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Definition of terms

The terms used in this study are defined below ralacg to how they are used in this study as
adopted from either the United Nations Frameworky@ation on Climate Change (UNFCCC)
or Intergovernmental Panel on Climate Change (IPCC)

Adverse effects of climate changaneans changes in the physical environment oabiot
resulting from climate change which have significateleterious effects on the
composition, resilience or productivity of natusatd managed ecosystems or on the
operation of socio-economic systems or on humahhaad welfare.

Climate change means a change of climate, attributed directlyndirectly to human
activity that alters the composition of the glob&ihosphere and which is in addition to
natural climate variability observed over compagatiine intervals. According to IPCC
(2001) it refers to the statistically significamnation in either the mean state of the climate
or in its variability, persisting for an extendeeriod (typically decades or longer) which
may be due to natural internal processes or eXtérees or to persisting anthropogenic
changes in the composition of the atmosphere treéand use.

Climate variability : variations in the mean state and other statigsash as standard
deviations, the occurrence of extremes etc.) ohate on all temporal and spatial scales
beyond that of individual weather events due taurstinternal processes within the
climate system (internal variability) or to vari@ats in natural or anthropogenic external
forcing (external variability). (IPCC, 2001)

Climate system means the totality of the atmosphere, hydrosphbiesphere and
geosphere and their interactions.

Climate: average weather conditions of an area or regabdcutated over a long period
covering a large area.

Emissions means the release of greenhouse gases and/orptieeursors into the
atmosphere over a specified area and period.

Greenhouse gasesneans those gaseous constituents of the atmesgdeth natural and
anthropogenic, that absorb and re-emit infraredhtech.

Source means any process or activity, which releasgieanhouse gas, an aerosol or a
precursor of a greenhouse gas into the atmosphere.







Abstract

Climate change and variability have great impacthenhydrological cycle and consequently on
the availability of water resources. Variationstémperature and precipitation trends that are
occurring are a consequent of the increase in @heantrations of greenhouse gases, which are
subsequently affecting the hydrological cycle. Timgurn affects water quantity and quality,
which is essential for agriculture, domestic andustrial uses. This study, done in Elliot Town
and the surrounding areas of Sakhisizwe Municipalitthe Eastern Cape Province of South
Africa, evaluates how climate change and varighifitaffecting water availability and its quality

in the town. The impact climate change and vatigoin agricultural production is also assessed.
Remote Sensing, Geographic Information Systems)(@iabases and some statistical packages
have been used to collect, analyse and creatabpatps used to derive concrete conclusions. The
methods used aided in spatially analysing the admmgtemperature and rainfall along the years
and make a comparative analysis. The study hasrshtiwat the spatial changes in the amount,
intensity and frequency of rainfall affects the miagde and frequency of stream flows;
consequently, increasing the intensity of floodd droughts that have been recurring in the last
few decades. The municipality is more affected bsnate variability than change, and the
resultant extreme climate events are affectinguier resources resulting in domestic water cuts,
poor water quality and low agriculture productivifihis study recommends the importance of an
awareness campaigns on climate change and vaabiid their effect directed towards the
community, especially on novel water harvestinghtexdtogies. The study also highlights the
importance of a robust early warning system to arephe community in case of a climate shock,

which is an area that needs further research.

Keywords: Climate change, climate variability, rainfall,perature, water quality, flooding,

drought, GIS, Remote Sensing, Sakhisizwe Munidipali







CHAPTER 1

INTRODUCTION
1.1. Background

Climate change and variability have been studiedl dgscribed extensively as is found in the
volumes of literature on the subject. For exam@leizet al, (2007) described climate change as
the rise in rainfall, flooding and drought and otheather events affecting an area for a certain
period and this change brings about completely weather and climate trends from the norm.
Climate change and variability are global probleaffecting communities in their diverse
complexities and compositions. Nowadays extreme thvegaevents are frequently being
experienced worldwide and there is an increasenede conditions (Easterlingt al, 2000).
Climate change and its impact on the environmemtragvitable and significant impacts will be
felt through the demand for water in the commusi{i@ate<et al, 2008). Industrialised countries
are the major contributors of greenhouse gasessemgand as long as these emissions continue
unabated, climate change and variability will con& worsening (Levirt al, 2010). Over the
years, it has been very difficult for countriesreémch an agreement on the reduction of these
emissions because some of them did not want taiexoe some loses by scaling down production
or introduce costly measures in dealing with theeghouse gases. Moreover, the worst impacts
of climate change are more severe in developingtc@s other than the culprit-industrialised

countries themselves, hence lack of urgent ac&ahdltzet al, 2013).

Climate change has, is and will always (unles®me measures are put in place now to control
and avert adverse consequences) impact on theugsamsources and communities in different
ways and it is already affecting negatively on weger resources of South Africa. According to
Daviset al, (2010) and Blignawt al, (2009), a comparison of South Africa’s tempematf the
period between 1997 and 2006 has revealed tha& teerbeen an increase of around 2%. During
the same period, water scarcity has increased bySg#ulze, (2005) attests to this by stating that
South Africa’s mean annual rainfall is almost halthat of the world at 490 mm making it a dry
and water scarce country. It is very difficult tetermine the impact of climate change and
variability as it will always vary over the yeamsdin different places (CSIR, 2001). Rainfall at




regional level, in Southern Africa, has shown Jaleatrends showing marked inter-decadal
variability (Schulze, 2005).

According to Kruger (2006), long-term variationsrainfall and temperature trends are already
affecting South Africa causing high climate varlapi The increase in temperatures beyond
expected levels and the changing rainfall pattéyath in quantity and seasonally) have negatively
affected the water sources of many areas of theeEEa€ape of South Africa. Above and below
normal rainfall received during some seasons hadtesl in unpredictable water supplies to Elliot
Town in particular and the surroundings communitésSakhisizwe Municipality in general.
During the past seven years this researcher haslivewy in the Eastern Cape, has witnessed the
impact of climate change in Elliot Town, having se®me plants and animals adapting to new
environments but there are other species that lagse@ migrated due to changing climatic

conditions.

Because of water levels in reservoirs running law tb decreasing rainfall and high evaporation
from high temperatures, the available water is Igoé poor quality. Consequently, residents of
Elliot Town are now resorting to boiling water thggt from the taps as it is often dirty and has
the risk of causing diseases if consumed diregifyddia and Weston, 2001; Mirumachi and Van
Wyk, 2010). This is a big challenge to most of goor households as they resort to using the
scarce and difficult to find firewood in the vegéta scarce Elliot environment. A minority of the
residents can afford to buy purified (mineral) wade an alternative. Nevertheless, considering
the high level of poverty in this community, notmyacan afford bottled water, and besides it is
considered a luxury. It is thus imperative for guthorities concerned to find alternative ways to
supply residents with clean water. With serviceivéey protests commonly experienced
throughout the country, it becomes easy for petpldame everything on the municipality and

the relevant authorities responsible for the supphyater to the public.

It therefore becomes very imperative for policynrakend other stakeholders to have a thorough
knowledge of climate change and its variability drv it can affect them in the near future.
Communities must also understand how they are ibomitng to climate changes, and know how
their daily activities are affecting the quantitydaquality of water resources. On the other hand, i
equips policymakers with the relevant and apprépriamowledge and information on how to




handle the impact of climate change on the prowmigibthe basic services to the community
including the supply of clean water. This studyused on the impact of climate change and
variability on water availability and agriculturegaluction. According to Kanet al.,(2009) crop

production will respond to climate change diffetgias in some areas it will increase and in others,
it will decrease. The study also focused on adeptatrategies that should be considered to
mitigate climate change impacts, and by empowergsidents and farmers with knowledge on
climate change and variability. The results ofshely and especially the profiling of the impacts

and adaptive strategies act as an early warningjywdan be used in disaster preparedness.

Climate change and variability is real and is withand its impact is already being felt globally.
Nevertheless, in low-income countries the impacts expected to be severe because of low
adaptation capabilities, (FAO, 2008). Recent redehas shown that South Africa will experience
water shortages in the coming few years as itnsadly a water scarce country (Hedden and
Cilliers, 2014; Archeet d., 2010). Therefore, this study aims to recommamdi suggest measures
that would help the community in Sakhisizwe Munadity and particularly the residents of Elliot

Town, to be more resilient and less vulnerabldé&impacts of climate change and variability.

1.2. Research Problem

Like any other region in South Africa, climatic abtions in Elliot Town have been changing,
particularly rainfall pattern and amount (Daetsal, 2010). Where people used to have consistent
average rainfall they now experience incessant\hdawnpours and sometimes this happens in
winter when people would be expecting only snownd&ttiwater received in the area is drained
into the Thompson Dam, which lies about 4 km nastef Elliot Town. Runoff water in the area
is usually muddy and heavily polluted by the tirhgets into the dam. The water is so polluted to
the extent that it cannot be consumed directly ftbendam, as it would need time to settle and
clear up all the runoff load. However, at the saime the settled load increases siltation and

therefore affects the dam’s water level.

It has been also observed that during spring seasdrecomes very windy so much that water

stored in open-top the reservoirs for treatmeoadigered with dust to such an extent that it becomes




as dirty as the water in the dam itself. Generdtigre is no time of the year when there is a
guarantee of clean water for the residents of Elks the water remains stagnant for long, it
becomes stinky causing bacteria to collect. Theseliions risk the health of the people and in
most cases end up using some traditional watefigation method. This has affected safe water
supplies making the once clean and safe water twdenger suitable for consumption without

first being boiled. In most cases, the water quaditso poor to the extent of causing waterborne
diseases (Mombaet al, 2006).

Besides, water supplies have been interruptedylaselt becomes scarcer in recent years. Water
scarcity is mainly attributed to increased evapwparation due to rising temperatures and reduced
rainfall amount, and also due to aging equipmetiickv constantly breaks down (McMichael,
2003). In South Africa, there have been servicesdsf protests as a result of the interruption of
water supplies. The Sakhisizwe Municipality is n@eption because its residents are also the
recipients of the impact of climate change andahality on the already scarce water resources.
There is, therefore, need for further researchem technologies and models that can be adopted
to ensure uninterrupted clean water supplies. Tisaaso a challenge of awareness campaigns in
the municipality to conscientise policymakers aggldents on climate change and variability. This
study envisages equipping stakeholders in SakhesMwnicipality with valuable knowledge and

an invaluable tool for disaster preparedness antht# change adaptation strategies.

