) argue that soil erosion reduces productioityaverage of about 4% for each
10cm of soil lost. Photographs from the field \@sdive evidence of the current

degradation features in the study area which aensie.

Bakkeret al., (2005) further argues that soil erosion is thecpss that strongly varies
in space. Therefore to further investigate onénefdbjectives of the study which is to
determine the spatial characteristics of degraded,| vegetation cover and bare-
ground occurrence in relation to slope was analyseigr to Figure 28 and Figure
29). The vegetation cover show change from occgiroim flat and moderate slope in
1984, 1993 and 1996 to occur on steep slopes in 2@2@0 and 2002, while bare-
ground was found to occur on a moderate to flgteddn all the images. Hoffmaat

al., (2001) argue that there are still conflicting anconclusive results as to whether
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erosion occurs more on short steep slopes or on fian slope. In this study the
decrease of vegetation cover on flat and modetapes to steep and very steep slope
led to an increase of bare-ground (which is anienosdicator) from flat to moderate
slope. Hoffmaret al., (1999) further argue that the relationship of thie of erosion
with regard to slope is also affected by whetherléimd has been disturbed or not. He
argues that disturbed lands erode faster than tumblexd lands on any slope. It has
been mentioned through interviews that in this wimea moderate to flat slopes have
been used for ploughing in past while steep any séeep slope have been left
unaltered and only utilised for grazing. This hasulted in the development of
erosion features (such as rills and gullies) ondlad moderate slope (refer to Figure
37). Chevallieret al.,(2004) mentioned that the steep to very steepeslopthe study
area is controlled by dolerites which are not spsbke to erosion while moderate to
flat slopes are characterised by thick alluviumahhs easy to erode. The interviewed
respondents have also acknowledged the increalsarefground on flat to moderate
slope. They argue that the reason for high occaererfh bare-ground on moderate to
flat slopes is due to the lack of ploughing (onhswtopes) by same community
members which was happening in the past. They misntioned that heavy rains
which occur in the area remove the loose top Btibtographs from field visit (refer
to Figure 37) give evidence of degradation featwesurring on moderate to flat
slopes. Kakembet al., (2007) acknowledges this and states that gullgienotargets

deep soils in hallow or concave lower slopes.

“In the past, much of the blame for land degramahas been placed on the people’s
use or abuse of soil and vegetation resourcesoutitrecognising the often subtle
interactions that exist between climate patterrdgland use” (Hoffmaret al., 1999,
p65). Climate change plays an important role imlldegradation due to its effects on
hydrological cycles and temperature changes. #rgaied by the WMO (2005) that
the extremes of either too much or too little ahfall can affect soil erosion, hence
rainfall of the study periods has been analyse@. fEimfall records of the study area
show fluctuation in average rainfall with low raafifof 400mm in 1984 and 2000 and
higher rainfall in 1993 and 1996 reaching a high680mm in year 2000 (refer to
Figure 32).The monthly rainfall for each year wéanalysed. The capturing dates
of images are shown in Table 3 and its relatiomtmthly average rainfall further

shown by Figure 33. Image 1984 has been captured liow rainfall month as
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compared to the other image dates. This is bedatss been captured during winter
season. This is drawn from the fact that vegetatiover increase with increasing
rainfall. An anomaly is observed in 2002 where vatien cover increased drastically
with a vast decrease of rainfall (refer to Figudg.3 o gain further understanding of
rainfall relationship with vegetation cover, a mdgt rainfall was analysed. The
monthly rainfalls of 2002 showed a high rainfallridg the month when the 2002
image was captured. This may explain the incredsesgetation cover despite the

low annual rainfall average.

The bare-ground relationship with rainfall wasoalanalysed. The bare-ground
showed a positive relationship with rainfall. Thard-ground increased with the
rainfall increase from 1984 to 2000 except in 2@02re bare ground experienced an
increase while rainfall decreased (refer to Figd4g The reason for such an anomaly
is the same as for the vegetation cover mentiobede It has also been mentioned
by WMO (2005) that in areas where there is littteno vegetation cover, rainfall

erodes the soll. In this study bare-ground resalnfTCA increase is related to yearly

rainfall increase.

