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Abstract

The tourismclimate index (TCProvidesinformation on the levels of comfort for tourism activity
basedon the climate of a destinationThis index has been widely usexquantify the impacts of
climate change on tourism atdiversityof destinations The index is calculated based on the monthly
averages of seven variablebo apply this index in South Afrjcaneteorological datasets of each
variable were obtained from the South African Weather Service for 18 locations across South Africa.
Each location is climatically distinct and relies on the tourism sectgemerate social and economic
development within the regionThe 18 study sites, are influenced by differences in elevation, the
Benguela and Agulhasirrents found along the west and east coast of the country respectively, and
by the temporal scale at wtlh summer and winter rafall occurs across the countryarious data
limitations resulted in the need for an adapted tourism climate model in order to calculate the climate
suitability of all the chosen location§he annual mean TCI scores for the pe26@5-2014, reveal
excellent to ideal climate suitability for tourism at the majority of the locations, with TCI scores ranging
between 80.20 and 93.00. However, for the same period, East London, Port Nolloth and Bekast ha
annual average TCI scores beem 74.88 and 79.20, which indicates that their climate suitability is
considered to be very good. During the period 2@08.4, the majority of the locations experienced

an increase in theirlienate suitability for tourism.Mean Monthly TCI scores indicageasonal
variations in the climate suitability of destinations across the country. These results suggest that
Durban and St Lucia have the most favourable climate conditions for tourism during witiés;

Cape Town, Paarl, Port Elizabeth, East Londort, Nblloth and Knysna have the most favourable
climate conditions for tourism during summer; and Bethlehem, Bloemfontein, Johannesburg,
Kimberley, Ladysmith, Nelspruit, Pilanesberg, Pretoria, Polokwane, and Belfast have the best climat
conditions for taurism during spring ahautumn. The difference in average TCI scores across the
country andthe rate at which these TCI scarghange over temporal scales highlights the need for
constant monitoring of the climate suitability in these regions, particulaelyause they arreliant on

the tourism sector Rairfiall and average thermal comfohiad the most negative influencen the
annual mean TCI scoreshilgt daytime thermal comfort had the most positive influence on the same
TCI scoreslTourism academicand researchers in South Afriegere interviewed and they perceive
climate change to be a social issue that will only impact the South African tourism sector in the future.
The perceptions of the tourism academics and researchers are impasathey are often the first
people toengagewith information pertaining to issues about tourism in South Africa. Although none
of the respondents coulgrovidea clear indication of when they perceive climate change to have an
impact on the 8uth African tourism sectothe majority of them believe that that TCI can be used as

a tool to quantify the impacts of cliate change on the tourism sector. Thi®uld improve the
capacity of tourism stakeholdgto adapt to the resultant impacts. Howeyemost of the tourism
academics and researchers clearly stipulated that the TCI should be used in conjunction with current
climate change and tourism research in the country.
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Chapter lintroduction

1.1. Background to the Research

¢C2dzNAaAaY Aa 2yS 2F (KS ¢g2NIRQa I NBSaid SO2y2
(Scott and Lemieux, 2010; Amelung and Nicholls, 2014). The United Nations World Tourism
Organisation (UNWTO) stipulated that global internatiah@ dzNakridals Seadily increased

in 2014 by 4.3% from 2013 to reach 1133 million visitors (UN\BO13g). Therecord in 2012,

of one billion international tourists travelling the world was followed by continued growth in

2013 and 2014, and forecasisggesthat international(i 2 dzNdkrisials @ré set to increase

by 3% to 4% in 2015 (UNWTO, 2014; UNWZDQD). It has been estimated that global
international tourist arrivalsvill increase at 3%er yearbetween 2010 and 2030 to reach 1.8

billion visitors by 2030 (UNWTO, 2015a).

Despite continuous global economic challenges and geopolitical changes, international
tourism has remained steady, with results in 2013 exceeding expectations and forecasts
(UNWTOR014). This is highlighted by the direct contribution of tourism and travel to the
global GDP (USD 71.6 billion and 3.6% of the total global GDP) in 2013 (World Tourism and
Travel Council (WTTC), 2014). The s&tdirect contribution to global GDP isojgcted to

increase by 4.9% per annum to USD2120.6 billion (3.5% of global GDP) by 2024 (WTTC, 2014),
and surpass growth within the broader economy and other industries (WTTC, 2013; Amelung
and Nicholls, 2014). Furthermore, in 2013 tourism and travel dyresmnhployed 8 181 000

people and it is expected to rise by 2.4% per annum to 10 609 000 jobs by 2024 (WTTC, 2014).

The attractiveness of a tourist destinatiandthe choice of a tourism destination for visitors

is inherently influenced by mufile factors, including climatayith some saying that climate

is one of the most dominant factors influencing tourist flows around the globd~(@itaset

al., 2008; Becken, 201Rosharet al., 2016; Kovacs and Unger, 2014; Falk, 20 Duboiset
al.,2016). Climate plays an important role when choosing a destination by regulating the time
of year when climatic conditions are at their optimavhile simultaneouslyinfluencing
destinations that offer the most ideal climatic conditiordi¢czkowsk 1985; Kovacs and
Unger, 2014 All tourism destinations are climate sensitaed the climate fundamentally

affects the tourists thermal comforand weltbeing andthe @ A & Asatigfacliva with the



tourist destination(Scott and Lemieux, 2010; Kovacs and Unger, 20td)quality and length
of tourism seasonandthe tourism demand is influenced by intannual climate variability

(Scottet al., 2008; Kovacs and Ungéf14).

Due tothe fact that manytourismactivities occur outdoors, large parts of the tourism sector
areclimate dependentThis suggests thafilobally and regionally, the implications and effects
(positive and negative) of climate changmuldbe felt throughout the sector (Hamiltoet al.,
2005a; Amelunegt al., 2007; Falkt al., 2014; Roshaet al., 2016). Climate change is a serious
concern and one that is of global significance (Amelung and Nicholls, 2014), with
unprecedentedOK | y 3548 SELISOGSR (2 200dzNJ Fyentink S S N
(RosselléNadal, 2014)Additionally, it has been stipulated that tourism is one of the most
sensitive sectors to climatehange (Rogerson, 2046 However, the costs and drdbutional
impacts of climate change are not evenly shared across the ghdéedelsohnet al., 2006).

The collective historic emissions of £8y developed countries, is far greater than the
emissions released by developing natioBadaret al., 2006).As a resultthere has been a

widespread call for developed nations to facilitate adaptation in developing regions to lessen

the impacts of climate chang8gob and Stephan, 2013).

International tourism predominantly occurs in developed courgtriggcott and Lemieux,
2010). Howevertourism is an important contributor to the national and local economies of
many developing nations, includimgany African countries such d&nya, Botswana, Egypt

and South AfricaKirsten and Rogerson, 2003cott and Lemieux, 2010; Akinboade and
Braimoh, 2010Saarinen and Rogerson, 20Maharaj and Balkaran, 2014The potential of
tourism to contribute to economic development and cg upliftment in Africa was

I OOSyildza SR Ay GKS bSg tINIYSNEKALI F2NJ ! FNA
(Rogerson and Visser, 2011a), which recoghismurism as one of the sectors with
considerable potential to aid in the economic regenéatof the continent, through the
diversification of African economies and through the generation of foreign exchange (NEPAD,
2004). According to the UNWTO, Africa experienced a 2% increase in international tourist
arrivals in 2014 from the previous yeardasubSaharan Africa maintainechancrease of 3%

in 2014 from the previous year (UNWTO, 2815 he tourism sector plays a vital role in the
economic development processés African countriesuchas South Africa (Binns and Nel,

2002; Rogerson, 2008; Akinboade and Braimoh, 2010; Rogerson and Visser 2011b).

2



{2dziK ! FNAOI NB3IFNRa G2dzNRay +Fa Ada WLI aalk2N
and Visser, 2011a; Visser and Hoogendoorn, 201thérmore, it isperceivedas a strategy

to attract foreign investment, create jobs and reduce adverse sociattsffgirsten and

Rogerson, 2002Vlaharaj and Balkaran, 2018aarinen, 2014:1oogendoorret al., 201§. This

is highlighted by the South African National Tourism sector strategy, wirsthcts the

O2dzy iNEQa (2dzNAaY SO2y2YAO O2yGNRodziAzy (2 |
billion in 2020 (Maharaj and Balkaran, 2014). South Afridd®3F NRSR a4 ! FNR Ol
tourist destination (Rogerson and Visser, 2011b). Resffrica showing lower levels of
international tourist arrivals compared to other destinations around the glébguie 1.}, it

has been suggested that between 2010 and 2030 arrivals in emerging destinations (like South

Africa and other developing couigs around the world) are expected to increase at double

the rate of those destinations in developed economies (UNWTO, 2015).
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Figure 1.1:International tourist arrivals¥y (Adapted from UNWTO, 2015b).

It hasbeen claimedy Kalabokidigt al. (2015)that global climate change will inevitably alter
temperature and precipitation patterns around the worldAccording to the

Intergovernmental Panel on Climate Change (IPCC), the majérgiplmal climate models



indicate that global temperatures are set to increase over the coming century (IPCC, 2007;
Moreno, 2010; Zinyengeret al., 2013). The average temperature projections under different
emission scenarios indicate increases betweere1.8 G2 ne/ RdzZNAYy3 GKS

(Zinyengereet al.,2013).

It is predicted that for all the seasons across Africa, there will be a warming that is greater
than that of the global mean (Zinyengeet al, 2013). More specifically, various climate
trends and scenarios for South Africa show that annual average temperatures have increased
by nearly 1.5 times that of the global mean for the period 1960 to 2010 (Stetexis 2014
Rogerson, 2016 Both minimum and maximum temperatures have showed annual increases
during the same time periodetween 1960 and 201@Stevenset al, 2014). Despite
projections varying for South Africa, an overall trend exists, which indicates that all provinces
will experience warmer conditions in the futurBtévenset al., 2014). The rainfall predictions

are far more uncertain, however, there is a consensus that there will be drier conditions to
the west and south of the country and wetter conditions otrex eastern part of the country
(Stevenset al.,, 2014) These projected climatic changes for South Africa can have a significant
impact on the natual and environmental resources, manywafiich form the foundation of
many of the different types of tourisctivities thatthe country has to offe(Spenceley and
Goodwin, 2007).

There has been wide recognition that the impacts of climate change cannot be escaped, and
as a result there has been a significant movement towards identifying and implementing
appropriate adaptation or mitigation strategies in response to the impacts of future projected
climate changeTompkinset al., 2010) Many adaptation and mitigation strategies have been
used at destinations around the world, but it is important to recogniee teed for
destination specific responses to future climate change (UNWTO and UNEP, 2008).
Furthermore, a0 2 dzy gedgra@lical and economic characteristics and the perceptions of
people living in the country play a major role in addressing climate @and the impacts it

may have on a particular region Q / zZetaly;, 2989; Ungar, 2000; Leiserowitz, 2D05

Due to the increase in competition within the tourism sector and the projected threats of
climate,climate indices and other metricsuchas, the Physiological Equivalent Temperature
(PET), Effective Temperature (ET) and Standard Effect Temperature hé8€T)peen



developed in an attempt to determine the significance of climate on tourderHfeitaset al.,
2008. These metrics and indickave been formulated to explore the suitability of various
tourist activessuch aseach and water activities and game viewingth regards to climate
conditions of a particular locatiorkKfvacs and Unger, 20Ll450me of the early indices that
were appled to tourism includehe PETETand SETthese were initially developed to account
for human comfort in genergMoreno and Amelung, 20091owever,these metris ignore
important nonthermal aspects of weather (Moreno and Amelung, 2009), Hretefore

present a fundamental limitation when being applied to the tourism sector.

More recently, in an attempt to effectively measure the effects of climate on tourism, various
composite indices have been developé&kgnar and Mtzarakis, 2004 These came in the
form of the beach climate index (BCI) developed by Morgiaal. (2000), and the climate
index for tourism (CIT) which was developed by de Freita$ (2008) However,both these
models were fundamentgt limited in the fact that they were both only validated at a very
small spatial scale and weret tested and validated at a broader geographical scale. As a
result,the BCI and the CHid not take into account the potential for cultural differences in

perceptions of suitable climate (Moreno and Amelung, 2009).

The index that is used in this study, is the tourism climate index (TCI), and is one of the most
widely used indices in the wid for tourism Kovacs and Unger, 2014rhe TCI used in this
study was developed by Mieczkowski (1985) and adaptdedoghNielsen(2010). The index

is calculated based on the monthly averages of seven variabsmum dailyemperature;

mean daily temperature; minimum daily relative humidity; daily relative humidity;
precipitation; daily sunshine hours and wind spedrchNielsenet al.,2010. The TCI simply
provides information on the levels of comfort for tourism activiigsed on the climate of a
destination Amelunget al., 2007. Despite the TCI having fundamental limitations, it is the
most widely used index within tourism and climate change research. Its generalisability has
been extensively proven through studies @es the globe and in different climatic conditions
(c.f.Scottet al., 2004;,Amelung and Viner, 2006; Ameluagal., 2007; Amelung and Nicholls,
2014; Kovéacs and Unger, 2014; Grant, 30More importantly, theTCI is not limited to
assessing the impactd climate suitability for the purpose of one type of tourism activity, it

is scaled for activities that involve moderate to low levels of physical @esiguch aggame



viewing) and is nqgust restricted to beach activities like the CIT and the(BE Freita®t al.,

2008).

1.2. Rationale

As a result of the tourism sector being heavily reliant on climate and weather sysigns
being severely affected by changes in these systemséRbdiadal, 2014), large amounts$
literature exist which focuses on the impact @imate change on tourism (cAgnew and
Viner, 2001; Madison, 200Elsasser an Burki, 2002amiltonet al., 2005a;Hamiltonet al.,
2005b; Amelunget al., 2007; Peeters and Dubois, 20laloglu and Mil, 2011Marchet

al., 2014; Kubokawat al., 2014) However this research has predominantly been conducted

in developed countrigswith limited literature exploring the effects of climate change on
tourism in AfricaResearch on the likely impacts of climate change on tourism in South Africa
remairs limited. Therefore, due to the tourism sectors important role in aiding social and
economic development in South Africa (Rogerson, 2007; Visser and Hoogendoorn, 2011
Rogerson, 2013), it is imperative that the effects of climate change on tourism in South Africa

be exploredand documented

The Tourist Climate Index (TCI) is one of the most comprehensive and widely recognised tools
which indicates whether the local climate of a particular destination is likely to improve or
decline over time, with a particular focus eourism-based activities (PerckNielsenet al.,

2010; Roshanet al., 2016 Kovacs and Unger, 2014he TCI is a tool which provides a
guantitative representation of climate for the purpose of touridrased activies. Sudies
conducted in developed coungs, predominantlyin the European regions have used TCls to
explore changes in suitable climatic conditions for tourism (c.f. PRrelsenet al., 2010;
Mieczkowski, 1985; Kovacs and Unger, 2014; Kuboledwh, 2014; Amelung and Nicholls,
2014; Sott et al., 2004) However, the use of TCls in South Africa remiamged. In addition

due to the limited use of TCls in South Africa, it is not yet certain whether or not this is a tool
that can be effectively used areveloping worlccontext. Theefore, this study will attempt to
assess the value and effectiveness of the TCI in the South African context. In an attempt to do

so, tourism researchers and academics will be interviewed, and their perceptions of the



current trends in tourism in South #da, along with other expert knowledgevill be used to

explore and determine the value that TCls can offer to future research in the country.

Using the TCI model, this study will provide an indication of the suitability of climatic resources
for tourismacross the country. This information will allow governments, organisations and
other tourism stakeholders to gain an insight into how climate change is having an impact on
the suitability of different destinations in the country from a climatic perspectiver the

study period. The findings of th&dudy may also provide information to stakeholders in the
tourism sector, which may prove to be beneficialridg the planning and decisiemaking
stages of adaptation processes in the future. More importantly, this research acts as a starting
point for further research into the use of climateurism indices in the South African context,
and what value they hold in acting as an effective ioahssessing the changing climate and

the potential impact it may have on destinations around the country.

1.3. Study Aim

The fundamentahim of thisstudy is to contribute to the existing international and South
African literature on climate @nge and tourism. More specifically, the aim is to contribute
knowledge on the nature and extent of climatariability andchange in South Africa in recent
times, and to explore how this change has influenced the suitability of destinations in South
Africa as a tourist destination, according to the TCI model. In addition, the study aims to
establish the value and effectiveness of the TCI in determining the suitability of climate for

tourism at destinations throughout South Africa.
The research objectivesa

1. To exploreghe longterm Tourism Climate Indices (TClIs) ¥8rbcations across South
Africa ta
A) Determine the climate suitability of each location and
B) Sudy the spatial patterns in variation

2. To cetermine the direction and magnitude of change in thel BCores over the study

period to:



A) Determine whether certain locations are becoming more or less climatically
suitable for tourism
B) Explore the spatial patterns in the observed changes
3. To &plore the perceptions of tourism academics and researchers in S&iba
regarding the relationship between climate change and tourism, and the suitability of

TCls.

1.4. Structure of the Thesis

The thesis has been structured into seven chapters, the first being the introduction to the
study and the main study aimsChapter 2 provides synthesis and critical analg§ithe
literature on climate change and tourisrAdditionally,it explores climate change in South
Africa, the relationship between the#eveloped and developing worldndadaptive capacity

It also investigates the tourism sector, and literature on the kkeholders Chapter 3
provides a description of SoutAfrica, and provides justification for the 18 study sites
selected. Chapter dutlines the methods used in this study, and is divided ouantitative

and qualitative sections. Chapter 5 presents the results for the study, while Chapter 6 provides

critical analysis and engages with the literature. A conclusion is presen@thiper 7.



Chapter2: Literature Review

2.1. Introduction

On a global scale, tourism is one of the fastest expanding sectors and has a major role to play
in national and local economieScott andLemieux, 201D Despite this important roleit

faces many challenges with one major challenge being climate chaer{o, 2010; Scot

and Lemieux, 2030 Until recently, climate change has been recogdisas having the
potential to have wide and far reaching negative impacts on the global tourism m&ett (

et al,, 2004; Hamiltoret al., 2005b; Moreno, 20LMarchet al., 2014. In addition UNWTO

and UNEP (2008) have stipulated that the tourism misrkell be affectedboth directly and
indirectly by climate changeith direct impacts influencing major decision making processes
of tourists, regarding when and where to travel, while indirect impacts of climate change
result from changs in the natural environment of a destination (Agnew and Viner, 2001;
Reddy, 2011). While these organisations acknowledged the impact of climate change on
tourism, they alsdnighlightedthe bilateral relationship between tourism and climate change,

by ackowledging the impact that tourism has on climg®&mpsoret al., 2008;Colakoglu

and Mil, 2011).

In light of the recognition that the impacts of climate change cannoav@ded there has
been ashift towards identifying and implementing appropriate adaptation or mitigation
strategies in response to the impacts of future projected climate chamgenpkinset al.,

2010 Duboiset al., 2019. Despite various general adapion strategies being implemente

at different destinations around the world, it is important to recognise the need for unique
and localised adaptation or mitigation strategies based on destinatidmaracteristics and

the type of tourism product being offered (UNWTO and UNEP, 20088)geographical and
economic characteristics of a region or country will determine the extent to which they are
vulnerable to climate change impacts, and ultimately the level of their adaptive capacity
(Simpsonet al, 2008). In additionto 2 YS R S a (i deggraphica i ®conomic
characteristicsthet A G SNJ (0 dzNB Kl a KAIKEAIKGSR GKS A YLR2N
perceptions play in addressing the global issue of climate chamge ( / Zeya),2198P;
Ungar, 2000; Leiserowt 2009. It has been suggested that individUasderstanding of



climate change and its associated impacts is imperative and plays a major role in determining

their support for mitigation or adaptation strategies and poliqféolf and Moser, 2011).

Both domestic and international tourism in South Africa have experienced continued growth
sincethe transition into a full democracy, and the promotion of tourism since then has been
regarded as an important tool to achieve social and economic developmemis(Bimd Nel,
2002; Lee and Chang, 2008; Akinboade and Braimoh,; 2GiMita and Saarine@016). The
predominant focus of th&outh African tourism literaturdnas risen from the policy context

of the country and revolves around four majbemes:

1) Responsible tourism

2) Prepoor tourism

3) Tourismbased local economic developmehH[)
4) TourisrAdbased SMME

[Hoogendoorn and Rogerson, 2Q15

Climate change will have far reaching and significant impacts on South Africa, ranging from
the household legl (affecting the way people livé) a national level, wherendustries have

to adapt and change as a result (UNICEF, 20thé¥e impacts will be felt across all sectors of

the economy including tourism(Davis, 2010)Some esearch in South Africa regarding
tourism and climate change has already identified some impacts of climate change on tourism
in the country(Hoogendoorret al., 2016; Fitchetet al., 2016). However limited research

exists and it is imperative thdhere is a continued féort to broaden the scope of tourism
research in South Africa to focus on aspects such as the relationship between climate change

and the tourism sector

This chapter wildiscussthe literature on global climate change and its relationship with
tourism andassesssthe impact of climate change on developing and developed nations.
Furthermore, this chapter will explore the uncertainty surrounding climate chaagethe
importanceof perceptions regarding climate change and the role they play when it comes to
implementing strategies to adapgb or mitigate againstclimate changeA comprehensive
review will be carried out that explores the literature pertaining to gation and adaptation

to climate change in generandon the tourism sector speatially. This chapter will go da
review the literature surrounding climate change in South Africa and what the potential

impacts of climate change may mean fbe tourism industry in the country. An extensive
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review of the tourism literature in South Africa will be carried out, and distusshow the
tourism landscape has evolved over recent decades. Finally, the chapter will take a look at
different methods of assessing climate suitability for tourism activities, but more importantly,
will explore the literature surrounding the tourism climate index (TCI) and why it is the best

suited model for this study.

2.2. Global Climate Change and its Relatioipstvith Tourism

Weather and climate are an important aspect of tourism, with some identifying climate as the
predominant factor that alters tourist flows on a global scale (Moreno, 2010it Scal
Lemieux, 2010)Weather is the state of the atmosphere at agiyenplace and timewhile
climate can be describeds the measurement of theaverage and variability of surface
variables such as temperature, precipitation and wind over a period of minimuygea&
(IPCC,@7; WMO, 2013). More simply put, climate is the average weather conditions over a
period extending a minimum of 30 yedl&MO, 2013)The distribution of tourists temporally
throughout the year and the environmental context in which tourism occigsgreatly
influenced by climate (Moreno, 201Fitchettet al., 2016. This is due to, firstly, seasonal
changesaround the globe. Natural factors of seasonality relate directly to a destim@tion
climate, which can either attract or deter tourisfrom visithg a location (Amelungt al.,
2007).Secondly, climate allows two locations to be compared, @arfidza Ay Ff dzSy OS &

choices based on what climate suits their preferences (Moreno, 2010)

Despite the important role of climate on tourism activities around the world, until recently
over the past two decades, very few studies explored the relatignsbtween climate and
tourism (Scottet al., 2004; Marchet al, 2014). More recent timesave seen a wide
recognition by governments and tourism stakeholders, that climate change has the ability to

significantly impact tourism on a global scale (Hamikoal., 2005b; Moreno, 2010).

Climate changés projected to impact tourism in the future, however, the impacts of climate
change are already being felt at destinatipasd influencing various decisions within the
tourism secto (Simpsoret al., 2008). The United World Tourism Organisation (UNTWO), has
identified four general categories of climate change impacts that will not only impact tourist

destinations, but also their competitiveness and sustainability (UNWTO and UNEP, 200
11



Reddy, 2011 Direct impacts of climate change ultimately have a majopact on the
decisionmaking process of tourist (with regards to when and where to go) (Agnew and Viner,
2001, Saarineret al.,, 2012 Rossefl and Santandallego, 201y Thisis dwe to the fact that
weather and climate have an influence at both the destination location and the source
location (Agnew and Viner, 2001)it therefore influences decisiemaking processes of
tourists because it alters the climatic attractiveness ¢d@ation (Reddy, 2011). One of the
fundamental direct impacts of climate change on tourism will be the redistribution of climatic
resources between different tourism destinatiorishiner and Heymann, 20081arshallet

al., 201). Therefore, due to the chges in the length and quality of climate dependent
tourism periods, the competitive relationship between destinations could be altered and
therefore affect the viability and profitability of tourism businesses and operators around the
world (UNWTO, 2009;eRdy, 2011).

It has been acknowledged that the natural environment is a significant resource for global
tourism markets (Uyarrat al., 2005). The indirect impacts of climate change are a result of
climate change impacting a destinat@renvironment (Agne and Viner, 2001). Therefore,
changes in the natural environment or conditions of a destingtas a result of climate
change can potentially have significant impacts for the tourism destination (UNWTO, 2009).
Such changes can lead to water shortagesedts to the local biodiversity and landscape
aesthetics, increase coastal erosion and may potentially damage pertinent tourism
infrastructure due to extreme weather evenssich asflooding (Reddy, 2011). Due to the
natural environment, which is sensié to changes in climate, being a significant resource for
global tourism, the tourism sector is vulnerable to the impacts of climate change (Agnew and
Viner, 2001).

Vulnerability hasobecome an important concept to consider when dealing with the human
environment boundary (PercNielsen, 2010)For the purpose of this study, the concept of
vulnerability will follow from the definition provided by the IPCC Fourth Assessment Report,
which defines vulnerability as:
ATdzy OGiA2y 2F | aedail $hawe itsSensitya alzis adagive Ot A Y I G S
capacity
[PerchNielsen, 2010581, Table 2.1
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Table 2.1Important components of the vulnerability definitididapted from PerciNielsen,

2010).

Component Description

Gbl GdyNS RSANBS (2 gKAOK I aeadsSy Aa
Exposure

(IPCC 2001: 987).

G¢KS RSINBS (2 ¢gKAOK | aeaidsSy Aa 7%
Sensitivity i i B L o

G NAIOAfTAGE 2NJ OKFy3Se¢ odiréectofindieath TY 'y

G¢KS ToAtAGeE 2F | aeadsSy G2 | Redzad

Adaptive Capacity extremes) to moderate potential damages, to take advantage of opportunities, ol
02LIS gAUGK (GKS O2yaSljdsSyoSa¢ oLt/ [/ wn

Using this definition of vulnerability, Perdtielsen (2010) developed a matrix to assess the
vulnerability of the tourism sector to climate chang€able 22). This was achieved by
combining the thee components of vulnerabilifgxposure, sensitivity and adaptive capacity
with different mechanisms that might have a direct or indirect effect on the tourism sector
(PerchNielsen 2010. This matrix has been developed for the general tourism sector and can
be adapted to specific torism activities and can be used at different scales (RBlielsen,

2010).

Various local, national and international mitigation strategies and policies that look to reduce
GHG emissions can potentially cause transport costs to increase t@dwertain tax
regulations that have been implemented or because of the high cost of alternatigegy

sources and technolog@nd change environmental perceptions and attitudes, which could
ultimately lead to tourists changing their destination choi@@®WTO, 2009). Lastllimate

change may have indirect societal change impacts (UNWTO and UNEP, 2008). It is suggested
that climate change impacts and the resultant mitigation and adaptgtimtesses will have
significant economic costs and therefore threaten future economic growth in many

economies around the world (Simpsenal., 2008).
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Table 2.2Conceptual framework for the vulnerability of the tourism sector to climate chafmgm (PerchNielsen, 2010b).

Mean Climate Extreme Events Sea Level Rise  Biodiversity Water Availability — Snow Mitigation
Measures
Change in the Change in the Rise inea levels Changes in the Changes in Change in Policies to
suitability of the frequency and impact tourism at composition of precipitation and  availability of snow reduce GHG
Exposure climate for the intensity of extreme coastal plants and animals evaporation during winter emissions
different types of ~ events which may  destinations and their seasons
tourism at the impact different interaction
destination types of tourism
Dependence on Proximity of tourism Proximity of The dependence or Water The dependence of Elasticity of
tourism that relies  resources and tourism resources current tourism consumption of tourism relying on  current
on the current infrastructure to and infrastructure relying on the the tourism sector snow tourism
climate extreme events to the maximum  existing demand
shoreline biodiversity Show making
Value of the tourism abilities Carbon
resource and Value of the Aesthetic value of intensity of
Sensitivity infrastructure that tourism resources the new emerging Alternative tourism current
are at risk and infrastructure plants and animals attractions tourism
that are at risk activities
The resilience of
tourism resources Dependence on
and infrastructure in coastal tourism
the face of extreme
events
Economic resources available to tourism to adapt
Adaptive Innovation potential of tourism entrepreneurs
Capacity Technologies available to tourism to adapt

Knowledge within the tourism sector on climate change and its potential impacts
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Reflecting this widespread recognition of the potential impacts that climate change could
have on the tourism sector, the United Nations World Tour@@rganisation (UNWTO) along
with United Nations Environment Programme (UNEP) and the World Meteorological
Organisation (WMO)met in Davos, Switzerland in 2007, for the Second International
Conference on Climate Change and Tourism (Moreno, 2010). One of the major outcomes of
0KS O2yFTSNBYyOS>s Aa NBTFfSOGSR GKNRdAAK GKS W5|

Climate is a key resourder tourism and the sector is highly sensitive to the impacts of

climate change and global warming, many elements of which are already being felt. It is

estimated to contribute some 5% of global {&nissions

[UNEP and UNWTO, 2008: 13]

This declaration laudes to the fact that the impacts of climate change are already being felt
by the tourism sector, but that the tourism sector is partly responsibleéferCQ emissions
responsible for climate change&iMmpsonet al, 2008; UNEP and UNWTO, 2008)This
highlights theneed forsimultaneousaction to be taken to reduce theontribution of the
tourism sector in terms of GQemissions, and assisting in reducing ihgacts of these
climatic changes on the tourisrsector (Moreno, 2010). This highlights the bilateral

relationship betveen climate change and tourisfigure2.1; Colakogliand Mil, 2011).

Adaptation Required

T

Effects of Climate Change on Tourism

Effects of Tourism on Climate Change

i

Reduction Required

Figure 2.1The bilateral relationship between climate change and tourism (Adapted from
Colakogluand Mil, 2011).
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The tourism sector contributes to climate change through the emissigmes#nhouse gases
(GHG), particularly G{but also methane, nitrous oxide and hydrofluorocarbons (Setat.,
2012a; Saarineret al., 2019. Tourisngrelated emissions take into coidgration all domestic

and international holiday and business travels (Settal., 2012a). The calculated tourism
related emissions take into account transport, accommodation and related tourism activities
(such as quad biking or boat cruiyelsowever, energy used for the construction of relevant
infrastructure is not considered (Simpsenal., 2008). In 2005viation was contributing the
largest portion of these emissions at 40% of the total emissions released touiti@m sector
(Scottet al, 2012a). In addition to this, the tourism sectoontributes to climate change

through associated sectorsuch agour operators and their offices (Scadt al., 2012a).

It is projected that by 2035 the tourissector€contribution to climate change will have
grown substantially, with the number of global trips increasing by 179% (UNEP and UNWTO,
2008).Tourismrelated emissions are set to increase by 152%, even witledhsideration of
efficiency improvements and technological advancements (Simptoal, 2008). It is
important to note that these future estimations do not consider the contribution of new niche
tourism markets that may emerge, which may contributgngficantly to climate change

(Scottet al., 2012a).

Thus, it is evident that tourism is contributing to the acceleration of climate change, through
increased emission output from the tourisend is in direct contrast to the global objective

of reducirg and mitigating the release of GHGs and ultimately reducing the impact of climate
change (UNEP and UNWTO, 2008; Stadt, 2012a). Due to the high level of growth in the

tourism sector, technological innovation alone will not be able to achieve thectaahs in

GHG emissions (UNEP, 2015)., thisrefore, imperative that behavioural changes (from the
G2dzNAadaQ LISNELISOGABSO YR &a0NHzOGdzN» £ OKLF y 3
place over the coming dedas, in order to reduce touriscontribution to global climate

change (UNEP, 2014).

While some emphasis is placed on the tourism seé®toontribution to climate change, the
majority of studies and literature are concerned with the impactsclimate change on
tourism activities and the stor (c.f. Agnew and Viner, 2001; Amelugigal., 2007; Hamilton
et al, 2005a Jones and Scott, 2008melung and Viner, 2008erry 2006)Thereis an
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increasing number of studigbat are exploring how climate change can have a significant
impact on a country and its tourism market, through its effects on the environment of that
country (Uyarraet al., 2005).The effects of climate change and its resultant impacts on the
tourism sectowill vary significantlypbased on the typef tourism market and the geographic

region of a touristlestination (Simpsoet al., 2008).

Qimate changehas the potential taresult in regional and seasonal changes in tourist flows
(Ehmer and Heymann, 2008), therefore the consequences of climate change for tourism
destinations will partly depend on the impacts experienced by its competitors (Sinepsbn
2008).Consequentlysome destinationsvill essentially experience negative impaatsile

other destinations will benefit from climate change (Ehmer and Heymann, 2@0&jdition,

it has been stipulated that the economies of some ragiare being negatively impacted on

by the environmental changes that are occurring as a result of climate change (eyatra
2005).

The Maldivesfor exampleplaces astrongemphasis on tourism as a means of creating jobs,
increasing foreigrexchange and ultimately using the tourism sector as a tool for social and
economic development (Beckext al., 2011).The tourism sector is primarily focused around
the natural aesthetics of the islandsith a major emphasis on beach and coral associated
activities (Beckenet al, 2011). The future climate change projections for the Maldives
suggestthat the conditions will become increasingly more harmful to the tourism sector
(Beckenet al., 2011; Table21). Due to the low land elevation of the Maldives, desel rise
poses a sigficant threat to the islands and the tourism activities that occur along the beaches
of the islands (Agnew and Viner, 200@astal erosion and podssy loss of landmass could

be a result of the seevel rise (Agnew and Viner, 2001). Coral bleaching is another major
threat to the Maldives tourism sector, as a result of warming sea and lagoon temperatures

(Agnew and Viner, 2001).
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Table 2.3The potential climate change risks in the Maldives and their significance to tourism.

(Adapted fromBeckeret al., 201)).