1.3. Rationale of the Study

The study seeks to explore the impact of climatngle and variability on the water resources of
Elliot Town in particular and the Sakhisizwe Muipiglity in general. The study works towards
obtaining possible solutions to climate relatedleinges faced in the town and the municipality.
Residents of the town have been experiencing iaoéssater cuts prompted by the climate
variability, and when the water is available, itlwiot be suitable for consumption, thus exposing
them to health risks. Extreme climate events sscfio@ding and drought have been a common
occurrence and at times extreme cold spells hage bempounding the situation. Seasons have
been very unpredictable of late and especiallyr#ire season has become shorter (Arced.,

2010). These challenges have also been affectimguétgre production of the surrounding farms.




This study will benefit both residents and policym®is in the Sakhisizwe Municipality in their
guest to provide better services to the resid&tékeholders will be equipped with the knowledge
of the various activities practiced in their logakehich are fuelling global warming, causing
climate change, and thereby affecting water quaitg agriculture production. The impacts of
climate change and variability are profiled, sugigespossible solutions. The study will act as an
early warning tool empowering stakeholders on eatapt strategies. Policymakers will be
equipped with a tool to enlighten them to investenesources in new technologies to harvest

water to maintain constant quality water supplies.

The results of the study will probably help avewimerous service delivery protests by angry
residents as they get an in-depth understanditigeofeal causes of the problems they are facing
as well as being prepared for change from the aeilyn. The study will assist policymakers to
take some holistic approaches when dealing witHlerhges caused by climate change. The
residents will be equipped with resources to redppasitively to climate change impacts,

improving efficient water usage, recycling and duwabditional water storage facilities.

1.4. Aims and Objectives

1.4.1. Aims of the study
The study aims to:

(a) assess the vulnerability of Elliot Town and theolehof Sakhisizwe Municipality in the
Eastern Cape Province of South Africa to the immdatlimate change and variability,
paying particular attention on water resourcesagreculture production, and

(b) profile climate change/variability impacts and depeadaptive measures as an early
warning tool to alleviate those impacts.

The study focuses on the impact of climate charagiility on water resources and agriculture
production in Elliot Town in particular and Saklzisie Municipality in general.

1.4.2. Research Questions

The following questions gave guidelines towardsekecution of the research:




(a) To what extent has climate around Elliot changeer dlie years, and how has been the
impact on water availability and agriculture protioic in Sakhisizwe Municipality.

(b) What measures can the municipality put in placeottinue supplying constant and clean
water in the advent of climate change and varigf3ili

(c) Which adaptation strategies should the municipadppt to avert the envisaged water

shortages resulting from climate change and vditigbi

1.4.3. Objectives
The specific objectives of the study are:
(a) To assess the impact of climate change/variabditywater resources of Sakhisizwe
Municipality where Elliot Town is located.
(b) To develop adaptation strategies to alleviate iygaicts of climate change/variability.
(c) To facilitate the implementation of long-term adsun strategies to increase the resilience

of households and the community to the adversectapd climate change and variability.

1.5. Description of the Study Area

1.5.1. Location, Area and Population

Elliot (also known as Ecowa in the local Xhosa laage) is a small town in Sakhisizwe
Municipality, Chris Hani District Municipality inite Eastern Cape Province of South Africa. The
town is situated near the Slang River whose soucdsom the nearby Lower Drakensburg
Mountains, about 70 km west of Maclear Town an#®5south-east of Barkly East. Elliot Town,
which was founded in 1885, became a municipaliydhl, and was named after Sir Henry George
Elliot (1826-1912), Chief Magistrate of the Tranisketerritories from 1891 to 1902 (IDP, 2009).
The town is located between the coordinates: 35,207°51'E.

The town has a population of 14 376 residents $84At 2012), over an area of 28.85%mgiving

a population density of 500/KmAccording to Stats SA, (2012), the racial composiof the town
includes; Black African 93.9%, Coloured 2.6%, Imdissian 0.4%, White 2.7% and other 0.3%.
The languages spoken in the Town are; Xhosa 87Afitkaans 4.5%, English 4.5%, sign
language 1.7% and other 2.3%. These figures dwud changed due to the influx of people from

African other countries.




There are about 27 weather stations with compkstéall and temperature data in Sakhisizwe
Municipality, and close to Elliot Town. The recorfilem these stations are used in this study to
assess climate change/variability in the municipaklliot Town is situated in the centre of
Sakhisizwe Municipality, and is surrounded by maiwers, which drain their waters into the
Nicora Dam, as shown in Figure 1.1. Figure 1.1 shthe location of Elliot Town in Sakhisizwe
Municipality and also the location of the municipain South Africa. Figure 1.1 also shows the
location and number of weather stations whosewataused in this study.

SOUTH AFRICA

W‘ﬁ%}g L Legend

S E Weather Stations

0 &5 10 20 Km R
HE T T T S S| |SakhisizweMunicipality

Figure 0.1: Location of Sakhisizwe Municipality in South Africa and the weather stations and
water bodies found in the municipality




1.5.2. Landuse/Landcover and Topography of Sakhisiz ~ we Municipality
The municipality has warm moist summers, cold diyters and snow during the winter months.
Its land area is dominated by grasslands with tsdlagriculture land as shown in the map on

Figure 1.2.

Legend
Landuse types

Barren rock
Cultivated land
Degraded: unim proved grassland
Forest
Forest plantations
X Improved grassland
Shrubland and low Fynbos
“’*@E Thicket & bushland (etc)
; Unim proved grassland
Urban / built-up land: residential

0 425 85 17 Km
Vi e | el T el Waterbodies

Figure 0.2: Land use/cover of Sakhisizwe Municipality as in 2003




The vegetation is mainly Grassveld. Trees and shane found on rocky hills and ridges. Dohne
Sourveld is the most common transitional forest simdib type and the sweet grass is dominated
by Redgrass Themeda triandra. Unimproved Grasstaia up (76%), with Cultivated Dryland
(9%), Degraded Unimproved Grassland (6%), Foresst&tions (2.5%), Thicket Bushland
(2.2%) and Built Up Areas (1 %) making up the batan

Legend

Elevation (m)

[ Jers-1238

[ ]1238-1372
[ J1372-14986
[ J1498-1723
[ 1723-1970
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Rivers

Figure 0.3: Elevation of Sakhisizwe Municipality




The land area of the municipal is gently undulatiogning the Drakensberg foothills. The
elevation in the area ranges from 800 m to 2 7(fbove sea level as shown in Figure 1.3. The
soil types vary according to topography. The lowdyarea is characterised by soils with high
clay content (highly erodible) and the surroundiilts consist of strong litho-soils. The area of
the municipality is 2 556 km2.

The Slang River, one of the major rivers in the roipality feeding the Thompson Dam, has its
source from the Lower Drakensburg Mountains. Adteout 3 km from the foot of the Drakensberg
Mountains, the Thompson Dam was built. During sumthe river gets its water from runoff
coming mainly from the mountains and the surrougdireas, and during the winter season it
feeds from the melting snow in the mountains. Thithe main reason why the Slang River is
perennial (IDP, 2009). Figure 1.4 shows part of 8lang River as it descends from the
Drakensberg Mountains.

£ __-": - s = o ¥ i

Figure 0.4: The Slang River descending from the Drakensberg Mountains
Picture taken in May 2015
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1.5.3. Settlement Patterns and Land Tenure

The Sakhisizwe Municipality, where Elliot Town igusted, is located within the North Eastern
extent of the Chris Hani District Municipality. Thaunicipality borders the Elundini Local

Municipality (Ukhahlamba District) to the north afshgcobo Municipality to the east. To the
south and west there are Intsika Yethu, and EnmatahMunicipalities respectively. The

Sakhisizwe Municipal is composed of seven wards.

Most of the land in Sakhisizwe Municipality is owhby the State, especially the land that used
to be the Transkei homeland during the aparthead Ehnis includes the land area around Cala
Town, which is known for its low agriculture yieldsie to its terrain, which is not suitable for any
agricultural activity. However, around Elliot Towhere are many privately owned commercial

farms.

There are different settlement categories in tHdiSewe Municipality namely:

(a) Scattered low-density rural residential settlememtgese are found mainly in the former
Transkei area, which lies to the south of the mpaicarea where service delivery is
generally poor and land ownership is communal. & higlittle economic activity in these
settlements except for some few shops with limgedds in stock.

(b) Communal agricultural land. These areas are foundgathe peripheries of the area
bordering Cala Town.

(c) Commercial farms. These are found mainly outsidBotElon the periphery of the
municipality.

(d) Urban settlements. These are the towns within theicrpality of the municipality which
include Cala and Elliot towns. The social and isfracture services are typical of urban
nature and the services are more advanced as cemnparthe other settlements in the

municipality.

1.5.4. Agricultural Activities
The agricultural activities that practised in trek&isizwe Municipality include maize production
and animal husbandry. Cattle and sheep rearingragtised mainly at commercial level around

Elliot Town. In Cala (former Transkei) area, thesee many small-scale commercial and

11



subsistence farmers. Most of the smallholder fasnrethe area focus on cattle, sheep and goat

farming although goats are kept mainly for cultymedctices.
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CHAPTER 2

THEORETICAL FOUNDATION
2.1. Introduction

Understanding trends in rainfall and temperatueecaitical in projecting future crop production
and water availability in an environment of climateange and variability. Previous studies have
shown that climate change and variability will impduture farming and food systems as
environments are substantially modified due totshi seasons (FAO, 2003; Clemestsal,
2011; Godfrayet al, 2010; Hanjra and Qureshi 2010; Brown and Fui@k82. Climate change
will result in agriculture struggling to meet themdands of a changing global population, as the
globe will experience water deficits and consedydotv crop production (Barnett al, 2005;
UNECA, 2002). There is evident growth in demand flmod and water in many areas, Elliot
included, and this together with sea levels riglng to temperature increases and rainfall patterns
have made the efforts to address the challengelentdte change impacts difficult to accomplish.
(Camill, 2010). Faced with such situations it i®réfore imperative to have some adaptive
measures in place such as new technologies andappland very relevant policies that would
be helpful in solving the problem than compoundir(@lementset al, 2011; Camill, 2010). The
knowledge of the available adaptation options dwedt likely benefits or costs is highly linked to

the knowledge of how temperatures and rainfallgmiag to rise and to decline respectively.