6.1.2lmage classification

The use of a post-classification technique in latehradation studies through
detection of land use and land cover change ismetnded by Weismilleet al.,
(1977) and Wickware and Howarth (1981) cited bydi@mand Congalton (s.d). The
post classification within the study area is detiieom comparing unsupervised
ISODATA classification of different dates (1984,989 1996, 2000 and 2002, refer to
Figure 24). Unsupervised classification of eachgmresulted into 5 classes (Dense
vegetation, Moderate vegetation, Grassland, Dedraplassland and Bare-ground).
Dense vegetation and Bare-ground land cover typd@tsewere compared with those
of TCA (refer to Figure 41). The results are similavith bare-ground from
unsupervised classification showing a decreaseQBB land further increased from
1996 to 2002, while bare-ground from TCA showseady increase through out the
study years. The dense vegetation cover from umgigge classification shows a
decrease in 1993 and an increase in 1996 to 208&ever the vegetation cover from
the TCA shows an increase in 1984 to 1993 and &edse in 1996 with further
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increase in 2000 and 2002. The results of thesk/sa®a (unsupervised ISODATA
classification and TCA) both characterised an di/énarease of bare-ground and
vegetation cover (refer to Figure 41). Florenci@0@ and Stocking and Murnaghan
(2000) have been mentioned stating that the inerebare-ground is an indicator of
land degradation. In this study through intervieavsl field visit the bare-ground
increase also highlights land degradation incre@ise.increase of bare-ground in this
study therefore indicated the high chances of &mk and gully development.

Photographs from field visit also show gullies attwy on bare-ground areas.

De Baett al.,(2006) argue that vegetation cover reduces sodi@en by intercepting
raindrops, enhancing infiltration and provides ssilear strength. In this study
vegetation increase does not mean more soil i®ged but rather acts as a sign of
degradation. This is a result of invasion of indiges vegetation b¥uryops Mr
Frikkie Coetzee (an environmental rehabilitator tire neighbouring catchment)
argues that an invasion IBuryopsdepletes natural vegetation cover. This therefore
results in bare-ground patches which further ireeeaver time. Acknowledging this
Kellner and Bosch (1992) cited by Van de Betgl., (2005) states that degradation
generally starts with the formation of small areaspatches that expands and join
together to form a large bare and denuded ared#iseitong term. The respondents
from the local community also acknowledge that tBeryops reduces natural
vegetation cover. Kakembet al., (2007) have argued that invasive species out-
compete the indigenous vegetation for growth, whegplains such an increase of

Euryops.
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Figure 41: A comparison of differences in bare-gidband vegetation cover of TCA
with the bare-ground and dense vegetation. covansdipervised classification

The relationship of dense vegetation cover and-gerend from the unsupervised
ISODATA classification with rainfall were analyse@he dense vegetation cover
showed a negative relationship with rainfall. In939dense vegetation showed a
decrease with an increase in rainfall and in 20€@sd vegetation cover showed an
increase with a decrease in rainfall (refer to Fegsb5). This result is similar with the
relationship of rainfall and vegetation cover of A,Gvhere vegetation cover increase
in 2002 with decrease in rainfall. However Van derdet al., (2005) argue that
vegetation changes generally occur unpredictabihort term (years) in response to
rainfall and episodically in response to long tgiaecades). The increase of rainfall
from 1984 to 2000 explains the increase of vegatat 2002.

Bare-ground relationship with rainfall was also lggad. The results revealed a
negative relationship of bare-ground and rainfalire-ground showed a decrease in
1993 in relation to the rainfall increase and fartshowed an increase in 2002 in
relation to the rainfall decrease (refer to Figds¢. However WMO (2005) argue that
the value of surface runoff is also important inedaining soil erosion. It is argued
that without surface runoff the amount of soil éasby rainfall is relatively small.
Due to time and financial constraints the studyl@¢awt analyse surface runoffhe
overall increase of bare-ground by unsupervised&TA classification is similar to
the results by TCA.

86



6.2 Field observation and local perceptions on the history and extent of land
degradation

Field survey and household interviews were condldte order to gain holistic
information on local knowledge, history and natofeland degradation within the
study area. Ground observation points together whibtographs of the observed
degradation features were captured (refer to Fi@érend Figure 37). Some of the
observed features of degradation were sheet erosik® and expanding gully
networks (refer to Figure 37) which were occurromg bare-ground. Poesen (2003)
cited by De Baetst al., (2006) have been mentioned arguing that gulliesgaeat in
bare-lands than covered lands. Bare-ground have detected by both TCA and
unsupervised ISODATA classification techniques. Tieterioration of healthy
vegetation cover as the sign of vegetation degi@abtentioned by Kakembet al.,
(2002) could not be mapped by TCA. This is duehi flact that the green band of
TCA only detects healthy vegetation and the resflthe time series analysis showed
an increase in vegetation cover (refer to Figurg Brta (2003), Kakembet al.,
(2007) and Wessadt al., (2004) argues that changes in vegetation degoadatie
revealed gradually, sometimes not only in term&iomass decrease in an area but
through loss of species diversity, increase in six@species and reduction of woody
species. During a field survey an invasionEafryopshave been observed (refer to
Figure 39). Theeuryopshave the same spectral reflectance as the nategakation
and therefore could not be separately detected dydsat images. It therefore

contributed in results revealing vegetation incegasthe study area.