Potential Climate Risk Events Consequences of and significance to tourism

Raised sea level and high Coastal erosion (Damages beaches used by tour
High wave events/periods landmass loss, flooding

Higher Lagoon/ Ocean Temperatures Coastal erosion (Damages beaches used by tour

Altered ocean currents and wind patterns  landmass loss, differentigfing conditions,

Thermal discomfort for tourists, thermal stress for pla
and animals (reduces attractiveness of an area)

Rainfall variability and greater extreme ever Drought and flooding

Higher air temperatures

Studies have been conducted ouke last twodecades that specificallgxplorethe impact

of climate change on winter tourism, specifically on skiing destinations/tétton et al.,

1996; Harrisoret al.,, 2001; Scotet al., 2003 Unbehaun et al., 2008. The literature suggests
that many skiing destinations in Europe, Australia and North America will experience an
altitudinal shift in terms of where ski statiorghould be situated (Marchet al., 2014).
Therefore, ski resorts and sians that are found at a lower altitude would experience the
negative effects of reduced quantity and qualif/snow cover and will have to reduce the
length of the ski season, and potentially close down the ski station (Ubengtaain 2008;
Reddy,2011).1t is stipulated that skiing locations in North America and Australia that are at
high altitudes and facing northwards, will experience positive impacts of climate change and
will benefit from the misfortunes of othdocations (Scotet al., 2007b). The use of artificial
snowproductionis becoming widely used to reduce the impacts of chamgasow cover in
these areas, however, the long term use of such an adaptation measure could have economic

and environmental repercussions (Marehal., 2014).

Beachtourismmay be directly affected by climate change, through increased temperatures,
which may lead to tourists experiencing decreased levels of comfort at particular
destinations.(Ehmer and Heymann, 200Bloreno and Amelung, 2009)n addition, it has
been stipulated that other regionsuch aslTurkey, Spain and France may start to experience
warmer climate conditionswhichwould play out as an increased frequency of hotter days
weather, andmay result in significant scomfort for tourist during peak summer tourist
period (Amelunget al., 2007). However, many countries in northern Europe (which form a

large portion of the Mediterranean tourist visitors) are projected to experiemegmer
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conditions, resulting irfuture improvementsin climate suitability for tourismn summer
(Amelunget al., 2007). Thisndicates a likely increase domestic tourism andincreased

tourist numbers from countries in southern Europe (Amelengl., 2007).
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with more extreme warming inland and less warming over the coastal reditughe<et al.,
2003). Tourist destinations in northern Australie;, exampleQueensland, are projected to
experience a decline in their climatic suitability and attractiveness for tourism during certain
periods of the year (Amelung and Nicholls, 20iaddition this decline in climatic suitability

is set to be most noticeable during the summer months from December to February, which
coincides with the busiest international tourist season in Australia (Amelung and Nicholls,
2014). Furthermore, Brisbarand the Gold Coast are set to experience significant declines in
their climatic attractiveness, with increased temperaturesparticularduring the tourism
peak season (Amelung and Nicholls, 2014). Conversely, more southern regions of&ustral
such asMelbourne, Adelaide and areas of the South Coast are set to experience an
improvement in their climatic conditions, which welhhance and prolong the tourist season
(Amelung and Nicholls, 2014).

Tourism is largely infenced by its local environment, local climate and the climate sensitive
natural resources, on which tourism is primarily based (UNWAMDUWNEP, 2008imate
change risk$o tourism globallynclude threats to winter sports, coastal/beach tourism, wine
tourism, nature based tourism, sports tourism and water based toufiEable 2.4 These
depend a the tourism offerings of the country in question, and the changes in climate likely
for that location Table 2.4 In addition, the impacts of climate change on tourism are
AYyTFtdzZSYOSR 08 K Perdhifielzbidtalj201). TolSistsGenbdprimarifya 6
concerned with the average temperature or precipitation of an area, rather, they are
concerned with the thermal comfort and length of the rain periods as these greatly influence
the ability to take part in various tourist activitieRg@ssdb-Nadal, 2014 Moreno and
Amelung, 200 Therefore, it is important that the impacts of climate change are considered
based on regional and local climate scenarios (UNWTO and UNEP, 2008). In essence, tourism
stakeholders and decisiemakers need researdhat can sufficiently portray climate change

at a regional and local scale in order to make relevant and accurate decisions regarding

adaptation and mitigation strategies (UNWTO and UNEP, 2008).
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Table 2.4 The potential climate change riska destinationsand their significance to tourism (Agnew and Viner, 2001; Matchl., 2014,

RosselléNadal, 2013

Location Tourism Sector/s Potential Future Climate Change Risks Consequences of and significance to tourism
Temperature Increases Shortening of the snow season (Ultimately the tourists season)
Reduced precipitation falling as snow Reduced tourist attractiveness

EuropeanAlps  Winter Sports _ _ _
Loss of valued alpine species (plants and  Increased temperatures cdead to avalanches and thus damage tourism

animals) infrastructure

Large temperature increases (in excess @}
Thermaldiscomfort for tourists
Eastern Increase in heat wave frequency
Coastal/Beach Tourisr Lack of water can inhibit tourist activities
Mediterranean Increased water stress andstrictions
Decreased levels of attractiveness
High levels of pollution

Increased summer temperatures

Drier conditions Health risks for tourists
Coastal/Beach Tourisr
Southern Spain Increased malaria risk Damage to tourism infrastructure
Wine Tourism
Flash Floods More pressure on tourism infrastructure during off peak season (winter)

Increasedrequency in forest fires

Increase in summer temperatures by
2020 and 4C by 2050) Decreased snow cover (thus shorter snow season)

Nature-based tourism Decrease in seasonal cloud cover and rainfi Potential health risks for tourist (Malaria and skancer due to decreased

Australia Skiing Sea level rise cloud cover)
Coastal/Beach Tourisr Increased risk of malaria Risk to tourism infrastructure
Increase in storm surges Reduced attractiveness to the destination

Coral bleaching
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Sea level rise

Coastal erosion and threat to beach activities

South-eastern Coral bleaching Reduced attractiveness to the destination
and Mid- Coastal/Beach Tourisr Damage ecologically important wetlands an Inhibit tourist activities (on wetlands)
Atlantic US Sightseeing ecosystems Extreme weather andliecnate may deter tourists
coastline Increase in the intensity and frequency of  Storms may damage vital tourism infrastructure
storms
Detrimental impact on ecosystems Biodiversity loss (Forests and animals)
) Naturebased Tourism Rising Temperatures Reduced aesthetic appeal
Brazl Coastal/Beach Tourisr Decreased Rainfall Coastal erosion (Damages beaches used by tourists) and landmass los:
Sea level rise Rising temperatures could impact the thermal comfort of tourists
Warmer average temperatures Threaten the viability and profitability of the skiing industry
Skiing Increased precipitation Warmer weather may attract more tourist for short and long holidays
Scotland Sports Tourism (Golf) Variable snowfall Increased precipitation can increadiscomfort levels of tourists
Sightseeing Increased storm frequency Threaten coastal golf courses
Coastal erosion
Increased average temperatures Potential threat to the fresh water ecosystems and lakes themselves
Decreased precipitation Impact recreational fishing industry in streams due to drier temperatures
E:l:zean Water-based Tourism Reduced lake levels Impact tourism potential of the lake shorelines

Enhance concentrations of pollution along

shorelines

Potential threat to lake infrastructuresgch asnarinas)

Reduced lake attractiveness
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2.3. Perceptions of Climate Change

Climate change poses a major global risk to humad to the environment (Spencst al.,

2012). As a result, there has been an urgent call for action to be taken in response to the
changing climateSince the turn of the ZLicentury, this action has come in the form of two
fundamenral responsesnamely, mitigation and adaptation(Wardekker, 2011)Climate
change mitigationdeals with the technological, economic and social changes and
substitutions that result imeduced GHG emissions or by increasing greenhouse gas sinks
(UNWTO and NEP, 2008). Climate change adaptation involves implementing changes to
behaviour that will allow for societies tadjust ta and respond tpthe changes and thus

allowing them to better deal with the impacts (Wardekker, 2011).

Theperceptionof tourism sakeholders regarding climate change can playrdluential role

in making decisions or formulating plans (Saeittl., 2008). Understanding the perceptions

of tourism stakeholders is importantue to the major role that tourim sector plays

regarding economic and social development (Valls and Sarda, 20083%. beerargued that

public perceptions of climate change and its associated risks are critical to reduce GHG
emissions(Spenceet al., 2012). Attitudes are closely associated to perceptions (Pickens,

2005). The process by which humans interpret and organise sensations (vision, hearing,
touch, taste or smell), to produce a significant experience of the world, is referred to as
perception Figure 2.2PickenE HnnpuLu® 'y AYRAOGARIZ £ Qa SEA&GA)
personality all play a role in selecting the stimuli that is received to fgsereeption (Pickens,

2005).
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Positive Feedback
Reinforces the individuals
interpretation of their
reality

\ I Organisation (Based Interpretation

(Analysing based on

t|mu ation (selecting stimuli) personality and personal beliefs,

attitudes) personality and
@ attitudes)

Negative Feedback
Causes a re-examination
for future reference

Figure 2.2The basic process through whiehperception $ formed (Adapted from Pickens,
2005).
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addressing this global issue and the issues associated Watli Bordet al., 1998h Q [/ 2y y 2 NJ
et al.,, 1999; Ungar, 2000; Leiserowitz, 2D0bhe literature suggests that how individuals
understand climate change and its impacts is vital in determining their understandiagdf

support for, mitigation and adaptia policies,andtheir willingness to adjust their behaviour
accordingly (Wolf and Moser, 2011).

Various mass media sources and internet communications relating to climate change
highlight the wide ranging and competirsgientific and publi@erceptions regardingthe
presenceof climate change and its associated impacts, such as denial, scepticism, apathy and
conviction (Boykoff2004). Large portions of the perceptual uncertainty and scepticism
relating to climate change arises from confligt, unreliable and insufficient scientific
evidenceand from untrustworthy and misdirecting sources of information (Whitmarsh,
2011). It is suggested that the me@igoortrayal and dramatization often leads to an over
exaggerated public perception regarding climate change and the level of uncertainty and
controversy that existéShakeela and Becken, 2013)ligft of these perceptions and views

of cimate change, that stand in contrast ssmemainstream scientific evidence and policy

views, many scientific and political bodies have indicated that the sceptical and contrasting
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perceptions of climate change by the public can hinder the ability of cmstio gain support

to tackle the issue of climate change (Weber, 20AMhitmarsh, 2011).

Individuals who hold sceptical perceptiargjardingclimate change and its impacts are likely

to act in an unsustainable manner becausehout the belief hat climate change exists they

will have no reason to change their behaviour (Lorenzabral., 2007). Itisimperative that
people believe that climate changeasnatural phenomenon, and that the accelerated rate

at which this change is occurring is besa ofanthropogenicimpacts on the environment
(StoltKleemaret al., 2001) Once people understand that their actions cagativelyimpact

the environment organisations and governments can show and edupatsle that changes

in personal behviours are important for tackling climate change (Skddemaret al., 2001)

In addition, individuals who are uncertain about causes and impacts of climate change often

use that uncertainty as a means for inaction (Spegical., 2012).

Providing the public with scientific evidence that is tailored to their perceptions of climate
change, with the aim of correcting their views of the matter, while simultaneously highlighting
actionsthat individuals can adopt to reduce the impacts of climathange, will not be
sufficient(Lorenzoni and Pidgeon, 200d his is due to the complex nature of climate change
perceptions that are defined by conceptualisations of agency, trust and responsibility (Slovic,
1993; Lorenzoni and Pidgeon, 2006). Themrefordividuals will only take the necessary action

to reduce the impacts of climate change if they feel that they, @ should make a

difference GtoltKleemaret al., 2001).

Public perceptions of climate changéndicate that individuals indeveloped countries
perceive climate change to be a distant threat that will not have any impact on their lives
(Wolf and Moser, 2011)Additionally, they perceive climate change as an issue ikaa

concern for the future, that it concerns other people in other places and is more likely to
affect other species to a greater exteff©Ohe and lkeda, 2005). As a uktsof these
perceptions efforts to implement mitigation and adaptation stratieg are in turn perceived

to be trivial or unnecessary (Weber, 2010). However, it has also been suggesteahthat
AYRAGARdzZI £ Q& LISNOSLIWiA2ya 2F OfAYFGS OKIFy3S
environment orsetting (Spencet al, 2011).There is a global perception that developing

countries, which are considered phydlgaulnerable to climate changare at greater risk to
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the impacts of climate change (Sperataal.,, 2011; Spencet al., 2012). It is these developing
regions that do ot have the capability or capacity to adapt to climate change impacts (Spence
et al,, 2012).

Despite thenotion that individuals from developing countries are more alarmed about
climate change than individuals from developed countrigge(f8eet al.,2012) there is still

a wide and farreaching perception, where individuals from developed and developing
countries perceive climate change and its impacts as a digfiabtlproblem that will not
impact on their lives at the local level @é#l, 2000; Rathzel and Uzzell, 2000js therefore
imperative that future communications of climate change, its causes and its impacts are done
S0, in such a manner, so as to instil a sense of responsibilitysotety (Laenzoni and
Pidgeon, 2006)Gaining a better understanding of perceptions from key stakeholders will
potentially enhance the effectiveness and efficiency of future mitigation and adaptation
efforts, and not just in the tourism sector but ass many different industries and sectors
(Wolf and Moser, 2011).

2.4. Foresight, Adaptation and Mitigation in the Tourism Sector

Gountries around the world and economic sectors, including tourism, cannot escape the
impacts of climate change, and therefore there is a definite need for the appropriate
adaptation or mitigation strategy to be implemented in responseptojected danges in
climatic resources (UNWTO and UNEP, 20a8npkinset al, 2010).Geographical and
economic characteristics of a regianll determine the extent to which they are vulnerable

to climate change impacts, and ultimately the level of tleglaptive capacity (Simpsan al.,

2008). Adaptation to climate change is defined as:

G!'y FtR2dzaGYSyld Ay SO2t23A0Ft> a20AFf 2NJ SO2y
changes in climatic stimuli and their effects and impacts in order to ateegdverse impacts

ofchangeortaké R@I yiul IS 2F ySg 2dlJ2BOBIYzy A 1A Saé¢ 0! RIS

Adaptation can takéwo forms, first it can involve building adaptive capacity which increases
the ability of individuals or groups to adapt to climatitanges, and secondt involves

implementing the adaptation decisions (Tompkatsal., 2010; Tompkins and Eakin, 2012).
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These two forms of adaptation can be implemented in advance, prior to the impacts of
climate change or they can be implemented inpesse to climate chang@Adgeret al.,

2005). Itis important to note that adaptive capacity is essential for the successful design and
implementation of adaptation strategies or approaches, therefore, adaptation strategies
cannot be implementedtadestinations unless those destinations have the capacity to do so

(Simpsoret al., 2008).

Tourism stakeholders have already begun to usrgety of different adaptation measures

in order to deal with the expected and current climate change impabiat are being
experienced(Table2.3; Simpsonet al,, 2008). Despite the fact that very few adaptation
measures have been initiated at the local scale of individual destinations, there have been a
few instances where this is the cadeable2.6; Simpsoret al., 2008). Adaptation within the
tourism industry is often very specific to the destinat®mrlimateand the tourism product

that is being offered (UNWTO and UNEP, 2008). This location and product specific adaptation
will eventually lead to a range of adaptation strategies and methods being used within the
global tourism sector (Simpsan al., 2008). It is howevennportant to notethat adaptation
cannot circumvent all current and expected impacts of climate change, dueatious
practical constraintsiamely; the costs involved, access to current and relevant information,

and access to technolodiussel, 2007).

Limitations and barriers to adaptation exjsthich often result in failed attempts to cope with

the impacts of climate change (de Bruin and Dellink, 20A1fundamental limitation to
adaptation, particularly in developing countries, is the cost of the adaptation process/es (de
Bruin and Dellink, 2011). Many adaptation approacteggiire aninitial investment, which
often cannot be raised by the institution or government that ateempting to implement
them (de Bruin and Dellink, 2011). Another major limitation to adaptdieswithin the fact

that there may be a problem of tkeyed response to climate change impacts (Berkledatl.,
2006). It often takesnuchtime to implement adaptation measures; cultural and societal
factors may result in a delayed response to climate; political systems and international
cooperation of climate change polices nmagd to the delay, and lastly many institutions and
organigtions tend to wait for better informatioywhich is often gathered over long periods

and thus may delay the adaptation process (de Bruin and Dellink, 2011).
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Table 2.50imate change adaptatiomethods/policy and strategies #t have been used in

the tourism sectofAdapted from Simpsoet al., 2008)

Tourism Stakeholders
Type of Adaptation Tourism Businesses Tourism Industry Association
GHG emissions offsgtitiatives
Water conservation programmes
Identifying tourist and knowledge
gaps

Behavioural GHG emissions offset initiatives

Identifying suitable site locations

Research . . Assessing awareness of busines
(tourism product specific) . .
to climate change adaptation
options
. e Training seminars on climate
Diversification oproducts and g .
markets change adaptation
. . A Using seasonal forecasts to guid:
Managerial t NEY2GAYy3I NBIA2 9 g

marketing efforts
Encourage sustainable
environmental management

been negatively impacted
Closing during ofpeak periods

Holding educative seminars for
Education employees about climate change
and adaptations

Public education through
awareness campaigns

Monitoring and early warning

technology (to inform tourism

businesses)

Provide upto-date information on

adaptation methods and

techniques

Setting up adaptation funds to
Hurricane interruption guarantee: implement adaptation strategies

Policy Complying with environmental International cooperation to lobby
policy andregulations for GHG emission reductions

through adaptation and mitigatior

Production of artificial snow
Water recycling initiatives
Technical Infrastructure designed to
withstand extremeevents
(Cyclone proof structures)

It has been stipulated that the tourism sector as a whole has a high adaptive capacity,
however the ability and capacity of different stakeholders within the sector to adapt varies
considerably (Scott al., 2009).The ability to successfully adapt to climate change from all
stakeholders in the tourism industry, depends on whether they adopt a proactive or reactive
attitude; their flexibility and if their capital resources are adequate enough to fit the cost of

change (Amelung and Nicholls, 2014).

Tourismservice providers (&nsport providers, travel agents and tour operators) who do not

have fixed infrastructure or assets at a particular destination, are able to adapt to climate

27



change easier than those operators who have fixed assath ashotel and resortowners
(Figure 23; Simpsoret al.,, 2008). These tourism service providers (with no fixed assets) are
able torespond to and adapt to tourisPRS Yl yRa FyR SaaSydAaltfe
choice of destination (UNWTO and UNEP, 2008). Tourism service praudaragesorts

and hotels have the least chance of adapting to climate change due to the fact that they have
fixed assetsn a paticular destination (Amelung and Nicholls, 2014). Lastly, tourist have the
highest adaptive capacity, based on access to three key resguticme, money and
information (Simpsort al., 2008). This adaptive capacity for tourist comes with the ability to
change their travels plans with regard to what destination they visit and at what time they
visit different destinations (UNWTO and UNEP, 2008).

TOURISM STAKEHOLDERS
| | |
Communities Transport Providers
Destinations/Attractions Tour Operators
Hotels/Resorts Travel Agents
LoW € ' >
ADAPTIVE CAPACITY

Figure 2.3The adaptive capacity of different stakelders within the tourism sectafAdapted
from Scottet al., 2009)

Climate change mitigatiodeals withthe technological, economic and social changes

result inreduced GHG emissions (UNWTO and UNEP, 2008). Climate ctithpgion poses

a significant challenge for thglobal tourism sector, firsastourism related GHG emissions

are significantly increasing (Reddy, 2011). Secomany mitigation programmes in the
tourism sector have to find a balance between reducing GHG emissions while simultaneously
promoting tourism as a tool for social and economic development (Reddy, 2011). Four major
mitigation strategies to reduce GHG emissions from the tourism sector have been identified,
1) Reducing energy use&hich can be achieved through changing travel haitfdmproving

energy efficiencyusing new technology that enables a decrease on energy demand; 3)
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Increasing the use of renewable energy and lad)lyhrough the sequestration of GGOn

carbon sinks (UNWTO and UNEP, 2008; Simgtsain 2008).

It is impatant to note that mitigation and adaptatiorcan be differentiated based on the
spatial scale at which they become effective (Buob and Stephan, 2013). Regardless of where
greenhouse gases are removed, the benefits of mitigation are felt around the world.
However, adaptation only enables the communities in which the strategies were

implemented, to feel the benefits (Tol, 2005).

Although technological innovation is considered to have the most potential to reduce GHG
emissions in the tourism sector, it alonélmot be able to achieve the desired reductions in
emissions (Simpsoet al., 2008). It istherefore, the responsibility of the tourist and the
tourist industry toimplementbehavioural and structural changes within the se¢toachieve
alevel of reduction in GHG emissions that will reduce the impacts of climate ch@ake (

2.6; Simpsoret al., 2008; Hoogendoorat al., 2015).

To successfully reduce GHG emissions to a point where it will no longer have negative
consequences 1o the tourism sector requires a dynamic and multidimensional strategic
approach. It has been stipulated that adaptation and mitigation can be used simultaneously
across destinations to significantly reduce the projected impacts of climate change (Reddy,
2011). However, it is important to acknowledge that the successful implementation of both
mitigation and adaptation strategies and actions is reliant on secmnomic and
environmental circumstances of a particular destinatiangthe availability and accessibility

of necessary information and technolod¢ajan and Saarinen, 2013
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Table 2.6The different adaptation (in orange) and mitigation (in green) efforts that have been implemented in the tourism (S&otpsoret

al., 2008).

Tourism
Destination

Climate Change Impact

Implemented Adaptation Strategies/Policies/Measureséthniques

Stakeholders Involved in
Implementation

Mozambique

Increased frequency of
extreme eventsdyclones)

Building a new sea wall to protect the towns infrastructure from storm

surges/cyclones

Exploring the option of ecological protection, througdgetated sand dune

World Bank
Ministry of Tourism in Mozambique

Thailand

Water dortages (Due to
variability in precipitation)

Construction of new dams

Developing old mines to act as water sources

Implementing water recycling systems

Designing a festructure for water consumption

Tourism Authority of Thailand
Local and national government
agencies

USA

Decreased natural snowfall
Greater variability during sk
season

Artificial snow production

Slope contouring éduces the amount of artificial snoveaded)
Product and market diversification (Resorts introduce new activities for

tourists not focused on skiing)
Operate during off peak seasons

Ski Resort Companies
Local Government

Caribbean and
Gulf of Mexico

Increased summer

temperatures (atreme)
Increa® in strength and
frequency of lurricanes

Marketing campaigns to dowplay the increasing temperaturear{dtarget

different tourists markets)
Improved airconditioning

Hurricane interruption policies (Allows tourist to come back and gieir

stay when the hurricane has subsided

Caribbean Tourism Organisation
National Governments
Businesses in the accommodation
sector

Australia

Extreme and higher sea
surface temperatures
Increase in severity and
frequency of coral bleaching

Developedi KS W/ 2N} f .t SIFOKAYy3a wSalLkRy
framework for the protection and conservation of coral reefs through

various adaptation processes)

Cooling the surface temperature of the ocean surrounding coral reefs w

cool water

Putting up shadig mechanisms to protect the coral reefs

Great Barrier Reef Marine Park
Authority

Tour Operators

Australian Ministry of Tourism
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Tourism

Need for Mitigation due to

Implemented Mitigation Strategies/Policies/Measures/Techniques

Stakeholders Involved in

Destination Climate Change Implementation
. . . A A oA N . Ministry of the Environmentadnd
. . 5SaA3dySR IyR AYLX SYS SR W9y SNH
. Reducing GHG emissions a y - y yu y © Water Resources
Singapore greater energy efficiency

(Hotels)

Implemented newheat recovery systems in hotels

Singapore Hotel Association
Hotels

South Africa

Reducing C£Emissions
Conserving Biodiversity

Monitors their energy consumption across the business and sets target
reduce consumption

Energy meters have been installed acrossuadiness areas

Installed energy saving lights in all hotel rooms

9RdzOF GA2Yy (26 NRa WINBSY KFIoAaGac

Selected Guest house owners in
Gauteng and KZN

Caribbean (Cruise
Ships)

Reducing Emissions and
Waste

Signed a memorandum to use new technology to manage waste and tc
design environmentally friendly ships (gas and steam powered)
Cruise liners had adopted mandatory environmental standards

FloridaCaribbean Cruise Associatior
International Council of cruideers

Nepal

Reducing GHG Emissions

Implemented plans to increase public transport
Promoted the use of electric vehicles in high density areas

Nepal Ministry of Science
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2.5. Climate Change in Developing Countries

Societies that rely heavily on resources which are sensitive to climate chaftge,
developing countriesmay be left more vulnerable to climate change and its associated risks
(Adgeret al., 2003).This is due to the fact that these natiocamot to afford technology that
allows them the option of alternative resourcesuch asgenetically modified foods
(Kurukulasuriyat al., 2006).This vulnerability can further aggravate the social and economic
challenges that are currentlyeing experienced in these developing countries, due to these
countries having to use financial resources to combat the impacts of climate change rather
than focusing these resources on other social and economic issues &dgegr2003). The
literature suggests that & 2 dzy (viNd@re&biity to climate change is determined by it
sensitivity, its exposure, its physical setting and by its capacity to adapt (Atdgkr2003).
Therefore, due to lower capital intensity and technological flexibility, dgialy countries
cannot adapt effectively and are left far more vulnerable than developed regions (Detessa
al., 2005; Kurukulasuriyet al., 2006; Fitchetet al., 2014).

Despite this vulnerability, the distributional impacts and costs of climate changenot
evenly spread across thigdobe (Mendelsohret al., 2006). Itis widely agreed that the GHG
emissions associated with human induced climate change are from the developed nations
(Mertzet al., 2009). Carbodioxide has a long lifegm in the atmosphere and this means that

the current increase in G@missions has been caused by developed nafiodsistrialisation
processes (Sagat al., 2006). Theumulative emissions of GOy developed nations greatly
outweighs the contribution rade by developing regions (Sagetr al., 2006). Despite
developing nations accounting fapproximatelythree-quarters of the global population,
they still only account for a small amount of the globak @@issions, despiténcreases in

developing mtionsCzontribution in recent years (Saget al., 2006).

Human, institutional and financiaésources would enable developing countries to adapt to
and deal with the impacts of climate change by having people that understand hgulato

and implement adaptation strategiesnd by having the necessary finandiasources to
implement any adaptation strategieBob and Stephan, 2013Yhe uneven distribution of
climate change and its associated costs will leave developing countries worse off than

developed countries for a variety of reasons, fitee physial impacts of climate change are
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projected to be much greater in developing regions; secandny developing countries are
heavily reliant on agriculture as a source of income and employment and therefore this will
be jeopardised by climate change; thirthe higher proportion of poor people in these
developing countries are more vulnerable and will more likely feel the negative impacts of
climate change and lastly, the capacity to adapt is very limited by various fastars as,

access to informationcosts, and technolog{Mertz et al., 2009).

Developing countries therefore have specific adaptation requirements (Msred., 2009
Buob and Stephan, 2013)lowever, despite the impacts of climate change and the need for
adaption, many developing catries do not acknowledge climate change as their most
significant challenge (Mertet al., 2009; Reddy, 2011). Many developing countries perceive
poverty reduction, economic growth along with other social issues to be more important to

deal with (Reddy, @11).

It has been widely argued that developeambuntries, due to their cumulative historic
emissions, should facilitate adaptation in developing countriedessen the impacts and
effects of climate change in developing countri@idb and Stepdn, 2013. In so doing
developed countries will not only assist developing countries to reduce the local deleterious
effects of climate change, but will simultaneously ensure that developed countries remain
partners for economic growth, international security and global goaroe (Buob and
Stephan, 2013). Despite this argument for adaptation to be facilitated by developed
countries, the majority of such initiatives are based on voluntary contributions and are not
based on any underlying requirement or obligation (Buob and&ep2013). Furthermore,
Buob and Stephan (2013) have demonstrated that the contribution of developed countries to
facilitate adaptation in developing countries is relatively small compared to the scale of the

costs associated with the impacts of climatenge.

The significant cost of climate change and adaptation in developing countries may
detrimentally impact their ability to promote economic growth and deal with a range of other
crippling social issues (Christiansetnal., 2012). Despite the small gmn of funding by
developed countries, and public and private sector financing constraints in developing

countries, efforts can be made by developing countries to enhance their ability to attract
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investment for adaptation and to deal with the incrementaists of climate changd& éble

2.5; Christianseret al., 2012).

Table 2.7 The principles that need to be created by developing countries to attract both
private and public financing for adaptation mitigation in response to climate change

(Christianseret al., 2012).

Principles Description

Ensure that the project has the ability to be effective and successi
Return of Investment ] ] . )
in reducing the risk of climate change.

Ensure that the project enlists the servicegmiltiple parties and
Collaborative Action funders with different resources and capacities. This will spread tt

cost of the funding and make it more attainable.

Describe what and how the adaptation and mitigation strategy will
Adaptation Rationale aid in reducing the climatehange impact. Any additional cost for th

project should be justifiable.

Ensure that there is a reduction in uncertainty, regulatory barriers
Policy and Institutional Framework and ensuring procedural transparency. This will make the country

more attradive to public and private funding.

Due to the fact that climate change and its impacts are a global issue, developed countries
that support climate protection initiatives can benefit from these projects that are initiated

in developing countries (Rubbelke, 2011). It is therefore imperatiaefurther research into

the impacts of climate change at the national and local scale of developing coustriésas

this one, be avidly pursued to enhance the certainty of what to expect, which will allow for
better planning and strategic proagé responses to be put in plada.addition this will allow

for improved estimations of the cost of climate change on these developing regibish

could enhance the chance for funding frataveloped countries.

2.6. Tourism andClimate Change in Africa

Tourismis an important sector for most African economies, with inimitable natural and

historical capital, which is been useddely as a means for achieving social and economic
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development (Nyaupane and Chhetri, 2009; Hambira Sadrinen, 2015PDuring 2014, it is
estimated that international tourist arrivals in Africa increased 2% from the year before and
the continent saw 56 million people enter herders (UNWTO, 20&a5Table 2.8. Inaddition,

tourist receipts increased by @3 billion to US$ 36 billion in 20lWNWTO, 201&. It is
important to note that during the2013/2014year international tourist arrivals in Cote

R Qf @rerkalidd substantially by 24%, while Madagascar experienced an increase of 13%
during the same péod (UNWTO, 20%H).

Many African countries haveatural parks filled with abundant wildlife, which provides them
with a comparative advantage in natwgased tourism and ecotourism (Hambira and
Saarinen, 2015). This advantage provides many African nations the ability to take part in
international tourism. However, it is important to note that the tourism sector in mostafri
countries is so heavily reliant on the natural resources, and is therefore highly vulnerable to
the effects of climate change (Prest¥vhyte and Watson, 2005; Scadt al., 2012b; Hambira

et al,, 2013).Africa has been recognised as onfetloe continents that is most vulnerable to
climate change and variability due to various envire@mtal and social stressors and low

adaptive capacity (Rekt al., 2007).

The tourism sector in Egypt is one of the primary sourcdsrefgn currency for th country

and is an important tool for social and economic developm@itmed and Hefy, 2007). A
major tourist attraction in Egypt revolves around the rich archaeological history that the
country holds. ldwever, in recent decades there has been increagg@rest in ecotourism
(Ahmed and Hefyp, 2007) Presently, the majority of the revenue generatedm tourism is
derived from the Red Sea region, where tourists visit to dive along the coral reefs (Marshall
et al, 2011).As is custom with othenatural atractions around the world, coral reefs are
sensitive to the impacts of climate change (Hugkeésl., 2003).Althoughthe effects of
climate changénave notreached the coral reefs along the Egyptian Red Sea yet, it is only a
matter of time before these impacts are a reality (Marshallal., 2011). This will greatly
impact the social and economic benefits that the region derives from tourism and could
ultimately impact the country(Scottet al., 200@). The wetlands in the northern parts of

Egypt, which hold significant tourism value for the country, kkely to be impactd by
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climate change, resulting in a further decline aoaomic performance of the count{Ahmed

and Hefly, 2007 Shaaban and Ramzy, 2010

Botswana and Namibieely heavily on naturdbased tourism and ecotourism to generate
foreign exchange and drive social and economic development @Reid 2007;Hambriaet

al., 2013). There is very little literature and research regarding the impact of climate change
on tourism in Namibigbut it has been suggested that thi&elyimpacts could be: 1) Change

in supplyof touristsdue to the loss of habitat, 2) Chge in supply and demand due to loss of
biodiversity, and lastly 3) Change in demand due to increases in humidity, water borne
diseases and temperature (Retlal., 2007). A study bydrbriaet al. (2013) revealed that
many tourism stakeholders in MaungB8wana, were concerned that increased temperatures
would alter the vegetation and ultimately result in the migration of wildlife to areas that are
more suitable. In addition, multiple tourism stakeholders expressed their concerns regarding
water bodies dying up in the face of increased temperaturddoswete and Dube, 2034
Another major concerndr the stakeholders of the areaere largely concerned with the
impact of climate change on the aesthetic value of the region due to a potential loss of
vegetation and biodiversity (Hambrét al., 2013 Moswete and Dube, 20} 4lt is therefore,

vital that African countries continue t@search and explore the impacts of climate change at

a local and national scale, so as to better understand effects of climate change within the

context of their country and based on their specific tourism offerings.

Reducing the impacts of climate chang African counies requires action immediately.
However, this requires domestic political determination, but often there is little action taken

to act accordingly (Reidt al., 2007). There is a continued increasing growth in interest
towards the impotance of climate change policy needsr fmurism sectors in African
countries (Becken and Clapcott, 2011). Despite the increased interest in climate change and
tourism policy needs, many countries do not even have national climate change policies in
place(Hambira and Saarinen, 2015). Botswana serveggasd example, due to the fact that

it has continually shown interest in developing a strategy to combat and cope with the
impacts of climate change, but still hast developed a national climate changelioy that

could deal with these issues.
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Botswana, has been committed to achieving sustainable growth and environmental
conservation, and they have shown this by signing and ratifying various multilateral
environmental agreementsuch &the UNFCCC (United Nations Framework Convention on
Climate Change) and have established a National Climate Change Committee (Henthbira
Saarinen, 2015). However, Botswana hasimpiementeda policy to deal withand respond

to, climate change. Insteathe issue otlimate changésbeing addressed indirectly through
certain policies that are intended to promote sustainable growth and development (Hambira
and Saarinen, 2015).