Agriculture is the most important activity that pides for the livelihoods of the communities and
smallholder farmers in the Eastern Cape (EC). Hewnegrop productivity is very low. For
example, maize has an average yield of less thart/ba (Archeet al, 2010). Low and variable
rainfall, together with the increasing temperatumesthe major limiting factors to crop production
in the Eastern Cape (Masem al, 1999). Southern Africa is the region that isextpd to be
affected mostly by the declining rainfall and iresang temperatures because the communities
lack resources to adapt. Climate change and vétyabhre causing shifts in areas suitable for
cultivation of a wide range of crops (Mason, 1998;C, 2001; Davigt al, 2010; Turral, 2011).
Developed countries are actually expected to havenerease in cultivated area (Nhamo and
Chilonda, 2012). The demand for water has tripladesthe 1950s worldwide, but the supply of
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fresh water has been declining (Gleick, 2003). Terajure in Southern Africa is already said to
have risen by a range of betweefQ@nd 30C (Midgleyet al, 2011; Davist al, 2010; DEAT,
2004). These changes have brought variation icrthigping season and affecting livestock types
that adapt to the former temperatures. The Intemmalt Panel on Climate Change (IPCC)
recognises that developing countries are partilguarnnerable to climate change, especially due
to lack of resources (IPCC, 2007).

This chapter explores some climate change andbityampacts already evident in Sakhisizwe
Municipality where Elliot Town is located. Thesepatts are explained through the evidence of
extreme weather events, such as flooding and dtsugghwell as projections of the effects on
agriculture and on economic activities. This chapteo focuses on other studies that have been
done in relation to climate change impacts on wateilability and agriculture production. It
further explores how people perceive climate chaargk variability and how they are presently

adapting to climate induced change.

2.2. Defining Climate Change and climate variabilit vy

It is generally acknowledged that change and vditiain the Earth's climate are being
experienced throughout, and that their adversectsffare a common concern to humankind as
shown by previous research (Nhamo and Chilond&2;2&ther et al., 2010; IPCC, 2007). Human
beings all over the world have found it imperativemeet their daily needs by various industrial
operations. Consequently, these operations haeetljiror indirectly contributed immensely to
the greenhouse gases in the atmosphere which ptagja role in the rise in global warming
which in turn turns back to affect the natural gstsms and the same human beings apparently
(UNFCCC, 1992).

Therefore, climate change and variability have takimg place and it has become imperative for
measures to be taken to alleviate the impacts.hSafrica has also been experiencing climate
change and variability as evidenced by the highueacy of dry spells and flooding in some
regions of the country. It should be noted thamabe change and climate variability are two

different terms.
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2.2.1. Climate change

Climate change is defined as change of climatechvis associated to anthropogenic activities
that modify the composition of the atmosphere. €hgsanges are observed over a comparable
period of time (IPCC, 2001; UNFCCC, 1992). Thesanges are normally due to natural internal
processes or external forces occurring in the caitipo of the atmosphere caused by

anthropogenic activities (IPCC, 2001).

The United Nations Framework Convention on Clima@ieange (UNFCCC) thus makes a

distinction between “climate change” attributabbehuman activities altering the atmospheric
composition, and “climate variability” attributabte natural causes (UNFCCC, 1992). While
UNFCCC attributes climate change to affect direotlyndirectly to human activities, the IPCC

(2014) states that, it is change in the mean arlléovariability of its properties for up to a ddea

or longer. This state of the climate can be protleough some statistical tests that can be

conducted.

2.2.2. Climate variability

The IPCC (2012) acknowledges that there is a direktbetween climate change and climate

variability in that human activities, which lead ttimate change, have resulted in climate

variability as they produce the greenhouse gassseffect the atmosphere. According to IPCC

(2001), the change on the average state of thawion all temporal and spatial levels to extents
that are above actual weather events which arerasudt of processes that take place inside a
climate system or anthropogenic forces. Seasomalatit conditions become unpredictable

resembling extreme weather events that in mostsceaese climate shocks like drought and
floods. Rains, for example, may fall intensely ¥ery short periods causing floods, but disappear
for long periods making the rain season shorteandst cases, rain is either above or below normal,
making the agriculture seasons unpredictable. Imash as climate change leads to climate
variability there is also evidence that climateiaitity does have an effect on the various

communities that depend on the climate.
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2.3. Vulnerability Level of South Africa to Climate Change

Sixty five percent (65%) of South Africa is semigdamwith an average rainfall of 450 mm/year,
which is well below the world average of about 86M/year (Otieno and Ochieng, 2004). Only
28% of the country receives more than 600 mm offadli(Dyson, 2009), and this is mainly in the
coastal areas of which the Eastern Cape Provinpartsof. South Africa is thus, described as a
water scarce country with an uneven distributiomvater resources in space and seasons (Davis
et al, 2010). The annual fresh water availability ofiBoAfrica is less than 1 700%mer capita
(the index for water stress). The current estirisalel54 m per capita/year (FAO, 2005). Seckler
et al, (1998) estimate that by 2025 South Africa wdldne of the countries in the world that will
experience physical water scarcity with an anniesHwater availability of less than 1 008 per
capita (the index for water scarcity). Although tastern Cape receives more than 600 mm of
rain annually, it has also been affected by drosigher the years, for example, the drought that

occurred in 2009 was described as the worst draaghbre than 50 years (Mandleni, 2011).

Annual rainfall distribution has experienced sorharges in that average rainfall has decreased
to below the normal levels, which is perceived & adirect result of an increase in annual
evapotranspiration, which could exceed annual pitation, by a ratio of up to 20:1.This explains
the reason why droughts tend to be on the riseu{3eh1997). Previous studies have shown that
average annual rainfall has been declining ovey#ags, whilst average temperatures have been
increasing in the Eastern Cape, (Mandleni, 2011;$2010).

The increases in water demand is mainly due tccalgural, industrial and domestic uses, but
agriculture far surpasses the other two. What exerdre pressure on South African water
resources is that only 9% of its rainfall reachesriver streams, which is lower than the average
of 31% from the recorded rainfall data around & of the world (DWAF, 2002). A number of
man-made modifications have been done on riversdwate (Postel, 2000), with South Africa
being no exception. Based on the nature of wateouree availability in South Africa, the
government and the private sector have constriectagmber of water reservoirs/dams to ensure
sufficient water supplies for anthropogenic uselr(lta and O’Keeffe, 1990; Davies and Day,
1998; Kinget al, 1999; Ashton, 2007). According to the Water Resle Commission (WRC) the
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South African government has constructed more 8@hdams with a total of 37 000 million
cubic meters storage capacity (WRC, 2007). Thesesdaave resulted in natural river flow
obstruction (Palmer and O’Keeffe, 1990; Postel, @0Revengeet al, 2000), water physical-

chemistry and ecosystem alterations (Palmer ange®@ffe, 1990; Davies and Day, 1998).

Recurring extreme weather events are on the rismighout the world and are expected to
continue increasing in the future if no measures taken to reduce the greenhouse gasses
(Easterlinget al, 2000). Prolonged droughts and periods of heawyngours that cause flash
floods are expected to be frequently experiencatiemear future. For example, extreme rainfall
events in Elliot Town were experienced in the merghFebruary and March of 2014. According
to AgriSA (2006) the number of areas in South Afribat are affected by extreme drought and
excessive rains are increasing. The most affectedsaare those with poor infrastructure,
especially in marginal areas that are more fragild subjected to natural disasters, where most
people live. These extreme climate related eveang ltaused high economic costs to the South
African government. Climate related disasters dioomby affect water availability, but also result
in food insecurity as agriculture production is aiely affected. The most vulnerable are always

the poor as they do not have the means to dealtidthegative effects of drought and flooding.

2.4. Current Impacts of Climate Change

The expected impact of climate change and vartgtmh agriculture will mainly be due to trends
such as the ever-increasing population, which imm tdepends on agriculture (Thomas and
Twyman, 2005). Desertification and the reductioagificultural land have led to the reduction of
agricultural production, which in turn has adveysaffected the livelihoods of households as

people go with less food than they require.

The relationship between climate and farming at#igishould be well understood in order to
achieve significant sustainable economic growtheesly in developing countries where
resources are insufficient for people to adaptrRoantries do not also have enough technologies
to develop tools like early warning systems (IPC@)7). In most cases, smallholder farmers and

are the most affected due to constrained adapdipadity. As extreme weather events are expected
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to increase in future and yet the current levelsraferstanding of smallholder farmers on climate
systems is still low, the impacts of climate charagel variability could be dare. This will

negatively affect the farmers’ level of productitaading to increased food insecurity at both
household and national levels. Elliot Town andusounding areas, being a farming community,

are found to be very vulnerable to the impactdiafate change.

Climate change and variability are having major aetg on smallholder farmers by adversely
affecting ecosystem services which smallholder &srdepend on. According to Nhamo and
Chilonda (2012) there are going to be many chanlgas will affect the whole agricultural

production system. This in turn will have an effentdevelopmental programmes, which depend

agriculture as the economies of most developingctas depend on agriculture.

As identified by Bockel and Smit (2009), climateanlge leads to a rise in temperature and a
decrease in precipitation. The rise in temperateselts in increased evapotranspiration, thereby
affecting water supplies and crop yields. Crop patidn levels will greatly be affected and water
quality will be reduced which will affect revenue & great extent. Crop farmers suffer the
consequences of climate change because of drondfitb@ding. This in turn leads to low income
generation, job losses and food insecurity as fagns the main source of income and food for
smallholder farmers. They will find it very diffituto maintain their infrastructure and some
farmers will end up moving to other areas openipgnew farms leading to more and more
vegetation being destroyed. (Nhamo and Chilonda2R0

Ecological niches will also be affected by climateange due to the unpredictability of amount
and time when the rainfall will come. Living orgams will therefore have to change their
dwelling places in search better environments (Bawal, 2010). Farmers are thus faced with a
very difficult situation in such circumstances syt are forced to move their livestock around so

often. Adapting to new environments is always dlehge.

Some of the effects of changes in rainfall and eratures already evident in South Africa include:

(a) a reduction in the amount of crops producechbree of very little rainfall which leads to
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changing agricultural practices thus affecting ésenomy of the farmers (Midglest al, 2011),

(b) increasing temperatures lead to the high rhevaporation causing water scarcity (UNECA,
2006), (c) higher temperatures are causing theadpEpests and diseases, for example, the high
frequency of armyworm and locusts invasion (IPC@72 Patzt al, 2003), (d) water availability

in rivers, dams and lakes is increasingly dimimgtdue to the net effect of increased temperatures
and evaporation (Davis, 2010), (e) there are irr@@accurrences of floods as the incidence of
sudden heavy rainfall events is increasing (Midglegl, 2011; Hunter, 2003), and (f) there is an
increase of water pollution and a decrease in wauetity linked to erosion and high rainfall

events, which increase the presence of sedimemuatnients in water bodies (Davis, 2010).