To gain local perception on the history and extantand degradation in the area
guestionnaires were conducted (refer to annexjivhani (2001) however argues
that a variety of factors influence how people ¢dexs and perceive degraded
conditions. Acknowledging this, Kinlund (1996) aegthat various factors lead to
some degraded lands (although they are visible)goeverlooked at, except by those
who are directly affected.

The questionnaires were therefore designed toukdim conversation rather than

elicit precise response in order to gain holisecception of the interviewees on land
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degradation. First requested information was abstéblishing the background of the
interviewees in order to obtain as much knowledgeuathem. The next section of
interviews was to get general information about khewledge of an area and land
use practices. The questioners then asked in meta&l chbout land degradation

particular soil erosion and vegetation loss.

Respondents identified land degradation as theraeof food production, increase of
dongas, decline of grasslands, vast increagguofopsand high rainfall during rainy

seasons which washes crops and top soil away. Aderstanding of land degradation
by the respondents incorporates both vegetationbame-ground which are chosen

land degradation indicators to be assessed andanexhiin this study.

Most of the respondents recognized that there bas kb decrease of grassland with
an increase oEuryops Awareness of this situation came from 56.3% ef sample
group, while 34% did not recogniZeuryopsas an encroaching species depleting
grassland and natural vegetation in the area. Bid¥ of the respondents were not
aware of such changes to their environment (redeffdble 13). The respondents
further recognised that there have been dongassaves they have been in the area,
and that they have expanded over the years. FigRifeighlights one of the donga
expansion as observed by Mr. Umgwathi. The rednctib grassland and in some
cases complete decline has been noted as the doetfzat led to donga expansion in
the area. Mrs Desemile stated that some people $tapped ploughing (because of
various reasons) and this has also led to the skpansion of dongas in the plough
fields. Some of the reasons to stop ploughing vwsaiel to be lower production
relative to the input, and lack of government suppowards maintenance of the
fertility of the soil. 68% of the respondents aveage of land degradation. They argue
that heavy rains in the area cause floods thatelea@w donga developments
(especially in the fields were ploughing have bs@pped) which expands every time
the process repeats. The remaining 31.3% of thgonekents are still not aware of

land degradation in the area.
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6.3 Summary

Land degradation through vegetation and bare-grondidators have been assessed
and monitored by the three techniques used ingtitidy. The bare-ground increase
identified by TCA and unsupervised ISODATA clagsation has been assessed as an
increase in extent of bare-ground, rills and dobgdhe respondents. In addition to
this areas which showed bare-ground increase byupengised ISODATA
classification were observed as rills and dongasgddield visits (refer to Figure 36
and Figure 37). The occurrence of dongas on fldtraaderate slopes was because of

the soil disturbance through ploughing on suchesop

The increase of vegetation assessed through TCA wasdipervised ISODATA
classification techniques have been relatdfuryopsencroachment in the study area.
Respondents argue th&uryops out-competes indigenous vegetation species for
growth in the area. This has been noted by Kakewibal., (2007) as a major
characteristic of invasive species. The resultthete three techniques complement
each other. This study acknowledges what have beamioned by other authors
(Dzivhani 2001, Kinlund 1996 and Florencia 2003)vatudied land degradation that
human memories, experience and perceptions togewidr remote sensing

technigues are important source of information tolwdand degradation studies.

89



CHAPTER 7: CONCLUSIONSAND RECOMMENDATIONS

It has been mentioned that land degradation is t®ognd need a multi-disciplinary
approach in order to obtain a holistic picture toigaits assessment and monitoring.
Acknowledging this Florencia 2003, states thatramdase in information of land use

and land cover dynamics is important in order toiee land use sustainability.

To understand more the challenges of the aim ofsthdy, four objectives were
highlighted (refer to page 3). A literature revigsds conducted in order to get some
insight into the problem of land degradation. latere showed that the current
problem has many different dimensions and aspebisough this, two main
indicators of land degradation were focused on,etgm

1. Changes in bare ground and

2. vegetation cover

The colour composite (RGB band combination) tasdetlap analysis, unsupervised
ISODATA classification, and household survey weseditechniques towards land

degradation in Qoqodala.