A study by Hambira and Saarinen (2015), identified that policy makers in Botswana perceive
climate change tde a real threat, which has the potential to negatively impact the tourism
sector in the country. However, the policy makers highlighted the fact that thereégirite

need for more research regarding climate change and its impacts on the country, and
specifically the tourism sector (Hambira and Saarjn2@15). Despite the existence of
uncertainties and knowledge gaps around climate change and its potential future impacts, it
is imperative that all stakeholders involved in the tourism sector are awéarhe future
impacts Hoogendoorn and Fitchett, 2016 This will allow all stakeholders to plan and
implement effective and appropriate adaptation strategies for future and present tourism
activities based on current projected climatkange (Hambirat al., 2013). Ultimately, there

is an urgent need for African countries to develop and implement climate change palicies
local and national level$p safe guard the tourism sector, which provides them with large
potential for economic and social development (Becken and Clapcott, ;2dbtbgendoorn

and Fitchett, 201p

2.7. Climate Change in South Africa

dimate change has led to a significant amount of research on future clinzetd®n the
impacts of climate change on society (Kurukulasuetyal., 2006). Over the last couple of
decades technological change and increased understanding of world global atmospheric
systems hsae allowed for improvements in quantitative measures andirastes of climate
change (c.f. McCarthgt al, 2001; Tol, 2002; Mendelsohn and Williams, 20@jnate

change models have identified that destinations around the world are expected to experience
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changes in their climate in the future, including Southidaf(Table 2.7 Nhemachenaet al.,

2014).

¢CKS lFyydzht | @SNIF IS GSYLISNF GdzZNBE F2NJ { 2dzGK ! F1
Hdne/ o0& Hncn YR TFdzNIi KSNJ Ay (Ondgéeray, 20149.5SG 6 S Sy
Models that offer less extreme outlookegardingfuture climate change predict an overall

increase in temperature throughout South Africa (Jawtusch, 2014). Furthermore, it is
estimated that the number of extremely hot days is set to increasesacall regions of the

country, with a 2889% increase in the number of hot days by 2090 (Karmalkak, 2012;

Ziervogekt al., 2014).

Projections indicate that South Africa is set to experience a decrease in rainfall under all
emission scenarios (UBIEF, 2011Stevenset al., 2014). It is estimated that the reduction in
rainfall in the future will decrease by 10% to 15#wtusch, 2014). In a country that is already
consideredarid, this is a substantial problem that could haexiousimpacts on the future of

South Africa (UNICEF, 2011; Jawtusch, 2014). This is as a result of increased future
temperatures potentially causing increased levels of drying and evapotranspiration (UNICEF,

2011; Karmalkaet al., 2012).

In light of these prdicted changes, there will be an increase in the number and intensity of
extreme events in the country (UNICEF, 2(igrvogelet al., 2014 Rogerson, 20)6 These
extreme events include extreme heat, periods of drought, water staggkgyreater intensity
storms that are more frequent and result in high levels of flooding (Jawtusch, 2014). It is
anticipated that there will be changes in the EfitddSouthern Oscillation which will further

exacerbate the drier conditions in the country (Karmakgal., 2012).

Climate change will have far reaching and significant impacts on South Africa, ranging from
the household level (affecting the way people live) all the way to national level, where whole
industries have to adapt and change as a result (UNICEF, 2Z0&$ge impacts will be felt
across all sectors of the economy (Davis, 2010). The projected changes in South Africa will
have significant impacts on the water systems and resources (UNICEF, 2011; Nhemechena
al., 2014). A major resulting impact of thighat water scarcity problems in South Africa will

be exacerbated (UNICEF, 2011). One sector that will be greatly affected by these resultant

water problems is agriculture (Nhemachestial., 2014 Araujoet al., 20M4). Many poor
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communities base their liWidoods and food security on climate sensitive rain fed crops
(Nhemachenaet al, 2014). Due to the expected changes in rainfall and temperature,
agriculture is expected to be detrimentally affectedhich will place further strain on food
security in thecountry (c.f.Kurukulasuriyat al., 2006;Nhemachenaet al., 201Q. However,

it is suggested that the impacts of climate change on agriculture can be reduced through

various adaptation strategies (Lobetlal., 200; UNICEF, 2011).

Tourism, one of South T NA Ol Qa Fl adsSad 3IAINRgAY3I YR 0AITI!
impacts of climate changeStevenset al, 2014;RosselléNadal, 2014). One of the major

threats of climate change to the tourism sector is that changes in temperature and rainfall

can kad to a significant decrease in the levels of comfort experienced by the tourists in a
particular location because the climate will no longer be suitable for various tourist activities
(Stevenset al., 2014;PerchNielsenet al.,2010). This leads to dexased levels of satisfaction

by the tourist and could ultimately result in reduced economic gains as a result of the
destination not being climatically suitable for tourism activities (Mieczkowski, 19@&vens

et al,, 2014; Kovéacs and Unger, 2014). Taawill ultimately stop visiting a particular location

because it has become unpleasant and other destinations may have become more suitable

and appealing (Mieczkowski, 198%¢rchNielsenet al.,2010).

dimate change may potentially lead to increasecemt of flooding, drought and land
degradation and loss (Agnew and Viner, 2001). This will ultimately impact negatively on
tourist activities and threaten the viability of various tourism markets in South Africa (Agnew

and Viner, 2001).
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Table 28: The potential climate change risks South Africa and their significance to tourism.

(Agnew and Viner, 2008cottet al., 200D; Nyaupane and Chhetri, 2009

Potential Climate Risk Events Consequences of and significance to tourism
Sea levetise Coastal erosion and threat to beach activities
Decrease in average rainfall Reduced attractiveness to the destination

Water Restrictions

Inability to participate in some water based activitie:

Redistribution of biodiversity Inhibit touristactivities (on wetlands)

Greater intensity and frequency of extreme even Storms may damage vital tourism infrastructure

Extreme weather and climate may deter tourists
Increase in average temperatures Reduce the attractiveness of the pristitedscapes

Make outdoor activities uncomfortable

Damage ecologically important wetlands and )
Reduced aesthetic appeal
ecosystems

2.8. Tourism in South Africa

During the apartheid erf19481994) many industries were negatively impacted, with the
tourism sector being the most severely affected (Visser and Rogerson, 2004). Apartheid
directly restricted the flow of international tourists the globalSouth (Visser and Rogerson,
2004). Furthermore, the limited ability of previously disadvantagexlpsto move freely and
access certain facilities under apartheid, meant that domestic touwsadversely affected
(Rogerson and Lisa, 2005; Rogerson and Visser, 2011c).thdrafore, been stipulated that

only after apartheid wastourism considered as a tool for social and economic development
(Visser and Rogerson, 200Besearch surrounding tourism in South Africa during apartheid
was not focused on development, instead it was concerned largely with whitet@litessm
(Rogerson, 2007).

Since the transition of South Africa into democracy, the country has witnessed continued
growth in both domestic and international tourism (Bsand Nel, 2002; Akinboade and
Braimoh, 2010)Since the fall of apartheid, the promotion of tourism has been regarded as a
vital strategy to achieve economic and social development (Binns and Nel, 2002; Lee and
Chang, 2008Kavita and SaarineRB0Q16) for this reason it has been given significatiention

in postapartheid South Africa (Kirsten and Rogerson, 2002; Lee and Chang, 2008; Maharaj
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and Balkaran, 2014)Due to South Africa not having a dominant position within the
international tourism market during apartheithere was an initial delapetween tourism
expansion and relevant guidelines to control and direct the growthachieve social
transformation andeconomic growtlonce apartheid had ende@ogerson2002a; Rogerson,
2002b; Rogerson and Visser, 2011a).

With the increased rie of tourism as a development strategy in Africa, various studies have
been conducted to explore the policy developments surrounding touasdits impact that

this strategy has on the various African countries (c.f. Dieke, 1R@dnbo, 2005Dieke,
2010). Since the increase in significance of tourism in South Africa, there has been a major
shift of focus from policy makers and academics with regards to the role of tourism in the
country (Visser and Rogersor(; Rogerson and Visser, 2011a). During the first decade of
democracy, a number of early studies were conducted which focused on the initial post
apartheid tourism policy development and evolution (c.f. Rogerson and Visser, 2004; Visser
and Rogerson, 200&Rogerson and Visser, 2007). However, this is no longer perdsivadin
contributing academict be the current themes in research tourism in South Africa (Visser
and Hoogendoorn, 2011). The current and dominant themes within the literature have risen
from the South African policy context and they primarily revolve around four different but

interrelated perspectivesl@able 26; Visserand Hoogendoorn, 2011).

The initial policy frameworks, which were developed to ensure that a more equitable and
non-discriminatory society was brouglabout (Spenceley and Goodwin, 2007), matle
evident that the postapartheid governmer@® approach to tourism expansion wesough
responsible tourism (Visser and Hoogendoorn, 2011). The fundamental objectives o
responsible tourism, are that (Ipurism would be driven by the private sectdg) the
government would provide the relevant frameworks and infrastructure for theta to
grow; and (3) thatcommunity involvement is imperative and will form the foundation for
tourism development; tourism shoulde conducted under strict environmental and
sustainable practicesand tourism will be used as a tool to empower anckvelop
communities that were negatively affect by the apartheid government (Rogerson, 2002b;

Visser and Rogerson, 2004).
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In light of thisTourism in GEArowth Employment and Redistribution) was formulated to
aid in the achievement of these objectiv@éisser and Rogerson, 2004). This initiative played
an important role in influencingolicy and was of particular interest at the time of its release,
shortly after the transition into a full democracy (Visser and Rogerson, 2004). Thisievis

the fact that at the time, tourism was not considered a tool for development and it was
O2YLX SGSte tSTh 2dzi -eBofiomic Raméwork doEulina [(Ragersdn,S &
2002b). In essenc&purism in GEARas ahead of its time with regartts policy development

and ultimdely fell directly in line withthe objectives of responsible tourism (Visser and

Rogerson, 2004; Visser and Hoogendoorn, 2011).

Despite there being a strong dominance of responstblgism principles within the policy
framework documents, in practice there continues to be minimal involvement of poor
communities as the main tourism stakeholders (Van der Merwe and Wocke, 2007; George
and Frey, 2010; Visser and Hoogendoorr, )01t has been suggested théte very notion

of what responsible tourism is and what its resultant benefits may be, are major obstructions
to its successful implementation (Van der Merwe and Wocke, 20D&3pite optimistic
attitudes towards resposible tourism, the highly competitive nature of the tourism marcket
and the high cost of transforming businesses towards responsible tourism management
practices are part of the reason as to why its implementation is often not completely
successful (George and Frey, 2010). It is therefore postulated that government support needs
to extend further than just policy development in order to ensure that there is dffect

transformation that ultimately benefits the poor (Visser and Hoogendoorn, 2011).

The second approach to tourism development in South Africa that is directly linked to the
national policy frameworks on responsible tourism is referred to aspoa tourism (Visser

and Hoogendoorn, 2011). Ppwor tourism is an approach that is primarily concerned with
providing the poor with maximum economic benefits (Rogerson, 20HRogerson (201}
stipulates that prepoor tourism has become one of the major focuségourism literature

in the global south over the last fifteen years. More specifically;gmor tourism literature

in South Africa is heavily focused on intervention programmes in rural amtwnship
tourism development (c.iNdlovu and Rogerson, 2003; Briedenhann, 2008; Booysen, 2010).
Further research within the prpoor tourism approach focuses on the advantages and

disadvantages of communitgased models for tourism development (Vissada&rogerson,
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2004). The literaturen tourism in South Africa is often very limited and considered less
important compared to other developed regions, however, this is not the case surrounding

pro-poor tourism (Rogerson, 20t4Rogerson 2012).

Tourism is often used as a form of intervention within communities to achieve local economic
objectives and is commonly referred to sirism-basedlocal economic development (LED)
(Visser and Hoogendoorn, 2011). This third approach isxaftesely related with prgpoor
tourism initiatives (Visser and Hoogendoorn, 2011). Since the fall of apartheid, LED has been
escalatedrom isolated local development to a point where all local authorities are obliged
to promote LED (Rogerson, 2014b). ismis now widely acknowledged by the South African
government as a tool, through which development can be attained while simultaneously
benefitting the host community (Binns and Nel, 2002). Althoumlrismbased LED acts to
promote growth in some regia®) it has been stipulated that using tourism as a development
strategy may not bsuccessful in all regions, especially if a particular location does not attract
large amounts of tourism (Rogerson and Rogerson,1R0However such locations can
pursue rode tourism as an avenue of potential growth and development (Visser and

Hoogendoorn, 2011).

One limitation that has been identified with tourisrbased LED is that the benefits and
economic gainsra not equally distributed witim the hostcommunity (Lourens, 2007). This
occurs for two fundamental reasons: firghe communities do not participate fully in the
aforementioned initiatives and secondue to the lack of necessary skills and resosixeighin

the given communitieswhich lead to the employment of nofocal labourand outsourcing
resources from other communities (Visser and Hoogendoorn, 2011). This notion strongly
emphasises the need for skills development programmes in local communities to enable them
to effectivelyand efficiently pursue the opportunitiebat are created through tourisshased

LED initiatives (Rogerson, 2007). Through increased community participation and capacity
building, the benefits of tourism projects in communities tend to spread wider ancttbee
enhancing equality (Reerson, 2007). Although touristvased LED is a prominent approach
G2 FTOKAS@GAY3I (KS O2dzyiNEQAa SO2y2YAO 202S0OU0AC
tourismbased development in communities are formulated individpadither than within

the broader tourism planning context (Rogerson, 2007; Visser and Hoogendoorn, R@d.1).

indicated that the success of an LED prqgjectd the benefits to local communities are far
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greater when there is a commitemt to pro-poor development and where Small Medium and

Micro-enterprises (SMMES) can play a role within the community (Rogerson, 2008).

The final approach that has a strong position within tourism research in South Africa deals
with the development otourismbasedSMMESs loogendoorn and Rogerso2Q15. It has

been a continuous theme in national government policy development since 1994 to support
the growth and development of SMMEs (Rogerson, 2005). Tourism SMME development in
South Africgplays an important role in the wider national commitments to transform the
ownership structure of the tourism sector in such a wayg to support previously
disadvantaged groups (Rogerson, 2005). The tourism SMMEs play a vital role in making the
South African tourism industry more competitive on a global scale (Rogerson, 2005).
Achieving goals of increased earnings, reducing adversglsand cultural effectsand
creating job opportunities are far more effectively achieved through the promotion of small

tourism businesses rather than large ones within developing countries (Rogerson, 2005).

Despite the potential benefits diourism SMME development in South Africa, it has been
stipulated that using tourism SMMESs to achieve national development goals has been faced
with significant challenges (Rogerson, 2007). These challenges include the inability to become
fully operaional and the inability to generate income that is sustainable (Rogerson, 2007). It
has been identified that SMMEs contribution to employment growth in the country has
remained low. This is as a result of SMMEs not being fully integrated into brpaxtirction
structures and many of the enterprises cannot grow past being apeamson business

(Rogerson, 2005).

A large part of the literature surrounding SMMEs deals with identifying and understanding
the challenges that face SMMEs in South Africawahg they are unsuccessful in achieving
their transformational objectives (Rogerson, 2005). This vein of literature highlights that little
support with regards to accessing the market is offered; there is minimal information and
financial support and lastiyere are very few efforts to develop entrepreneurial skills within
communities (Niemaret al., 200§. Furthermore, social issues such as crime, security and
service delivery (or lack of) play a role in negatively impacting on the success of SMMEs
(Rogersn and Visser 2011b). It was previously mentioriedt skills development and

capacity building within poorer communities will positively influence the ability of the
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communities to thriveand operate successful tourisbased initiatives, thifiolds true for
tourism SMMEs (Visser and Hoogendoorn, 20T18. literature suggests that it is extremely
difficult for tourism SMMEs to establish themselves within the South African market

(Rogerson, 2004, Visser and Rogerson, 2004; Visser amghtimorn, 2011).

Table 2.9The four dominant South African tourism research perspectives.

Perspective Description

Aims to achieve cooperation between government, the private sector and the pt
) ~ Community involvementis important and will form the basis of tourist
Responsible Tourisn
development.

Tourism will be used as a tool to empower those that were previously disadvant:

Closely related to responsible tourism, but is focused on providing the poor
) maximum eonomic benefits.
Pro-Poor Tourism ] ] ] ] ]
Sets out to achieve this through intervention programmes in rural areas and thri

township development.

Closely related to prgpoor tourism approach.

This approach is seen as a tool that allows for development to pdkee in a

TourismbasedLED
particular area, while directly and simultaneously benefitting the community in 1
area.
Supports the growth and development of SMME focused on offering toul
Tourismbased products.
SMME Ultimately seeks to transform the ownershifructure of the tourism sector, in orde

to support and empower the previously disadvantaged groups.

Research exigtin South Africa that deal specifically with tourism, thesdude naturebased
tourism (c.fMahoney and Van Zyl, 2R0Lindsat al., 2005; Brooks, 2005Spierenburg and
Wels, 2010; Ferreira, 2011; Lapeyre, 2011), sed¢mmde and/or holiday home tourism (c.f.
Pienaar and Visser, 2009; Hoogendoetal., 2009 Long and Hoogendoorn, 201Misserand
Hoogendoorn, 2015; Hoogendoorn and Visser, 20bfher themes of research look into
factorsthat are preventing tourism development in the country (c.f. Ferreira and Harmse,
2000; George, 2003; Donaldson and Ferreira, 2009), sports to(riénkKotze 2006; Visser
and Kotze, 2008ngle, 2008; Steinbrinkt al., 20L1; Campbell ad Phago, 2008; Hammett,
2011), fishing tourism (Hoogendoorn, 2014), bed and breakéaxt$hotel tourisn{Rogerson
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2014d; 2014e; 2014tioogendoorret al., 2015), township tarism (Boogen, 2010; George
and Boogen, 2014), volunteer tourism (c.f. Stoddart and Rogerson, 2004; Rogerson and
Slater, 2014and medical tourism (Danget al., 2015).

These different avenues of research in South Afnithin tourism tend to primarily focus on

the impacts of tourism from a human perspective (Visser and Rogerson, 2004). Although
climate change habeen identified as a significant threat to tourism in the tweffitgt
century, only2% of academic tourism search explores aspects of climate changlating to

the tourism industry (Morrison and Pickering, 2013). This argument is further reinforced by
the fact that there is dittle concernin the literatureregardingto how climate change may
potentially impact the South African tourism industry. A study by Steyn (2012) explores the
impacts of climate change on tourism and attempts to identify actions that can be taken
adapt to or mitigate the impacts of climate changéhin the tourism sector. However, the
scope of the study conducted by Steyn (2012) is limited to the Western Cape Province of
South AfricaFurthermore, it is stipulated that the tourism sector5s years behind other
major industries with regals to climate change research (Morrison and Pickering, 2013).
Therefore, due to thdimited amountof literature in South Africa on tourism and climate
changethis study will hopefully act as a catalyst for further reseavattlimate change and
tourism. This study will also contributéo the existing internationalipased research on

tourism and climate change.

2.8.1. Potential Impacts of Climate Change on South African Tourist Activities

The South African Tourism industry is naturaliyerse and allows for a wide inclusion of
different stakeholders and businesses (Spenceley and Goodwin, 2007). This has ultimately led
to a wide range of tourist activities being offered throughout tbeuntry (Visser and
Rogerson, 2004). It was previously mentioned that weather and climate and any resultant
change in these systems has a significant impact on the tourism sector (Scott, 2003). It is
important to note that the change in the weather andhadite canhave significant impacts on

the environmental resources (which form the foundation of different tourist activities) of a

region (Scott, 2003; Spenceley and Goodwin, 2007).
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Nature-based tourism is not only one of the fastest growing tourisirkets globally, but it is
one of the most prominent tourist markets in South Africa, as a result of its high levels of
biodiversity and pristine landscapes (Scott, 2003; Nyaupane and Chhetri,32@08nst al.,
2014). Nature-based tourisnplays a significant role within the tourism sectorf( Mahoney
and Van Zyl, 2002; Lindsayal., 2005; Brooks, 200%pierenburg and Wels, 2010; Ferreira,
2011; Lapeyre, 20311Rogersoret al.,2013. Naturebased tourism includes multitude of
different activities ranging from camping and huntitayhiking and safaris (Nyaupane and
Chhetri, 2009). Climate plays an important role when it comes to ndiased tourism and

it can lead to an increase or decrease in tourist numlietbe long term, due tachangesn

the frequency of precipitation and changes in temperature making the outdoors
uncomfortable (Gomez Martin, 2005Saarinen and Teryd®006. Tourism activities and
markets based on built attractions such as malls, theme pamklsmuseums are to a certain
extent relatively protected from the impacts aflimate change, whereas natutmsed

tourism is extremely sensitive to climate change (Nyaupane and Chhetri, 2009).

Future climate change can potentially lead to a decreasedgouaxperience by altering the
climate characteristics (temperature, wind, fog and humidity) that affect nahaeed
tourism (Saarinen, 2006;Nyaupane and Chhetri, 200%¥Kajan and Saarinen, 2013
Furthermore, climate change will ultimately affect nattvased tourism by impacting on the
natural resources on which this tourism market is based (&tat, 200&; Saarinen, 2006
dimate change may potentially alter the biodiversitydreduce the landscape aesthetics of
various attrations (Rootet al., 2003).With changing patterns of rainfall and temperature
come changes in the distribution of vegetation and ultimately a change in animal distribution
(Agnew and Viner, 2001} his will greatly reduce the ability of various natdr@sed tourism
destinations to attract tourists. This will consequently lead to widespread negative economic
impacts for surrounding areas in the affected region (Scott, 2003). With a general deicrease
rainfall and an increase in extreme events, the tourist experience could be significantly
hindered as a result of major flooding, which will disrupt travel routes to different regions or

destinations tevenst al.,, 2014).

The wine industry gae handin-hand with tourism-basedon the characteristics that are
associated with drinking wine, such as relaxation, hospitality and meeting up with people for

social events (Bruwer, 2003). The majority of the wine industry in South Afrertuased
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outside of major metropolitan areaand, as a resultthe industry plays a significant role in
contributing to regional development, job creati@nd tourism (Bruwer, 2003). Although
wine is the central produgtarious activities and sdindustries have been associdtwith it,

such as wine tourism (Charters and-iight, 2002). Wine tourism gimarily reliant on the
natural resources of the surrounding environment and therefore is susceptible to changes in

climate and weatherystems(Spenceley and Goodwin, 2007).

During the twentieth century there was an increasingly large acknowledgment of the growing
relationship between sport and tourism (Gibson, 2003). Sports tourism has been defined by
various studies, although the defimuns are different thg all bear very similar characteristics.

Tassiopoulos and Haydam (2008) broadly define sports tourism as:
LyOfdzRAY3a (GNI @St Fgle FTNRBY 2ySQa LINRYFNER NBaARSyO
recreation or competition purposes,avel to observe sport at grassroots or elite level, and
travel to visit a sports attraction such as a sports museum

[Tassiopoulos and Haydam, 30@71]

International research existthat primarily focus on the role of sport and how tourism and
sport interact with each other to form the sports tourism niche (c.f. Kurtzman and Zauhar,
1995; Gammon and Robinson, 1®%ibson, 2003; Tassiopoulos and Haydam, 2008). Sports
tourism has plged an influential role in shaping government policy in countreegh as
Canada, Australia and South Africa (Gibson, 2003).

Sports tourism in South Afrideas been recognised as a ssictor of the broader tourism
offerings of the country(Tassiopouws and Haydam, 2008). addition, the South African
government has encouraged the development of sports tourism prodastghey offer a
potential for a specialised niche tourism market within the counffassiopoulos and
Haydam2008). Due to the facthat the majority of sports tourism activities are held outside,
they rely heavily on climate variables. Therefarkmate change in South Africa may impact
on the ability of the country to attract sports enthusiaséd reduce the attr&tiveness of

this tourism niche market to locations around the world.

It has been widely accepted that among all sectors, agricultural production and the associated
activities are the most easily affected and vulnerable to climate change and variability

including viticulture Adamset al., 1990; Rosenzweig and Parry, 1994; Pagtyal., 2004
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Deressat al., 2005;Joneset al., 2005;Lobellet al., 2006). Consequently, this poses a massive
threat to the viability of the wine industrbut also to the wine tourism industry. Climate
change poses the potential to increase the impact of pests and diseases on vineyards as a
result of milder winters; increases in carbon dioxide may potentiatr ahe quality and
profitability of wine production (Jonest al., 2005). The impacts on viticulture as a result of
climate change are highly variable, both geographically and on the different varieties (Jones
et al., 2005). It is therefore, not only theeependent relationship of the wine tourism market

on the wine industry and its associated climate change challenges that poses a risk to the
success of this tourist activity, but the highly variable nature of the climate change impacts

on viticulture thatpose a significant threat (Jonetal., 2005).

It is, therefore, imperative that local and national levels of governmentsiestists and
tourism officialsand other associated tourism industry stakeholders come together to
develop a strategic approach toanage, adapt and mitigate the future potential impacts of

climate change on the tourism industry in South Africa (Scott, 2003).

2.9. Tourist Climate Index

Due to the increase in competition withthe tourism sectoycoupled with the potential of
climate chage to impact the tourism sectomdices have been developed to represent the
significance of climate on tourism (Fergusson, 1964; Davis, 1968; Murray, 1972; Harlfinger,
1991, Becker, 199&te Freitaset al., 2008).These metrics have been developed to explore
the suitability of various tourist activities, such as, beach and water activities and game
viewing with regards to climate conditions (Kovacs and Unger, 20képite the inherent
complexity in establishing the influence of climate on tourism, it has been stipulated that
there are three aspects of climate that are relevant to tourism (Moreno and Amelung, 2009).
In addition it has beemargued that tourists respond to the combined efte of different
elements within their surrounding environment, such as, temperature, wind, rain, amount of
sunshine and humidity (de Freitas, 1990; Gosvkmtin, 2005). As a result, an -all
encompassing index would need to include all three aspects o&tdithat are relevant to
tourism, namely, physical, thermal and aesthetic aspects (de Feditels 2008; Moreno and

Amelung, 2009). The physical aspect refers to climatic features such as air quality, rain, and
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ultraviolet radiation that may lead to plsycal displeasure (Moreno and Amelung, 2009). The
thermal aspect dealwith the combined effects of different atmospheric variabl@ir
temperature, wind, humidity, personal factors and short/long wave radiation) and
determines the comfort of the touristé&ovacs and Unger, 2014). Lastly, the aesthetic aspect
deals with elements that enhance and prolong the ability of tourists to enjoy the visual appeal
of an area (de Freitaet al., 2008). Factors such as sunshine, cloud, visibility and length of day
areincluded under the aesthetic aspect of climate that is relevant for tourism (Moreno and
Amelung, 2009).

However not all indices account for these three aspects of climate. Thermal indigek,as

the Physiological Equivalent Temperature (PET), BféeGtemperature (ET) and Standard
Effect Temperature (SET) wenest developed to account for human comfort in general and
were later applied to tourism (Moreno and Amelung, 200hen determining the effects of
climate on humans, it is imperative thaspects of the effects of all thermal components on
the heat balance of the human body be assessed and accounted for (Lin and Matzarakis,
2011). Basedn this, various thermal indices, such as the ones mentioned above, have been
applied to assess the oubdr thermal comfort of tourist¢Lin and Matzarakis, 2011). A major
advantage of thermal indicesire that they are based on and evolved fronphysiological
research (Moreno and Amelung, 2009). However, a fundaméntihtion of thermal indices,
especially when they are applied to assessing the thermal comfort of tourists, lies within the
fact that these indices ignore important ndghermal aspects of weather (Moreno and

Amelung, 2009).

In more recent timestiis oten argued that using a composite index is preferred compared
to thermal indices Cegnar and Matzarakis, 2004) when assessing the suitability of climate
conditions from a tourist perspective (Moreno and Amelung, 2008jious compage index
models have been developed to measure the suitability of climate conditions for tourism (c.f.
Mieczkowski, 1985Morganet al., 2000; de Freitast al., 2008; PerciNielsenet al.,201Q
RosselléNadal, 2014; Amelung and Nicholls, 2D14 2000Morganet al. (2000) developed

a climate index specifically for beach tourism. This index contained similarities to the tourism
climate index, developed by Mieczkowski (1985), except for the daily thermal component
6az2NBy2 | yR ! YSt dzy Staurismrelimaiginblexd ICE r@ddd| ig ai the base

of this study and will be discussed in further detail below. The fundamental difference
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between these two indices is in the rating and weighting schemes. Maigain(2000) based

their rating and weighhg schemes on the preferences of beach users situated on northern
European beaches. This proved to be a major advantage of the beach tourism index (BCI), as
it enabled the index to be specifically tailored to assess the suitability of climate conditions
for tourists who are only interested in beach activities at northern European beaches (Wales,
Turkey and Malta). However, thpsesents itself as an inherent disadvantage of the index due

to the fact that the results obtained by Morgaat al. (2000) mg be hard to generalise to

other regions of the world because of intercultural differences in climate preference (Moreno

and Amelung, 2009).

de Freitaset al. (2008) developed a composite index, which is referred to as the climate index
for tourism (CIT)This index is an integrated model for tourism and recreation, and assesses
the climatic resources for activities that are very climate sensitive, specifically beach tourism
(de Freitaset al, 2008). The CIT incorporates thermal, aesthatd physical ggects of
climate. Hbwever, if any of the physical component thresholds (wind and rain) of the index
are exceededthe physical aspect of the index overrides the thermal and aesthetic
components to affect the satisfaction rating (de Freiasl., 2008). @e of the fundamental
advantages of this index is that it recognises the overriding affect that physical factors may
have on thermal and aesthetic factors when assessing the climate suitability of a region (de
Freitaset al., 2008). This index h&en validated against the preferences of beach tourists
and provides a more detailed and accurate assessment of the climate suitability of beach
going tourists in a particular region (de Freittsal., 2008). A significant limitation of this
index lies inle fact that the model has only been tested at a small spatial scale and there is
little evidence that the results of this study and model conducted by de Freitak (2008)

can be generalised to other regions of the world.

As a result of thisthese two particular tourism climate indices only focus beachgoing
tourists- the beach climate index (BCI) and climate index for tourism (CIT) will not provide a
useful assessment of the climate conditions in South Africa for tourism in gethextakequire

low to moderate levels of physical actividiielung and Nicholls, 2014

One of the most widely used indices to date is the Tourism Climate Index (TCI) (Moreno and

Amelung, 2008; de Freitas al., 2008; Kovacs and Unger, 20F&chettet al., 2016). The TCI
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was initially formulated by Mieczkowski (1985), to incorporate all three aspects of climate
that are relevant for tourisn{PerchNielsenet al., 2010), and to evaluate and quantify the
effects of atmospheric conditions on tourism (Mieczkow$RB5; Amelunget al., 2007). The

TClis scaled according to the comfort required tbe most common tourist activities such as
beach and water activities, game viewing and other activities that involve low to moderate
levels of physical effort (Amelungn@ Nicholls, 2014).Although new, and more
comprehensive indices, such as the CIT, have been developed in recent times, the TCI
developed by Mieczkowski (1985) and adaptedPleychNielsen(2010) is the most suitable
tourism climate index fothis study. Firstbecause it is scaled for activities that involve
moderate to low levels of physical activitiesi¢h aggame viewing) and isot just restricted

to beach activitiessuch asthe CIT and the BCI (de Freites al, 2008). Secondthe
generalisability of the TCI model has been proven through multiple studies that have used the
TClunder different climatic conditionéTable 2.8 c.f. Scottet al., 2004;Amelung and Viner,
2006; Amelunget al,, 2007; Amelung andlicholls, 2014; Kovacs and Unger, 2014; Grant,
2015).

arhSOl 126a1AQa oOomMdpypO 2NAIAYIFE ¢/ L F2N)dzZ |
components that the literature identified as important to a tourism index (Sebé#l., 2004).
However, due toclimate data constraints the number of climate components in the TCI
formula was reduced to seven (Mieczkowski, 1985). These seven variables included in the TCI
formula are based on monthly averages and include: maximum daily temperature; mean daily
temperature; minimum daily relative humidity; daily relative humidity; precipitation; daily
sunshine hours and wind speeBgrchNielsenet al., 2010 RosselléNadal, 2014; Amelung

and Nicholls, 201 4Fitchettet al., 2016. These seven variables are then coneliio form

five subindices Table 3. These five suindices were then weighted by Mieczkowski (1985)
FOO2NRAY3I (2 (KSA NI-beiggHRosg8IHI0&, 2@14). The2ndgbidyzofi Q a
studies that have usetiC$ have made use of the sanaenount of factors that were originally
stipulated in Mieczkowski (1985) formula and the weightings of the-isdizes have
remained constant (c.fPerchNielsenet al., 2010 RosselléNadal, 2014; Amelung and
Nicholls, 2014). However, studies have movedyom the original formula in order to base

the TCI on preferences of tourist for specific tourist activities (Moreno and Amelung, 2009;
Morganet al., 2010; Rosseliladal, 2014).
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Table 210: The categories in the conceptual framewagpkesented by Scott and McBoyle

(2001) (Adapted from Kovacs and Unger, 2014).

Category Description

Yearround Optimal ¢/ Lx yn F2NI SFEOK Y2yiK 2F GKS &SI
Yearround Poor TCI< 40 for each month of the year

Summer Season Peak Highest TCI scores in summer

Winter Season Peak Highest TCI scores in winter

Bimodat shoulder peaks Highest and second highest TCI scores in spring and/or autumn

Dry Season Peak Highest TCI scores in spring or autumn

Scott and McBoyle (2001) developed a conceptual framewoskgiotential types of annual

TCI score distributions for a given location. This conceptual framework allows for the climatic
resources of all destinations to be classified into one of the following categories (Figure 2.4
and Table 2.11; Kovacs and Un@&14). This study will use this framework to categorise the

long term annual TCI scores for bax the chosen study sitakroughoutSouth Africa

53



Optimal

Poor

Winter Season Peak S R e padit

TCl Score

Dry Season Peak
Bimodal

Months of the Year

Figure 2.4Conceptual framework of annual tourism climate distributions for the southern

hemisphere (Adapted from Scott and McBoyle, 2001).

It is important to note that the TCI cannot predict tourist arrivals (Amekirg., 2007). The
index merely serves to pralé information on levels of comfort for tourism activity based on
the climate. The TCI does not recognise the existence and quality of infrastructure that
supports tourism, such as, accommodation and transpémmélung and Nicholls, 2014).
Therefore a regon may have a particularly high TCI score but can still experience low tourist
arrivals as a result of a multitude of factors other than climate, such as, political factors and a

lack of necessary infrastructure to support tourism (Amelangl., 2007).