Figure 0.1: Part of Slang River as it approaches Thompson Dam
Picture taken in May 2015

Figure 2.1 shows part of the Slang River as ithisua to enter Thompson Dam which supplies
Elliot Town with water. The Slang River has its smion the Lower Drakensburg Mountains and

after about 3 km from the foot of the mountains Thempson Dam was built.
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2.5. Summary

Previous studies have shown that climate changereived in terms of extreme heat, droughts
and flooding which come at unexpected periods @fyemar, and resulting in disasters. In addition,
it has been perceived in the form of declining fairpatterns and reduced rainfall season. Water
sources have been seen drying up to the detrinfiehe @opulation and the farming community
in its entirety. Perceptions have also been irfdhm of a rise in sea-level, incidences of cyclones
and increased pollution. All these observationswshimat climate change/variability has been

happening and has been acknowledged and endorsedrbycountries of the world.

Climate change and variability impacts have bed#rsteongly in developing countries, bringing
social and economic instabilities. It has negayivielpacted consumer welfare and household
economies. The extreme heat and excessive raiesingaired economic activity such as farming
and domestic activities mainly because the ecormofideveloping countries are agro-based. The
most undesirable aspect about climate change amabildy is that it has been noticed to affect
the poor because they lack the resources to queadipt to change. The negative impacts of

climate change and variability are already beirigifieand around Sakhisizwe Municipality.
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CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

3.1 Introduction

This chapters covers the Research Methodology a&wigB which encompass the methods and
technigues by which data were collected, analyseldeaaluated. It includes the sources of data
used as well as the sample size used. Includéusicihapter are the research design, data analysis
technigues and also issues related to ethics @arels. The triangulation research methodology
was used to collect data in this study. The tridetgan research method is a plan of action that
combines methods from different paradigms and nuetlogies (Olsen, 2004). According to
Babbie and Mouton (2001) it is one of the best walygnhancing validity and reliability in
qualitative research. In this study phenomenologya aneta-theory was applied to explain and
understand the dynamics and complexities of huratura as they build their livelihood portfolios
in relation to climate change. Structured intengewbservation, images, ethnography, random
and stratified sampling techniques were used tx#ffely conduct the research. Multivariate data
analysis techniques, ethnography and use of takéze other techniques used in collecting,

coding, analysing and interpreting data.

3.2 Research Design

Kumar (2005) defines research as a plan, struaenudestrategy of investigation that is so conceived
to obtain answers to research questions or probl@mshe other hand, Shafeek (2009) describes
research as a design viewed as a set of fundanteiads in a worldview, which delineates the
nature of the world, and the individual’s placeitint also takes note of the variety of probable
relationships to that world for an individual. Htefe (2006) contends that in the research design
section the researcher should name and discuss¢hnall approach to be used to test the research

statement.

This study used a combination of research methobkhwinclude both quantitative and
qualitative. A mixed research method accordingdiondonet al (2007) is the type of research

that combines aspects of qualitative and quantéatnethods for the broad purpose of
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comprehension and validation. This research desaunded a field or natural experimental study.
Experimental research is concerned with cause &edteaelationships that are expressed in
different variables (Sheehan, 1986).

The data for the study were collected during afsgldy from May to October 2013. Analysis of
rainfall and temperature data was carried out sess climate change and variability over time
and measure the physical and socio-economic imputtsreference to the water resources in
Sakhisizwe Municipality population and agricultyp®duction were analysed in order to identify

the impacts of climate change and variability omlities of people in the municipality.

The climatic data from meteorological stations cowg different areas of the Sakhisizwe
Municipality were collected from the South Africveather Services. The selection of the sample
area for the study was based on the data availahiid the study requirements. The Slang River
and the Thompson Dam were the main focus of thdysas they influence the Sakhisizwe
Municipality and Elliot Town in particular. Thisgearch included a field or natural experimental
study (Mouton, 2001). Experimental research is eomed with cause and effect relationships that

are expressed in different variables (Sheehan,)1986

3.3 Data collection and sampling

3.3.1. Collection Techniques

Of the many methods of data collecting suggesteddrature a questionnaire with interviews
schedule is one of the most effective as it allimfermation gathering from the ground. The
guestionnaire has to be designed prior to thevr@eritself. De Vos (2005) defines a questionnaire
as a set of questions on a form or template whiaompleted by the respondent in respect of a
research project. In this study, the researcheremss® of both questionnaires and personal
interviews, which allowed face-to-face interactiplasting only a few minutes. The face-to-face
interviews were done for saving time, as some fasmeere unwilling to respond to the

guestionnaires.
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De Vos (2005) states that the questions shouldddefermulated, revised and be deemed to be
clear and easy to be understood by the respond@kist.is because the respondent will have to
work independently and should spend a lot of timeéhe questionnaire as it might make him/her
lose interest in taking part in the research. Emsures that errors are rectified at little coNts.
matter how effective the sampling or analysis @& tasults, ambiguous questions lead to non-
comparable responses, leading to biased respondeggue questions lead to vague answers.
According to Babbie and Mouton (2001), the inteniees should only complete the questionnaire
rather than to read through long and erroneousmtatts that are difficult to understand. Clear
and precise questions are therefore importanta@axague responses. Mbonyane (2006) stresses
the importance of pre-testing the questionnairedémtify areas of the research tool that need

changes.

The principal instruments used to collect data wangerviews (both one-on-one and
guestionnaires), and also collection and downlagattiom the internet. People of different races,
nationalities, economic backgrounds, religious dfeliand varied political persuasions inhabit
Elliot. The multi-racial/cultural/economic naturétbe town makes it such a complex community,
which needs some exclusive techniques when cailgctiata depending on the group of
individuals being approached. Permission was sofrgimh the municipality to interview the

residents. The permission was in written form thas shown to residents before the interview.

Semi-structured questionnaires were designed astdhdited to people in the public and private
organizations, employees, employers and resideoits both high and low density areas. The
researcher distributed the questionnaires himQeléstions for the interviews were set in such a
way that they take into cognisance the differemiotarly levels of the intended interviewees.
These questions were therefore prepared in siraptguage and explicit enough to give very brief
and concise answers to avoid occupying peopleflang. These questionnaires helped establish
the residents’ assessment of the fresh water &l#yeover the past 20 to 30 years or as long as
they have leaved in Elliot. This helped the redearcinderstand the impact of climate change on

domestic water supplies. Shot direct interviewseneld with large commercial and small scale
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farmer representatives to find out their percegiabout the impact climate change has had on the
water resources for livestock and crops.

The researcher also liaised with Weather SA andssexl historical records of both temperature
and rainfall in time series. Historical water qtiatlata was obtained from the Department of Water
and Sanitation (DWS) and from the municipality nreiso Farmers and farmer organisations also
provided data on agriculture production. Some efdata was also downloaded from reliable data
sites such as FAO and World Bank database.

3.3.2. Sampling Techniques

Sampling is the technique used to identify a subktte population which is representative of the
entire population in the process of data collectitrydom (2005) defines a sample as some
elements of the certain population, which are $etktor performing a desired study. It can also
be described as a subset of measurement drawn threnpopulation in which the study is

interested.

There are two main methods for sampling which arewn as probability and non-probability.
This study used probability sampling. Tustihal., (2005) define probability sampling as a plan
in which every member of the population is accordethance of being included in the sample.
They further define non-probability sampling asshanstances in which the chances of selecting
members from the population in the sample are unkindt is a subset of measurements drawn
from a population that is being focused and tadétethe study in question Strydom (2005). In
this study, weather stations in Sakhisizwe Munidipavere selected, bearing in mind the
availability of the required historical data fopariod of 30 years. This sample was done to cover
a broad spectrum of the entire Sakhisizwe Munidipah order to assess and appreciate how
temperature and rainfall have been changing oweyélars. This analysis made it possible for the
evaluation of the impact of climate change on watepurces and agricultural production in the
Sakhisizwe Municipality. An analysis of past tremdsainfall and temperature allowed to project
into the future of how these climatic factors vk like. This trend analysis was done using
statistical packages and spreadsheets.
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3.3.3. Sampling error

According to Gray, (2006) a common cause of em@aimpling depends with the sampling frame.
It is important to ascertain that all the relevdata is collected and to remove all irrelevant
information, which does not answer the objectiveshe study. This process is called under-
coverage if some important data is left out and-@eserage is when unnecessary data is included.
The members in the sampling frame have to be edsihtifiable to avoid under-coverage or over-

coverage.

3.4 Data sources

In this study data was collected through interviewth the residents of Elliot Town and the
farmers around Sakhisizwe Municipality. Municipal@oyees were also interviewed to give their
views and perceptive on the impact of climate claog the Sakhisizwe Municipality. Water
quality data was collected from the municipalitcasls and the Department of Water and
Sanitation (DWS). Temperature and rainfall data wlasined from Weather SA and also from
the Food and Agriculture Organisation of the Uniiations (FAO) website. Data on agriculture
production was obtained from the local Departmétgriculture, Forestry and Fisheries (DAFF)
and Stats SA. Geographic Information Systems (@h8)remote sensing techniques were used as
sources of data in land use change detection. $opwtant information like runoff, erosion and

historical data was obtained from literature.

3.4.1. Fieldwork

According to Sumbulu, (2010) fieldwork is part esearch where a researcher leaves deskwork
to enter the real world to collect data and forugya truthing. Interviews were conducted as part
of fieldwork and ground truthing was done to veniynat was obtained from remote sensing.
Frequent visits to the Thompson Dam and the SlamgrRjave the researcher an insight of the

guality of water in the river and the dam.

3.4.2. Data Coding
According to Gibbs and Taylor (2010), the procdssata, coding is one, which involves combing
the data for certain themes, ideas and categanesheen marking similar passages of text with a

code label so that they can easily be retrievedlater stage for further comparison and analysis.
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In this study, data was coded using themes thatrgedefrom the findings and stored in
spreadsheets and GIS packages.

3.5 Study Methodology

Past and current rainfall and temperature pattengstrends in Sakhisizwe Municipality of the
Eastern Cape, South Africa, were analysed andnipagdts of those changes on crop production
in the context of climate change and variabilityrevevaluated. An analysis of the trends of
climatic factors is made in order to make a progecon future crop production in the municipality.
An analysis of current vulnerability of the commiigs in the municipality to climate variability
and a discussion of the projected impact of clincatenge and variability on crop production and
water availability are made. Trend analysis is utednalyse temperature and rainfall data
patterns, as well as the trends in crop productaorded for the past 30 years. A projection on
levels of crop production in the next 20 years &l Correlations are used to confirm the relation
between climatic factors, renewable water resouseagability and crop production. Geographic
Information Systems (GIS) is used for spatial asialyo explain these trends. The study provides
a comprehensive assessment of the municipalitytememnd food security challenges as they are

related to climate change.