The RGB band combination gave the overview of ldedradation through visual
analysis of land degradation indicators (vegetattmver and bare-ground). The
results of the RGB band combination could not gfyatihe change of the assessed
degradation indicators and therefore led to theiceh@f TCA and unsupervised

ISODATA classification techniques.

TCA technique as mentioned in chapter 5 (5.2.2)ced the six Landsat bands into
three bands namely: brightness, greenness and sgeffiege brightness band was used
for bare-ground detection while the greenness baad used to detect healthy

vegetation cover. The result of the brightness bawaled an increase of bare-
ground from the assessed years of study (1984,,1883, 2000 and 2002). The

vegetation cover showed an increase through thes yemm 1984-1993 and a decline

from 1993-1996 and regained an increase from 19@®-2nd 2002.

90



To achieve one of the objectives which was to deitez physical characteristics of
the degraded areas, TCA in relation to slope weasdysed. The assessment of
vegetation cover in relation to slope showed a ghaof occurrence of vegetation
cover from flat to moderate slope in 1984, 1993 4996 to steep to very steep slope
areas in 2000 and 2002 while the bare-ground oeduon moderate to flat slopes

throughout the period of the study.

Unsupervised ISODATA classification technique wdsoaanalysed. Five classes
were provided by unsupervised classification nameBnse vegetation, moderate
vegetation, grassland, degraded grassland andgbawed. Dense vegetation and
bare-ground have been further analysed and resales compared with against those
of TCA. The results of bare-ground and vegetatiovec land degradation indicators
from both TCA and unsupervised ISODATA classifioatitechniques complement
each other, both showing bare-ground and vegetatwer increase from the period

of study.

To further address one of other objective of thedgtwhich relates to the
establishment of local knowledge, history and reair practices with regard to land
degradation, field visit and interviews of local nmmunity were conducted. A
summary of the information about land degradatiamfthe respondents highlights
the decline of food production, increase of dongas|ine of grasslands, vast increase
of Euryopsand a damaging effect of high rainfall during sageasons which washes
crops and top soil away. The understanding of ldegradation by the respondents
incorporates both vegetation and bare-ground wiieh chosen land degradation
indicators to be assessed and monitored in thif/stduring field visits, photography
highlighting sheet erosion, rills and dongas weaptared. They complement what is

observed on the field in relation to the desk-teguits.

Although the study managed to achieve its objesfitleere were limitations. One of
these limitations was the challenges faced whendwating interviews. The

interviewees did not want to participate citingtt@vernment organisations which
interviewed them in the past have made promisampwove their lives but never
returned to honour their promises. Therefore thely that the interviewer was

repeating the same thing done by the Governmeitialff, up until the clear purpose
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of the interviews was clarified, (which is a mastestudy). The other challenge
which was experienced was related to time schedolethe interviews. There were
2 funerals during the scheduled time for interviemisich lead to the extension of
interview time that carried unforeseen financiadtcoDue to the distance to field site,
time and cost constraints involved, it was onlygilole to conduct a limited number
of interviews. An increase in interviewees wouldd achore information to this

research.

The spatial analysis of this study also had its camstraints. The unavailability of a
December 1984 image would have improved the sehsonaistency of the study
and may have improved the results. Due to finarama time constraints a 2007
image and aerial photographs were not incorporiztehis time series study. Aerial
photos would have provided a greater level of tethich might have added to
understanding the type of land degradation or erogihich affects different areas.
The current imagery would have provided a curremage of the situation in the
study area thereby adding greater understandinthefwhole problem. Further
limitation of the study is related to the small maenand poor distribution of ground
control points used for ground truthing of the slied images. A second round of
ground observations over a wider area with be#prasentation of the classes should
have been conducted to improve the integrity ofclassified images.

Despite these limitations the study managed tosasaed monitor the nature of land
degradation in Qoqodala. The land degradation atdis chosen in this study (bare
ground and vegetation cover) revealed that theam imcrease in land degradation in
the study area. The use of GIS and Remote Sensuigniques together with
interviews has therefore been a success towarddisdid study of land degradation.
However in spite of the success achieved by theeotistudy, recommendations to
improve land degradation research are discusseén iparagraph below.

The incorporation of soil erosion models into fetuand degradation studies are
recommended. However this will also require the ngiaation of soil erosion
through detailed on-site studies investigating tiaracteristics of the different

erosion features as input data for soil erosionetsod
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The use of high spatial resolution satellites liIKONOS and Quickbird are
recommended to be used in conjunction with Landsages which provides high
spectral resolution. The IKONOS system from Spavaging and the Quickbird
system from Digital Globe offer multispectral imagat resolutions of 3.2 and 2.88m

respectively (refer toTable 14).