One of the major advantages of the T<Jts ability to be used to analyse the change in climatic

resources through the changing climaiefchNielsenet al.,2010). A fundamental goal of a
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climate index is t@rovide ananalysis of seasonal patterns (Rossélidal, 214). Due to the

TCls sulindices being based on monthly climate data, the impacts of projected climate
change can be identified (RosselN@dal, 2014). The amount of research concerningisoar

and its relationship with climate change is comparatively limited compared to other economic
sectors around the world, despite its large and consistent growth in recent decadesdBcott
al., 2004) The TCl is able to measutee climatic attractivenes of regions under different
climate change scenarios and to compaite iturrent conditions (Rosseldadal, 2014), such
studies haveaaken place at a global scale, while other such studies have been focused on
developed regions (c.f. Scat al., 2004; Amelung and Viner, 2006; Amelwigal., 2007;
Amelung and Nicholls, 2014; Kovacs and Unger, 20idjldition it has been proven through
multiple studies that the TCI can be applied to different regianound the world, and that

the TCIl model and the results that it generates has the potential to be generalised across the
globe.However,only one TCI studyas been conducted imleveloping regions. Fitchegt al.
(2016) calculated the TCI for two coalstowns in South Africa, St Francis Bay and Cape St
Francis(Visser and Hoogendoorn, 2011)id therefore imperative that furthestudies are
conducted in South Afric fully understand the impacts of climate change on the tourism
sector. Futhermore, it is important that the TCI is tested in the South African cordest
larger spatial and temporakalein order to explore if the index can be applied to a developing
countries context.Having a better understanding of such effgetill allow for more effective
planning within the tourism sector and thus enhancing the ability of tourism to drive

economic and social development and transformation (Rogerson and Visser, 2011a).
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Table 211: The studies that have used theourism Climate Index (TCI) to evaluate the climatic conditions of tourist destinations.

Author Year Journal Region of Study Main Findings
Under future climate change scenarios, the number of cities i tfe! ¢ A 1§ K W¢
values in winter will increase.
Lower TCI values in Mexico in winter in the future indicate that it could become less
Scottet al 2004 Climate Research North America
compettive as a tourist destinatiomiwinter.
Longer and improved future summer conditions in Canada indi¢etethe country could
become more competitive in the international tourism market.
Future climate projections and TCI values indicate that there will be temporal and sps
redistributions of suitablelimate conditions for tourism around the globe.
Amelunget al 2007 Journal of Travel Researc Global
Many areas considered suitable will lose climatic attractiveness while other destinatic
will become increasingly more attractive.
Future projections (2060) indicate tiediterranean winter has acceptable TCI values
and the rest of Europe have TCI values that are considered unfavourable for tourists.
Heinet al 2009 Spain Spring and autumn indicate good and excellent TCI values.
Summer conditions have changed significantly from good and ertelbnditions to only
acceptable.
Current climatic conditions are most favourable for tourism in Southern Europe and
decrease with an increase in latitude and altitude.
Future projections indicate morthward shift in theband of favourable weather,
PerchNielsenetal 2010 Climatic Change Europe

improving climatic conditions for tourisin northern and central Europ&outhern
Europe, under future summer conditions, loses its attractive climatic conditions for

tourism.
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Author Year Journal Regionof Study Main Findings
WI ydzt NBEZ CSoNHzZ NE yR 5SOSYOGSNI KIFER | ¢
category.
Transactions of the March and November had a TClvalue the2 NNBS & L)2yR&a (G2 (KS W
Amiranashviletal 2014 Georgian Institute of Georgia P'LINAE KFR | WD22RQ ¢/ L @FftdzS FyR al &z
Hydrometeorology value.
Wdzy S FyR {SLISYOSNI KIR Iy WoOEOSttSyidQ
Overall the climate in Thilisi for tourism is favourable for the most pathe year.
Most optimal climatic conditions for tourism are in the shoulder seasons of all places
Quarterly Journal of were explored.
Kovacs and Unger 2014 Hungarian Meteorological Central Europe Summer is increasingly unpleasant fothsigeeing as a result of increased heat
Service Large differences between the cities regarding the timing of different climatic conditio
(seasonality).
TCI for Japan under presestnditions indicates summer as the most comfortable seas
Journal of the
for tourism.
Kubokaweet al 2014 Meteorological Society of Japan
Under future conditions, the TCI indicates that spring and autumn will become more
Japan optimal for tourism while the summer season becomes less comfortable for tourists.
Future climate change would result in traditional warm destinations around the world
RosselléNadal 2014 Climatic Change Global lose climatic attractiveness to tourists.
High latitude countries would become more climatically attractive for tourists.
Future projectionglemonstrate:
Amelung and There will be a shift southward of the most suitable conditions for tourism.
2014 Tourism Management Australia

Nicholls

Northern locations in Australia will experience a decline in suitable climate conditions

tourism.
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Author Year Journal Region of Study Main Findings
Climate for the majority of regions in China are comfortable for visitors during autumr
and spring.
Fang and Yin 2015 Atmosphere China Climate conditions vary in summer and winter with conditions existimging from an
Wdzy FI #2dzNIF 6f SQ ¢/ L @l tdS G2 Iy WSEOST ¢
Most places in China rards havingF A @S (i 2 B chtégory ahtd2 R
. . Northern The TCI valudsr all the tested stations ranged from 73 to 79, indicating that most of t|
Olya and Alipour 2015 Tourism Management R o o . . o
Greece NE3IAZ2Zya KIgS | WOSNE 3JI22RQ OfAYILOUS F2N
Increases in TCI values occur for at least one station rsacith.
International Journal of . . o _
Rosharet al 2016 Iran The Kashan, Tabriz, Orumiyeh, Shahreord, Zahedan and sH#itlarieh stations all
Biometeorology ) ) ) _
experienced increases in TCI values for more than 6 months starting from 1970 to 1¢
DigitalElevation Model developed for the towns indicates that the projected sea level
South African Journal of for 2050 and 2100 will lead to parts of the beaches washed away.
Fitchettet al 2016 South Africa

Science

TCI values indicate that the clingais becoming worse for tourigtcomfort and that the

towns will becomdess attractive in the future as a tourism destination.
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Despite the TCI being widely used, it has a number of fundamental limitations (Moreno and
Amelung, 2009erchNielseret al.,2010; Rosselldadal, 2014). One of the major liritons

of the TCI lies within its subjective nature and due to its lack of verificaiercliNielsenet

al., 2010). The weightings of the five sidices are to some extent based on
biometeorological literature and research, but to a large extent as® d&lased on expert
opinion (de Freitaet al, 2008; RosselBladal, 2014). Recent derivatives of the TCI are
seeking to eliminate the lack of verification against tourist perceptions with regards to ideal
conditions for different tourist activities (Morenand Amelung, 2009). Although Mieczkowski
(1985) indicated that the TCI formula could be changed in terms of ratings and weightings for
specific activities, this has only recently been explored (Moreno and Amelung, 2009; Rossell
Nadal, 2014). Morgaet a. (2010) altered the TCI by basing it on tourist prefererfoes
climate conditions and swimming water temperatu@hich were obtained through
guestionnaires) and therefore altering the TCI to specific tourist market groups by using
different weightingsAnother area of criticism of the TCI that is widely recognised is that the
index does not identify the potential of overriding effects of certain climate variables during
specific tourist activities (Moreno and Amelung, 2009). Furthermore, the TCI ddes no
recognise the potential of geographical and intercultural preferences in climate (de Feeitas
al., 2008). Again, efforts have been made to adjust the TCI to account for the potential of
overriding effects and differences in climate preferences (GeMarin, 2006; de Freitast

al., 2008)

2.10. Conclusion

The global climate change and tourism section of this literature review has highlighted the
importance of the natural environment to tourism, and extent to which climate change can
impact on the tourism of a destinatioft.is important to note thatourism product offerings

are often destination specific ands a resultmany adaptation strategies need to be tailored

to deal with the specific climate change impacts being experienced at each destination.
Consequently, to better realize the exterd which climate change is impacting on the
tourism sector of a destination, it is necessary to study as nuaffigrent destinations as
possible across the globe. Whilst, many attempts have been made to quantify the impacts of
climate change on tourism aestinations around the world, many earlier attempts were not
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successful andid not account for all aspects that are considered important to the thermal
comfort of tourists. The tourism climate index section of the literature review has highlighted
that some studieqde Freitaset al., 2008;Morgan et al., 2000) have developed tourism
activity specific indices, particularly for beach tourism. However, the most widely used index
to assess the impact of climate change on tourism, predominantly in developed countries, is
the tourism climate index developed by Mieoxrkski (1985) and adapted BerchNielsenet

al. (2010). The literature hdsighlighted the importance of the tourism sector in South Africa,
whilst climate change literature has indicated that South Africa is set to experience changes
in its climae in the future. However, very few studies have been undertaken on the response
of the climate suitability of destinations in South Africa to ongoing climate change.
Furthermore, with climate change and tourism studies in South Africa only having been done
over a small spatial and temporal scale, this study waoldtribute to this local gap, while
simultaneously adding to the global understanding of the relationship between climate

change and tourism
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Chapter 3:Study Site

3.1. Introduction

This study evaluates the TCI scores for 18 locations in South Africa fron2@DO5South
Africa was chosen as the study region for this project, due to the diverse range of climatic
characteristics that exist across the country, the availabilitigh quality climate data, and

the scarcity of literature on the effects of climate change on tourism in South Africa.
Therefore, South Africa and the selected locations within the country can be used to assess
the impact of climate change on the tourissector. Climate data for the different
components of the TCI at each location, were provided by the South African Weather Service
(SAWS). This enables the e calculated at an annual and monthly scale at each location.
Furthermore, it allows for aanparison to be made regarding the influence of climate change
on the climate suitability for tourism at each location. This chapter provides a description of
the general climatic characteristics and climate controls of South Af@ca the
contemporary climate conditions of the specific locations used instinidy. The chapter also
briefly outlines the major tourist attractions in South Africa, pabvidesa short description

of the main tourism markets situated at eachtbe chosen sites.

3.2. Study Site Justification

The initial scope of the study set out to target 50 locations throughout South Afradag
3.1). However, due to lack of availability and inconsistent {targn climate data for locations
across thecountry, the study was reduced to include 18 locations that had the necessary
climate data needed for the purposes of tlstidy. Therefore,this study will focus on 18
locations throughout the nine provinces of South Africa. The locations wesenHmased on
the following set of criteria:
1 Allow for a relatively even geographic balance between inland and coastal locations.
1 Ensure that there is a relatively even distribution of locations through the different
provinces.

1 Represent a significant ecomac role in the tourism sector.
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1 Each Location has a distinct climate with reliable weather stations, that capture the
data required to calculate TCls, nametyaximum daily temperature; mean daily
temperature; minimum daily relative humidity; daily relaithhumidity; precipitation;

daily sunshine hours and wind speed.

It is evident fromTable 3.1that there is a significant lack of data available for a large portion
of South Africa. This is primarily due to the fact that a particldaation does not have a
SAWS weather station, the SAWS weather station only records rainfall data or a particular
SAWS weather station was decommissioned and there are no available reésrdsesult,

this research was limited to using &imns that had the necessary data needed to calculate
the TCI.

With the aim of identifying the impacts of climate change on the climate suitability of
locations for tourism in South Africa, it is unfortunate that regions in which majorswuri
attractions, such as the Drakensberg, Kruger National Park, Kubusi Indigenous Forest and
Hogsback forest in the Eastern Cape, Namaqua National Park and Richtersveld World Heritage
in the Northern Cape, and the Karoo could not be included instiidy because of the lack

of data. These and many other attractions play a vital role in attracting tourists to South Africa
and, therefore, it is important that the impacts of climate change on these areas and tourist
attractions are explored and evalwat in detail, in order to protect them from significant
negative impacts of climate change in the future. important to note, from a climate record
perspective, that the best quality weather records come fromltiple weather stations in

major cties, such asJohannesburg and Cape Town. However, ftoisalways necessary to

have multiple records for the same locations, especially when there is a lack of weather

stations in smaller cities and towns throughout the country.
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Table 3.1The initial choice of study sites for this research and the climatic data provided by SAWS for each of the locations.

Location Tmax Tmin Wind Speed Rainfall Humidity Cloud Cover Sunshine Hours
Belfast 20052014 20052014 20052014 20052014 20052014 -
Bethlehem 19812014 19812014 19812014 19812014 19812014 19812014 19812014
Bloem 19502014 19502014 19912014 19502014 19912014 19922014 19922014
Cape Town 19562014 19562014 19562014 19502014 19662014 19562014 19662014
Carletonville 19622014 19622014 - 19622014 - - -
Cederberg - - - - - - -
Clarens 19871991 19871991 - 19502014 - - -
Dullstroom
Durban 19572014 19562014 19562014 19562014 19562014 19562010 -
East London 19502014 19502014 19502014 19502014 19502014 19502014 19592014
George - - - - - - -
GraaftReinet - - - - - - -
Grahamstown - - - - - - -
Hazy View - - - - - - -
Hermanus - - - - - - -
Hluhluwe - - - - - - -
Hoedspruit 19562014 19962014 - 19962014 19962014 - -
Johannesburg 19852014 19852014 19922014 19852014 19922014 19851994 19922014
Kimberley 19502014 19502014 19502014 19502014 19502014 19502014 19592014
Knysna 19972014 19972014 19972014 19972014 19972014 = -

Kruger National Park

63



Location
Ladysmith
Langebaan
Margate
Mooi River
Nelspruit
Newcastle
Nottingham Road
Paarl
Parys
Port Elizabeth
Phalaborwa
Piet Retief
Pilanesberg
Polokwane
Port Nolloth
Potchefstroom
Pretoria
Queensbwn
Robertson
Rustenburg
St Lucia
Stellenbosch
Still Bay

Tmax

19942014

20002014
19932014

19972014

19502014

19962014
19932014
19852014
19972014
19942014

19832007

Tmin
19942014

20002014
19932014

19972014

19502014

19962014
19932014
19852014
19972014
19942014

19832007

Wind Speed
19942014

20002014
19932014

19972014

19502014

19962014
19932014
19852014
19972014
19942014

19832007

Rainfall
19942014

20002014
19932014

19972014

19502014

19962014
19932014
19852014
19972014
19502014

19832007
19782014

Humidity
19942014
19932014

19972014

19502014

19962014
19932014
19852014
19972014
19992014

19832007

Cloud Cover

19502014

19932014
19852014

19832007

Sunshine Hours

19592014

19932014
19992014
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Tzaneen - - - - - - -
Vanderbijlpark - - - - - - -
Vereeniging - - - - - - -
Vryburg - - - - - - -
Welkom - - - - - - -

Worcester - - - - - - -
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3.3. Climate Controls of South Africa

South Africa is the southernmost country in Africa and stretches latitudinally from 22°S to
35°S and longitudinally from 17°E to 33°E (South African Government, 2015a; Kaehalkar
al.,, 2012). South Africa is considered to be a subtropical location, tgithlimate being
influenced by differences in elevation, by the Indian Ocean to the southeast and the Atlantic
Ocean to thesouthwest,andthe temporal scales at which summer and winter rainfall occur

across the country (Karmalkat al., 2012;Jawtusch, 2014).

The temperature varies considerably in South Africa, with high temperatures reaching in
excess of 32°C in summer and several degrees below 0°C at higher elevations on the interior
plateau (Jawtusch, 2014). There are also considerableaeliites between the temperatures

on the west and east coasts of the country, as a result of the different ocean currents at each
coastline (South African Government, 2015a). The warm Agulhas current flows southward
along the eastern shores of the countrydaresulsin an increase in the temperatures along

the eastern coastling(Chase and Meadows, 2007), while the Benguela current flows
northward in the Atlantic Ocean along the western coastline of the country, resulting in cooler
temperatures Jawtusch, 204; South African Government, 2015a). The influence of these
two ocean currents result in the temperatures along the eastern shoreline being
approximately 5°C warmer than temperatures at the same latitude along the western
shoreline Karmalkaret al., 2012) Due to the inland plateau that rises in the northeast, the
temperatures vanfrom south to north of the country (Karmalkat al., 2012). However, the
plateau results in higher temperature ranges between night and day over the interioutt S

Africa, while the coasts dexperiencesuch extreme temperature ranges (Jawtusch, 2014).

South Africa is considered a seanid country, with an annual rainfall of approximately
464mm which is relatively low compared to the world average of 860mm per year (South
African Government, 2015a). The central and northern interior of the country althghe
eastern regions, all receive the majority of their rainfall during summer months as a result of
convective rainfall (Karmalkat al., 2012). The southwestern region of South Africa receives
most of its rainfall during the winter months, from M&y August, and is as a result of mid
latitude frontal rainfall (Jawtusch, 2014). It should noted that there is a considerable

variation in the amount of rainfall from east to west of the country, which is predominantly
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influenced by the ocean cwents, and due to the movement of the anticyclone over the

country (Karmalkaet al., 2012).

3.4. Tourism Attractions in South Africa

South Africa has many different cultures, distinctly different climates across the country, and
infrastructure that caterdor a wide variety of different tourism nichesich asbusiness
cultural, naturebased adventure sports wineand medical tourism. Each type of tourism will

be briefly explained below:

Businesd ourism:Business tourism involves individuals traveling away from their homes to
work, but still finding time to take part in leisure activities before or after their work is

complete at a particular destination (Kulendran and Witt, 2003).

Cultural Tousnm It has been stated that cultural tourism is based on the search for and
participation in new cultural experiences that are aesthetic, emotional or intellectual in
nature (Stebbins, 1997aarineret al., 2014. South Africa has many different peopléiw
significantly different cultural backgrounds and is therefore an ideal placastbfor new

cultural experiences

Naturebased TourismThis type of tourism involves travelling to natural areas that are
relatively undisturbed by humans (Valentine, 299Naturebased tourism is based around
the specific act of studying, appreciating and enjoying the scenery and wildlife (Valentine,
1992). South Africa has many protected areas that are ideal for ndéased tourism, while

also having 19 national parksid many private game reserves for tourists to visit.

Adventure Tourisminvolves travelling to remote areas, to experience a holiday that is not

typical of the normal beach or natutgased tourism experience (Weber, 2001).

Sports Tourisminvolves an indidual/s traveling away from their home to take part in a
sports activity, whether it be for competition or recreatidfurthermore it involves traveling

to watch sports at any level, or to visit a sports attractieuch asa sports museum
(Tassiopoulos and Haydam, 2008). South Africa has world class venues and infrastructure

supporting these venues, and with various international sporting attractions held in South
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Africa annuallysuch aghe Cape Town Cycle Tour and the Cape Epia inishe that is well

developed within the country.

Wine Tourism Involves travelling for the primary purpose of visiting wineries and the
surrounding areas, whilenjoying the lifestyl@ssociated with wine estates (Charters and Ali
Knidht, 2002).

Medical Tourismlt involves people traveling overseas to other countries to obtain either
medical, surgical or dental care while at the same time taking the opportunity to be
holidaymakergConnell, 2006). This new niche of tmum has been driven by the high costs

YR f2y3 gl AGAYy3 tAada Ay GKS AYRAQGARdZ f Qa
technology in the destination country, along with reduced costs o lbaul transport have

contributed to the increase in mechl tourism (Connell, 2006).

Coastal Tourisminvolves a wide variety of tourist activities that range from leisure and
recreationally orientated activities that occur in the coastal zones anehaife coastal
waters (Hall, 2001). These activities imdy swimming, boating, recreational fishing,

snorkeling and cruises (Hall, 2001).

South Africahas a wide variety of tourism activities and attractions within each of these
tourism niche marketsTable 3.2. Due to the high level of importance on tourismact as a

tool to achieve social and economic development in South Africa, it is essential that these
tourist attractions be maintained and looked after so that they can continue attracting
tourists. Furthermore, South Africa should condigrbe looking to diversify their tourism

market in order to attract new and different tourists.
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Table 3.2Tourist attractions that can be found in different regions throughout South Africa
(Adapted from the South AfricaBovernment, 2015b).

Eastern Cape

{G DS2NEBSQa t I NJ
Valley of Desolation

Addo Elephant Park, Mountain Zebra Park, Tsitsikamma National Park

Freestate

YAYyIQad tIFN] wz2aS DI NRSyY
Mangaung African Cultural Festival

¢KS bl (A2 yMefmoridl2 YSy Qa

The Gariep Dam and the Gariep Dam Nature Reserve
Clocolan (Cherry blossoms and San rock paintings)
he Golden Gate Highlands National Park

The Vredefort Dome

Garden Route

Attequas Kloof Pass

Great BralRiver (Small village that offetise opportunity for whale and dolphin
watching)

Gouritz River Gorge (Hiking, mountain biking, angling, and bujugegng)
Mossell Bay (Poinfor surfing and rock pools)

Dagbreek Museum

The Genadendal Mission and Museum complex

Gauteng

South African Nationdllorsemanship

The Sterkfontein caves

The Constitution Hill Precinct

The Apartheid Museum

The Nelson Mandela Centre of Memory

The National Zoological Gardens

Natural areas (Suikerbosrand Nature Reserve, Kloofendal Nature Reserve and Wal

Sisulu Botanicabardens and Tswaing Crater Trail)

KwaZuluNatal

Comrades Marathon

Duzi canoe marathon

Weza State Forest
iSimangaliso Wetland Park
The Kosi Bay Nature Reserve
HluhluweUmfolozi Park

The Battlefield Route

The Midlands Meander
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Marakele National Park

Gamehunting

Limpopo The Mapungubwe Archaeological Site
The Kruger National Park
Blyde River Canyon
D2RQa 2AYyR2¢
SabieSabie

Mpumalanga The Cultural Historical Forestry Museum
The Bridal Veil, Horseshoe ahdne Creek waterfalls,
t N2ALISOG2NRE ¢ NI A
Lowveld Crocodile Canoe Marathon
Pilanesberg National Park

North West Kortkloof Cultural Village

San rock engravings, Stone Age implements and structures (Witpoort, Gestoptefont

Driekuil and Korannafontein)

Northern Cape

Ghlaira 2F GKS YIFtFKFNRE
The Wonderwerk Cave

The Kalahari Raptor Centre

Namaqualand

Richtersveld National Park

Karoo

The Swartberg Nature Reserve and Pass
The Klein Karoo Nasionale Kunstefees (National Arts Festival)

The Cango Caves

WesternCape

Table Mountain National Park

Cape Epic

The South African Rugby Museum
The Victoriaand Alfred Waterfront
Robben Island

The Gold of Africa Museum

Cape Town Cycle Tour

Cape Town International Jazz Festival

Cape Wine Route
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3.5. Selected Study Sites

The study sites for this researdre located throughout the nine provinces of South Africa
(Map 3.1; Table 3)3 The selected study sites are relatively evenly distributed across the
country. Each of the chosen locations hae#ativelydistinct climates and a SAWS weather
station. The study sites for this research are scattered throughout the country, and will
therefore provide an overview of the TCI in different regions of the country under different

climatic conditions.

Each of these locationgly on tourism to some extent to contribute to their local economies.
With each site having ieelativelydistinct climate and a variety of different tourist attractions

on offer, it makes them ideal locations to explore the impacts of climate changeurism.

The extent and nature of the tourism product offerings that each location has to offer, is very
diverse, with multiple locationsuch aslohannesburg, Cape Town and Durban all serving as
nodes for business tourisrbut at the same time offer torist activities that range from tours

to museums to visits to natural areas and botanical gard&hsrefore,ii 2 dzNdktractich<
sensitive tooutdoor climatic conditions are present at all locatioAdthough all the selected
locations may offer simiftasorts of broad tourism market offerings, the experience of each
activity will be significantly different at each location due to the varying climatic conditions.
Thusthese selected sites will allow for a comparison to be made across the country@s to h
climate is influencing climate for tourism and will give a good indication as to when and where

there are suitable climate conditions for tourism.

71



Table 3.30verview of the selected study sitasdtheir location,annual mean temperature andamfall,and a tourist activity (SA Explorer, 2014;

Climate data, 2014).

Annual Mean

Annual Mean

Province Location GPS Coordinates : Tourist Attractions
Temperature §C)  Rainfall (mm)
-Business Tourism
Johannesburg 26.2044° S, 28.0456° E 16 543 )
- Arts and Cultural Tourism
Gauteng -Adventure tourism
Pretoria 25.7461° S, 28.1881° E 17.3 517 -PaleaTourism
-Historical Tourism
-Nature Tourism
Pilanesberg - Adventure Tourism
North West 25.2611° S, 27.1008° E 19.5 500
National Park - Business Tourism
- Cultural Tourism
Cape Town 33.9253° S, 18.4239° E 16.9 853 -Business Tourism
- Coastal Tourism
Paarl 33.7274° S, 18.9558° E 17.6 770 - Adventure Tourism
Western Cape S .
- Historical Tourism
Knysna 34.0356° S, 23.0489° E 17 779 - Arts and Cultural Tourism
- Lifestyle and Leisure Tourism
-Nature Tourism
Limpopo Polokwane 23.9000° S, 29.4500° E 17.3 598 - Adventure Tourism

- Cultural Tourism
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_ : : Annual Mean AnnualMean : :
Province Location GPS Coordinates _ Tourist Attractions
Temperature ¢C) Rainfall (mm)
St Lucia 28.3833° S, 32.4167° E 21.6 1129 -Historical Tourism
-Cultural Touri
KwazZulu Natal Durban 29.8833° S, 31.0500° E 20.9 975 Cultural Tourism
-Coastal Tourism
Ladysmith 29.5597° S, 29.7806 ° E 18.3 740 _Business Tourism
) -Nature Tourism
Kimberley 28.7419° S, 24.7719° E 18 283
-Cultural Tourism
Northern Cape
-Adventure Tourism
Port Nolloth 29.2500° S, 16.8667° E 14.7 72
-Historical Tourism
-Coastal Tourism
Port Elizabeth 33.9581° S, 25.6000° E 17.4 453 .
-Nature Tourism
Eastern Cape -Historical Tourism
East London 32.9833° S, 27.8667° E 18.2 593 -Lifestyle and Leisure Tourism
-Arts and Cultural Tourism
) -Adventure Tourism
Bloemfontein 29.1167° S, 26.2167° E 16.1 407
-Historical Tourism
Free State
-Cultural Tourism
Bethlehem 28.2333° S, 28.3000° E 14.4 693
-Lifestyle and Leisure Tourism
Nelspruit 25.4658° S, 30.9853° E 19.8 796 “Nature Tourism
- Lifestyle and Leisure Tourism
Mpumalanga tural )
Belfast 256833° S, 30.0167° E 13.2 835 - Cultural Tourism

- Adventure Tourism
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Figure 3.1Map of the selected study sites.
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3.6. Conclusion

The selected study sites all have distinctive climates and available weather data from the
South African WeatheBervice. Furthermore, each location has a westhblished tourism
market, which plays an important role in driving the local economy towards social and
economic development. These locations are thus ideal study sites to explore the impact of
climate chang on the climate suitability of destinations for tourism. Many of the tourism
activities in the selected study sites are heavily dependent on climate and the environmental
resources of the area, and therefore, climate change can have a major impact on the
suitability of the area for tourism in the future. The methodology used in this stGtwggter

4) was aimed at exploring the impact of climate change on the climate suitability for tourism
at each location for the period 2068014 and for the longest comtiious time period for each

location (based primarily on data availability).
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Chapter 4Methods

4.1. Introduction

The primary aim of this study is to explore the value of the Tourism Climate Index (TCI) in
South Africa by exploring how climate change and variability is influencing tourid® at
locations across the country. Furthermore, the study aims to contribuiaternational and

local literature surrounding TCls and further strengthen the existing literature on tourism and
climate change in South Africk achieve this, meteorological data sets for the 18 locations
(Table 3.3 were acquired; TCIl models need to be run for each location to olitenong

term TCI score for each of the chosen locatiamslthe TCI scores for each month of the year
across the dataset and each year of the study pedbdach locationstatisical analysis of

the changes over time for each location over the study pewibtbe conducted Lastly, the

study comparesi 2 dzZNRA &Y | O RS Y A QerceptiofidRof difkate Shang® 0 O a

results to determine the value of TCls within the Southcafcontext.

This chapter outlines the process through which the data for this study is obtained. Following
this, will be a description detailing the methods used to calculate the TCI values for each
locationand a description of the statisticdbols used to analyse the trends and changes in
TClI values over the study period. It is important to note that study useboth quantitative

and qualitative methods, as such this chapter will be broken up into two sections: quantitative
methods and magrials and qualitative methods and materials. The quantitative section will
comprise of a desktop statistical analysis and will calculate the TCI scores of 18 locations
throughout South Africa, using climate data that will be obtained from the Isédtican
Weather Services. The qualitative section will be used to determine the validity of the findings
of the TCI analysis through exploring the perceptions of major stakeholders in the tourism
industry in South Africa with regards to the role of climahange in the tourism sector, and

the extent to which TCI findings mirror changes in tourist numbers in various locations.

4.2. Quantitative Materials and Methods

4.2.1. Acquisition of Climate Data

To calculate and analyse the letegm annual and monthly Tourist Climate Index (TCI) scores

for South Africa, climate data for each of the locations will be sourced from the South African
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Weather Servic€Table 4.1) The climate data thaare required to calculate the TCI input
variablesare selected based on previous TCI studMg¢zkowski, 1985; Perdlielsenet al.,
2010;Kovacs and Unger, 2014; Kubokatal., 2014;Rosharet al., 2016, which include the
monthly minimum and averagelative humidity, the mean monthly maximum and average
temperature, monthly average wind speed, average total monthly rainfall and monthly
average sunshine hoursable 4.Joutlines the data that were obtained and the longest, most
complete period acrosshe variables for which data is available from the SAWS for each
location. It is important to note that humidity data supplied by the South African Weather
Service (SAWS) is given as a daily value and is not recorded hourly. A® siothin the
minimum relative humidity for the TCI model, the minimum humidity value each month is
used when calculating the TCI values. There were various limitations that were encountered
during the data collection process, these are outlined in detail usdetion6.6.1(Limitations

in Data Collection)
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Table 4.1 The data made available by SAWS for the locations used in this study.

Location Max Temp Min Temp Wind Speed Rainfall Humidity Cloud Cover Sunshine Hours
Belfast 20052014 20052014 20052014 20052014 20052014 -

Bethlehem 19812014 19812014 19812014 19812014 19812014 19812014 19812014
Bloenfontein 19502014 19502014 19912014 19502014 19912014 19922014 19922014
Cape Town 19562014 19562014 19562014 19502014 19662014 19562014 19662014
Durban 19572014 19562014 19562014 19562014 19562014 19562010 -
East London 19502014 19502014 19502014 19502014 19502014 19502014 19592014
Johannesburg 19852014 19852014 19922014 19852014 19922014 19851994 19922014
Kimberley 19502014 19502014 19502014 19502014 19502014 19502014 19592014
Knysna 19972014 19972014 19972014 19972014 19972014 - -
Ladysmith 19942014 19942014 19942014 19942014 19942014 -

Nelspruit 19932014 19932014 19932014 19932014 19932014 - -
Paarl 19972014 19972014 19972014 19972014 19972014 - -
Pilanesberg 19962014 19962014 19962014 19962014 19962014 - -
Polokwane 19932014 19932014 19932014 19932014 19932014 19932014 19932014
Port Elizabeth 19502014 19502014 19502014 19502014 19502014 19502014 19592014
Port Nolloth 19852014 19852014 19852014 19852014 19852014 19852014 19992014
Pretoria 19942014 19942014 19942014 19502014 19992014 - -

St Lucia 19832014 19832014 19832014 19832014 19832014 19832014 -
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4.2.2. Cloud Cover and Sunshine Hours Data

The data supplied by SAWS regarding sunshine hours, is split between the actual
measurements of sunshine hours and total cloud cover (wisicecorded in oktas). Oktas is
used as a unit of measurement for cloudiness and is measured on a scale from O to 8
(Doorenbos and Pruitt, 1977). Due to the TCI model requiring sunshine hours, it is necessary
to convert the total cloud cover data into ssimne hours. It is important to note that the
process of converting cloud cover data into sunshine hours yields an estimation and not a
precise value of the sunshine houiBhis ipredominantlydue to the inherent difficulty of

precisdy measuring cloud cover (Hulne¢al., 1995).

Table 4.2Showing the respective values assigned to each okta that are used in the estimation

of sunshine hours of a location (Adapted from Huletal., 1995).

Cloudiness (Oktas) 0 1 2 3 4 5 6 7 8

ExpectedProportion of 0.95 0.85 0.75 0.65 0.55 0.45 0.35 0.15 0
Sunshine (S)

To calculate the approximate daily sunshine hours using the cloud cover data, this study used
a method that was put forth by Hulnet al. (1995). The following equationused to estimate

the sunshine hours:

_—)

3.

Equation 4.1Converting cloud cover data to sunshine hours.
Where:

S= Expected Proportion of Sunshine relative to the okta reading
N= Maximum Possible number of sunshine hours for a location

n=Estimated Sunshirtdours

The maximum possible number of sunshine hours for a location is taken to be equivalent to
the number of daylight hours based on its latitudeable 4.2below represents the daylight

hours of each month based on its latitude.
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Table 4.3:Mean dailymaximum daylight hours for different latitudes and months in the

southern hemisphere (Adapted from Doorenbos and Pruitt, 1977).

Months

Latitude (°) Jan Feb Mar Aprii May June July Aug Sep Oct Nov Dec

50 159 145 127 108 091 8.1 85 101 118 138 154 16.3
48 156 143 126 109 93 8.3 88 102 118 136 152 16.0
46 154 142 126 109 95 8.7 9.1 104 119 135 149 157
44 152 140 126 110 9.7 8.9 93 105 119 134 147 154
42 149 139 126 111 9.8 9.1 94 106 119 134 146 152
40 147 137 125 11.2 100 93 96 107 119 133 144 150
35 143 135 124 113 103 98 101 110 119 13.1 140 145
30 139 132 124 115 106 102 104 111 120 129 136 14.0
25 135 130 123 116 109 106 10.7 113 120 127 133 13.7
20 13.2 128 123 117 112 109 110 115 120 126 131 133
15 129 126 122 118 114 112 113 116 120 125 128 13.0
10 126 124 121 118 116 115 116 118 120 123 126 12.7
5 123 123 121 120 119 118 118 119 120 122 123 124
0 120 120 120 120 120 120 120 120 120 120 120 120

Ultimately this conversion process is not explicitly used in or during the operation of the TCI
models. Initially it is included to convert the cloud data for Durban and St. Lucia into sunshine
hours because these locations only have cloud cover datanabdsunshine hours data.
However, the cloud cover data for these locations did not extend over a long enough period
and aretherefore considered not reliable and are not included in the datasberesult of

which can be found in appendix D.