Both in-situ and remote sensing measurements of precipitatimh evapotranspiration have
limitations and are often combined to give a betstimate. Because of these issues with
measurement, and the spatial limitations of hisébiata sets, a number of variables were used to
examine the consistency of changes in precipitatiocal farmers and the residents in general
confirmed have observed changes in the amountsitye frequency and type of precipitation in
Elliot and surrounding areas. From interviews absleovations by the researcher there have been
increases in flash floods, even occurring wheral @mount of rainfall has been low. These are
some of the changes caused by climate change.rgetature increases, the moisture-holding
capacity of the atmosphere increases at a ratecaft &% per 1°C (Kundzewice al., 2007). It is
estimated that atmospheric water vapour increagathut 5% over the oceans in the 20th century
(Trenberth, 2011).
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According to Turpieet al, (2002), water resources that are modelled ub@m@CRU hydrological
modelling system in South Africa show consideradét in hydrological functioning due to
changes in rainfall and temperature patterns. Gésang rainfall patterns have an effect on the
hydrological cycle and the precipitation changegehadirect impact on the runoff. (Kiker, 2000).
However, particularly where total precipitation decreasing, increases in the intensity of
precipitation will correspond with longer dry pet® between rainfall events. In addition, as
temperature rises, precipitation is more likelyfdth as rain rather than snow. This is especially
true at the beginning and end of the snow seadom.infipact of rising temperatures on snowfall
will affect the seasonality of river flows, partlady where snowfall is already more marginal. In
many cases, peak flow would occur at least a meather (Batet d., 2008). In the near future,
there will be an increased demand for groundwatepeople would need water for irrigation. This
is also likely to be a result of reduction of sedavater availability because precipitation hasibee
highly variable, making it very difficult to predithe seasons. Groundwater levels are bound to
be affected the same way as the rate of groundwetbarge is affected and this all is because
climate change. A warmer climate, with its increhskmate variability, will increase the risk of
both floods and droughts (Wetherald and Manabe2R0his is the most likely scenario in the

Sakhisizwe Municipality.

3.5.1. Analysis of Rainfall Trend

A study of past rainfall trends helps better untderd how present rainfall patterns and totals diffe
from those historical patterns and assist in pencgithe changes that have been taking place along
the years. An analysis of trends and fluctuationgast observed rainfall data gives indications of
the direction and magnitude of possible future geanIn this study an analysis of rainfall records
observed over the past 30 years from 1980 to 20&6,carried out to understand its pattern and
trend in Sakhisizwe Municipality. The past raintaind provides the basis for projection of future

rainfall changes and patterns.

Recorded rainfall and temperature data from statiarthe municipality (shown in Figure 1.1)
were used to calculate average annual rainfallha@ain monthly temperature of the municipality.
The average annual rainfall and monthly temperatfitee stations was calculated for the years

1980 to 2010 and the results used to plot grapbwisly rainfall and temperature trends and

27



patterns in the past. The calculated averages alsceused to create continuous rainfall and
temperature surface maps for the years 1980, 24810 and 2010 through interpolation in GIS.

The interpolation of annual rainfall temperaturialke for different years was done to understand
spatio-temporal changes in rainfall patterns inrthanicipality during the past 30 years, with an

aim of developing adaptive measures to alleviate ithpact of climate change. The inverse
distance weighting (IDW) interpolation method wagdi to create the continuous surface rainfall
and temperature maps. The IDW interpolation metteibeen widely and successfully used in
spatial rainfall and temperature distribution sésdin many parts of the world (Watts and Calver,
1991; Childs, 2004; Lu and Wong, 2008; Chen and 2012).

3.5.2. Calculation of the Area Weighted Average Rai  nfall

The area weighted average annual rainfall was el using the Thiessen’s Polygon method.
Thiessen’s polygon relates each point in the mpality with the nearest weather station. The
process tessellates the municipal area into regi@isre closer to a particular. To average rdinfa
values in the created Thiessen polygons, the palygoe intersected with the municipal map in
GIS to calculate the area weighted average. Thghtesl average rainfall is calculated using
Equation 3.1 as follows (Perry and Hollis, 2005y¢&et al., 2008):

— [3.1]

where,P; is the municipal weighted average rainfalmm Pk is the rainfall associated with each
weather station imny andAi is the area of intersected polygon associated wethther statiok
and municipalityi in n?.

3.5.3. Evaluation of the Climatic Moisture Index

The degree of aridity of Sakhisizwe Municipalityswestimated using the Climatic Moisture Index
(CMI). The CMl is an index of the relative drynesswvetness of an area, and it defines the water
stress or scarcity (aridity) of a place. It is whsm the combined effect of temperature and
precipitation as it is linked to soil moisture, amlderefore it is correlated with potential
evapotranspiration. The CMlI is calculated basethenrmethodology developed by Willmott and

28



Feddema (1992), using the ratio of annual precipitgP) to annual potential evapotranspiration
(PET), as indicated by Equations 3.2 and 3.3:

— [3.2]

— 3.3]

The index ranges from -1 to +1, with wet climatewimg positive CMI and dry climate negative
CMI. The CMI is an aggregate measure of potentatkewavailability imposed solely by climate.
Just like average rainfall for each country, theeptial evapotranspiration (PET) of each country
was calculated from data recorded from weathesmtwithin the municipality and the results
interpolated to create a continuous PET surface.TFhessen’s Polygon method was then used to
calculate the area weighted average PET for thaaipatity. The PET and eventually the CMI
was calculated for 1980, 1990, 2000 and 2010. &kelts were then used to assess the aridity of
the municipality.

3.5.4. Runoff Estimation

Average runoff (in mm) for the municipality was iested using annual average rainfall data and
the relationship between rainfall and runoff obégifrom FAO (2000) and Ashton (2002) as
shown in Figure 3.1. Average annual runoff is imt@ot in water balance studies, water resource
assessments and the planning and allocation civhidable water resources. Expressed in depth
unit, average annual runoff indexes the voluméaf in rivers per unit area of contributing basin.
Runoff is, therefore, the major source of water feservoirs. Runoff is estimated to give
indications on the potential of rainfall to rechamgservoirs and to understand its trends over the
years.
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Figure 0.1: Comparison of surface runoff (expressed as a percentage of annual rainfall) versus average annual rainfall for
mainland African countries. Data taken from FAO (2000)
Adopted from Ashton (2002)

3.5.5. Qualitative Research

Qualitative research is defined by Mboyane (20@6tha research that focuses on people’s lives,
their experiences, behaviours, emotions and felasgwell as organisational functioning, social

movements, cultural phenomenon and interactionsvdest nations. It also seeks a better

understanding of complex situations, and it isro#gplanatory in nature and the observations are
used to build theory from the ground up. It attesriptaccurately describe, decode, and interpret
the meanings of phenomenon occurring in their nbeoatext. In this study sample, data was

collected using direct observations and intervieWsen it was analysed using graphs, as it is

deduced from narratives and individual quotes efititerviewed and observed subjects.

3.5.6. Quantitative Research
Quantitative research is an investigation of a ph&non by testing a theory that can be measured
numerically and analysed statistically Shafeek @0The explanations and predictions that are

used to establish, confirm, and validate relatigmsland develop generalisations that contribute
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to theory and thus sought and given. Neil (200@)est that the major strength of quantitative
research is that measurement is reliable, validcandoe generalised.

This study was both qualitative and quantitativen&iure as semi-structured questionnaires and
semi-structured in-depth interview schedules wesedun the collection of data. Questionnaires
were self-administered with closed and open-endeesstipns covering the following areas;
knowledge about climate change, understanding ef ¢bnsequences of climate change,
recommendations and opinions on how to overcomentpact of climate change. Quantitative
data was analysed using Hydrostat method. Age, egeadd economic activity status were

analysed quantitatively. Descriptive data has lresented using graphs.

3.5.7. Use of Geographic Information Systems and Re  mote Sensing

Remote Sensing and Geographic Information Syst&18) (provide a mechanism to locate, view
and analyse a physical process on earth for spet#dyses without being in contact with the object
of interest (Holcombet al, 2007). These novel tools have revolutionisedialhabased analysis
as processes can be studied in real time, espegvkn combined with Global Navigation
Satellite Systems (GNSS) such as Global Positiodpstems (GPS) (Vairavamoortley al.,
2006). GIS was use for data inventory and quergtiglpanalysis and decision-making. The
capability of GIS to integrate various forms ofaand store relationships between features and
their locations and attributes facilitated the treanalysis and change detection in this study.
Combining these functions with modelling tools dedbthe conversion and analysis of large
amounts of information and then into knowledge thaseful in mapping. GIS and remote sensing
were used to store and analysis, create maps anplace trends over time. They were also used

in landuse change detection.

3.6 Ethical considerations

Ethics guarantee some respect for people, thdits;igrivacy, integrity etc. (Sheehan, 1986). To
ensure ethically acceptable research and to adbedNISA’s policy on Ethics, the research
proposal was approved by the Ethics Committee. sty was dependent on the use of human
subjects for completion. An ethical treatment cfe@ch participants is not only essential for the
welfare of the individuals themselves but alsogd@ontinued effectiveness of scientific discipline
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(Stangor, 2007). The ethical aspects need to bsidemred at all times in order to ensure a
successful research (De Vos, 2005).

3.6.1. Confidentiality

A high degree of confidentiality was exercised sdakeep any information supplied that is not
for public consumption confidential. No data cotestfrom a particular source was and will have
to be shared with any third part without prior agaments and agreement with the particular

source.

3.6.2. Informed consent

All the respondents to the interviews willingly peipated and freely answered all the questions
they were asked without any cohesion or being cdieghel'hey were made aware about what they
were doing and why they were doing it and also thatinformation they were supplying was
solely to be used for scholarly purposes and ineti@ of the research, it may be used for the

benefit of their service providers for the improwarhof their livelihoods.

De Vos (2005) states that obtaining informed cohiethat the information gathered on the goal
of the investigation, the procedures which willfokowed during the investigation, the possible
advantages, disadvantages and dangers to whichndsmts may be exposed, as well as the
credibility of the researcher, be rendered or adiito potential subjects or their legal

representatives.