Table 14: IKONOS and Quickbird properties

Properties IKONOS Quickbird
Band 1 3.2m 2.88m
Band 2 3.2m 2.88m
Band 3 3.2m 2.88m
Spatial Band 4 3.2m 2.88m
resolution | Band 5 0.82m 61cm (nadir)
(Panchromatic 72cm (off-nadir)
Temporal resolution 3 days 16 days
(Repeat-coverageinterval)
Radiometric resolution 11 bits 8 bits
Inclination 98.1° 97.2°

High spatial resolution satellites would enable tbgearcher to discriminate in detail
between erosion types of bare ground degradatidicdtor. To enhance the use of
recommended soil models, high spatial resolutiota gae essential. However the
challenge with high spatial resolution lies in theage acquisition cost. High spatial
resolution images are more expensive than medisolugon (Landsat) data.

The last recommendation is with regard to the @atpp community. The
investigations of the social implications and isswsirrounding land degradation
would contribute greatly to developing an approxiunderstand and managing the

problem in a sustainable manner.
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ANNEXE 1: QUESTIONNAIRES

Appendix A: (Information about the household)

1. Sex
Male

Female

2. How old are you?

25-30
30-35
35-40

40 and above

3. What are your education qualifications?

None/ informal

Primary

Secondary

Tertiary
Others

4. Are you employed?

Yes
No

5. What is your employment status?|

Self employed

Permanent employed

Temporary employed

Old age pension

Other sources
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6. What do you do?

7. How long have lived in this area?

Less than 5 years

From 6 to 10 years

From11 to 25 years

More than 25 years

8. Are you home all the time?

Yes

No

9. If not, specify number of day or month away fronmfe®

10.What is your role in the family?
Head
Wife

Daughter

Son

Other (specify)
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Appendix B: (target isto establish the knowledge of an area)

11.Do you like living here?

Yes

No

Why (specify)?

13.Do you own any stock?

Yes
No

14.1f yes, number and type?

15.How are they grazing?

Open grazing

Pastoral grazing

Other (specify)
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16.1s there good grazing?

17.Are you engaged in any crop farming?

Yes
No

18. Are the crops growing well?

Yes

No

19.What do you think is the cause of them performhg way?

21.Comments
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Appendix C: (target to establish the extent of land degradation)

22. Is there any change in the land sinceaydued in this area?

Yes
No

23. If yes what is the change?

26. Is there any soil loss in the area?

Yes
No

27. If yes, what do you think causes the soil logke area?
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28. Are there any gullies in the area (specify)?

Yes

No

30. Are there any community activities to contrail ®rosion?

Yes
No

31. If yes, what are they or if not, why not?

32. Is there any vegetation change in the area?

Yes
No

33. If yes what causes it or if no what is prevegit?
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34. Are there any adequately early warning symptanasindicators of land

degradation?

Yes
No

35. If yes what are they or if no what could be pheblem?

39. Are there any physical changes in the neighimmd locations?

Yes
No
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40. If yes how are they affecting the structure kamdl use of your village

41. Comments
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Appendix D: (related to conservation)

41. Are there any traditional methods in placeettuce land degradation?

Yes
No

42. If yes what are they?

43. Are the main on-site social and economic barpeevailing to effectively

rehabilitate the degraded land?

44. |s the any role the government is doing tosags the control of land
degradation?

area?
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45. Are there any programs in place to enhance@mwiental consciousness?

46. Comments
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Figure 3: Study areaward number of Emalahlenni municipality
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Figure 7: Map showing the location of the villages Qogodala area within the Wit-Kei catchment
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Figure 16: True Colour Band Combination
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Figure 17: False Colour Band Combination R=4, G=3, B=2
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Figure 18: False Colour Band Combination R=5, G=7, B=4
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Figure 19: TCA of greenness band
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Figure 20: TCA of brightness band
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Figure 21: Density slicing of greenness band (showing vegetation) and of brightness band (showing bare-ground)
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Figure 23:

Land cover classes derived from the unsupervised classification technique
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Figure 25: Drainage overlaid on 50m Digital Elevation Model of the study area
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Figure 26: Slope map of the study area
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Figure 27:

Slope map overlaid with vegetation cover and bare-ground from the Tasselled Cap Analysis
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Figure 30: Geological map of the study area (Chevallier et al., 2004)
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Figure 36: GPS points overlaid with 2002 unsupervised image classification
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