However, theestimation of sunshine hours is carried out for all locations that have cloud
cover data and sunshine datadgble 4.3 that were supplied by the South African Weather
Service. This is done so that the accuracy and reliability of this method of estimaiilohbe
tested and explored for future studiemnd for other developing countries that deot have
access to freely available and complete datasets. Once the estimation preasssmpleted,

the estimated sunshine hours are correlated to gwnshine hours data supplied by SAWS.
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Table 4.4The locations used to test the accuracy and reliability of the proposed method for

estimating sunshine hours from cloud cover data.

Location Sunshine Hours (Supplied SAW.  Cloud Cover Calculated Sunshinklours
Bloemfontein 19922014 19922014 19922014
Cape Town 19662014 19562014 19662014
East London 19592014 19502014 19592014
Kimberley 19592014 19502014 19592014
Polokwane 19932014 19932014 19932014
Port Elizabeth 19592014 19502014 19592014
Port Nolloth 19992014 19852014 19992014

4.2.3. Traditional Tourism Climate Index Methodology

Due to the data constraints, only nine of the chosen locatidiable 45) have a complete set

of data across all the necessary variables needed to calculate the TCIl. Consequently, for these
locations, this study will use a TCI which is a derivative of the original formula developed by
Mieczkowski (1985) and with adaptationsroduced by PerciNielsenet al. (2010) and used

in other studies around the worldRpsharet al., 2016 Kovacs and Unger, 2014; Kubokata

al., 2014).

The traditional TCI Wae for a particular location is calculated as follows:
4#)¢Tt00 00 CY CY w
Equation 42: The globally accepted Tourism Climate Index Formula.

Where:

CD= Daytime Thermal Comfort
CA=Average Thermal Comfort

R= Total monthly Rainfall

S= MonthlyAverage Sunshine Hours

W= Monthly average Wind Speed
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Table 4.5The locations in the study that have a complete set of data across all the variables

needed to calculate the TCI using the globally accepted method.

Max Min Mean Mean Wind Total Sunshine

Temp Humidity Temp Humidity Speed Rainfall Hours
Bethlehem v v Ve v Ve Ve ve
Bloemfontein v v v v v v v
Cape Town ve ve ve ve ve ve v
East London v v v v v v v
Johannesburg v v v v v v Ve
Kimberley ve v v v v v v
Port Elizabeth v Ve v ve ve v v
Polokwane v v v v Ve Ve ve
Port Nolloth v v v v v Ve v

Daytime Thermal comfort (CD) and Average Thermal Comfort (CA) need to be calculated and
given as effective temperatute meet the requirements listed ifable 4.7 This is calculated
using the following formula:
] o aix sag < oA s Oi EAEOU
%4 4 A1 DAOA®RE AAA | DAOA@]@ZOp& (pﬁ
Equation 43: The formula used to calculate the effective temperature for daytime thermal

comfort and average thermal comfort.
Where:

EFE Effective Temperaturdemperature The respective temperature varigbused to

calculate either CD or CA

Humidity= The respective humidity variable used to calculate either CD or CA

Using the traditional TCI formula, this study will calculate the 4&mngn TCI score using this
globally accepted T@iodel for each of the specified locatioritaple 4.4, and TCI scores for
each month of the year across the dataset and each year of the study p@&oi@thieve this

the raw data supplied by SAWSs is cleaned and processed into trectformat so as to meet

the requirements of the TCI formul@gble 4.8).
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Table 4.6:The subindices within the globally accepted TCI formula and their weighting
(Adapted fromPerchNielsenet al., 2010 andKovacs and Unger, 2014).

Subindex Abbreviation Climatic Variables Required Weight (%)

aSly Y2yidKteé YI EAYdzy
Daytime Thermal Comfort CD o ) o 40
Mean monthly minimum relative humidity (%)

aSly Y2y idkKfteée GSYLISNI
Average Thermal Comforlt CA 10
Mean monthly relative humidity (%)

Wind W Monthly average wind speed (km/h) 10
Rainfall R Total monthly rainfall (mm) 20
Sunshine S Daily Sunshine (hour) 20

Each subndex is rated on a scale, with W, R and S being rated on a scale from 0
(unfavourable) to 5 (optimal) while CA and CD are rated on a scale3rtmd Mieczkowski,
1985; PerckNielseret al.,, 2010;Kovacs and Unger, 201Rosharet al., 2016. Each subndex

is weighted according to their perceived importance as stipulatgdieczkowski (1985)
(Table4.6). The climate readings assigned to each of these scores are outliriebia 4.7
below, and the raw data will be filtered to meet these categoriEise maximum potential
value of the final TCI is 10Migczkowski, 1986 A TCI value greater than 40 is considered
acceptable, a good score is greater than 60 and an excellent scanesislered to be greater
than 80 Rosharet al., 2016 Table 4.7)

Table 4.7Rating categories of the final score of the TCI (adapted fPenchNielsenet al.,
2010).

TCI Score Category Mapping Category

70-79 Very Good

Very Good and Good
60-69 Good
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Table 4.8Rating scales for each of the simglices in the TGfrom PerchNielsen, 2010)

Rating Effective Mean monthly Mean monthlysunshine Wind speed (km.H) Wind (W.mth?)
Temperature (°C) precipitation (mm) hours (h.dY) Normal Trade wind Hot climate
5.0 20-26 0.0to0 14.9 >10 <2.885.75 12.2419.79
4.5 19 15.0t0 29.9 9 5.769.03 9.0412.23
27 19.8024.29
4.0 18 30.044.9 8 9.0412.23 <500
28
3.5 17 45.059.0 7 12.2419.79 5.769.03
29 24.3028.79
3.0 16 60.074.9 6 19.8024.29 2.885.75 500625
30
2.5 1015 75.089.9 5 24.3028.79 <2.88
31 28.838.52
2.0 5-9 90.0104.9 4 28.838.52 <2.88 635750
32
15 0-4 105.0t0 119.9 3 2.885.75 750875
33
1.0 (-)5-(9)1 120.0to 134.9 2 5.769.03 8751000
34
0.5 35 135.0149.9 1 9.0412.23 10001125
0.25 11251250
0 >36 >150.0 <1 >38.52 >38.52 >12.24 >1250
(1)10(-)6
-1.0 (915(-)11
-2.0 ()20(-)16
-3.0 <()20
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4.2.4. Mathematically Adapted Tourism Climate Index Methodology

Further data constraints resulted in nine other locations (Table 4.8) having no sunshine hour
data or cloud cover data. Consequently, the globally accepted TCI modelnmiue used

for these locations due to the lack of data

Table 4.9The locations in the study that have no sunshine hour data or cloud cover data.

Max Min Mean Mean Wind Total Sunshine  Cloud
Temp Humidity Temp  Humidity Speed Rainfall Hours Cover
Durban v v v v v v
Belfast e v v e < <
Knysna v v v v v v X X
Ladysmith v Ve Ve v v v X X
Nelspruit v v v v v v X X
Paarl v v v v v v X X
Pilanesberg ./ v v v v v X X
Pretoria v v v v v v X X
St Lucia ve v v v v v X X

As a result, théraditional TCI formulagguation 4.} is mathematically adapted. This involved
GKS LINBPLR2NIOA2YLFf RAAGNRAROdzOAZ2Y 2 FthértaBablés{ Q @I N
in the equation.
4#)cULu00 pEULOO CBY pP&R LW
Equation 4: The mathematically adapted Tourism Climate Index Formula.
Where:

CD= Daytime Thermal Comfort
CA= Average Thermal Comfort
R= Total monthly Rainfall

W= Monthly average Wind Speed

85



Daytime Thermal comfort (CD) and Average Thermal Comfort (CA) need to be calculated and
given as effective temperature in order to meet the requirements listedahle 4.7 This is

calculated using the formula listed undeéquation 4.2

Using this TCI farula Equation 4.3, this study will calculate the lorigrm TCI score for each

of the specified locationsT@ble 4.8, and TCI scores for each month of the year across the
dataset and each year of the study peridd. achieve this, theaw data supplied by SAWSs is
cleaned and processed into the correct format so as to meet the requirements of the
mathematically adapted TCI formul@able 4.7)The rating of the sulndices remains the
same, as does the maximum potential value. Categtias of TCI scores is consistent with

the traditional model.

Table 4.10:The subindices within the mathematically adapted TCl formula and their

weighting (Adapted fronfPerchNielsenet al., 2010 andKovacs and Unger, 2014).

Subindex Abbreviation Climatic Variables Required Weight (%)

aSly Yz2yiGKteé Yl EAYdzy
Daytime Thermal Comfort CD 50
Mean monthly minimum relative humidity (%

aSly Y2y dkKte&e GSYLISNI

Average Thermal Comfort CA ) o 12.5
Mean monthly relative humidity (%)

Wwind W Monthly average wind speed (km/h) 12.5

Rainfall R Total monthly rainfall (mm) 25

In addition this study will explore the trends of the TCI values over tanelthe direction

and magnitude of any change in the TCI values over the study pédtiisl study will explore

any changes in the TCI values for eachtlonahroughout the study period and will look for

any changes on an annual, monthly and seasonal scale. The following procedures will be used

to explore these trends and directional changes in the TCI values over the study period.

4.2.5. Tourism Climaténdex using Rainfall as a Proxy for Sunshine Hours

The data constrairst experienced during this studyre constraints that many developing

countriesmay experience. The lack of completata can hinder the abilities of dewgling
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nations to apply and replicate studies that are conducted in regions where there are sufficient
datasets. The ability to apply these steslito developing world contextsould allow for
valuable knowledge to be gained in these regions. Therefors,stidy decided to try and
develop a TCI model that could still be used in the event of missing data. Due to the fact that
there are many locations that do not have sunshine hours data or cloud cover data, this study
decided to develop a model that wouldse rainfall as a proxy measure for sunshine hours

and then use the globally accepted TCI formula to run the model.

The purpose of this exercise isagplore the potential for adapting the TCI to suit the needs
of developing world contexts irhé ewent that regions do not have complete datasets. The
results of this method are not explicitly used in the study to answer the research questions.
They are merely correlated to the TCI values obtained usingralkd&ional TCl model to test

how accurate this adapted method is at calculating the TCI values of locations.

For this method to work, a scale needed to be used to approximate the amount of monthly
sunshine hours in that region based on its monthly rainfall. This scalepeatifrom the
original TCI model put forward bylieczkowski (1985)The scale used to approximate

sunshine hours based on theiméall of a partcular location is displayed fable 4.11

Table 4.11The scale used to approximate sunshine hours baseti®rainfall of a particular

region, in the event that cloud cover data or sunshine hour data is not available.

Rainfall (mm) Approximate Sunshine Hours

0.0to 14.9 >10
15.0t0 29.9
30.044.9
45.059.0
60.074.9
75.089.9
90.0-104.9
105.0to 119.9
120.0to 134.9
135.0149.9
>150.0

P N W b~ OO N 00O ©

A\
=
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Once the sunshine hours have been approximated, the TCI model can be run and the TCI for
a particular location can be calculated. This rainfall proxy adaptation of the globally accepted
TCI can be calculated using the formd&veloped byMieczkowski (198bandadapted by
PerchNielsenet al. (2010)which stated below:

4#)¢T100 00 ¢Y CVY w
Equation 45: The formula used to calculate the rainfall proxy adaptation of the TCI model.

In order to calculate the rainfall proxy adapted TCI, the raw data ggply SAWSs is cleaned
and processed into the correct format so as to meet the requirements of the above TCI

formula (Table 4.7; Equation 4.4).

Each subndex is rated on a scale, with W, R and being rated on a scale from 0 (unfavourable)
to 5 (optimal) whle CA and CD are rated on a scale fr3no 5 Mieczkowski, 1985; Pereh
Nielsenet al., 2010;Kovacs and Unger, 201Rpshanet al., 201§. The climate readings
assigned to each of these scores are outline@iahle 4.8 and the raw data will béltered to

meet these categories.

Table 4.12Summary of the suindices within the globally accepted TCI formula and their
weighting (Adapted fronPerchNielsenet al., 2010 andkovéacs and Unger, 2014).

Subindex Abbreviation Climatic Variables Required Weight (%)

aSty Yz2ydKfté YI EAYdzy
Daytime Thermal Comfort CD 40
Mean monthly minimum relative humidity (%)

aSly Y2y idkKtée GSYLISNI

Average Thermal Comfort CA 10
Mean monthly relative humidity (%)

Wind w Monthly average wind speegdm/h) 10

Rainfall R Total monthly rainfall (mm) 20

Sunshine S Approximated nonthly sinshine (hour) 20

The maximum potential value of the final TCI that is calculated using the rainfall proxy
adapted formula is 100Mieczkowski, 1985; Perddielsenet al., 2010;Kovacs and Unger,
2014). A TCI value greater than 40 is considered acceptable, a good score is greater than 60

and an excellent score is considered to be greater tharR&BI{aret al., 2016. The rating
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categories for the mathematically adaptéldCI follows the same structure as the globally

accepted TCI and can be seefable 4.7.

This adapted form of théraditional TCI could prove to be a useful and effective tool for
developing countries that do not have access to comphatd efficient weather datasets.
However, this adaptation has a major limitation, which lies within the fact that it is self
referential. This could pose as a problem if there is ever a significant flaw identified in the
original TCI model developed Iieczkowski (1985) anddapted by PerciNielsenet al.
(2010).
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Were all variables (needed to calculate the TCI) present?

b#ff’#F###f##fffffrHﬁa&x&akxﬁau

Is more than one variable (needed to
calculate the TCI) missing?

T

Use the Traditional Tourism Climate
Index Mode! (Section 4.2.3)

Omit locations Is sunshine hours data missing?

from the study

Use the Mathematically Adapted | OR

An appropriate adapted TCl model will
have to be developed to accommodate
for the data constraints (Could be
explored in future studies)

TCI Model (Section 4.2.4)

Use the Rainfall Proxy TCI
Model (Section 4.2.5)

Test the accuracy
of both models
against complete
data sets

Y

Use the model that
is the most
accurate

Figure 41. Determining the best suited TCI model to s=d arrows indicatély 2 Q |
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4.2 6. Trends in the TCI Values over the Stuelsriod

A study on climate variability and change and how this influences the climate suitability for

tourism in various locations requires that there has been some change in the different climate

variablesanda change in the TCI values over $iedy period Rosharet al., 2019. To identify

the direction and strength of any trends or changes in the TCI scores over the study period,

correlation analysis is used (Fitchett, 2013).

Correlation analysis identifies if there is a relatiopshetween the independent variable,
RSYy2GSR a weQ IyYyR (KS RSLISYRSyid @FINARIoOfS>
values are plotted over time and therefqiia this case, time acts as the independent variable,
while TCI values act as the mndent variable. Through calculating the correlation
coefficient, a value betweel and +1 is obtained, and through this value the magnitude and
direction of the change in the TCI values over time can be evaluated (Underhill and Bradfield,
2009). A corrkation coefficient that is close to eithet or +1 specifies that there is a steady
change in the dependent variable over time (Underhill and Bradfield, 2009; Manly, 2009). A
negative correlation coefficient in this study indicates that there is a deerathe TCI value

over time, while a positive correlation coefficient points toward an increase in TCI values over
time (Palaniswamy & Palaniswamy, 2006). tfoarelation coefficient value lies close to 0,
there is an indication that either there mminimal change in the TCI values over time or that

there is no observable pattern in the TCI values over time (Fitchett, 2013).

ThePearson correlation coefficients for the time trends of the TCI values is calculated using

Microsoft Excelusing thefollowing formula:

I =X -T)
VEX; = X)2(Y; = Y)?

(Underhill and Bradfield, 2009)

4.2.7. Magnitude of the Change in the TCI Values over the Study Period

After the trends in the TCI values over time have been demonstrated, it is important to

identify the rate of changén TCI values of the study period& determine this, regression
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analysiswas used. More specificallffinear regression will be used, which is a method of
modelling the relationship between a dependent variable (y) and one or more independent
variablesin this case time (Montgomemt al., 2012) Linear regressiolguantifiesthe rate of

change of the depedent variable (TCI valued)inear regression isalculated:

(Manly, 2009)

The equation for the linear regression line is calculated and producédidrpsoft Excefor

all instances in which the rate of change in the TCI valudsedfttidy period are determined.

¢tKS O2STTAOASY(l 2F E 06KAOK A& RSy2G4SR | a wti
the amount by which the dependent variable (TCI values) increases or decreases in response

to a oneunit increase in the indeperaht variable the passing of one year (Fitchett, 2014).
Identifying the rate of change wpkovidean indication of the amount and direction (positive

or negative) to which the climate is changing in each location, from a tourism perspective.

Theresults of the regression analysis are presented as a change in TCI values per year (TCl/yr).

4.2 8. Explanatory Power of the Independent Variable

It is important to consider the percentage by which changes in the independent variable
(time) account fochanges that occur in the dependent variable (TCI values). This is achieved

through calculating the coefficient of determinatior?{R

b(zay 2420

(Underhill and Bradfield, 2009; Fitchett, 2013)

R? =

This statistical tool provides a value that ranges between 0larahd can be reported and
presented as a percentage (Manly, 2009). Values closer to 1 represent that the majority of
the change in the dependent variable is occurring as a result of changes in the independent
variable (Underhill and Bradfield, 2009).
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4.2.9. Calculating the Statistical Significance of the Findings

Once the strength and direction of any trends in the TCI values over time have been calculated
and the amount by which TCI values are increasing or decreasing over time have been
determined usinghe respective statistical tools, it is important to determine the statistical
significance of these results. It is important to note that the larger the dataset, the higher the
chance that a strong correlation calculation accurately reflects an exsstiogg relationship

within the data (Fitchett, 2013). With regards to small datasets, the possibility that a set of
values increase by chance rather than because of a larger pattern within the data is
substantially higher (Fitchett, 2013).

The statisticasignificance of the results is measured throdgé calculation ofi KS WL @I f dz
This value ranges from 0 to 1, with lower values increasing the chances that the results are a

true indicator of the behaviour of the data for the study period (Underhitl Bradfield, 2009;
CAUOKE HnmoO® C2NJ 0KS LlzNlJ2 a$S 2siggdstkhatdhe & G dzR & 2
results obtained from the above mentioned statistical procedures are statistically significant
(Manly, 2009).

Furthermore, eaclcomponent of the TCI will be compared for each location in order to
determine groups in climatéourism responses and to test whether there is any geographic

explanation behind the clusters.

In the event that the test for linearity fails, the study willeusontlinear regression and
detrended component analysis. Furthermore, the TCI values will be mapped along with their

net change over timep graphically represent the change in TCI values over the study period.

4.3. Qualitative Materials and Minods

The purpose of including a qualitative component in the study is to identify how accurate the

¢/ L Aa G RSGSOGAY3TI (2dzNAadiaQ LINBFSNByOSa 2
tourists to climate change in South Africa. Timsturn, will explore the impacts it has on

tourism. In order to achieve this, tourism researchers and acadewecs approached and

asked to participate in an interview, to obtain the necessary data. The interview process

followed an open and closeended semistructured schedule.
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The interview is split into two parts. The first part of the interview allowed the tourism
researchers and academics to show which areas they perceive to have seen increases or
decreases in tourispand what those changes were caused by. Sdcimallowed thetourism
academics and researchdrsexpress their perceptions about climate change in South Africa

andhow it is inpacting tourism in the countr{Rejaet al., 2003)

Once the first part of the interview is completed, andepth interview will follow,took on

the form of a discussion between the researcher and the tourism academic or researcher.
This part othe interview will include providing the respdent withthe TCI results from this
studyand showing them which locatiopgccording to the Tourist Climate Indexe the most
climatically suitable for tourism and how any change in climate is impacting the climate
suitability of a particular locationThe respondent will then be able to comment on how
accurate the TCI values are for each locati@msed on their perceptioandcomment on how

big of a role they feel climate has on influencing tourism patterns in each location.

Each interviewvasrecorded (with the consent of the participarand later transcribed for
the purpose of thematically analysing the perceptions of each organisation as to how tourism
is changing in each location, what the reasons are for any change and what role climate
change plays in terms of influencing tourism in each particular location. The thematic analysis
will highlight what encourages or discourages people from certain locatiotipoint out the

effects of climate change on tourism in South Africa (Braun and Clarke, 2006).

Based on the data obtained from the questionnaires and interviews, the validity ofsTCls
determined and commented on and thus progginsight into the role that climate change
has on the tourism sectpand how accurate the Tourism Climate Index is as a quantitative

measure of the suitability of a locati@climate for tourism.

4.3.1. Acquisition of Qualitative Data

Data fa this section of the studwascollected from tourism researchers and academics in
South Africawho work out of different universities across the countmourism academics
and researchers were selected as the subjects for interviewing, as these thid best group

of people to actively engage with TCl implementation and results. Tourism academics from a
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range of universities across South Africa, and working in positions ranging from PhD candidate

to full professoswere interviewed to attempt to obtm a wide raging view

4.3.1.1 Phase one of the Intgiew ProcessStructured Clos&nded Questions

The first part of the interview process involves collecting data from each participant in the
form of five short, closeended questions. This first part of the interview process focuses on
collecting information regarding any noticeable increases or decreases in tourism activity
within the organisation over the study perioahdwhat might have caused these chasga
tourism activity and business for each location. Se¢ahé initial part of the interview
allowed participants to briefly express their perceptions about climate change in South Africa
and how it is impacting tourism in the countio obtain this information, participants will be
asked the followindive questions:

1. In your opinion which month/s of the year see the most tourists for each location?

2. Which locations have seen an increase in tourists over the last couple of dg&ades

Years), and which have seen a decrease?
3. Which locations rely on the climate to attract tourists?
4. Which of these destinations are negatively impacted by climate?

5. Do you think any specific location should be concerned about climate change?

Jose-endedquestions allow the participant to express their perceptions briefly by indicating
their response based on the list of answers made available to them @Reja, 2003).
Although these questionwere restrictive, it provides an opportunity for each participant to
provide a direct answer to the questions. This allows for a direct comparison to be made
across all of the orgasations, based on their answemrsgarding their perceptions of climate
change and how it is impacting the tourism industry. However, it is vital that the perceptions
of theseacademicsare explored in more detail, and therefore phase two of the interview

process will use sensitructured, operended questions to gxore these perceptions further.

4.31.2 Phase two of the Interview ProcesSemiStructured Operended Questions

Once participants complete the first phase of this process, toek part in a discussion,

during which they are shown the actuaClTresults from this study. These resuligegthe
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academicsan indication of which locations, according to the tourism climate index, are the
most climatically suitable for tourism and how any change in the climate is impacting the
climate sitability of a particular location. This phase of the interview process is conducted
using a semstructured schedule, during whidhe tourism academics and researchare
asked operended questions about the accuracy of th€l values (which they validated,
based on their own data, such as tourism numbers/occupancy numbers and traffic volumes
etc.). The participantsave the chance to commenndiow big of a role they feel climate has

on influencing tourism patterns in each location.

The operended nature of the questions in this phase of the interview process enables the
NEASEFNOKSNI G2 3IFAYy | RSSLISNI Ay a@euran, 1897 2 | L
It allows the participant to answer the questions with more flexibility and express themselves

in their own words (Vujovic, 2013). Bo doing the researcher has a greater chance of
obtaining a more detailed understandindo G KS LJ NJi A O Aredargingcliate LJS NO S L.
change and how it is impacting the tourism sector in South Africa. Therefore, this questioning

style is best suited for this study.

Employing this serstructured schedule during this phase of theentiew is advantageous

for a number of reasons. The use of formulated questions allowed the researcher to retain
control over the interview procesandthe information gathering process from participants
(Bassey, 2006). Furthermore, the sestructured schedule allowed the researcher to ask
additional questions with regard to any interesting or unanticipated remarks that participants

made to the formulated questions (Mitchalhd Jolley, 2013 These followup questiorsgave

the opportunitytogd y FdzNIKSNJ AyAA3IKEG Aydz2z G§KS LI NI AOA
change and how it is impacting the tourism industry (&tithl., 2005).

Despite the numerous advantages of sestiuctured interviews, there are some limitations.
Namely, the facthat the followrup questions that each of the participants are asked, are not
standardisedwhich could lead to a data set that is not uniform and may make data analysis
difficult (Mitchell and Jolley, 2013). Follayp questions also open up the potentiarf
personal bias from the researcher, regarding the decision to follow up on questions that they

perceive to be more important than others (Mitchell and Jolley, 2013). This could result in the
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overall result of the interviews to be biased. Every effomh&le during the interview process

to remain unbiased and not tend towards selecting certain questions to follow up on.

4.32. Qualitative Data Analysis

To analyse the data obtained from the questionnaires, thematic content analysis is used. This
method of analysing qualitative data is widely used and allows for a far greater account and
understanding of the data (Braun and Clarke, 2006). Braun and Clarke (2006) stipulate that
thematic analysis organises and describes the dataset in great detaihermore, it
identifies and analyses themes within the data to explore which themes are pertinent to
answering some of the research questions (Harper and Thompson, 2011). By following the
processes set forth by Braun and Clarke (2006), pertaining todtie analysis, this study is

able to ensure that this section is methodologically correct.

Table 4.8: The stages neegll to conduct thematic analysis (Adapted from Braun and Clarke
2006).

Stage Brief Description of the Stage

Stage 1 Theresearcher becomes familiar with the data collected from the interviews

Stage 2  The researcher generates initial codes from the data

S 3 The codes are explored at a deeper level by the researcher and identifies potential them
tage
subthemes fromthe generated codes

The researcher now explores the different themes more closely and decides on a more r
Stage 4
set of themes and suthemes

Stage 5 The researcher then analyses these themes and ensures that the themes relate to the st

The researcher produces a report that that reflects the main findings of the analysis ant
Stageb
the data can aid in answering the research questions

Stage one requires that the researcheust actively engage and familiarise themselves with
the dataset(Braun and Clarke, 2006). In order to do so, the researcher must consciously look
for meanings and patterns in the data while they read through it. Braun and Clarke (2006)
emphasise the need to become familiar with the data, to the point that the reseanshe

comfortable with the breadth and width of the content of the data. This stage is very
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important and forms the basis for the coding that takes place in the subsequent stages (Bra
and Clarke, 2006). Stage twavolves creating initial codes from theatd. These codes
highlight features of the data that appear most interesting to the researcher and the study
(Braun and Clarke, 2006). This process of coding allows for the data to be organised into

sections that are meaningful and relevant (Tuckett, 2005)

The third stage of thematic analysis begins once the researcher has completed the coding
processwhich was undertaken in stage two (Braun and Clarke, 2006). This stage requires the
researcher to look more closely at the list of codes generated in stageand identify if

there are any major broad themes that are emerging in the data (Braun and Clarke, 2006).
This stage allows the researcher gain an initial idea for the different themes and sub
themes within the data (Braun and Clark¥)06). The fourth stage follows on from the
identified themes in stage three and offers the researcher the opportunity to look more
closely at the initial list of identified themes (Braun and Clarke, 2006). Ultimately, stage four
allows theresearcher to efine the themeso that any initial themes that do not have enough
data to validate them are removed or moved into another set or various themes can be

merged into one dominant theme (Braun and Clarke, 2006).

The fifth stage of this process requires tlesearcher to engage with and explore the themes

at a deeper level (Braun and Clarke, 2006). This stage essentially gives the researcher the
opportunity to develop a holistic and detailed understanding of each theme and how the data
contributes to each thme (Vujovic, 2013). The sixth and final stage pertainsddittal report
write-up, and reflects the main findings related to the data that is collected and how this data

can be effective in aiding in the research study (Braun and Clarke, 2006).

4.3.3. Ethical Considerations

As per the regulations of the University of thetWatersrand, ethical clearance wabtained
FTNRY (GKS ! yAOSNBRAGEQA 90GKAOA [/ 2Y YveledaBi& 6STF2N
out. Ethics clearance was granted for this studpgendix G Ethics Clearance Protocol

Reference: H15/09/32).
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Before interviewswvere conducted, all the components of treudy, including the aims and
purpose of thestudyand how te findings of thestudywill be published and used after the
research is completeyere explained in detail to the participant addition all participants

were provided with an information participation sheefppendix Ewhich gave a detailed
written explanaion of all the details pertaining to the study. Furthermore, participantse

asked to read and sign a formal letter of conséqgendix |; which signified their agreement
to participate and contribute to the study. All participantdlims studywere not classified as

vulnerable andvere all over the age of 18 years.

4.4. Conclusion

Tourism, on a global scale is one of the éasgrowing sectors and has a significant role to
play inmany national and local econonsieSouth Africa relies heavily on tourism as a means
of promoting economic and social development within the country. It is therefore imperative
that the relationship between climate change and tourism in South Africa is explored in detail.
This would allew for policy makers and major tourism stakeholders to gain a deeper
understanding of what impact climate change is having on touriSngain a deeper
understanding of the relationship between climate change and touristertain

methodologies ned to be followed.

Themethodology used in this studpllowed a mixed methods approach. The quantitative
aspect of the methodology dealt with calculating the Tourism Climate Index for the various
study sites on an annual and monthly scale, using the tfiobacepted TCI model originally
developed byMieczkowski (1985) and adapted by PeMielsenet al. (2010)In addition the

study made use of a mathematically adapted TCI model for locations that had insufficient data
to meet the requiremens of the globally accepted TCI moddturthermore, this section
explored changes in the TCI values over time for each location, using correlation and linear

regression analysis.

The qualitative section employexh open and closeénded semistructured inerview style.
This style allowed various organisations to communicate their perceptions of climate change
and tourism in South Africa. Furthermore, it enabled the organisations to comment on the

accuracy of the tourism climate index based on their ownaargational data. The data
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obtained through these interviews was analysed using thematic analysis. This method of
analysis identifies and analyses themes within the data to explore which themes are pertinent

to answering some of the research questions.

Bycombining and utilising the results conjunctiige validity of TCls can be determined and
commented on and thus providing insight into the role that climate change has on the tourism
sector and how accurate the Tourism Climate Index is as a ftaive measure of the
suitability of a locatioQ dacross South Africa) climate for tourisrim addition this
methodology allows for the accuracy of theufism Climate Ind&s in detecting tourisQ

behavioural responses to climate change in South Africa to be explored.
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Chapter 5Results

5.1. Introduction

The findings othis study are presented in this chapter. This chapter is split into two main
sections with each section presenting the results obtained under the different
methodological approaches. The quantitative section presents the TCI scores calculated for
each of the chosen study sites. This section will include the results of the mean annual TCI
scores for the period 2008014 for each location and the mean monthly TCI scores, and will
presentthe longest continuous TCI mean (based on the longest continuous time period for
each location). The mean TCI scores that range from 2005 to 2014evabnsidered the
primary TCI results for thgudy, while the longest continuous TCI mean of each location will
be presented to compare any interesting findings against those ranging fromZB6 The
purpose of using the study period of 20@520M4 is that first data restrictions did not allow

for a longer set of uniform data across each location to be obtained and set@iidws for

the averages of each location to be compared to each other, and thus allows for appropriate
and uniformanalysis across different locations. Lastly, the quantitative section will present
the results of the time trend analysis of the TCI scores over time for both the periods of 2005
2014 and for the longest continuous time periods for each location. Thétafixe section of

this chapterpresents the results that were obtained during the interviews with the tourism
academics and researchers. This section will be splitsatesections, each of which will

represent a different theme that was higglited during the interview process.

5.2. Tourism Climate Index Results

The TCI used in this study was originally developedliegzkowski (1985). The TCI was
formulated to incorporate all three aspects of climate that are relevant to tourism, and to
quantfy the effects of climatic conditions on tourism (Mieczkowski, 1985; Amedaral,
2007), and originally formulated to incorporate 12 climate variables, but this was later
reduced to seven climate variables due to restrictions in commonly available(Eatah
Nielseret al.,2010; RosselldNadal, 2014). The TCl is scaled according to the comfort required

for the most common tourist activities such as beach and water activities, game viewing and
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other activities that involve low to moderate levels of gioal effort (Amelung and Nicholls,
2014). The TCI was chosen for this study due to the fact that it has been widely used in
international studies (Scotét al., 2004; Amelung and Viner, 2006; Amelwetgal., 2007;
Amelung and Nicholls, 201Kovéacs and Unger, 2014; Grant, 2015). Furthermore, the climate
variables needed to calculate the TCI atandard meteorological variables and thus are

generally captured by weather stations around the globe.

The TCI resultare split into two subsections: Traditional TCI results and mathematically
adapted TCI results. This is primarily due to data constraints where all the study sites did not

have adequate data to allow for the use of the traditional TCI.

5.2.1. Traditional Tourism Climate Inde
5.2.1.1. Long Term Averages

The TCI scores that will be presented ikdominantlyfocus on the time perioaf 2005

2014, as this was the longest set of uniform data across all they sitiels. Using this time
period enables a direct comparison and effective analysis to be made across each lpcation
based on their longerm climate suitability for tourismHowever, this only indicates that
climate changemay be affecting the TCI scores, as the data period is to short. In these
instances, continued monitoring is strongly advised to determine if such trends pénsist.
addition, the longest continuousCI mean for each location based on their longest continuous
set of data will be presented to supplement the results for the period 285 and to

provide climate change analyses.

The mean annual TCI scoré@slfle 5.) for the respective studgites range from 76.5 (very
good) for Port Nolloth to 86.8 (excellent) for Polokwane. All the locations demonstrate scores
in the excellent rating categoyyexcept for East London and Port Nolloth, which were
classified under very good. Port Nolloth andstElaondon each demonstrate a TCI score of
76.5 and 79.2 respectively. Interestingly, East London and Port Nolloth, which are both coastal
locations have been categorized as having a very good climatic suitability for tourism, while
the two other coastaldcations of Cape Town (83.5) and Port Elizabeth (80.20) have been

categorized as having excellent climatic conditions for tourism. However, it is important to
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note that the TCI score difference between East London and Port Elizabeth is onlgibne
score.Due to their relative geographical proximity and similar TCI, their climate suitability
could be considered relatively similar, as opposed to being categorized into two significantly

different categories.

Tourists in East London and Port Elizabeth tapiaug in naturebased and coastal tourism
would have very good and excellent climatic conditions respectively for these types of tourist
activities.In addition the tourists in the remaining locations who take part imiaties such
asadventure tourismand leisure tourism activities, would have excellent climatic conditions

to do so.

Table 5.11 ongterm annual average traditional TCI from 2005 to 2015 for various locations

throughout South Africa.