3.6.3. Limitations

Due to the size of the area under studied anddéeisy of data, there were some limitations in
the full implementation of the desired methodololglysome cases, the researcher had to rely on
data downloaded from the internet and from a feierinewed people. Rainfall and temperature
data obtained from Weather SA had gaps and had soplemented with records from Food and
Agricultural Organisation of the United Nations (BA Some of the targeted respondents found
it a challenge to understand the concept of climhsage and variability and as such would need
more time with the researcher who would try to akpto them until they understood. This was
indeed a great challenge as the researcher waaddbal fully committed at work to get a slight

chance to focus on the demands of the study.
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3.7 Summary

The methods and techniques of data collection,yaisaind evaluation were direct interviews

through the administration of questionnaires amanfrelevant organisations like Weather SA,

Municipality offices and National Aeronautics Spaagency (NASA). The sources of data used

ranged from direct observation to analysis of datavided by the Weather SA, Sakhisizwe

Municipality and data gathered from the internéte Triangulation research methodology was also
used to collect data in this study. In this stuthgmomenology as a meta-theory was applied to
explain and understand the dynamics and complexidiehuman nature as they build their

livelihood portfolios in relation to climate changstructured interviews, observation, images,
ethnography, random and stratified sampling tealesqwere used to effectively conduct the

research. Multivariate data analysis techniqudsyagraphy and use of tables were the other

techniques used in collecting, coding, analysingjiaterpreting data.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Introduction

This chapter presents results of how climate chamge variability are affecting the water

resources of Elliot Town in the Eastern Cape aedést of Sakhisizwe Municipality. The whole

of Sakhisizwe Municipality is the town’s catchmeméa. The results of the data analysis as well
as the effects on agriculture production are priesehe results are then used to profile climate
change impacts and the adaptive strategies thdiectken to alleviate those impacts. Such profile
can be used as an early warning system by policgrsa&nd other stakeholder in case of an
occurrence of a climate change and variability cetlishock. The developed early warning system

can be exported to other areas in the countryléwiate climate change impacts.

4.2. Rainfall Pattern and Trend in Sakhisizwe Munic ipality

A study of how rainfall has been changing in thstgeelps better understand how it may change
in the future. An analysis of trends and fluctuasian past observed rainfall data gives indications
of the direction and magnitude of possible futunarges. In this study an analysis of rainfall
records observed over the past 30 years, i.e., 1@80 to 2010 (for spatial distribution maps) and
from 1983 to 2012 (for graphs), was carried ouirtderstand its pattern and trend in Sakhisizwe
Municipality. The past rainfall trend provides thasis for projection of future rainfall changes
and patterns. Recorded rainfall data from rairdedtions in the municipality was obtained from
South Africa’s Weather Bureau (Weather SA) weredusecalculate average annual rainfall of
the municipality. The average annual rainfall a¢ 8tations was calculated for the years starting
from 1980 to 2010. The results of the rainfall datelysis were used to plot graphs showing
rainfall trends and patterns in the past, a prmaabdf possible trends, as well as to create spatia

distribution of rainfall maps.

The calculated annual rainfall totals were usedréate continuous rainfall surface maps for the
years 1980, 1990, 2000 and 2010 through interolafihe interpolation of annual rainfall totals

for these 10-year periods was done to understaatibsigmporal changes in rainfall patterns in
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the municipality during the past 30 years, withaam of developing adaptive measures to alleviate
the impact of climate change and variability. Theerse distance weighting (IDW) interpolation

method was used to create the continuous surfadaltanap using GIS.

4.2.1. Rainfall Pattern and Trends

Figure 4.1 presents the rainfall pattern of SakkieiMunicipality from 1983 to 2012. The average
monthly rainfall was calculated from data recor@tdveather stations in the municipality. The
graph was derived from rainfall data calculatedtigh the area-weighted average from weather
stations in the municipality using the ThiessenddyBon method. The rainfall pattern indicates
that rainfall is highly variable in the municipgliand the variability has been intensifying in the
last three decades.
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Figure 0.1: Change and variability of rainfall in the Sakhisizwe Municipality

The graph presented in Figure 4.1 indicates thatalavariability in the municipality has been
intensifying in the last few years with some yesh®wing some very high peaks and lows,
resembling the extreme climatic events such agifland droughts respectively. The frequency
of droughts and floods is also very high. The ahraiafall pattern shown in the graph shows that
total annual rainfall in the municipality has bestightly decreasing as there is a slight descent in
the shape of the graph from 2001 to 2012, but goeadse is almost insignificant showing that the
municipality is more affected by climate varialyilather than climate change. The high incidence
of drought and flooding is causing water scarcitg @oor water quality in the municipality. At
times heavy downpours occur within a short periadsing floods. Rainfall variability is causing
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the rain season to become unpredictable affecgnigdture. It is therefore necessary to harvest
runoff to use during the dry spells and duringdhgseason through for irrigation.

Using the rainfall trend line shown on Figure 4t envisaged that in the next 20 years (by 2032)

rainfall averages in the municipality will remailmest the same, between 900 and 1 300 mm per
annum, but with high incidences of floods and diaagThe R-squared value is 0.0079, which is

a good fit of the line to the data.

\J

Figure 0.2: Rainfall trends in Sakhisizwe Municipality until 2032

Therefore, in terms of rainfall patterns and tremtimate change has no much effect in Sakhisizwe
Municipality. Nevertheless, the intensity of raithfariability is expected to increase causing high
incidences of flooding and drought. From the ressoftinterviews done with the local community,
it is noted that at times there are heavy downpeutsin a short period that cause floods.
Moreover, in most cases when such heavy downpales filace and there are floods, the rain
season is shortened. Also there are incidencesooigtts like the one that was experienced in
2010 and described as the worst drought in morre $8ayears (Mandleni, 2011).

4.2.2. Spatial-temporal Changes in Rainfall Distrib  ution over Time

The spatial distribution of annual rainfall in 198090, 2000 and 2010 in the municipality is
shown in Figure 4.3 as a, b, ¢ & d respectivelye Waps were created using Thiessen’s Polygon
method. The IDW interpolation method was used tmpce the maps shown in Figure 4.3 where

changes in rainfall patterns and variability betww@880 and 2010 are observed
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Figure 0.3: Spatio-temporal rainfall distribution in the Sakhisizwe Municipality between 1960 and 2007



The maps shown on Figure 4.3 show insignificanhgea in rainfall patterns in the municipality
during the 4 decades presented. The spatial disitvibb of rainfall for the past 30 years has been
variable showing minor shifts in areas receivinghhand low rainfall, but generally, the rainfall
amount shows little changes. Perusal of Figuréd).@/hich represents the rainfall pattern of 2010
indicates high rainfall amounts have shifted todbeth, a similar trend with the one presented by
map (b). Maps (a) and (b) are also showing sircitaracteristics in rainfall distribution indicating

that the spatial distribution of rainfall may beieble but the trend repeats itself.

Therefore, an analysis of Figures 4.1 and 4.3 atdg that rainfall amount in Sakhisizwe
Municipality has not been declining over the yebws it has been highly variable. However,
combined with evidence from interviews and rainfita analysis and as shown in Figure 4.1 the
incidence of flooding and drought has been occgmith high frequency in recent years. These
impacts of climate variability have therefore, bediecting the water quality and its availability

in the municipality. Flooding affects water qualégd drought affects water availability.

4.2.3. Water Quality in Sakhisizwe Municipality

Figure 4.4 shows some filters that were taken feomater purification shop of a local business
man who after realising that the water consumeéglbgt residents is of poor quality decided to
start up a water purification project. Water frome tmunicipality reservoirs destined for human

consumption is collected from household taps ard flitered through Filters 1, 2 & 3.

Filter 1 Filter 2 Filter 3

Figure 0.4: Domestic water quality as it passes through different stages of the purification process

At stage 3, the water is clean enough for humaswoption. Filters 1 & 2 indicate the poor water

quality drawn from the taps as is shown by the wotf the water. However, after being purified
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through the three filters the quality improves ands ready for human consumption. Many
residents consume the water directly from the t@gsout removing all the mud evident on filters

1 & 2 shown in Figure 4.4, as they cannot affordug the purified mineral water.

4.3. Temperature Pattern and Trends in Sakhisizwe M unicipality

Just like rainfall, a study of how maximum and miom temperature have been changing in the
past helps better understand how it may chandeeifuture. An analysis of trends and fluctuations
in past observed temperature data gives some ftrahsaof the direction and magnitude of
possible future changes. An analysis of maximum mmdmum temperature records observed
over the past 28 years, i.e., from 1985 to 2013 d@®e to understand their patterns in the
municipality to understand how they are affectingtev resources. The past temperature trends
provide the basis for projection of future changed patterns. The recorded temperature data is
used to plot graphs showing how temperature has ¢iegnging in the past

4.3.1. Maximum Temperature Pattern and Trends

The graph on Figure 4.5 shows the pattern and toéndaximum temperature in Sakhisizwe
Municipality from 1985 to 2013. Just like rainfathaximum temperature has been highly variable
along the years, however showing an increasingltiemecent years. The projection line shown
in Figure 4.5 indicates that maximum temperatuseldie®en increasing along the years and by the
year 2032 it is projected to increase to an avecd@3.8C, yet the average in 1985 was@2
The projected warmer temperatures will favour therong of more land for cultivation as the land
that is normally covered by snow will become sugdbr agriculture. The increase in temperatures
will also trigger more high intensity rainfall theduses floods. However, the floods will continue
affecting the quality of water affecting its congution by residents and for other uses. The
increasing maximum temperatures will also resulhgreasing evapotranspiration. The demand
for water is bound to increase with increasing arpapulation and cultivated land. The increase
in the demand for water by humans and for agricejtaoupled with rainfall variability and

increased evapotranspiration, will worsen the obbf water scarcity in the municipality.
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Figure 0.5: Average annual maximum temperature pattern and trend in Sakhisizwe along the years

4.3.2. Minimum Temperature Pattern and Trends

Figure 4.6 shows the pattern and trend of minimamperature in Sakhisizwe Municipality from
1985 to 2013. Unlike maximum temperature and rdinfdnich are highly variable, the average
minimum temperatures in the municipality have maimgd constant minimal variations along the
years. The minimum temperature trend and projedtambeen following the same pattern since
1985 to present averaging around’6.8However, there were 2 exceptional years, 20062812,
that showed averages {38 The variations, however, do not cause any saarf impact on the
availability or variability of rainfall. The projéion trend-line of Figure 4.6 indicates that by 203
the average minimum temperature in the municipalitty remain the same, 62@. Minimum
temperature will therefore, have an insignificampact on water availability in the Sakhisizwe
Municipality in the near future.
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Figure 0.6: Average annual minimum temperature pattern and trend in Sakhisizwe along the years
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4.4. Impact of Climate Change and Variability on Ag  riculture

4.4.1. Correlation between Rainfall and Cereal Prod uction

Figure 4.7 is a graph showing the correlation betwainfall and cereal production in Sakhisizwe
Municipality from 1986 to 2011. Cereal productiomshbeen highly dependent on rainfall in the
municipality showing variations along the years efeging on the variability of rainfall. Cereal
production has been showing an upward trend beadubke opening of more land for agriculture
and the use of irrigation to produce crops throughthe year. According to the results of
interviews done with some farmers the increaseadyuction is not necessarily climate related but
is because of technological advancement and newlkdge of farming techniques acquired from
other regions.