Bethlehem 80.90
Bloemfontein 84.00
Cape Town 83.50
East London 79.20 Very Good
Johannesburg 85.20
Kimberley 87.40
Polokwane 86.80
Port Elizabeth 80.20
Port Nolloth 76.50 Very Good

The longest continuous TCI mean for the longest continuous data set for each loGatide (

5.2) range from 76.5 (very good) for Port Nolloth to 88.20 (excellent) for Kimberley.
Comparing the annual TCI mean for the pe20052014 to the longest continuous mean for
each of the locations, it can be seen that the climate suitability of each location has remained
constant in terms of classification in the rating categories. However, there are slight, but
noticeable increasesr decreases in the annual average TCI scores across the different time

scales.

The mean monthly traditional TCI scores, for both times periods at each location, highlight a

general pattern, with the majority of the locations experiencing excellent tolidkaatic
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conditions for tourism during the summer months of the yea@alfle 5.3. However, East
London experiences relatively lower TCI scores that range from 68 (good) for October to 79.3
(very good) for January for most of the year during both timeqaks. It is important to note

that all the coastal cities such as East London, Port Elizabeth and Port Nolloth, with the
exception of Cape Town, all experience longer periods during the middle of the year of good
to very good climatic conditions for touns whereas the other locations only experience a

dip in the climatic conditions for tourism during the autumn and winter months of the.year

Table 5.21 ongterm annual average traditional TCI for the longest continuous time period

for each location.

Bethlehem (1982014) 80.35
Bloemfontein (1992014) 85.39
Cape Town (1968014) 81.59
East London (1952014) 77.50 Very Good
Johannesburg (1992014) 84.48
Kimberley(19592014) 88.20
Polokwane (1992014) 86.64
Port Elizabeth (1959014) 80.05
Port Nolloth (1999014) 76.50 Very Good

The traditional TCI scores for Cape Town during the months of December to March
demonstrate ideatlimate conditions, with the TCI ranging from 93.12 for March to 96.5 for
January. Despite these ideal clintatonditions during the summer months, Cape Town
winters (particularly in June and July) are categorized as having acceptable climate conditions
for tourism, with TCI scores ranging from 56.16 for July to 59.20 for August over both time
periods [Table 5.3. Thiscan be attributed to the winter rainfall and to a significant decrease

in temperature during this time of the year. The drop in climatic suitability in Cape Town
during the winter months is relatively worse than other locations due to the fact thertet

are multiple factors (increased rainfall and decreased temperatures) acting at the same time,
whereas in other locations there is generally only one factor acting to influence the iclimat

suitability.
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During the period 2002014 in Polokwane, the mamy TCI scores indicate that the majority

of the year, except for November and December, had excellent to ideal climate conditions for
tourism. Interestingly, in May, the start of winter, and during September, the start of spring,
Polokwane had the mostdeal climate conditions with TCI scores of 90.00 and 92.9
respectively for each month. These results indicate that the nabaged and adventure
based tourism market in that region may benefit from excellent to ideal climate conditions

for the majority ofthe year, even during ofbeak tourism periods.
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Table 5.3Mean monthly traditional TCI scores for the period 2@08.4 and the longest continuous monthly mean TCI scores for each location.

20052014
1981-2014

20052014
19922014

20052014
19662014

20052014
19592014

20052014
19922014

20052014
19592014

20052014
19932014

20052014
19592014

20052014
19992014
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The monthly TCI scores for Bloemfontein, across both time periods, indicate that the majority
of the year (excluding winteMay, June and July) have excellent climate conditions for
tourism (Table 5.3. Therefore, individuals will be able to take partadventure tourism

activities under excellent climate conditions.

Looking at the two different time periods for each location, it can be seen that the monthly
TCl averages remain fairly similar in terms of classification into the rating categories, leut ther

are slight variations in the actual TCI.

5.2.1.2. Traditional Tourism Climate Index Time Trends

Gorrelation analysis allowed for the relationship between TCI scores and time to be
determined for each of the study sitelanly, 2009) The correlatioranalysis highlighted the
direction and strength of the relationship between TCI scores and time for each of the
respective locations. Once a significant trend was identified between the two variables (TCI
and time), regression analysis was used to deteatire rate of change in TCI scores for the
study period Kontgomeryet al., 2012) Due to the increased threat of climate change, and
the heavy reliance on the natural environment and climate for tourism in South Akatk (

et al, 2014; Rosharet al, 2016; RosselléNadal, 2014),it is important to have an
understanding of how tourism is influenced by climaggiation andchange and therefore it

is imperative that the direction and magnitude of the change in the TCI at different locations
for the maximum possible time periad documented andnalysedo detect early signs of
progressivechangesn climatic conditions and their suitability for tourisi@limate change
analysis ideally requires data periods of greater than 30 years, aneftine analyses for data
periods for shorter than this are tentative in nature and reflect progressive climate variability
rather than climate changeThe use of the common period does, however, facilitate the

comparison ofliscretionand strength otrend between each of the towns.

For the period 2002014, the annual TCI score in Port Nolloth demonstrates a highly
statistically significant positive trend, with a correlation coefficient of 0.76 (p<0.0GH)|€

5.4). This trend equates to an increase iretiCl score of 0.93units/lyiTgble 5.4. An
interesting2-yearcycleisapparent in the TCI scores for Port Nollotluring the period 2005
2014Figure 5.) This trend is predominantly controlled by fluctuations in the day time
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thermal comfort (CD), which incorporates mean monthly maximum temperateg gnd
mean monthly minimum relative humidity (%) to obtain an effective tempee(eC) which

is then used to run the TCIl model.

Annual TCl Values versus Time for Port Nolloth

83

81

79

77

75

TCl Value

73
71

69
1998 2000 2002 2004 2006 2008 2010 2012 2014

Year

Change over time (1999-2014) Change over time (2005-2014)

Figure 5.1The correlation between annual traditional TCI scores for Port Nolloth and time
for the period 20052014 and 1992014.

In contrast, insignificant trends in annual TCIl scores for the pefidd52014, are
demonstrated at Bethlehem, Bloemfontein, Cape Town, East London and Kimberley, with
correlation coefficients 0f0.55 (p=0.20), 0.09 (p=0.40).18 (p=0.30), 0.11 (p=0.30), and
0.32 (p=0.20) respectivelyldble 5.4 Although statisticayl insignificant, the annual TCI
scores for the period 2068014, in Johannesburg (r=0.41; p=0.10), Polokwan®.@$;
p=0.10) and Port Elizabeth {047; p=0.10) have slightly stronger correlation coefficients
then the other locations that are considersthtistically insignificant for the same time period

(Table 5.3,
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Table 5.4Satistical values representing the correlation between annual traditional TCI and

time for the various locations throughout South Africa from 2@084.

: : : Rate of Change -
Location (Time Period) RPValue r-value p-value Significance
(TCI Score/per year)

Bethlehem -0.54 0.30 -0.55 0.20  NonSignificant
Bloemfontein 0.08 0.01 0.09 0.40  NonSignificant
Cape Town -0.18 0.03 -0.18 0.30  Non-Significant
East London 0.15 0.01 0.11 0.40  NonSignificant
Johannesburg 0.35 0.35 0.41 0.10  NonSignificant
Kimberley -0.28 0.10 -0.32 0.20  NonSignificant
Polokwane -0.18 0.15 -0.39 0.10  NonSignificant
Port Elizabeth -0.51 0.17 -0.47 0.10  NonSignificant
Port Nolloth 0.93 0.58 0.76 0.005 Significant

The annual TCI trends over longer periods at each location are considerably different when
compared to the trends demonstrated over the shorter time period from 200%4. The
annual TCI scores for the period 198®14 at Port Nolloth demonstrate a staiistlly
insignificant positive trend, with a 0.14units/yr increase in the TCI score (r=0.18; pabl&;

5.5). Over a longer time period (19&®14), the annual TCI score in Cape Town demonstrates
a highly statistically significant positive trend with aretation coefficient of 0.34 (p=0.005)
(Table 5.%. This trend results in an annual increase of 0.08 units in the TCI score for Cape
Town over this same period.In addition East London and Johannesbutgmonstrate
statistically signifiant positive trends in their TCI scores over the periods 18583 and
19922014 respectively. The positive trend in East London has a correlation coefficient of 0.55
(p=0.0005) and equates to a 0.11units/yr increase in the TCI score over the perieaIeb9

For the period 19922014 in Johannesburg, the annual TCI score increased at a statistically
AAIAYATAOLYG NI GS 27 Tables.5 Ty dndual FQ@ Snds bMErtirdedm T
Bethlehem (1982014), Bloemfontein (1992014), Kimberley (29-2014), Polokwane
(19932014) and Port Elizabeth (192914) remained insignificantver the longer time
periods Table 5.5.
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Table 5.53atistical values representing the correlation between annual traditional TCI scores
andtime for the various locations throughout South Africa, using the longest continuous time

period for each location.

Rate of Change (TC

Location (Time Period) RValue r-value p-value Significance
score/per year)

Bethlehem (1982014) 0.05 0.03 0.16 0.20 Non-Significant
Bloemfontein (1992014) -0.03 0.01 -0.07 0.40 Non-Significant
Cape Town (1968014) 0.08 0.11 0.34 0.005 Significant
East London (1952014) 0.11 0.21 0.55 0.0005  Significant
Johannesburg (1992014) 0.20 0.12 0.34 0.05 Significant
Kimberley (1952014) -0.0 0.00 0.01 0.40 NonSignificant
Polokwane (1992014) 0.06 0.02 0.15 0.20 Non-Significant
Port Elizabeth (1959014) 0.01 0.00 0.07 0.30 Non-Significant
Port Nolloth (19922014) 0.14 0.03 0.18 0.20 Non-Significant

For theperiod 20052014 in Bethlehem, the TCI scores for July and December reveal a strong
negative trend, with each month demonstrating a statistically significant correlation
coefficient of-0.74 (p=0.005) and0.66 (p=0.025) respectively. These trends equate t
monthly decreases in the TCI scores of 0.70units/yr for July and 1.44units/yr for December
(Table 5.6. The negative trend demonstrated by the TCI scores in Decemb#uenced by

rain, with an average monthly rainfall @1.3.01mm in December in Bethlehem from 2005
2014. The same negative trends in the TCI scores exist in Bethlehem during January and
December over the period 1984014, with correlation coefficients 60.33 (p=0.025) and

0.31 (p=0.025). Both these trendsveal decreases in the TCI scores of 0.26units/yr for
January and 0.21units/yr for Decembé@iaple 5.. The TCI for October in Bethlehem during
the period 20052014 and 1982014 reveal a positive trend with both demonstrating a
statistically sigificantcorrelation coefficienpf 0.54 (p=0.05) and 0.36 (p=0.025) respectively.

Located within the same province, and within relative proximity of each other, the TCI trends
observed in Bloemfontein for the month of October are very similar to those demonstrated
in Bethlehem. The monthly TCI in Bloemfontein for October for the period-2008 and

19922014 reveals positive trends that equate to an increase in the monthly TCI score of
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0.92units/yr (r=0.54; p=0.05) and 0.36units/yr (r=0.42; p=0.025) respectiwgy looth
periods Table 5.6.

With tourism in Cape Town being the busiest during the summer months from October to
January, it is interesting to see a positive trend in the monthly TCI score for January, October
and December for the period 19614 Tabk 5.9. These trends equate to increase in the
TCI scores of 0.05units/yr (r=0.31; p=0.01) for January, 0.10units/yr (r=0.22; p=0.05) for
October and 0.05units/yr (r=0.29; p=0.025) for DecembEable 5.¢. For the period 1959

2014, the monthly TCI score East London reveal interesting trends over various months.
During the winter months of May and July in East London for the period-20%59, the TCI
demonstrates a positive trend that reveals an increase in the monthly TCI scores of
0.26units/yr (r=0.47 p=0.0005) and 0.14units/yr (r=0.25; 0.05) respectivégble 5.5. In

direct contrast to this, the summer months of January and December in East London (which
are busy tourist periods for this area) for the period 1258 4, reveals statistically sigicént
negative trends in the monthly TCIl. These negative trends demonstrate a decrease in the
monthly TCI scores of 0.08units/yr {820; p=0.05) for January and 0.11units/yr-Q.26;
p=0.11) for Decembeil@ble 5.6.

For the period 2002014 in Kimberlg, the monthly TCI scores demonstrate a statistically
significant negative trend for the months June, July and September, with correlation
coefficients 0f-0.58 (p=0.05);0.64 (p=0.025) aneD.63 (p=0.025Table 5.. These trends
suggest monthly TCl seomdecreases of 0.93units/yr for June, 1.01lunits/yr for July and
0.52units/yr for SeptemberTable 5.6. The negative monthly TCI trends demonstrated in
June, July and September gseedominantlydriven by decreasing effective temperatures

(CAMean manthly temperature(eC) and mean monthly relative humidity (%)).

Nature-based tourism is one of the predominant tourism activities in the Polokwane region

It is, therefore, of concern that the monthly TCI scores for the month of January in this region
demanstrate a considerable decrease-0=2; p=0.01). This decrease equates to a reduction

in the monthly TCI of 1.56units/year over the period 22084 Table 5.%. The decrease was
strongly driven by large amounts of rain in the region during Januarthéperiod 2005

2014. In contrast, for the same time period in Polokwane, the monthly TCI scores for February

demonstrate a statistically significant positive trend, with a correlation coefficient of 0.52
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(p=0.05Table 5.§. This trend suggests an increas 1.46units/yr for the monthly TCI scores
in February. The increase in the monthly TCI score for February is influenced by a decrease in
rainfall for that month from the previous month, with a 19.18mm decrease in average rainfall

from January to Februgrduring the period 2002014.

Data for the period 2002014 in Port Elizabeth, reveals a statistically significant decrease in
monthly TCI scores for April and July of 0.8@&iyear (r=0.51; p=0.001) and.78units/yr (r=

0.54; p=0.05) respective(fabk 5.9. In both instances, the TCI score wdkienced byrain

over those months with a monthly average rainfall of 55.96mm for April and 53.04mm for
July, over the period 2068014. Port Elizabeth receives the leastcamt of rainfall during
January, and this holds true for the period 26@%14, where Port Elizabeth received a
monthly average 27.72mm of rain for January. As a result, the monthly TCI for January during
the period 20052014 reveals a statistically sigondnt positive trend, with a correlation
coefficient of 0.84 (p=0.00T;able5.6). This trend equates to an increase in the monthly TCI
score of 1.24units/yr for January. With January being a busy tourism period in Port Elizabeth,
this increase in climateugability for tourism will be beneficial to all the beach and nature

based tourists.

The climate suitability for tourism in Port Nolloth for the period 228 4 reveals significant
increases during the months of February, April and November. The stalitsignificant
increase in the monthly TCI scores reveal correlation coefficients of 0.61 (p=0.025) for
February, 0.71 (p=0.01) for April and 0.75 (p=0.025) for Noveriiladtd 5.. These positive
trends equate to an increase in the monthly TCI scofeO@5unit/yr for February,
1.89units/yr for April and 1.18units/yr for Novembéraple 5.6.
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Table 5.6Correlation between mean annual traditional TCI scores and time and the correlation between the longest continuous melan annua

TCI sores for the various locations throughout South Africa. Highlighted cells represent statistically significant trends.

Time Period Jan Feb March April May June July Aug Sept Oct Nov Dec
Bethlehem
Strength of Trendr) | -0.09 0.32 0.14 -0.06 0.09 -0.06 0.74 0.11 -0.34 0.54 0.21 -0.66
Rate of Change (unit/yr -0.20 0.79 0.21 -0.13 0.18 -0.08 -0.70 -0.24 -0.82 1.52 0.43 -1.44
20052014

R 0.01 0.10 0.02 0.00 0.01 0.00 0.55 0.01 0.11 0.29 0.04 0.44
p-value| 0.40 2.00 0.30 0.40 0.40 0.40 0.005 0.30 0.20 0.05 0.30 0.025

Strength of Trend (r] -0.33 0.02 0.16 0.03 -0.12 -0.07 0.01 0.16 0.12 0.36 -0.01 -0.31
Rate of Change (unit/yr -0.26 0.01 0.09 0.03 -0.08 -0.03 0.00 0.11 0.11 0.28 0.00 -0.21
19852014 R| 011 0.00 0.02 0.00 0.01 0.01 0.00 0.03 0.02 0.13 0.00 0.10
p-value| 0.025 0.40 0.20 0.40 0.20 0.30 0.40 0.20 0.20 0.025 0.40 0.025
Bloemfontein

Strength of Trend (r] 0.44 0.01 0.23 0.39 0.30 -0.26 -0.34 0.04 -0.31 0.54 0.03 -0.44
Rate of Change (unit/yry  1.35 0.02 0.47 0.85 0.75 -0.63 -0.41 0.07 -0.18 0.92 0.08 -1.01
20052014 R| 0.20 0.00 0.05 0.15 0.09 0.07 0.11 0.00 0.10 0.29 0.00 0.20
p-value| 0.44 0.40 0.30 0.10 0.20 0.20 0.20 0.40 0.20 0.05 0.40 0.10
Strength ofTrend (r)| 0.19 -0.03 0.28 -0.12 -0.05 -0.40 0.03 0.03 0.03 0.42 -0.01 -0.16
Rate of Change (unit/yr;  0.24 -0.04 0.30 -0.12 -0.04 -0.37 0.02 0.02 0.02 0.36 -0.01 -0.17

19922014

R 0.04 0.00 0.08 0.01 0.00 0.16 0.00 0.00 0.00 0.18 0.00 0.03
p-value| 0.20 0.40 0.10 0.30 0.40 0.025 0.40 0.40 0.40 0.025 0.40 0.20
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Time Period Jan Feb March April May June July Aug Sept Oct Nov Dec
Strength of Trend (r] 0.06 -0.24 -0.61 0.60 0.50 -0.42 0.14 -0.12 -0.32 -0.09 0.05 0.58
Rate of Change (unit/yry 0.02 -0.11 -0.43 0.83 0.93 -0.82 0.45 -0.32 -1.02 -0.15 0.06 0.25
20052014
R 0.00 0.06 0.37 0.36 0.25 0.17 0.02 0.02 0.10 0.01 0.00 0.34
p-value| 0.40 0.20 0.025 0.025 0.10 0.10 0.30 0.30 0.20 0.40 0.40 0.05
Strengthof Trend (r)| 0.31 0.14 0.05 0.17 0.06 0.03 0.04 -0.06 0.01 0.22 -0.09 0.29
Rate of Change (unit/yr;  0.05 0.02 0.01 0.08 0.03 0.02 0.03 -0.03 0.00 0.10 -0.03 0.05
19662014
R 0.10 0.02 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.05 0.01 0.08
p-value| 0.01 0.20 0.30 0.10 0.30 0.40 0.40 0.30 0.40 0.05 0.30 0.025
Strength of Trend (r]  0.63 0.31 -0.27 -0.13 0.26 -0.12 -0.30 0.32 0.41 -0.46 0.37 -0.46
Rate of Change (unit/yr;  1.30 0.68 -0.58 -0.32 0.79 -0.35 -0.96 0.88 0.92 -1.82 1.14 -1.06
20052014
R 0.40 0.10 0.07 0.02 0.07 0.01 0.09 0.11 0.17 0.21 0.14 0.21
p-value| 0.025 0.20 0.20 0.30 0.20 0.30 0.20 0.20 0.10 0.10 0.10 0.10
Strength of Trend (r] -0.20 0.02 0.13 0.17 0.47 0.13 0.25 0.17 0.37 0.14 0.07 -0.26
Rate of Change (unit/yry -0.08 0.01 0.06 0.09 0.26 0.06 0.14 0.09 0.19 0.08 0.03 -0.11
19592014
R 0.04 0.00 0.02 0.03 0.22 0.02 0.06 0.03 0.14 0.02 0.01 0.07
p-value| 0.05 0.40 0.20 0.10 0.0005 0.20 0.05 0.10 0.00 0.20 0.30 0.025
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Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (r]  0.36 0.28 0.43 -0.29 0.58 0.26 0.20 0.29 0.05 0.21 -0.06 -0.44
Rate of Change (unit/yr;  1.03 0.58 1.05 -0.87 1.48 0.42 0.23 0.33 0.13 0.54 -0.15 -0.69
20052014 R| 013 0.08 0.18 0.08 0.33 0.07 0.04 0.08 0.00 0.04 0.00 0.19
p-value| 0.20 0.20 0.10 0.20 0.05 0.20 0.30 0.20 0.40 0.30 0.40 0.10
Strength of Trend (r]  0.18 0.31 0.06 -0.28 0.16 0.24 0.31 0.47 -0.06 0.34 0.40 0.00
Rateof Change (unit/yr)  0.25 0.39 0.08 -0.37 0.18 0.16 0.14 0.31 -0.07 0.35 0.44 0.00
19922014 R 0.03 0.10 0.00 0.08 0.03 0.06 0.10 0.22 0.00 0.12 0.16 0.00
p-value| 0.20 0.10 0.40 0.10 0.20 0.10 0.10 0.01 0.40 0.05 0.025 0.40
I
Strength of Trend (r] 0.06 -0.10 0.10 0.18 0.05 -0.58 -0.64 -0.27 -0.63 0.44 0.07 -0.43
Rate of Change (unitlyr; 0.13 -0.28 0.14 0.35 0.10 -0.93 -1.01 -0.45 -0.52 0.73 0.08 -1.02
20052014 R | 0.00 0.01 0.01 0.03 0.00 0.33 0.41 0.07 0.40 0.20 0.01 0.19
p-value| 0.40 0.40 0.40 0.30 0.40 0.05 0.025 0.20 0.025 0.10 0.40 0.10
Strength of Trend (r] -0.16 -0.15 0.01 0.31 0.37 0.13 0.19 0.18 -0.15 0.07 0.07 -0.15
Rate of Change (unit/yr; -0.07 -0.07 0.01 0.14 0.15 0.04 0.05 0.06 0.05 0.02 0.02 -0.06
19552014 R| 0.03 0.02 0.00 0.09 0.14 0.02 0.03 0.03 0.02 0.00 0.00 0.02
p-value| 0.10 0.10 0.30 0.01 0.003 0.20 0.10 0.10 0.10 0.30 0.30 0.10
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Time Period Jan Feb March April May June July Aug Sept Oct Nov Dec
Polokwane

Strength of Trend (r] -0.72 0.52 0.13 -0.31 0.01 -0.01 -0.51 -0.12 -0.02 -0.27 0.63 -0.17
Rate of Change (unit/yr] -1.56 1.46 0.26 -0.88 0.01 -0.01 -0.56 -0.17 -0.02 -0.64 1.12 -0.40

20052014
R 0.51 0.27 0.02 0.10 0.00 0.00 0.26 0.01 0.00 0.07 0.40 0.03
p- value 0.01 0.05 0.40 0.20 0.40 0.40 0.05 0.40 0.40 0.20 0.025 0.30
Strength of Trend (r] 0.03 0.27 0.09 -0.19 0.29 0.26 0.18 0.23 0.40 -0.03 0.20 -0.13
Rate of Change (unit/yr,  0.03 0.41 0.09 -0.20 0.20 0.20 0.10 0.15 0.20 -0.02 0.18 -0.13
19952014 R | 0.00 0.08 0.01 0.04 0.08 0.07 0.03 0.05 0.16 0.00 0.04 0.02
p-value| 0.40 0.10 0.30 0.20 0.10 0.10 0.20 0.20 0.03 0.40 0.20 0.20

Port Elizabeth

Strength of Trend (r] 0.84 -0.16 -0.06 -0.51 0.20 -0.43 -0.54 0.00 -0.36 -0.30 -0.17 -0.47
Rate of Change (unit/yr, 1.24 -0.21 -0.10 -0.87 0.66 -1.41 -1.78 0.00 -0.65 -1.04 -0.43 -0.59

20052014
R 0.70 0.03 0.00 0.26 0.04 0.18 0.29 0.00 0.13 0.09 0.03 0.22
p-value| 0.001 0.30 0.40 0.05 0.30 0.10 0.05 - 0.10 0.20 0.30 0.10
Strength of Trend (r] 0.06 -0.20 -0.07 0.03 0.11 -0.13 -0.14 0.09 0.17 -0.03 -0.09 -0.39
Rate of Change (unit/yry  0.02 -0.06 -0.02 0.01 0.06 -0.07 -0.07 0.04 0.07 -0.01 -0.04 -0.13
19592014 R | 0.00 0.04 0.00 0.00 0.01 0.02 0.02 0.01 0.03 0.00 0.01 0.15

p-value| 0.30 0.10 0.30 0.40 0.20 0.20 0.20 0.20 0.10 0.40 0.20 0.0025
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Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (rf] 0.43 0.61 0.11 0.71 0.34 -0.22 0.25 0.46 0.44 0.45 0.75 0.46
Rate ofChange (unit/yr) 0.90 0.85 0.16 1.89 0.48 -0.24 0.45 0.45 0.55 0.56 1.18 0.68
2005-2014
23 0.18 0.37 0.01 0.50 0.11 0.05 0.06 0.21 0.19 0.20 0.56 0.21
p-value| 4 0.025 0.3 0.01 0.2 0.3 0.2 0.1 0.1 0.1 0.005 0.1
Strength of Trend (r] 0.30 0.39 0.05 0.49 0.07 -0.54 0.15 -0.08 0.25 0.14 0.28 0.39
Rate of Change (unit/yr] 0.39 0.34 0.05 0.69 0.07 -0.42 0.16 -0.08 0.23 0.11 0.25 0.51
19992014
R | 0.09 0.15 0.00 0.24 0.01 0.29 0.02 0.01 0.06 0.02 0.08 0.15
p- value 0.10 0.05 0.40 0.025 0.40 0.01 0.30 0.40 0.20 0.30 0.10 0.05
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5.3.Adapted IndexResults

5.3.1.Validation of Mathematically Adapted Model Tourism Climate Index Model

To test the accuracy of this adapted TCI model, it was run against the locatisestion5.2,

which had a full data set. The results of the traditional TCI model were then correlated against
the results of the mathematically adapted model in order to determine the level of accuracy
of the mathematically adapted TCIl model. The reqUléble 5.7 indicate the level of accuracy

of the mathematically adapted results.

Table 5.7Correlation between the annual results of the traditional TCI and the annual results

of the mathematically adapted TCI for the locations that had compleieafedata.

Pearson Correlation

Location (Time Period) p-value Significance
Coefficient

Bethlehem (19822014) 0.99 0.0005 Significant
Bloemfontein (1992014) 0.95 0.0005 Significant
Cape Town (1968014) 0.99 0.0005 Significant
East Londor(19592014) 0.94 0.0005 Significant
Johannesburg (1992014) 0.99 0.0005 Significant
Kimberley (1952014) 0.96 0.0005 Significant
Polokwane (1992014) 0.96 0.0005 Significant
Port Elizabeth (1952014) 0.98 0.0005 Significant
Port Nolloth(19992014) 1.00 0.0005 Significant

The correlation between the results of the two models for each location reveal high
correlation coefficients that all range above 0.94, which is indicative of a strong statistically
significant positive relationshipTéble 5.7. In addition these statistically significant

correlation coefficients demonstrate that the mathematically adapted TCI results are

relatively accurate and that they could be used as an alternative model to the traditional TCI.
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5.3.2. Rainfall Proxy Tourism Climate Index Model

Due to the lack of sunshine hosidata for some of the locations, the traditional TCIl was

adapted using the rainfall data obtained from SAWS as a proxy for the sunshine hours.

For this method to wark, a scale needed to be used to approximate the amount of monthly
sunshine hours in that region based on its monthly rainfall. This scale is adapted from the
original TCI model put forward Bylieczkowski (1985)lable 4.11below indicates the scale

usedto approximate sunshine hours based on the rainfall of a particular location.

Table 5.8The scale used to approximate sunshine hours based on the rainfall of a particular

region, in the event that cloud cover data or sunshinersalata is not available.

Rainfall (mm) Approximate Sunshine Hours

0.0to 14.9 >10
15.0t0 29.9
30.044.9
45.059.0
60.074.9
75.089.9
90.0-104.9
105.0to 119.9
120.0to 134.9
135.0149.9
>150.0 <1

R N W A~ O O N 00 ©

Once the sunshine hours have been approximated, the TCI model can be run and the TCI for
a particular location can be calculated. This rainfall proxy adaptation of the globally accepted
TCI can be calculated using the formd&veloped byMieczkowski (198bandadapted by
PerchNielsenet al. (2010) Equation 5.}

To test the accuracy of this adapted TCI model, it was run against the locatisetion5. 2,
which had a full data set. The results of the traditional TClI model were then correlated against

the results of the rainfall proxy adapted model in order to determine the level of accuracy of
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the rainfall proxy adapted TCl model. The resultJable 5.8below indicate the level of

accuracy of the mathematically adapted results.

Table 5.9Correlation between the annual results of the traditional TCI and the annual results

of the mathematically adapted TCI for the locations that had complete sets of data

Pearson Correlation

Location (Time Period) p-value Significance
Coefficient

Bethlehem (1982014) 0.93 0.0005 Significant
Bloemfontein (1992014) 0.89 0.0005 Significant
Cape Town (1968014) 0.95 0.0005 Significant
East London (1952014) 0.91 0.0005 Significant
Johannesburg (1992014) 0.90 0.0005 Significant
Kimberley (1952014) 0.90 0.0005 Significant
Polokwane (1992014) 0.92 0.0005 Significant
Port Elizabeth (1959014) 0.94 0.0005 Significant
Port Nolloth (19922014) 0.98 0.0005 Significant

The correlation between the results of the two models for each location reveal high
correlation coefficients that all range from 0.89 to 0.98, which is indicative of a strong
statistically significant positive relationshipgiable 5.8. In addition these statistically

significant correlation coefficients demonstrate that the mathematically adapted TCI results
are relatively accurate and that they could be used as an alternative model to the traditional

TCI.

5.3.3. Final Modé&Selection

Boththe mathematically adapted Tdlgble 5.7 and the rainfall proxy adapted TChble 5.3
demonstrated very highly statistically significant correlation coefficients. Both models can be
considered as acceptable alternatives to the tradiabTCl, in the event of missing data that

is essential to the traditional TCIl. However, thisdy will use the mathematically adapted
model as the alternative to the traditional TCI for the remaining study sitethe following

reasons Firstly,becausethe mathematically adapted TCI demonstrated higher correlation
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coefficients across all the locations compared to the rainfall proxy adapte&@c¢tindlythe
rainfall proxy TCI has a fundamental flaw, in that it isis#tfrential and therefore, any errors
in the rainfall data would necessarily be carried through into the proxy sunshine hours and

would ultimately influence the accuracy of the mo@ebutput.

5.4. Mathematically Adapted Tourism Climate Index Results

5.4.1. Longrerm Average TCI

The mean annual nthematically adapted TCI scomemge from 74.88 (very good) for Belfast

to 93.00 (ideal) for Pilanesberg, for the period 2a8.4 {Table 5.9. The majority of the
locations demonstrate scores in the excellent ratingegatry, except for Belfast, which was
classified under the very good category, and Pilanesberg which was classified as having an
ideal TCI scoreTable 5.9. With a mean annual mathematically adapted TCI score of 93.00,
tourists taking part in naturdasedand/or adventure tourism, would have ideal climate
conditions to do so. All the coastal cities, such as, Durban, Knysna and St Lucia, all revealed a
mean annual TCI score categorized under the excellent rating with scores ranging from 84.17
for Durban to 8.5 for KnysnaTable 5.9. This would suggest that beach tourism and
adventure tourism would benefit from excellent climatic conditions. The relatively lower
mean annual TCI score in Belfast for the period 22054, was strongly influenced by lower
effedive temperatures calculated under the average thermal comfort (CAxswex of the

TCI formulaEquation 5.2
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Table 5.10Annual mean mathematically adapted TCI scores from 2005 to 20Eel&uted

locations throughout South Africa.

Belfast 74.88
Durban 84.17
Knysna 85.5
Ladysmith 87.75
Nelspruit 87.08
Paarl 88.25
Pilanesberg 93.00
Pretoria 87.5
St. Lucia 84.3

Comparing the mean annual TCI scores for the period 2008 to the longest continuous
mean annual TCI scores for each of the locations, it can be seen that the climate suitability of
each location has remained constant in termslafssification in the rating categoriebaple
5.9and Table 5.1). However, there are slight, but noticeable increases or decreases in the

annual average TCI scores across the different time scales.

Table 5.11t ongterm annual average mathematicallyauted TCI for the longest continuous

time period for each location.

Belfast (20082014) 74.88
Durban (19562014) 84.39
Knysna (1992014) 85.69
Ladysmith (19942014) 87.5
Nelspruit (19952014) 87.63
Paarl (19972014) 86.88
Pilanesberg (1998014) 91.64
Pretoria (20022014) 88.08
St. Lucia (1982014) 80.74
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The monthly mean mathematically adapted TCI in Beftasthe majority of the months for

the period 20052014, demonstrate a climate suitability that is classified as very good, with
the TCI score ranging from 68.75 (July) to 79.58 (Septemksdn)e( 5.1). However, February

in Belfast, for the period 2008014, reveals a TCI score of 85.97, which suggests that climatic
conditions during this month are excellent for tourism. For the period 28054, the monthly
mathematically adapted TCIl score in Durban reveals that the months from January to
September demortsate excellent to ideal climate conditions for tourisriiaple 5.1)1
However, for the same period in Durban, the months of October, November and December
demonstrate a long term monthly TCI score of 79.5, 77.38 and 79.75 respectively. These
values suggesthat the climate suitability for tourism during October, November and

December would be classified as very good for the period -200% in Durban.