—— ——3 "'I( ")

Figure 0.7: Correlation between rainfall and cereal production in Sakhisizwe Municipality along the years
Note: Cereals include maize, wheat and sorghum

4.4.2. Changes in Agricultural Area

A comparison in landuse change between maps creaD3 and 2014 respectively, as shown
in Figure 4.8, indicates some significant changdamd under cultivation. The cultivated land on

map (a) which was created in 2003 by the Councilidustrial and Scientific Research (CSIR,

2003), shows small and scattered patches of landieMer, map (b) developed in 2014 by the
researcher, shows vast land under cultivation. 204 landuse map was developed from the
image classification techniques in remote sensisigguERDAS Imagine. Landsat 8 satellite

images of August 2014 were used to create the snchap of the municipality. Fieldwork was
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done in the municipality to verify the mapped laseldeatures and collect sample points. The
collected points were added to some points defirged Google Earth. These ground truth points

were used in a confusion matrix and Kappa anatgsigrify the mapped features.

The maps show that there is an increase in arkendfunder cultivation as shown on the map on
Figure 4.8. The increase in the area of land uwcdéivation could be because of more land
becoming suitable for agriculture due to increasemperature, as the Eastern Cape is a generally
cold and snowy province. It is already documentet more land in colder areas will become
suitable for agriculture due to climate change (band Chilonda, 2012; Turret al, 2011;
IPCC, 2001).

Figure 0.8: Landuse change in cultivated land in Sakhisizwe Municipality
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4.5. Climatic Moisture Index (CMI) of Sakhisizwe Mu  nicipality

Table 4.1 presents the CMI of Sakhisizwe Municiyalor the decades 1980, 1990, 2000 and
2010, which are all negative. The CMIs were cakadausing annual rainfall (P) and annual
potential evapotranspiration (PET) applying Equai®.2 and 3.3. The negative CMI values
indicate that the PET in the municipality exceedscipitation representing a negative water
balance. According to Vérosmany al, (2005), there is a classification link betweevli@alues
and climatic conditions (CMI < -0.6 = Arid; -0.68MI <0 = Semi-arid; and CMI > 0 = Humid).
The average CMI for the municipality for the 4 déesais -0.72, qualifying the municipality to be

a semi-arid and water-scarce according to the \nWiadty classification (Vorésmarty et. al, 2005).

Table 0.1: Climate Moisture Index (CMI) for Sakhisizwe Municipality

Year 1980 1990 2000 2010
Rainfall (mm) 683.34 769.20 1191.99 925.96
PET (mm) 2478.00 3297.60 3422.40 3457.20
CMI -0.72 -0.77 -0.65 -0.73

The semi-aridness of the municipality has been sinoonstant over the years. This is an
encouraging sign for agriculture as water playsugial role as input to the production system.
This will encourage the opening of more land fati@gdture in the municipality during this era of

losing agriculture land due to shifts in agriculfgeasons due to climate change.

4.5.1. Runoff trend in Sakhisizwe Municipality

Table 4.2 presents the runoff in the municipaliseiothe years, calculated using annual rainfall
values and Figure 3.1. As runoff is a functionaihfall, it was also observed to be highly variable
over the years just like rainfall. Perusal of Tabl2 reveals that in 2010 runoff dropped drastcall
and this could be due the drought experienceder2009/10 season. However, in 1987 it was

exceedingly high because of flooding in that season

Table 0.2: Runoff trends in Sakhisizwe Municipality
1980 1987 1990 1997 2000 2002 2010
Runoff (mm) 23.4 43.3 22.5 20.3 21.8 22.6 6.5
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4.5.2. Water storage

Many farmers in the Elliot community have some faiwvater storage facilities either in the form
of a small dam or storage containers. The damgxXample the one shown on Figure 4.9, collect
water from streams during the rainy season ane #téor use during the winter season which is
normally dry or when there is little rainfall. lmnmal circumstances, the private dams store enough
water for the individual farmer’s needs during timg season.

Figure 0.9: Small dam built in a commercial farm
Photo taken June 2015

The overhead containers are normally filled withtewvadrawn from underground sources and
mainly used in households. However, in some cameseirs draw water from rivers into some

tanks erected in their farmsteads. Water is draam the rivers by the use of some water pumps
as indicated on Figures 4.10.
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Figure 0.10: Water being drawn from Slang River for storage in a reservoir
Photo taken in June 2015

4.6. Adaptation Strategies

It is projected that the municipality will mainlyebaffected by climate variability rather than
climate change. Therefore, some climate shockgegkltn climate variability are expected to
continue affecting the municipality. Table 4.3 slsosome of the envisioned climate related
impacts expected to affect the municipality. Tadl® highlights such impacts and provides the
strategies that can be adopted to mitigate thopadts. The purpose of the profile in Table 4.3
acts as an early warning system that stakehol@ersige to prepare for future climate shocks. The
profiles are organised primarily to aid early wagactivities as they outline possible impacts and
adaptive strategies that can be taken to aid conti@sito withstand climate related shocks.
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Table 0.3: Expected climate variability shocks and adaptation strategies in Sakhisizwe Municipality

Expected Climate Shock

Adaptation Strategies

Decreased water availability in rivers due to high
temperatures and increased evapotranspiration
affecting the fishing industry

Switch to more resilient livestock production
systems and crops

Increased risk of water pollution and decreased
water quality linked to erosion resulting to water
borne diseases.

Improve and expand water harvesting and storag
techniques.

je

Decrease in crop productivity due to the shifts of
agricultural seasons and reduced rainfall amoun

Increase land under irrigation. Soil, water and
[qautrient conservation practices.

Higher temperatures help the spread of pests an
pathogens that affect agricultural production.

dSwitch to more resilient livestock production
systems and crops

Decrease in the availability of clean water for
domestic and agriculture uses

Expanded rainwater harvesting, water storage a
conservation techniques, water reuse and irrigat
efficiency

nd
on

Increased incidence of floods as the incidence o
heavy rainfall events increases

f .
Improved land management, such as erosion co

ntrol

Increased incidences of drought

Switch to mordieesilivestock and crop varietie

[72)

Loss of wages due to little or no activity in the
commercial farms and reduced income

Increase land under irrigation as an alternative tq
drought and flooding and improve crop and wate
productivity

—

The profiles shown in Table 4.3 give an analysish& impact of climate shocks and offer

adaptation strategies in Sakhisizwe Municip

alithe Tmportance of the profiles is to help make

targeted interventions in case of a shock and tigate the impacts. The profiles are useful in that

they are:

1. A guide to the impacts of climate shocksThe results unpack the impacts of climate

shocks of expected to affect the municipality. Treg strategic in that they assist

development planners as they can identify the degf@ulnerability of the community to

4
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a climate shock, and find ways to reduce their exdbility and increase their adaptive
capacity.

2. An early warning system The profiles play an important in that they forewa
policymakers and arms them with a tool to makesti@d) interventions where necessary.

3. Policy development.Disaster management has been the main motivatibmdbehe
spread of early warning systems (Lema and Majul®92 Seamaret al, 2010). The
importance of early warning systems is to imprdwe éfficiency in the scale and timing
of intervention in an emergency. Early interventistthe core of early warning systems.
Such interventions often require changes in p@iny practice and the profiles are a useful
tool to this effect.

4.7. Summary

Elliot Town is surrounded by a farming area, whidbminates the whole of Sakhisizwe
Municipality. The farmers concentrate mainly ingsaand livestock production. The main crops
grown are maize and other small grains and, anlivestock they mainly rear cattle and sheep.
An analysis of temperature and rainfall trendstii@r past 30 years has shown no major impact of
climate change but climate variability as rainfalid temperature are highly variable in the
municipality. Although insignificant, there has bean increase in maximum temperatures,
causing high intensity rainfall and floods. Thedenate shocks have been recurring in the
municipality in recent years. However, the warneenperatures are favouring the opening of more
land for agriculture. The municipality is classtfias semi-arid and water scarce region, a situation
that should justify the mobilisation of more resmeg towards water harvesting. The 20 years
projection trend indicate that the intensity ofn@dite variability will increase causing annual
seasons to become unpredictable. This will calefointensification of the use of early warning
systems to prepare farmers, residents, policy-nsaked other stakeholders on the possibility of
an occurrence of a climate shock. According tcstimeey undertaken the majority of the residents
in the town and the farmers in the surrounding aisa less equipped and prepared in the event
of a climate shock occurring in the system. Larggescommercial farmers are more equipped

and prepared as they have water storage facsitiels as dams and water tanks and other resources
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to sustain climate shocks, but smallholder farnaeesmore vulnerable as they depend entirely on

rainfall for agriculture.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The study will contribute to knowledge on climateange and variability, not only to the
Sakhisizwe Municipality but also to the entire coynSouth Africa, as well as other parts of sub-
Saharan Africa. The objectives were to assessulmerability of Elliot Town in the Eastern Cape
Province of South Africa to the impact of climateange, paying particular attention on water
resources and agriculture production from the sunding farms in the Sakhisizwe Municipality.
The goal is to develop a tool that would act asanty warning system to assist policymakers and
other stakeholders on measures that can be takasémof a climate shock occurring in the system.
This was achieved through developing adaptive nteasio be used in case of such a shock in

order to mitigate the impacts of climate change \arihbility in the whole municipality.

The data analysis and literature review on clinagie agriculture done in this study identified and
defined the impacts of climate change and varigbitin water resources, agricultural and
households in the municipality. The results givevealth of data and information that helps
policymakers, and other stakeholders on the impat€tslimate change and variability in

Sakhisizwe Municipality. The results have showrt thianate change is not affecting much in the
municipality, but there is more of increased cliengariability, which is causing the increase of
floods and drought. Climate variability impacts a®ecting water quality and food security
especially to smallholder farmers in the municiyaliSmallholder farmers do not have the

necessary resources to mitigate climate relateddétsgike their commercial counterparts.

The extent of awareness of climate change and bilityaby residents and farmers was also
analysed through a questionnaire. The responses givowed that the residents of Elliot Town
have little knowledge on climate change and itsaotpAlthough commercial farmers were aware
of climate change, the majority lacked detailedoinfation. Smallholder farmers had little

knowledge as compared to commercial farmers. Ireiggnthe results of the study indicate that
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residents and farmers are not fully informed alibatconcept of climate change although they

have observed a slight decline in agriculture outwer the years.

The study has also shown that the community’s lef@lducation was significant to understand
climate change and variability. However, the leveéducation of some smallholder farmers was
not good enough to influence awareness. The studydfout that the lower the level of education
the higher the chances of not being aware of céneiange and variability. Formal extension
services increased awareness of livestock farriEnsever, among the farmers that were aware,
not many received formal extension services, wkedmed to increase the awareness to climate

change and variability.