The mean monthly mathematically adapted TCI scores in Knysna for the perio@@D05
and 19972014 highlipts a generatrend, with excellent to ideal climate conditions being
experienced for tourism over the summer months of the year, while the winter and spring
months of the year have only very good climate suitability for touriBable 5.1). With arge
portions of tourism activity occurring in Knysna during the summer months of the year, these
results can be viewed as a positive indicator for tourism stakeholders and tourists in this
region. May and September in Nelspruit, during the period 2008 and 19942014, both
demonstrate ideal climatic conditions for tourism with the TCI score above 90.00 in each
respective monthTable 5.1) The TCI score for both these months over both time periods,
indicate that Nelspruit experiences its best climabnditions for tourism during autumn and
spring periods of the year. Pretogxperiences its best climatic conditions for tourism during
autumn and spring, with both April and September demonstrating a mean monthly TCI scores

of above 90.00 during #hperiod 20052014 and 2002014 Table 5.11
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Table 5.12Mean monthly mathematically adapted TCI scores for the period 2003 and the longest continuous mean monthly TCI scores

for each location.
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Belfast
20052014 Average| 76.11 | 8597 7813 7375 7438 6888 6875 7263 7958  72.64  69.72 _ 75.88
Durban
20052014 Average 79.50 77.38 79.75
19562014 Average| 79.80
Knysna
20052014 Average 7913  69.38 6750 6875 7813  75.63
1997:2014 Average 7965 7257  67.64  68.82 77.99  78.33
Ladysmith
20052014 Average| 79.13 79.63 78.88
19942014 Average m
Nelspruit
20052014 Average| 78.91 76.72
19952014 Average
Paarl e
20052014 Average
19972014 Average
pianesberg |
20052014 Average
19962014 Average
Pretoria
20052014 Average| 79.75 7425  74.63
20022014 Average 7423 74.90
St. Lucia
20052014 Average
19832014 Average| 78.98  77.70 7715  77.62




Tourists visiting Paarl from January to April and from October to December for the period
20052014 and19972014, would experience ideal climatic conditions for tourism, with the
TCI scores during these months ranging from 92.08 for October to 98.5 for Decdrabky (
5.11). However, the TCI score drops considerably in Paarl from May to August over the same
time periods, with the TCI score ranging from 55.50 (acceptable) for June to 76.38 (very good)
for September Table 5.1). This decrease in the long term monthly TCI during these months
can be attributed to the winter rainfall that Paarl receiyaada drop in temperature during

this time of the year, similar to Cape Town. Pilanesberg, for the period-200% and 1996

2014, experiences excellent to ideal climatic conditions for tourism all year round with TCI
scores ranging from 84.21 (excellerior January to 96.67 (ideal) for September. These
climate conditions in the region during the two time periods, suggest that the ndiased

tourism market could benefit significantly.

5.4.2. Mathematically Adapted Tourism Climate Index Time Trends

The regression was calculated for the mathematically adapted TCl sem@dgor the
traditional TCI scoresSéction 5.2.1) and the results are as follows. For the period 2005
2014, the annual mathematically adapted TCI scores in Knysna demonstratessticatiyt
significant positive trend, with a correlation coefficient of 0.50 (p=0.D&hle 5.12 This
positive trend equates to an increase in the TCI score for Knysna over this period, of
0.76units/yr Table 5.12 This positive increase in the Knysr@ 15 strongly controlled by
good steady readings in the day time thermal comfort (CD), which incorporates mean
monthly maximum temperaturedC) and mean monthly minimum relative humidity (%) to
obtain an effective temperatur@C) which is then used tam the TCI model, and by a lack of
unpleasant winds during the period 20@814. St Lucia, another coastal city, experienced
statistically significant increases in the mathematically adapted TCI scores during the period
20052014. The TCI scores increasgda rate of 0.50units/yr (r=0.55; p=0.0%able 5.12

These positive trends are largely influenced by good effective temperatures which fall under
the daytime thermal comfort (CD) and average thermal comfort (CAjralibes of the TCI

index.
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In contrast insignificant trends in the annual mathematically adapted TCIl scores are
demonstrated at Belfast (¥8.26; p=0.20), Durban (r=0.25; p=0.20), Ladysmith (r=0.12;
p=0.30), Nelspruit (r=0.06; p=0.40), Paartqrt2; p=0.30) and Pretoria (r=0.26; p=0.20), fo
the period 20052014 {[Table 5.12)Pilanesberg demonstrated a high annual mean TCI score
of 93 for the period 2002014, suggesting that the region has ideal climatic conditions for
tourism (Table 5.9. However, despite being statistically insignificarRjlanesberg
demonstrated a negative trend over the period 262814, with a correlational coefficient of
-0.30 (p=0.2Table 5.12 This negative trend reveals a statistically insignificant decrease in
the annual mean TCI score of 0.29unitshgar the slort-term periods of 200520104 climate

variability needs to be monitored, to detect progressive clinaiange

Table 5.13: Satistical values representing the correlation between annual mean

mathematically adapted TCI scores and time forghakectedlocationsfrom 20052014.

Rate of Change

Location (Time Period) R Value r-value p-value Significance
(TCl/per year)

Belfast -0.42 0.07 -0.26 0.2 Non-Significant
Durban 0.28 0.06 0.25 0.2 Non-Significant
Knysna 0.76 0.25 0.50 0.05 Significant

Ladysmith 0.11 0.01 0.12 0.3 Non-Significant
Nelspruit 0.10 0.00 0.06 0.4 Non-Significant
Paarl -0.11 0.01 -0.12 0.3 Non-Significant
Pilanesberg -0.29 0.09 -0.30 0.2 Non-Significant
Pretoria 0.26 0.07 0.26 0.2 Non-Significant
St. Lucia 0.50 0.30 0.55 0.05 Significant

The annual mathematically adapted TCI trend in St Lucia remained positive over the longer
time period of 1982014, with a correlation coefficient of 0.58 (p=0.000%ple 5.13 The
statistically significant positive trend suggests that the annual TGE dsoincreasing by
0.29units/yr. This positive trend is stpiredominantly influenced by excellent effective
temperature readings for both the daytime thermal comfort (CD) and average thermal

comfort (CA) sulindices of the TCI index. Despidemonstrating an insignificant trend for
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the period 20052014 (Table 5.12 Paarl, over the longer period of 199014, has
demonstrated a statistically significant positive trentable 5.13 This trend reveals an
increase of 0.24units/yr (r=0.36; p= 8)dn the annual mathematically adapted TCI score for
the region Table 5.13 The annual TCI trend in Knysna over the longer period of-299%,
shifted to a statistically insignificant negative trend (r=0.06; p=0.2), as opposed to the

statistically sigificant trend demonstrated over the period 202914

The longest continuous annual mean mathematically adapted TCI trends over time in
Ladysmith (19942014), Nelspruit (19952014), Pilanesberg (199814), Pretoria (2002
2014), and Durban (1958014) reméaned insignificant, even over longer time periodsile

5.13.

Table 5.143atistical values representing the correlation between longest continuous annual

mean mathematically adapted TCI scores and time foistectedlocations

: _ _ Rate of Change R -
Location (Time Period) r-value p-value Significance
(TCl/per year) Value

Belfast (200582014) -0.42 0.07 -0.26 0.2 Non-Significant
Durban (1956014) 0.01 0.01 0.08 0.3 Non-Significant
Knysna (1992014) 0.04 0.00 0.06 0.4 Non-Significant
Ladysmith (19942014) 0.08 0.03 0.18 0.2 Non-Significant
Nelspruit (19958014) 0.00 0.00 0.00 0.4 Non-Significant
Paarl (19972014) 0.24 0.13 0.36 0.05 Significant

Pilanesberg (1998014) 0.20 0.10 0.32 0.1 Non-Significant
Pretoria (20022014) -0.13 0.02 -0.15 0.3 Non-Significant
St. Lucia (1982014) 0.29 0.33 0.58 0.0005 Significant

For the period 2002014 in Belfast, the mean monthly TCI for March and October reveals a
negative trend, with eachmonth demonstrating a statistically significant correlation
coefficient of-0.55 (p=0.05) and0.66 (p=0.025) respectivelyigble 5.1% These trends
equate to monthly decreases in the mathematically adapted TCI score of 1.46units/yr for
March and 2.58ung/yr for October Table 5.14 In both instances the rate of change in the
monthly TCI is alarmingly high and could have a major negative impact on the -baked
tourism and adventure tourism market during these months of the year.
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For the period 1952014, the longest continuous mean monthly TCI score in Durban, during
the months of May, June and August, all revealed statistically significant positive trends, with
correlation coefficients of 0.29 (p=0.01), 0.27 (p=0.01), and 0.28 (p=0.01) respe(iaially
5.14). This could be beneficial to tourism stakeholders trying to boost tourism numbers in the
winter season in Durban. These positive trends in the longest continuous mean monthly
mathematically adapted TCIl scores equate to an increases of Ot§4unfor May,
0.12units/yr for June and 0.13units/year for Augudtaljle 5.1% The positive trends
demonstrated in these months is influenced largely by the lack of strong winds that could
impact the experience of a tourist while participating in an\agtiin the region. A statistically
significant increase in the mean monthly TCI score in Knysna during December is
demonstrated for the period 2003014 {Table 5.14 This statistically significant increase
equates to an increase in the monthly TCI saufr®.85units/yr (r=0.51; p=0.05). With peak
tourism periods occurring in Knysna during December, this positive trend has led to an

increase in preferential climate conditions for coastal and adventure tourism in this region.

Located within the same prowie and same general climate characteristics as Durban, St
Lucia demonstrates some interesting trends in the mean monthly TCI séa@sserved for
Durban, St Lucia revealed statistically significant increases in the monthly TCI scores for the
winter months of June, July and August. The trends revealed strong correlation coefficients
of 0.61 (p=0.0005) for June, 0.45 (0.005) for June, and 0.45 (0.005) for Algjoist $.1.

With these trends equating to increases of 0.82units/yr for June, 0.65ynifsf July, and
0.44units/yr for August in the monthly TCI scores, the winter tourism climate could potentially

draw more tourists to enjoy improved climate suitability in St LuCable 5.13

The longterm monthly TCI trends in Ladysmith for the pesc20052014 and 1994014
over each month all demonstrate statistically insignificant trends, with the exception of
November over the period 1992014. This statistically significant positive trend during the
month of November is characterized by a 0.4@s/yr (r=0.38; p=0.05) increase in the longest

continuous mean monthly TCI sco@sble 5.14

As forDurban, Nelspruit too demonstrated a statistically significant increase in the long term
monthly TCI score during June for the period 2Q034. Tls positive trend equates to a

0.99units/yr (r=0.69; p=0.01) increase in the monthly TCI score and enhances the climate
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suitability of the region during this month for tourism activitidable 5.1% However, for the
period 19952014, February and Decembia Nelspruit demonstrated statistically significant
negative trends in their longest continuous mean monthly TCI scores, with correlation
coefficient of-0.25 (p=0.05) and0.43 (p=0.025) respectivelyigdble 5.1% These trends
suggest that there are gigficant decreases in the climate suitability of the region during these

months, which could pose negative impacts to the tourism market of the region.

The monthly average TCI score for the summer months in Paarl were all very high and
revealed excellento ideal climatic conditionsT@ble 5.1)1 However, for the period 2005
2014, the mean monthly TCI for February demonstrates a statistically significant decrease,
with a correlation coefficient 0of0.51 (p=0.05Table 5.1 This trend reveals a decrease i

the February TCI of 0.35units/yFdble 5.1 In contrast, December in Paarl for the period
19972014, demonstrates a statistically significant increase in the monthly TCI of 0.15units/
year (r=0.4; p=0.05fable 5.1

With mean monthly TCI averaged eevealing excellent to ideal climatic conditions in
Pilanesberg over the period 20@®14, it is interesting to note two statistically significant
decreases in the mean monthly TCI scores for March and October. These trends suggest that
the TCl is deeasing at a rate of 2.27units/yr for March and 0.59units/yr for Octofabl(e

5.14). Interestingly though, for the period 199814 in Pilanesberg, January, May and
September demonstrate statistically significant increases in their monthly TCI scores of
0.47units/yr (r=0.36; p=0.05), 0.32units/yr (r=0.45; p=0.025), and 0.15units/yr (r=0.42;
p=0.025) respectivelyT@ble 5.1% These trends suggest that over the longer period from
19962014 the climate suitability for tourism is becoming better during thesmths. This

could potentially benefit the naturdased tourism market in this region.
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Table 5.15Correlation between mean monthly mathematically TCI scores and time and the correlation between longest continuous mean

monthly TCI for th selectedlocations Highlighted cells represent statistically significant trends.

Jan Feb March | April May June July Aug Sept Oct Nov Dec

Time Period

Strength of Trend (r] 0.06 0.36 -0.55 -0.28 0.13 0.14 0.04 0.10 0.08 -0.66 -0.26 -0.38

Rate of Change (unit/yry  0.19 0.76 -1.46 -0.55 0.25 0.19 0.03 0.20 0.25 -2.58 -0.64 -1.17
20052014

R | 0.00 0.13 0.31 0.08 0.02 0.02 0.00 0.01 0.01 0.43 0.07 0.14

p-value| 0.400 0.20 0.05 0.20 0.30 0.30 0.40 0.40 0.40 0.025 0.20 0.100

Strength of Trend (r] -0.04 0.70 0.28 0.35 0.09 0.34 -0.18 0.05 -0.05 -0.34 0.21 0.27

Rate of Change (unit/yry -0.08 1.80 0.77 0.95 0.17 1.02 -0.48 0.12 -0.16 -0.76 0.37 0.65

20052014
R | 0.00 0.49 0.08 0.12 0.01 0.11 0.03 0.00 0.00 0.11 0.04 0.07
p-value| 0.40 0.01 0.20 0.20 0.40 0.20 0.30 0.40 0.40 0.20 0.30 0.20
Strength of Trend (r] 0.00 -0.01 0.07 0.03 0.29 0.27 0.11 0.28 0.10 -0.12 -0.07 -0.09
Rate ofChange (unit/yr)) 0.00 -0.01 0.03 0.01 0.14 0.12 0.07 0.13 0.05 -0.04 -0.03 -0.04
19562014

R | 0.00 0.00 0.00 0.00 0.08 0.07 0.01 0.08 0.01 0.01 0.01 0.01

p-value| 0.40 0.40 0.40 0.40 0.01 0.01 0.20 0.01 0.20 0.200 0.40 0.40

130



Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (r 0.24 0.24 0.30 0.26 0.32 0.20 -0.17 0.42 0.28 -0.26 0.24 0.51
Rate of Change (unit/yr 0.42 0.28 0.65 0.71 1.13 0.36 -0.53 1.45 0.66 -0.89 0.77 0.85
20052014
R 0.06 0.06 0.09 0.07 0.10 0.04 0.03 0.17 0.08 0.07 0.06 0.26
p- value 0.20 0.20 0.200 0.30 0.20 0.30 0.30 0.10 0.20 0.20 0.20 0.05
Strength of Trend (r 0.34 0.23 0.50 0.16 0.08 -0.35 -0.07 0.11 -0.03 -0.42 -0.06 0.10
Rate of Changg@unit/yr) 0.35 0.16 0.75 0.22 0.18 -0.56 -11.00 0.23 -0.03 -0.71 -0.09 0.11
19972014
R 0.11 0.05 0.25 0.02 0.01 0.12 0.00 0.01 0.00 0.18 0.00 0.01
p- value 0.10 0.20 0.025 0.30 0.40 0.10 0.40 0.30 0.40 0.05 0.40  0.300

Strength of Trend (r 0.43 0.01 0.48 -0.47 -0.06 -0.10 -0.34 -0.10 -0.32 0.34 0.70 -0.35
Rate of Change (unit/yr 1.02 0.02 1.36 -1.25 -0.15 -0.20 -0.80 -0.20 -1.02 0.72 1.45 -0.98
20052014
R 0.19 0.00 0.23 0.22 0.00 0.01 0.12 0.01 0.10 0.12 0.49 0.12
p- value 0.10 0.40 0.10 0.10 0.40 0.40 0.20 0.40 0.20 0.20 0.01 0.20
Strength of Trend (r -0.08 0.31 0.31 -0.24 0.02 -0.05 0.10 -0.13 -0.10 0.17 0.38 0.02
Rate of Change (unit/yrf  -0.09 0.38 0.34 -0.24 0.02 -0.05 0.16 -0.12 -0.14 0.18 0.46 0.02
19942014
R 0.01 0.10 0.09 0.06 0.00 0.00 0.01 0.02 0.01 0.03 0.15 0.00
p- value 0.40 0.10 0.10 0.10 0.40 0.40 0.30 0.30 0.30 0.20 0.05  0.400
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Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (r] 0.21 -0.36 -0.24 0.03 0.41 0.69 0.16 0.37 0.31 -0.40 -0.44 -0.07
Rate of Change (unit/yr, 0.47 -0.85 0.07 0.08 0.91 0.99 0.25 0.52 0.34 -0.50 -0.75 -0.13
20052014
R | 0.04 0.13 0.00 0.00 0.17 0.48 0.03 0.13 0.10 0.16 0.20 0.00
p-value| 0.30 0.20 0.20 0.40 0.10 0.01 0.30 0.10 0.20 0.10 0.10 0.40
Strength of Trend (r] -0.19 -0.25 0.05 -0.21 0.14 -0.14 -0.04 -0.01 0.20 -0.05 0.19 -0.43
Rate of Change (unit/yr; -0.28 -0.34 -0.54 -0.27 0.14 -0.10 -0.03 -0.01 0.16 -0.05 0.22 -0.61
19952014
R | 0.04 0.06 0.06 0.04 0.02 0.02 0.00 0.00 0.04 0.00 0.03 0.19
p-value| 0.20 0.05 0.40 0.20 0.30 0.30 0.40 0.40 0.20 0.40 0.200 0.025
Strength of Trend (r] -0.08 -0.51 -0.44 0.14 0.49 -0.27 -0.18 -0.03 -0.28 -0.11 0.03 0.28
Rate of Change (unit/yr; -0.11 -0.35 -0.52 0.18 1.48 -0.56 -0.68 -0.11 -1.11 -0.11 0.05 0.11
20052014
23 0.01 0.26 0.20 0.02 0.24 0.07 0.03 0.00 0.08 0.01 0.00 0.08
p-value| 040 005 010 030 010 020 030 040 0200 030 040  0.20
Strength of Trend (r] 0.00 0.06 -0.13 0.31 -0.05 -0.17 0.08 0.01 0.02 0.04 0.01 0.40
Rate of Change (unit/yr;  0.00 0.04 -0.09 0.26 -0.10 -0.34 0.17 0.03 0.05 0.03 0.01 0.15
19972014
23 0.00 0.00 0.02 0.09 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.16
p-value| 0.40 0.40 0.30 0.10 0.400 0.20 0.40 0.40 0.40 0.40 0.40 0.05
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Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (r] 0.08 0.07 -0.68 -0.26 0.10 0.02 -0.27 0.20 0.05 -0.51 -0.34 -0.40
Rate of Change (unit/yr;  0.21 0.20 -2.27 -0.74 0.08 0.02 -0.50 0.17 0.02 -0.59 -0.71 -1.23
20052014
R | 0.01 0.00 0.46 0.07 0.01 0.00 0.08 0.04 0.00 0.26 0.11 0.16
p-value| 0.40 0.40 0.01 0.20 0.30 0.40 0.20 0.30 0.40 0.05 0.200 0.10
Strength of Trend (r] 0.36 0.32 0.00 0.06 0.45 -0.11 0.15 0.06 0.42 0.30 0.05 -0.11
Rate of Change (unit/yry 0.47 0.49 -0.01 0.16 0.32 -0.07 0.12 0.03 0.15 0.31 0.06 -0.17
19962014
R| 0.13 0.10 0.00 0.00 0.20 0.01 0.02 0.00 0.18 0.09 0.00 0.01
p-value| 0.05 0.10 0.40 0.40 0.025 0.30 0.30 0.40 0.025 0.10 0.40 0.30
Strength of Trend (r] 0.50 -0.09 -0.07 0.03 0.40 0.11 -0.08 0.05 -0.07 -0.12 -0.10 -0.78
Rate of Change (unit/yry 1.06 -0.24 -0.23 0.04 0.74 0.20 -0.13 0.11 -0.10 -0.31 -0.16 -1.65
20052014
R | 0.25 0.01 0.01 0.00 0.16 0.01 0.01 0.00 0.01 0.01 0.01 0.61
p-value| 0.05 0.40 0.40 0.40 0.10 0.30 0.40 0.40 0.40 0.30 0.30 0.005
Strength of Trend (r] -0.06 0.21 -0.03 -0.24 0.04 0.08 -0.16 -0.04 -0.22 -0.17 -0.43 -0.61
Rate of Change (unit/yry -0.10 0.42 -0.06 -0.28 0.05 0.10 -0.19 -0.06 -0.21 -0.31 -0.63 -1.17
20022014
R | 0.00 0.04 0.00 0.06 0.00 0.01 0.02 0.00 0.05 0.03 0.18 0.37
p-value| 0.40 0.20 0.40 0.20 0.40 0.40 0.30 0.40 0.20 0.30 0.05 0.01
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Time Period Jan Feb March | April May June July Aug Sept Oct Nov Dec
Strength of Trend (]  0.23 0.28 0.14  0.50 014 = 059 018 020 012 037 071 -0.18
Rate of Change (unitfyr| 0.71 0.89 0.39 1.25 0.39 203 058 035 035 081 192 -0.44
20052014
R| 005 0.08 0.02 0.25 0.02 0.35 0.03 0.04 0.01 0.14 050  0.03
p-value| 5 0.2 0.3 0.05 0.3 0.05 0.3 0.2 0.2 0.1 0.01 0.3
Strength of Trend (]  0.00 013 003  0.02 0.13 061 045 045 0.09 0.04 027 001
Rate of Change (unit/yrl  0.00 011  -0.02 0.2 0.13 0.82 0.65 0.44 0.09 0.03 020  0.01
19832014
R| 0.00 0.02 0.00 0.00 0.02 0.38 0.21 0.21 0.01 0.00 0.07  0.00
p-value| 0.00 0.20 0.40  0.400 020 00005 0.005 0.005  0.30 0.40 0.05  0.40
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For the period 2002014 in Pretoria, November and December demonstrate significant
decreases in their long term monthly TCI scores, with correlation coefficier@i8f(p=0.05)
and-0.61 (p=0.01) respectivelydble 5.13 Thesdrends suggest that the monthly TCI score

in November decreases by 0.63units/yr while the TCI score in December decreases by
1.17units/yr over the same time perioddble 5.1% Similarly, December in Pretoria for the
period 20052014,demonstrates astatistically significant decrease in the monthly TCI score

of 1.65units/yr (r=0.78; p=0.005). However, for the same period, January in Pretoria
demonstrates a large and statistically significant increase in the monthly TCI score of
1.06units/yr (r=0.5p=0.05;Table 5.1% To some extent, this increase in January counteracts
the decrease in December and allows tourism stakeholders to adjust their tourism product

offerings to slightly different times of the year when climate suitability is better forisoor

5.5. ldentification of Peaks in Annual Touris@limate Suitability(20052014)

Scott and McBoyle (2001) argue that the tourism climate resources for any destination can
be categorized into one of six annual TCI distributions. These annual TGutstsare;dry
season peak conditions, bimodahoulder peaks, winter season peaks, summer season
peaks, yearound poor conditions and yeaound optimal conditionsRosharet al., 201§.

None of theselectedlocations across South Africa indfstudy fall into the categories of dry

season peak conditions, yessund optimal conditions or yeaiound poor conditions.

The bimodakhoulder peak distribution is observed fo6% of the locations in this study
(Figure 5.2 These locations haweinter temperatures that are too cold for tourism, but the
temperatures and other climatic conditions are more suitable during spring or autumn. It is
interesting to note that all the locations that fall under this distributional category, are
locations that are situated inland and therefore experience far greater extreme temperature

differences between winter and summer due to the effects of continentality.
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Figure 5.2:The locations that are categorized as having a bimatiaulder peak tourism

climate dstribution.

The summeiseason peak distribution is observed 8% of the locations in this studigure

5.3). These locations have climate conditions in winter that are not favorable to tourism, with

Cape Town and Port Nolloth and Port Elizabeth reegi winter rainfall. However, the

temperatures and other climatic conditions in summer are more suitable for tourism. The

locations that have been categorized under the summer peak seasonal distribution occur

along the southwestern and western coasts &outh Africa, where the ocean currents are

cold and do not regulate the winter temperaturesich aghe coasts along the east of the

country.
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Figure 5.3:The locations that are categorized as having a summer seasok fjoegism

climatedistribution.

The winterseason peak distribution is observed for the remainiri§olof the locations
(Figure 5.4. This distribution indicates that the climate conditions in winter are the most
suitable for tourism. These regions experiencarnv temperatures in winter due to the
regulating effect of the warm oceans. Furthermore, the rainfall during winter is minimal and
therefore adding to the suitability of these locations for winter tourism. The temperatures in
these regions in summeare \ery hot andexperiencesummer rainfaliwhich reduces the

attractiveness of these places for tourism in summer.

137



Winter Season Peak

93.00

91.00

89.00

87.00

85.00

83.00

TCl Value

Durban

81.00 .
St Lucia

79.00
77.00
75.00

A N A & R &
R R NN
> O 2
o NS N Q\:&' &6‘

Months

Figure 5.4The locations that are categorized as having a winter season peak tourism climate

distribution.

5.6. Qualitative Results

The purpose of the qualitative section of this study wasgoertain the tourism academics

and researcherdevel of concern of climate change threats to tourigmong tourism
academics and researchers in South Afrigad their perceptions of the accuracy of TCI
results. Tourism academics and researchers were selected as the subjbetsterviewed

as these will be the first group of people to actively engagid TCI implementation and
results.ldeally, it is researchers that will pass down both methods and results to key players
in the tourism sector. Tourism academics from a range of universities across South Africa, and
working in positions ranging from BPhcandidate to full professor were interwed to
attempt to obtain a wideranging view. While ideally a largeumber of academicsvould

have been intervieweddespite being qualitative research, which does not require a large
sample sizethere appears @ be a reluctance to engage in issues of climate change and
tourism. Thidack of interest, it can be argueid as a result in itself and maybe hints towards
the lack of urgency in terms of understanding the impact of climate change on South African

tourism.
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Table 5.16Positions held by the respondents and which institutions they are from.

Respondent o " Field of Tourism Research
Institution Position
Number
Cape Peninsula University of Sustainable Tourism and Macro
1 Professor .
Technology Tourism
Peninsul i ity of ts Touri
5 Cape Peninsula University o Professor Sports Tourism
Technology
3 Stellenbosch University Professor Second Homes
4 University of Johannesburg Professor Local Economic Development
5 University of Johannesburg Senior Lecturer Boutique Hotels and Guest Houses
. . ) Timeshares and Climate Change a
6 University of Johannesburg PhD Candidate g

Tourism

5.6.1. Tourism Academics Awaressof Climate Change

All of the respondents were aware of climate change and were conscious tddh#hat it

could have major negative impacts on the whole countityeir participation in the study in

itself is a reflection of their concemegardingthe potential impacts otlimate change on the

tourism sector.However, all of the respuwents acknowledged that climate change is
currently not having a significant influence on the country, and that it is an issue that is likely

02 AYyTFtdzsSyOS GKS O2dzy i NB A ythdieka® biggérlandimarezi dzNB d
serious issues in SbuAfrica other than climate change at the momén® CKSNE gt a |
consensus among all the respondents that many locations in South Africa rely on climate to
attract tourism, with most respondents pointing out that many of the study sites for this

study, such as Belfast, Cape Town, Durban, East London, Knysna, Port Elizabeth, Pilanesberg,
Paarl and St Lucia are reliant on the climate to attract tourism. Based on the fact that these

and many other locations are reliant on climate to attractrism, respondent 1 stated:

It is therefore important to understand the extent and magnitude of future climate change and its

impacts in South Africa, at a national and regional scale

This sentiment demonstrates that the tourisacademics and researchenaderstand that

climate is a major factor that influences the attractiveness of a destination. In addition,
respondents 4 and 6 both agreed that coastal regions are particularly susceptible to the
negative impacts of climate change, with respondent 6 sthteoastal regions are the most
vulnerable to climate change I Yy R NX & LJ2 ¥ R Seastal megioris [sthiolld be K I

particularly concerned about the impacts of climate change because they are the most
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vulnerablée ® b2y S 2F (KS NBsertingitRBweled, respanddnidzsSt&dd G K A &
dall regions and individual locations should be concerned about the impacts of climate change,

but destinations that experience an increase in extreme events (like flooding and droughts)
should be more concerned alialimate changé ®These perceptions about the vulnerability

of different locations to climate change, highlights the fact that tourism academics and
researchers are aware that the distributional impacts of climate change are unevenly spread

and that the extent and magnitude of any resultant impacts of climate change can vary at

each destinatiorfMendelsohret al., 200§. To further reinforce the understanding displayed

by the tourism academics and researchers about the distributimaailationsof climate

change impacts,aspondent 6 said:

Each location in South Africa needs its own individual risk assessment, in order to specifically

identify the extent of the impacts of climate change at each particular location

Lastly, some respondents stipulated ttatlestinatior® infrastructure will play an important
role in determining how well it adapts to and deals with the impacts of climate change in the
future. This speaks to the fact that the adaptive capacity of a destination or tourism
stakeholder is not diy characterized by the proactive or reactive stance that is taken, but
that it is characterized by the ability to draw from financial and infrastructural resources
(Amelung and Nicholls, 2014 his section@monstrates that the respondentsderstanding

of climate change is reasonablydepth.

5.6.2. Tourism Academi€Percetions of Climate Changand Tourism in South Africa

Most respondents stipulated that the South African tourism sector is not threatened by
climate change as of yet, Wik NI & LJ2 y R Scliniate ohangelinasiaAvgra maéginal
AYyFtdzSyOS 2y |y AYRAGDARAZO W5 3a0R Y RPEserdlp BZAT Al
the tourism product offerings that destinations in South Africa have to offer, outweigh the
influence 6 climate changé drhe majority of the respondents that did answer perceived

there to be an increase in tourism at all locations over the last couple of decades. Respondent

n & khérdis aidefinite upward trend in tourism growth in South Africa ovendabt two

decade$ ® w S a Ligeyitiareg/thiat simce 2008, when the global financial crisis occurred,

tourism numbers have decreased slightly and have stabilized since then. This considerable
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growth in tourism during posapartheid South Africa hamtentially masked any effects that

climate change may have had on the tourism industry in the last couple of decades.

The same respondents indicated that although climate changetigosing a significant
threat at the moment, it will become a majorthrei 2 GKS O2dzy i NBQa 1 2c

near future. Respondent 6 stated:

In order for climate change to be considered a threat to the tourism sector in South Africa, the
changing climate needs to reach a threshold, where anything above that threlsbéodanes too

uncomfortable for tourism

wS a LRy RSy iherp wildhave t $drsondething drastic that happens in South Africa,
GKIFIG ¢2dZ R RIFEYIF3S K Sutndildaghiirespodent 6 perdeN@sahst A Y I 3
G¢KS O2dzy (i NB | grih particufar isi gbidgNd conitinué t6 follow business as

usual patterng Additionally, respondent 1 said:

The coastal destinations in South Africa are particularly sensitive to of future climate change and

are therefore at great risk of beingggatively impacted on by climate change

None of the respondentprovideda timeline for when they think climate change will start
being an issue in South Afai The fact that most of the respondents do not perceive climate
change to be a currentsse that is impacting the tourism sector, may highlight why there is

a lack of urgency to research the impacts of climate change on tourism in South Africa.
However,Respondent 3 perceived the current climate in South Africa to be a threat to the
tourism sctor. Furthermore, respondent 3 acknowledged that future climate changeiig

G2 L2a&asS | &aSNA2dza G K NBlimate chahge @ oiny to e big@tkréay 3 S |
to the tourism sector, especially if there is a continued occurrencdreh@ events back on
back This perceptiommay result in increased urgency to assess the extent and magnitude of
climate changeScottet al., 200§. The main threats that were identified included flooding
and drought. In addition, it was mentioned by some of the respondents that these threats will
not only impact on the climate suitability of tourism, but these thregitsticularlyflooding,

may negatively impact the tourism infrastructure, resulting in a loss of tourism to the region.

wS a L2y RSY i perxeiva ditnaieSiRangé to be a bigger threat to the tourism sector
then what the tourism stakeholders perceive it t¢b® Ly this se&imenth all khe

respondents acknowledged an urgent need for further research into the extent, timing and
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AYLI OG GKFG OftAYFGS OKFy3aS Yire LRISYGAltfe
2 stated:

Due to the major role that tourism playn driving social and economic developniei®outh Africa,
there is a definite need for more research that explores the impacts of climate on tourism, and that
it is important to understand the dynamics between climate change and the tourism sedter in t

country,

All of the respondents perceived that increased research into the potential impacts of future
climate change would enhance the ability of tourism stakeholders to respond and adapt to
these impactsDespite the perceptions that climate changeaislistant issue for the South
African tourism sector to deal with, and the call from tourism academics and researchers for
increased research into the relationship between climate change and tourism in South Africa,
there still remains a limited amount aksearch exploring this relationshifghis lack of
urgency to explore the impacts of climate change on the tourism sector suggests that the
extent of the currentimpacts is not considered seveenough to warrant considerable

research. HoweveResponden8 said:

The tourism sector cannot rid the country of climate change, but the tourism sector is going to have

to become more resilient to the impacts of climate change by adapting effectively

Although respondent 6 agreed that there is an urgent needrforaased research efforts in

the tourismsector,regardingclimate change, respondent 6 said:

South Africa is traditionally more responsivarthproactive in terms of adaptation, and in the
tourism sector, this is mainly due to the cost of adapting to mmgroving infrastructure in the

event of a potential negative event

This demonstrates the fact that there is a conscious awareness amongst tourism researchers
and academics of the different limitations that are hindering the ability of tourism
stakeholdes and government to adapt to the impacts of climate change. In addlit@ne

were numerous occasions in which respondents indicated thatripsrtant that barriers to

the successful planning and implementation of adaptatstrategiesneed to be remogd.
Consequently, imelation to communication between science and the people on the ground,
Respondent 5 said:

The extent and magnitude of future climate change impacts need to be clearly communicated to

tourism stakeholders, in order to help facilitatest effective and efficient adaptation measures
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These results indicate that the majority of the tourism academics perceive climate change as
a distant threat and one that is set to impact the country in the future, although none of the
respondents couldndicate when climate change is set to impact the tourism sector in the
country. Howeverthis demonstrates that the tourism academics are conscious of the threat
to the tourism sectoandto the need for adaptive and mitigation strategies to benfiulated

now.