The study has also shown that extension service doenecessarily increase decisions to adapt
to climate change and variability, but support asde information about climate change that helps
to make decisions to adapt. Some residents antifevozers associate the increase in temperature
with a declining in rainfall. This notion suppotte view that climate change and variability are

taking place and have been perceived by the wharterwinity of Sakhisizwe Municipality.

The outcomes of this study indicate that climatange and variability are somehow positively
influencing agricultural as more land is being ogeérior cultivation and the slight increase in
maximum temperature is favouring livestock breedifige projections made also indicate that if
there were any changes in climate they would dgtdalour increased crop production if the

challenges associated with climate change wereaowed.

Rainfall data analysis has shown that rainfallgyatt and trends in Sakhisizwe Municipality are
not changing but have become highly variable iemégears. The frequency of floods and drought
has increased in recent years affecting water tyumhid food security. There is therefore need to
adopt water harvesting technologies to mitigateithpacts of drought. There is also need to
intensify irrigation in the municipality to increasvater and crop productivity to mitigate the
problem of water scarcity and food insecurity. Wageality will continue to be affected by

flooding and this calls for the construction of lsed water purification tanks and adopt new

water purification technologies.
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The greatest challenge in the municipality and Bd\tica at large, is lack of monitoring data

(climate, soil, and hydrology) which would be negde develop site-specific management

strategies and for adapting them according to sendlimate as well as in quantity and quality

of soil and water resources. There is thereforel rieea concerted effort by policymakers and

researchers to make use of and develop proxies feomote sensing to monitor and ultimately

predict climate shocks.

5.2.

Recommendations

There is a great need to further awareness cangpaigalimate change and variability and
their impacts in the Sakhisizwe Municipality. Thvdl assist in getting cooperation from

residents when taking measures to alleviate clirdaémge impacts.

Climate change and variability management strasegiast be promoted strongly in the
Sakhisizwe Municipality and these must include &alapn measures to minimise the

impact of climate change on livestock productiaopccultivation and water availability.

As temperature and rainfall variations affect wateailability and food security, as well
as livelihoods, the community needs training onpdichg and utilising water harvesting

technologies and use irrigation to mitigate climatange and variability impacts.

The government, through the relevant departmerddrestitutions, should come up with
national policies that promote research and dewvedop programmes that support the use
of new technologies and practises that can be tesafleviate water scarcity and food
insecurity. These policies must aim to promotegation and increase crop and water

productivity, key elements to alleviate water sitgrand food insecurity.

The government should also consider the adaptatiogrammes that reduce the impacts
of climate change and variability, and these progngs could include access of livestock
to supplementary feed and appropriate crop proolicinethods in response to the

prevailing climatic conditions to ensure high yeld
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The use of new research technologies such as R&anteng and Geographic Information
Systems (GIS) need to be promoted in schools, gedleand universities, as they are

important tools that are used in disaster risk céda and early warning.

Decision support systems and other technologiesribbile phones can be adopted as
mediums to transmit information related to clim&ask to residents and local farmers.

These technologies transmit information in reaktiamd are capable of mitigating risk.

Public consultation is of paramount importanceh@&sdommunity is involved in decision-
making and testing of opinions through researche @mmunity will have a sense of
ownership of natural resources, which will bringpabtheir responsible use. It will also

create a sense of belonging as residents of thécipality.

The municipality should apply strict but affordabheasures to households that water may
be used sparingly and ensure that fresh water reseoare also available for other uses

downstream.

This study should be made available as referenctifore studies and parts of it can be
used for new or further research to promote theazisg of knowledge and information

to difficult people.
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ANNEXES

1. Questionnaire

A.1 COMPOSITION AND CHARACTERISTICS OF FARM/HOUSEHO LD
Answer the following questions by placing a ticR {n the appropriate box.

1.1 How long have you been in Elliot?

A.>10 yearsD B. 10-20 yeaD 340 yearsD D. 40-50 yea{:I . <80 yearsD

1.2 In which location do you stay?

A MasibambanD B. HiIIvieD C.IimarD D. Polar PaD E. VeD F. D
Town D

G. Farm
A.2 FARM/HOUSEHOLD CHARACTERISTICS

1 2 3 4 5 6 7
Size of| Gender off Age of | What is| Education level| Occupation |Is farming
household | head of| head ofl marital Pre- Farming... | your major
>3 ... 1 | household | household | status of the school....... 1 ]..1 source  Of
4-6 ...... 2 (years) household | Std1 ........... 2 | Employed... | income?
<6 ...... 3 | Male....... head? Stdé.......... 3 2 Yes.....1
1 16- Single........ Std10......... 4 | Housewife.. | No...... 2
Female.... | 25........ 1].1 Higher....... 5 |3
2 26- Married...... None......... 6 | Pensioner...
35........ 2 |2 4
36- Divorced..... Business...
45........ 3|3 ...5
46- Widowed.... No Job
55........ 4 (4 6
>56.......... 5 Separated...5

A.3 IF YOU ARE A FARMER, WHICH TYPE OF FARMING, ARE YOU SPECIALISING
IN?

A. Crop farming B. Animal reagi C. Horticulture
D. Market GardeningD
A.4 ACCESS TO INFORMATION ON CLIMATE CHANGE
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4.1 Do you have access to information on climaenge?

A. Yes I:I B. NO|:|

4.2. What is your source of information on climelt@nge?

A. FIyerst B. MagazineD Qd D D. Local newspapD
E. Other (specify) D F. None|:|

4.3 Do you receive information on climate changeulgh extension services?

A. Yes |:| B. NO|:|

4.4 Through what channel did you receive informrato climate change?

A. Formal extensiorD B. Farmer to farD C. Family suppD D. gllelborslj
4.5 What kind of support do you receive for climelbange effects?

A. Formal extensiorD B. Farmer to farmxeﬁensiovl:l C. Formal creﬂ

D. Relatives in the viIIagD Ehéxt (specCify).....cccccvvvvvienennnnn. D F. NoneD

4.6 Does the information you get make any diffeeestock population/crop production/domestic
water usage?

A Yes | | B.No| |

B. LAND CHARACTERISTICS

B.1 Land tenure system

A. Private (oer B. Communﬂ C. Pernussio occupy (P.T.dj

D. Renting |:| E. Other (specifD ...................................

B.2 Who manages the farm?

A. Individual D B. Family memise D C. Farmers’ grouD do-operative D

E. Private company D F. Trust D G. Other (specifyD ....................
B.3 Who owns the farm?

A. Individual D B. Family membg C. Farmers’ grouD D. Co-operaD
E. Private companyD F. TrLD G. Other (specify)..........coviiiiiiiiiinnn, D

66



C. FARMER'S/RESIDENT’S OBSERVATIONS ON CLIMATE CHAN GE

C.1 How has the weather been in the past 5 yearsiee 20087? Tick in the relevant box.

1. TEMPERATURES: A. Temperatures increasD B. Tentpesa decreasedD
C. Temperatures stayed the saﬂ D. Hawvebserved any changes in temperatDs
2. RAIN: A. Rains increaseD B. Rains decreDd C. Rains stayed the saD

D. Floods D E. Not observed any clesrg rainfall D

3. Are you aware of the 2003/2004 or 2004/2005 dight?

Aves | ] B.No | ]

C.2 How has the weather been since 2008 to date7or¢....1 Average...2 Bad ...3
Severe ....4

1. Drought 2. Winds 3. Floods 4. Other (specify

2013

2012

2011

2010

2009

2008

D. ADAPTATION MEASURES
D.1 Have you adapted to climate change?

Aves [ | B.No| ]

D.2 What adaptation measures have you adopted to dlewith the changes in temperatures
and rainfall?

A. Provide portable watﬂ B. Built wastorage facilitiesjj C. Hire watmnks I:I
D. Drilled borehoIeD E. Did not adaD

D.2 If you did not adapt what made you not to adopadaptation measures?

[] [ ] [ ]
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A. Lack of information B. Lack of money C. Not aware of climate change

D. Do not know what to doD E. Distarto weather stationsl:l

E. HEALTH PROBLEMS EXPERIENCED AS A RESULT OF CLIMA TE CHANGE

E.1 Are there any health problems you might have igntified that were caused by climate
change?

A. Yes D B. No I:I
E.2 If yes what do you think needs to be done heflve the problem?

A. Educate the public about causes of climate oaarD B. Make those contributing to climate
change pay

C. | don’t know. D

Thank you for answering this questionnaire.
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2. Distribution of the population according to

~

J

suburb/place lived

3. Source of information on climate change

~
= None, "™ Flyers, 6%
19% = Magazine
s, 11%
® Other, 18,
16% B Radio,
= Local 35%
Newspape
rs, 13%
/
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4. Type of farming

~

%

5. Household size

\
B <6 People, " >3 I;gg}ple,
31% 0
B 4t06
People,
43%
J
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6. Annual average minimum and maximum
temperatures and rainfall

Average Average — poinfall
Year minimum maximum (mm)

temp () temp ()
1985 7.7 22.0 1182.0
1986 6.5 21.6 964.7
1987 7.1 21.7 881.8
1988 6.8 20.7 11454
1989 6.8 21.3 1037.1
1990 6.4 22.3 769.2
1991 7.0 22.2 969.0
1992 6.7 23.1 564.2
1993 7.0 22.2 881.1
1994 6.1 22.0 723.4
1995 6.7 22.0 969.7
1996 6.7 20.9 1020.8
1997 6.8 21.6 869.4
1998 6.7 22.3 1107.8
1999 7.2 23.0 435.2
2000 6.5 215 1192.0
2001 7.3 21.6 973.1
2002 7.2 22.0 979.4
2003 6.5 22.8 679.3
2004 6.7 221 1051.0
2005 6.9 221 756.4
2006 8.1 221 1319.3
2007 6.5 23.1 782.6
2008 6.6 23.0 917.5
2009 6.1 225 811.4
2010 7.2 23.2 926.0
2011 6.3 21.7 1097.2
2012 8.2 23.7 954.8
2013 6.8 225
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7. Cereal production

Cereal
Year production
(100 tons)

1986 860.0
1987 700.0
1988 700.0
1989 620.0
1990 620.0
1991 340.0
1992 650.0
1993 1229.0
1994 1225.0
1995 1360.0
1996 699.0
1997 440.0
1998 428.0
1999 620.0
2000 550.0
2001 564.0
2002 600.0
2003 963.0
2004 1030.0
2005 781.0
2006 980.0
2007 1070.0
2008 1120.0
2009 980.0
2010 890.0
2011 1120.0

Note: Cereals include maize, wheat and sorghum
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