5.6.3.The Perceived Need for a TCIl in South Africa

Someof the respondents weraot aware of TCIs, despite their extensive coverage in tourism
literature. For many of the respondents the concept of a TCI and the working of the equation
needed to be explained before any questions could be answered. One respondent had read
up on TCls prior to the interview but confessed that it was difficult to understand. The
majority of the respondents believe that there is a need to be able to quant&yrtipacts of

climate change on tourism. Respondent 3 said:

There is limited research on climate change and tourism in South Africa, but South Africa is very
dependent on its climate to attract tourists, therefore the TCI could be used as an effectiee tool

use in future research in the country

Furthermore respondent 2 stated:

The TCI could be an important tool to use to assess the extent of climate change impacts on the
climate suitability of destinations in South Africa, particularly du¢hto tourism sector relying

heavily on the climatic resources to attract tourists

wS a LJ2 y RS Y iclimate change (ar®iRourém research in South Africa is in its infancy,

and therefore the TCI could act as a good foundation for future similar researtie i

counté @ | 26 SOSNE GAUGKAY (GKS YAY2NAThe TCIs WE & L2 Yy R
nutty¢ &

There was a general reluctance among the respondents to comment extensively on the role
that the TCI or other similar climateurism indices may play fimture tourismresearch due
to their limited knowledge of such indices and the quantitative sciendesvever, the fact
that tourism academics and researchers perceive the need for the TCI in future research,

reflects their willingness to engage with the&sue of climate change and tourism in South
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Africa Furthermore, the majority of the respondents emphasized the fact that the TCI or any
similar models cannot be used as the primary research tools for tourism and climate research

in the future. Respondert said:

Although the TCI and similar models may be potentially valuable to the climate change and tourism
research efforts, it cannot be used in isolation, there needs to be adimkinsional approach to

tourism and climate research in South Africa

Repondent6YF RS A G Of SFNJ 0KId GKS ¢/ LthOTCYiyany o6S d
as useful as the research that surrounds it or that makesuse dfit wS a L2 Yy RSy 4 m KS

perception and stated:

The tourism climate index catefinitely add value to the current research, but must be used to

supplement the already existing and future research on climate change and tourism in South Africa

Despite acknowledging that the TCI could add value to the current cltoatesm research

in South Africa, a couple of respondents highlighted a perceived limitation to the model. The
respondents commented on the fact that it takes no account of how climate is influencing

F OGdzZl € G2dzNA&ad ydzyo SNAE | ( fulure@érkcdnobklatfindiby @ wS &
a relationship between the TCI results and actual tourism nurdbBrs g KA f S NBa LRy
aKIFNBR GKS al YS itav&id belintefesting td sgefowdthe X QR results relate

to the actual tourist numbers at each locatior notéble Fiden these perceptions that the
respondents were not willing to engage in this component of my questionnaire. This study
intended to do exactly that, and quantitatively test the efficacy of TCls. However, counts of
tourist numbers are difficultd obtain and are often unreliable. If respondents are unwilling

to provide an estimate of these numbers, then it becomes very difficult to achieve this.
Nevertheless, the respondertdmeed for an integrated model that can account for the
influence of climate change on tourism by accounting for the change in actual tourist numbers

in response to the changing climate conditions, demonstrates a conscious awareness that the

TCI or a simitamodel can be effectively used to increase the adaptive capacity of the tourism

sectorin South Africa.

There was one respondent that was strongly opposed to the use of the TCIl and saw no value
in the TCI as a supplementary tool to the current tourisnd ahmate change research in
{2dz0K ! FNAOIF @ ¢ HS NS DISNER S B LARIOTSR D 2dzti (1 K¢

be a promising tool that can be used in conjunction with the current or future tourism
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researcld ® ¢ KS NBa&LRyYyRSY dteriatv&® toof t8 incorpdraie gnk Rlihatel y
sciences and tourism studies in a quantitative manner to be able to determine areas under

greatest threat.

5.6.4. Other factors Perceived to be Drigeof Tourism Flowin South Africa

All the respondents heldhe perception that the tourism product offering in South Africa at

each location was the main determinant that drives tourism flows in the country. Respondent

n & { thé f8nlaméntal determinant is whether aot there are decent tourism product

offerings at a particular locatich Y g KAt S NBALRYRSYdG v al ARY
South Africa has a wide variety of tourism destinations, each with multiple types of tourist activities,

and this is what makes the country an attractive tourism destination

Issues such asrime, safey and security, political stability in the country, quality of
infrastructure and cost of the experience were all mentioned by the respondents. The
majority of the respondents stated that these issues are considered as threats to the tourism
product offerhgs and not so much a determinant to tourism flows in the country. Respondent

M & ( htie&Rlocation, there will be threats to the tourism product and the tourist will

make tradeoffs based on those thredts® . SI OK 'y R gl G4§SNJ linOGAQGAG
tourism offerings at coastal destinations, while other regions rely on natased tourism to

attract tourism, however, none of the respondents perceive the success of those offagngs

relying on climate. Furthermore, respondents noted that otheuéssmay impact tourism,

like the quality of infrastructure, which could be damaged during flooding.

Two of the respondents touched on the issue of destination marketing and highlighted the
importance of it. The respondents both indicated that destinatinarketing is particularly
AYLRZNIGFYG F2NJ FGANI OGAy 3 Ay idSNYIitidi@pérant § 2 dzNA
to get markets abroad to know about the tourism products in South Afriba b SA G K S N.
respondent commented on the influence of climate charfgr marketing strategies, nor

whether marketing would be sufficient to draw in tourists who have been deterred by climate

change.

From the perspective of climate change mitigation, the majority of the respondents

acknowledged that the international towin flows, particularly from Europ® South Africa
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level of carbon dioxide emissions being released during long haul flights. Respbratated:

South Africacould 23S | LIE2NIA2Y 2F GKS 9dzNRPLISIY G2dz2NRAY YI

regulations on carbon emissions, which attempt to reduce the level of long haul.flights

However, at the same time respondent 5 said:

Airlines are also adapting their aircrafts te more efficient, and they are becoming more conscious
of global climate change, and therefore people see and appreciate their efforts and continue to

take the long hauls flights

Respondent 1 shared the same sentiment and said:

The technological advancesat airlines are making to improve their fuel efficiency are improving all the

time, therefore this issue will not have a significant impact on the tourism market in South Africa

These perceptions held by the respondents regarding the influence of adajpéael

behavior within the tourism sector, elude to the bilateral relationship between climate

change and tourism. It demonstrates that tourism is a contributor to global climate

change, while simultaneously trying to reduce the impacts so as to nahpacted by

the effects of the same issue. Furthermore, it highlights the awareness within the

tourism sector of the importance of adaptation and how it can effectively reduce the

negative influence of climate change.

It was mentioned thatthe European markets and tourism destinations are conscious of

Of AYI 0SS OKI y3S o Seolhafigaheedsyolmanget itsdlf RsGiRliméte change
O2yalOAz2dza RSaUGAYIlI GA2Yy 0 S O licarishardofthegnernd@iéngl Qi >~ &
touristmarkeE ® | 2 3 SOSNE NBaLRYRSYyd W KStR I 02y (N}
South Africa would lose no tourists due to a lack a climate change consciousness due to the very fact that

South Africa is a very attractive tast destination

5.7. Conclusion

The mean annual traditional TCI scores for the respective locations for the period2@005

and for the longest continuous time perigakedominantlydemonstrate TCI scores above 80
and are classified as having excellent climatic conditions for tourism. However, for both time
periods, the coastal locations of East London and Port Nolloth demonstrate relatively low TCI

scores, ranging from 76.50 to 79,20hen compared to the other coastal locatiossich as

146



Cape Town and Port Elizabeth. It is important to note that despite these two locations having
a lower TCI score then the other locations, their climate suitability is still considered very good
for tourism. These results indicate that at an annual scale, these locations can still offer
different tourist products, such as beach and water activities, adventure tourism and rature
based tourism activities, without being negatively impacted by negatiweatic changes.
Mean monthly traditional TCI scores indicate that the majority of the locations see a decline
in the TCI scores during the winter months of the year, where the climatic conditions go from
excellent to ideal during the summer months to ygood in winterCape Town experiences

a considerable drop in TCI scores during winter, where the climate suitability drops from
excellent and ideal to being considered acceptable. Thipreslominantly due to the
compounding effects of nitiple negative climate controls, specifically increased rainfall and

cold temperatures.

The mean annual mathematically adapted TCI scores for the respective locations for the
periods 20052014 and for the longest continuous time period, mostly demonstra@
scores above 80 and are classified as having excellent climatic conditions for tourism. The TCI
score in Belfast suggests that the climate suitability of the area for tourism is very good, while
the TCI score for Pilanesberg which is above 90 for botha periods, indicates that the
climate suitability for tourism in that region is ideal. The mean monthly mathematically
adapted TCI scores demonstrate similar patterns to those of the mean monthly traditional TCI
results. The mean monthly mathematicadlgyapted TCI scores indicate that the majority of
the locations experiences very good climate conditions during winter, while conditions during
summer are considered excellent to ideal. However, Pilanesberg demonstrates monthly TCI
scores that suggest thdimate suitability for tourism is excellent to ideal all year round. The
mean monthly TCI scores in Nelspruit indicate that the best climatic conditions for tourism
during the year are autumn and spring. Paarl demonstrates very similar patterns to Cape
Town in terms of monthly TCI score classifications, with the winter months being classified as
having acceptable climate conditions, while the rest of the year is considered to have ideal

climate conditions with TCI scores above 90.

For the period 2002014, the majority of the trends between the annual traditional TCI
scores and time demonstrate decreases in the TCI scores. These trends were all statistically

insignificant. However, the remaining locations of Bloemfontein, East London, Johannesburg
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and PortNolloth all demonstrate positive trends over the same time period, with only Port
Nolloth demonstrating a statistically significant positive trend of 0.93units/year. The majority
of the annual trends for the mathematically adapted TCI scores were incgeasir the
period 20052014, with Knysna and St Lucia both demonstrating statistically significant
increases of 0.76units/yr and 0.50units/year respectively. For the same period, Belfast, Paarl
and Pilanesberg all demonstrate statistically insignificateases in their TCI scores for that

period.

In light of that, respondents were aware of climate change and demonstrated a reasonably
in-depth understandingf climate change. In saying that, the majority of the respondents
perceived climate change to be a distant threat to the South African tourism sector and that
under current climatic conditions tourism would not be negatively impacted. In addition, all
of the respondents noted that the tourism sector would be negatively impacted when there
are major increases in extreme events, such as flooding and droughts. However, none of the
respondents could provide a time frame for when they thought the impacts of atictzinge
would start being felt in South Africa. In lighttbt, all the respondents acknowledged the
need for more research surrounding climate change and tourism in the country, due to the
major role that the tourism sector plays in the countijowever, the respondents did
perceive climate change to be a small issue at the moment, compared to other sssireas

crime and poverty that face the country at the moment.

The majorityof the tourism academics and researchevho were inteniewed were not
familiar with the TCI, despite their extensive coverage in tourism literature. However, the
majority of them did think there was a need for and value in incorporating a quantitative tool
into the current tourism and climate change researcheada. The majority of the
respondents found it useful to quantify the impacts of climate change on the tourism sector
and said that future research should make use of such toailsderstand the climate change

threats that the tourism sdor faces

Some of the respondents highlighted the need for the TCI results to be compared to actual
tourist numbers, which was an original aim of this study. However, this study cannot
guantitatively state how accurate the TCI results déecause the respondents did not want

to engage with whether or not they perceived the results to be accurate based on their
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perceptions, because of their limited knowledge of the TCI model. For places that are
demonstrating negative TCI trends, this indésathat the theoretical climate suitability for

tourism isdeclining However, some of the respondents noted that all locations are seeing an
increase in tourism numbers. This highlights that there are enough drivers that are still
attracting tourist to South Africa, despite some locations seeing a decrease in climate

suitability for tourism.
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Chapter6: Discussion

6.1. Introduction

Theaim of this studywasto quantify the influence of climate change on the South African
tourism sector, by determining the climate suitability of various destinations across the
country for tourism, using the TCI. In addition, this study aims to make an important
contribution tothe regional and global understanding of climate suitability shifts and the rate
at which these shifts are taking place in response to a changing climate. The need for this
research is emphasized through the knowledge gaps that were identifiedhapter2
(Literature Review)The results of the TCI scores and the perceptions held by the tourism
academics are presented @hapter 5 (Resultshhis chaptewill criticallyanalyzeand discuss

the results of this study in comparison to the results obtainedthrer studies pertaining to

TCI scores and climate change and tourism.

This discussion will be splittanthree broad sections. The first third of the discussion will
assume the TCI results to be accurate, and will explore the spatial and seasonaigatter
tourism suitability of climate in South Africa. The second third of the discussion will
interrogate the accuracy and validity of the TCI results and the use of the TCI model in the
South Africa context. The final part of this chapter discussesrthitions in this study, from

data constraints and adapting to those constraints, through to major restrictions regarding
the reluctance of tourism stakeholders to engage with this study. Lastly, this chapter provides
suggestions for future work on tourisand climate change in South Afrieandthe need for
research to extend to other developing nations in Africa that rely heavily on tourism to drive

social and economic development.

150



6.2. Spatial Patterns in Tourism Suitability of Climate in SoAfhca

6.2.1. Spatial Patterns in Mean Annual TCI Scores

In a broadbased global study, Amelureg al. (2007) calculated the TCI for all destinations
across the globe for the 1970s. The TCls that were calculated for the 1970s during this study
by Amelunget al. (2007) were used to represent current conditions at the time of the study,
and were based on historical meteorological data. Despite the study having calculated the TCI
for every month of every year based on the historical meteoroldgiata, the results focused

on the TCI scores calculated for the months of June, July and August during the period of the
1970s (Amelungt al., 2007). Amelungt al. (2007), obtained relatively low resolution results
across the globe, and indicated thabst of South Africa in June, July and August during the
1970s were considered to have an excellent to acceptable climate suitability for tourism

(Figure 6.1).

Excelfent

Acceptable

50

Unfavourable

Figure 6.1The TCI scores for June, July and August during the 1970s (Areealng007).
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However, the distributional impacts of climate change are not evenly spread across the globe,
and can vary at a regional or even local scale (Mendelsolah, 2006; Mertzet al., 2009).

More importantly, it has been stipulated that the distribution of tasis temporally
throughout the year and the environmental context in which tourism occurs is greatly
influenced by climate (Moreno, 2010; Scot and Lemieux, 2010). That said, the results of this
study(Figure 6.2and 6.3) demonstrate that the @nate suitability for tourism at destinations
across South Africa vary, which indicates that the changing climate is having a different impact
at each individual destinatiorAllocating a general TCI score or classificatioa atgional

scale for a country, specifically South Africa in this case, can greatly misrepresent the climate
suitability of specific individual destinations, with the annual mean TCI scores in this study
ranging from 74.88 for Belfast to 93.00 for Pildveg (Figure 6.2 Although the majority of

the destinationsall demonstrate excellent climate conditions for tourigifigure 6.2 and 6)3
tourists and other tourism stakeholders can evaluate the magnitude and extent to which each
destination is considered to be excellent and can make planning decision based on
destinations specific data. Ultimately, the results obtained by Amedairad) (2007) provide a
distorted representation of the impacts of climate change on tourism at different destinations
around the globe. However, the TCI results in this study are calculated at a far greater
resolution and provide tourism stakeholders with a taetter opportunity to plan and
implement destination specific adaptation strategies (Simpsoral,, 2008; Amelung and
Nicholls, 2014)The destination specific TCI results of this study allow for the distributional
impacts of climate change tbhe assessed, which will consequently allow government and
tourism planning bodies to better prepare f@and deal with theimpacts of climate change

on the tourism sector in South Africa (Simpsaral., 2008; UNWTO and UNEP, 2008).

The mean annual TClaoges for the period 2002014 and for the longest continuous period

at each study site (Figure 6.2; Figure 6.3) do not demonstrate any clear spatial patterns, other
than the fact that the majority of the study sites, both coastal and inland have excétlent
ideal climate conditions for tourism. Although East London, Belfast and Port Nolloth all
demonstrate very good climate conditions, with TCI scores ranging from 74.88 for Belfast to
79.20 for East London, it stiloes notindicate any clear spetl patterns between the
different study sites. Two of the respondents interviewed in this study, perceived coastal

regions to be particularly vulnerable to climate change and stated that these regions should
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be concerned about the future changes in climalfwo out of the three study sites (East
London and Port Nolloth) that demonstrated relatively lower TCI scores were situated along
the coastal regions of South Africa (Figure 6.2). These TCI results suggest that the perceptions
of the two respondents, rgarding the vulnerability of coastal regions to climate chaage,
accurde to some extentand that climate change is negatively influencing the climate

suitability for tourism at coastal regions more so than at inland destinations of the country.

Nevertheless, the favourable climate conditions for tourism experienceatieatnajority of

the study sitessuggest that there is an opportunity for increased patrticipation by tourists in

outdoor activities in South Africdigure 6.2and Figure 6.3. Outdoor activitieform one of

the most prominent tourism markets in South AfriRadzS (G2 GKS {2dziK ! FNX O
biodiversity and pristine landscapes, such as going to the beach, visiting national parks,
camping, hiking, and other activities that involve moderate to low levels of activity (Spenceley

and Goodwin 2007;Stevenst al., 2014; Hoogendoorat al., 2016).

It is important to note at this stage, anditerate that which was mentioned previously, the

TCI was originally developed to quantify the climate suitability of destinations, and to
determine when is the best time of the year in terms of climate to visit a destination (Amelung
and Nicholls, 2014)t was not developed to be used as a tool to predict tourist arrivals at
destinations (Amelungt al., 2007; Fang and Yin, 2015). Therefore, the calculated TCI scores
at Cape Town, Paarl, Knysna, Port Elizabeth, Durban, Ladysmith, St Lucia, Bloemfontein,
Bethlehem, Kimberley, Pretoria, Johannesburg, Nelspruit and Polokwane, which indicate
excellent climate conditions for tourism, will not necessarily have high levels of tourists
visiting those destinations. Similarly, Belfast, Port Nolloth and East Lodeimonstrate
relatively lower TCI scores compared to the rest of the study sites over the perioe22Q@5

but this does not translate into lower levels of tourists visiting those destinations.
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For a plae to be considered a successful tourist destination it must have a range of factors,

from quality transport that provides ease of access, infrastructure, a safe environment,
appealing tourist attractions, and not just a favourable climate (Amelung arftbNic2014;

Olya and Alipour, 2015). The majority of the respondents e interviewed in this study
acknowledged that the climate suitability of a destination is not the sole factor that draws
tourists to a destination. However, the respondents afirqeived the tourism product
2FFSNRAY3IEA 2F Ly FNBIF G2 0S GKS YIAY RSGSN)YAY
that other factors such as the quality of infrastructure, crime and transport, could be seen as
threats to the tourism products andilivtherefore be traded off against the tourism product

offerings(Scot and Lemieux, 2010

Due to the fact that the mean annual climate suitability tourism classificatiorat each
location remained constanbver the period 2002014 and the longest céimuous time
period at each location, and with only slight increases or decreases in the mean annual TCI
scores across both periods, the subsequent section of this discussion will only make reference

to the TCI scores for the period 202614

6.2.2. Spatl Patterns of Climate Factors Influencing the Mean Annual TCI Scores

Although there were no obvious spatial patterns in the TCI scores for the period220@5
across South Africa, there are far more obvious spatial patterns when looking at the
meteorological factors that had the most negative influence on the mean annual TCI scores
for the period 20052014. Rainfall has a strong negative influence on the TCI scores at
destinations along the coastal regions of South Africa, particularly on the easteshaiwh

at some destinations over the northern interidfigure 6.3. The generally warmer climate
and warm Agulhas current that flows along the east coast of the country, plays a major role
in bringing increased levels of rainfall to regions along the eastst, while warm
temperatures and moist air pushing down from the ITCZ in summer brings rainfall to the
northern parts of the countryDyson, 2015)Similar results in Northern Cyprus indicate that
increased levels of rainfall result in a negatinftuience on the TCI score of a destination or
region (Olya and Alipour, 2015). Although, the climate of Northern Cyprus is considered

Mediterranean, and the majority of their rainfall occurs in winter, the results along with
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results from similar studies .fc De Freita®t al., 2008; Dat al., 2013; Jeuring and Becken,
2013) suggest that rainfall is a factor that greatly reduces the comfort of tourists. Therefore,
it can be noted that TCI scores at destinations in South Africa that are negatively iefluenc
by rainfall, are likely to experience a decrease in climate suitability as a result and the tourists

overall comfort will consequently decrease due to the negative influence of rainfall.

The future rainfall projections under all emission scenamulcate that rainfall all across
South Africa is set to decrease by 10% to 1Ewiusch, 2014). Although this may pose some
negative threats to South Afri¢flhemachenat al., 2014 Araujoet al.,2014), it also suggests

that destinations whose cliate suitability are negatively influenced by rainfall across South
Africa Figure 6.3 may see an improvement in their TCI scores as a result of the projected
decrease in rainfall in the future. This decrease in rainfall will allow these destinations to
market themselves as more climatically attractivehich may draw more tourists and

ultimately boost local economic development in those South Afrregions

It is also interesting to note that Paarl, which has a Mediterranean clintegnonstrated
similar results to the study by Olya and Alipour (2015) in the northern parts of Cyywtist

the northern parts of Cyprus, Paarl receives the majority of its rainfall in winter, and similarly
rainfall wasfound to be the factor that negativelyfluenced the climate suitability of the
region the most Figure 6.3. However, Cape Town, whieixhibits a Mediterranean climate
demonstrated contrasting results to the study by Olya and Alipour (2015), with the average
thermal comfort (CA) beinghe factor in the TCI that most negatively influences climate. In
fact, both the western coast study sites climate suitability of Cape Town and Port Nolloth were
negatively influenced by average thermal comfdtigure 6.3. The average thermal comfort
component of the TCI formula is calculated as an effective temperature and utilises mean
daily temperature and mean daily relative humidity to arrive at the resultant effective
temperature, and represents conditions of thermal comfort over 24 hours of thelesch
Nielsenet al.,2010; Rosselldadal, 2014). Mieczkowski (1985) stipulated that the diurnal

differences are an important comfort factor, and additionally stated that:

The Physiological effect of a cool night/ hot day sequence is important in dagtimfort because
after a comfortable night one is better able ttaad up to an uncomfortable day.
[Mieczkowski, 1985: 225]
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Therefore, the climate suitability is negatively influenced in Cape Town and Port Nolloth due
to the cooler climate and moderatingffects of the cold Benguela which make the
temperatures tm cool for tourists to feel comfortable at all times during the d@yer the

central interior and northern parts of the country, Bethlehem, Bloemfontein, Kimberley,
Johannesburg, Belfast and Polokwane are most negatively affected by the average thermal
comfort component of the TCI in terms of their climate suitability for teur(Figure 6.3)

Unlike Cape Town and Paarl, these destinations are not influenced by the cooling effects of
the Benguela current, but are rather influenced by greater variations in their diurnal
temperature ranges as a result of the effects of contindittaThe effects of continentality
make the average daily temperature in these regions much cooler than the temperatures that

are considered comfortable for tourists according to the TCI.

The future temperature projections indicate that temperatures thghout South Africa will
increase considerably, which suggests that Cape Town and Port Nolloth and the destinations
over the central and northern interior will have increased average daily temperatures and will
consequently have an improved average therroamfort (CA). Ultimately, the increase in
temperature will potentially raise the temperature to a point that is considered comfortable
according to the TCIl model, and thus resulting in an improved climate suitability for those

regions.

Theclimate suitality at the majority of the study sites, barring Port Nolloth and Belfast, are

all positively influenced by the daytime thermal comfort (CGBinponent of the TCHgure

6.4). The daytime thermal comfort component of the TCI employs maximum daily
temperature and minimum daily relative humidity (both of which usually occur between
12h00 and 16h00) to obtain a reading given as an effective temperature in degrees Celsius
(PerchNielsen et al., 2010 Kovacs and Unger, 2014The CD, given as an effective
temperature represents the temperature that tourists usually experience when they tend to

be most active during the day between 12h00 and 16i@¢zkowski, 1985).

The locations that indicate that CD has the most positive influence on their climateibtyitab
for tourism, could be negatively influenced by future increases in temperature (Karnelkar
al., 2012; Ziervogdt al., 2014;Figure 6.4 The climate suitability of all the locations in Figure

6.4 that are depicted as being most positively iaflaed by CD are already all experiencing
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temperatures that are within the optimal temperature range or just below and are considered
favourable and all have received a rating of between 4.5 and 5, with five being the highest
possible rating for this compamt of the TCI (PereNielsenet al., 2010; Table 6.1). The
highest optimal threshold for the CD component of the TCl is 26°C, anything above that is
considered to have a negative influence on the thermal comfort of tourists (Mieczkowski,
1985). Current mjections indicate that temperatures throughout South Africa are set to

increase by 4.3°C by 209drvogekt al., 2014).

Based on the current temperature projectionthe climate suitability of Bloemfontein, East
London, Johannesburg, Kimberley, Knysna, Nelspruit and Ba2090 will still be most
positively influenced by the daytime thermal component of the TCI model, and the effective
temperature will remain withirthe optimal temperature range which is most comfortable for
tourists according to the TCl model developediigczkowski (1985) and adapted by Perch
Nielsenet al. (2010)(Table 6.). The future temperature increases by 2090 will result in the
CD effectie temperature shifting into the optimal temperature range for daytime thermal
comfort in Bethlehem, Cape Town and East London. Consequently, the climate suitability in
these regions will further improve and the CD component of the TCI model will become an
increasingly more positive influence on the climate attractiveness of these particular regions.
The future CD ratingfor all the places that indicate that CD is the most positive influence on
their climate suitability and the resultant future effective temperature and CD rating under
the future 4.3°C temperature increase based on projections for Z080le 6.1and Figure

6.4).
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Table 6.1The current effective temperature readings for the daytime thermal comfort (CD)

component of the TCI(Green represents an increase in CD rating and red represents a

decrease CD rating based on shifts from current to future temperature projections).

Current Effective

Future Effective

Location Future CD Rating (B)
Temperature (°C) Temperature (°C)

Bethlehem 19.75 24.05 5
Bloemfontein 21.28 25.58 5
Cape Town 19.75 24.05 5
East London 20.04 24.34 5
Johannesburg 20.19 24.49 5
Kimberley 21.45 25.75 5
Port Elizabeth 19.95 24.25 5
Polokwane 21.78 26.08 4.5
Durban 22 26.3 4.5
Knysna 20.61 2491 5
Ladysmith 21.87 26.17 4.5
Nelspruit 21.43 25.73 5
Paarl 21.49 25.79 5
Pilanesberg 23.48 27.78 4.5
Pretoria 22.08 26.38 4.5
St Lucia 22.98 27.28 4.5

However, the effective temperature for the CD component of the TCI model in Polokwane,

Durban, Ladysmith, Pilanesberg, Pretoria and St Lucia, by 2090, will increase to an extent that

exceeds the optimal temperature range that is considered to be comfatédnl tourists

(PerchNielseret al.,2010). Although, CD may remain the most positive factor influencing the

climate suitability in these regions, the extent to which it has a positive influence on the

climate suitability may diminisbver time This should be continually monitored, and future

studies using TCI results based on future climate change modelled data should explore the

extent to which these results would differ.
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6.3. Seasonal Patterns in Tourism Suitability of Climate in South Africa

6.3.1. Winter

Winter in South Africaoccurs from May to July (Brand South African, 20IBgre is a clear
latitudinal gradation in the climatic suitability during the winter season in South Africa, with
the worst climate conditioa for tourism occurring in the south of theuntry at Cape Town,
and improvement in conditions over the eastemdanorthern regions of the country where

climate suitability for tourism becomes excellent (Figure 6.5).
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Figure 6.6The climate suitability for tourism of each study site during winter based on the

mean monthly TCI scores for the period 2218 4.

Winter over KwaZuhNatal is often characterised by hot and humid conditions, and therefore
is usually ideal for tourism during this time of the ydBrand South African, 2015)he

excellent conditions experienced over teastern regio of the country in KwaZuhNatal,
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with Ladysmith, Durban and St Ludi@monstrateexcellent climate suitability for tourism
during winter(Figure 6.8 Nelspruithasexcellent climate conditions for tourism during winter
and this is du¢o the warmer temperatures over theowveld. This suggests that natubased
tourism, which forms a prominent part of the tourism sector irstiegion, would thrive under
these excellent conditiondgHoogendoorret al., 2016;Figure 66). In Iran, the highest TCI score
that was calculated during the start of winter (December) was 88.9 for Chabahzty
located in thesouthern regions of the country, where the warm winter is considered to also
have favourable conditions for tourisraimilar to Durban, Ladysmith, St Lucia, Polokwane,
Nelspruit and Pilanesberdr@sharet al, 2016 Figure 66). However, the highest TCI score
calculated for winter in South Africa in this study was 91.38 and indicates that the warm
conditions in the eastern parts of South Africa during winter offer slightly better climate
conditions for tourism thn the southern parts of Iran during the samesen Rosharet al.,
2016).

The rest of the destinationare all classified as having very good to acceptable climate
conditions for tourismFigure 66). This is due to the cold rainy conditions experienced over
the south eastern and wastern coast of the country, while destinations over the central and
northern interior areinfluenced by extremely cold temperatures which are considered

uncomfortable for tourism according to the TCI model developeMigczkowskil985).

The lawvest TCI score calculated in Iran fmeriod 19632010 during winter, was for Anzali
(39.4) which is situated along the nortimecoast of the country along the Caspian Sea.
addition, a study found that in the three capitals of the South @aus Countries of Georgia,
Armenia and Azerbaijan, the lowest TCI scores in all three cities fell below 48 units and all the
lowest TCI scores occurred during winter (Amiranashkvilal., 2014). This suggests that
although South Africa, has relatively low TCI scores at many destinations across the country
during winter, with Cape Town having the lowest score of 57.40, there are still other
destinations around the world that have considety greater unfavourable conditions for
tourism during winter. This could potentially make South Africa a more attractive destination
to travel to in winter, especially for international tourisf®ata such as those conveyed in
Figure 66 wouldallow tourism stakeholders in South Africa the chance to identify that climate
suitability for tourism in many parts of the country may not be ahiie for outdoor tourism

activities. This would then allow them to possibly adapt their tourism product iaffsrto
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tourism activities that are more orientated to indoors where conditions may be more

favourable for tourism$impsoret al., 2008).

6.3.2. Spring

The west coast and south eastern coasts in South Afugzl asnany places in Ira(Roshan

et al., 2016), experience a decrease in precipitation and an increase in temperatures in spring
(Rosharet al., 2016). The warmer temperatures in spring bring more favourable conditions
to most of the country, particularly destinationsuch asKimberley, Blemfontein and
Bethlehem, over the central interior and Johannesburg and Pretoria ovemdnthern
interior (Figure 67). Despite most of the destinations having excellent climate suitability for
tourism during spring in South Africa, destinatiosish as East London, Port Elizabeth,
Knysna, Cape Town, Paarl and Port Nolloth, all still experience some rainfall and therefore the
climate suitability still remains only very good during spring (Figum®. @.he climate
suitability for tourism of these destinatiorsong the western and south eastern coast of
South Africa during spring, are similar to the climate suitability experienced at destinations
along the Caspian coast in Iran during the same seaBois. is due to the fact that they
experience similar climate conditions during spring, with some rainfall still occurring during
this time of year. However, the TCI scores for these regions in South Africa still remain
considerably higher during springaithe destinations with similar climate conditions in Iran,

and still make these destinations more climatically attractive in spring.

The overall climate suitability for tourism in China in spring is considered to be good (TCI
ranging between 679) to aceptable (TCI score ranging betweer4) for the period 1981

2010 (Fang and Yin, 2015). This suggests that during spring the overall climate suitability of
South Africa can be considered more attractive for tourism than China, due to the fact that
largeparts of the country have excellent climate suitability for tourism (Fang and Yin, 2015).
Having this sort of information, would allow tourism stakeholders to better market their

tourism product offerings and destinations against competitive markets.
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Hgure 6.7:The climate suitability for tourism of each study site during spring based on the
mean monthly TCI scores for the period 28 4.

6.3.3. Summer

Most of South Africa is characterisedhmyt weather and clear skies inmmer, with chances

of rain over the central, eastern and northern regions of the couriBsand South African,
2015) This warm weather and clear skies makes the majority of the destinations in South
Africa climatically attractive, with the majority of the locations being chamased as having
excellent climate conditions for tourism and a few even having ideal climate conditions for
tourism (Figure @). There are no discerniblespatial distributional patterns of climate
resources in South Africa during summer. However, inthare is a major shift in in terms

of favourable climate conditions for tourism from the south to north in summer due to the
dominance of the Subtropical High that makes cities in the south too hot and humid to be
considered comfortable for tourist&Rkpstanet al., 201§. Additionally Amelung and Nicholls
(2014), found that in Australia during summer there was a distinct latitudinal gradation in
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climatic resources with the best conditions occurring in the south and the worst occurring in
the northduring the 1978. Bycontrast, there seems to be a latitudinal gradation in climatic
resources in China, with the best climate condiidor tourism occurring in thearth and

the worst occurring in theaith (Fang and Yin, 2015). However, from thislgtit seems that,

in South Africahere are no major seasonal shifts or variations across the couwuici as
seen in Iran from winter to summer, and there doed seem to be any noticeable latitudinal
shifts in the climate attractiveness déstinations across the countsuch aghose that are
experiencedn (hina and Australia. Rather, the country as a wholsummer is considered

to be climatically attractiveeven at different latitudes.
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Figure 6.8The climate suitability fotourism of each study site during summer based on the
mean monthly TCI scores for the period 28 4.

In Iranfor the period 19612010, the highest TCI score that was observed during summer was

94 for TabrizRosharet al., 201§. In addition a study found that in the three capitals of the

167



South Caucasus Countries of Georgia, Armenia and Azerbaijan, the highest TCI scores in all
three cities was 96 for Baku and occurred during summer (Amiranashallj 2014). Again,

such asn the cag of winter, the highest TCI score in South Africa during summer was 98.50
for Paarl and was higher than all the destinati@snmer temperatures. This again suggests

that South Africa is a more climatically attractive destination for tourism during summe

6.3.4. Autumn

Conditions over South Africa during autumn are characterised by less intense high
temperatures and overall warm conditions across the whole country, however the
temperatures decrease as the season progredseaddition there is minimal rainfall across

the country during this time of the year. Consequently, it is not surprising that most of the
destinations in South Africa, barring Belfast, have excellent to ideal climate conditions for
tourism (Figure ®). The warm, but notoo hot temperatures and lack of rain make the
climate conditions very comfortable for touristherefore this time of the year is seen as the

most climatically attractive season based on the TCI scores for most parts of the country.
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Figure 6.9The climate suitability for tourism of each study site during autumn based on the

mean monthly TCI scores for the period 2218 4.
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However, the same cannot be said for Iran, where these is still a clear spatial variation in
climatic attractiveness of désations across the country, with some places in the south
having TCI scores of 95.4, while places in the north have scores of 40 during autumn, during
the period 19612010 Rosharet al., 201§. This suggests thas a wholeSouth Africa could

be considered more climatically attractive for tourism during autumn than Iran would be.
Similarly, the overall climate suitability for tourism in China in autumn is considered to be
good (TCI ranging between 69) to acceptable (TCtare ranging between 489) for the

period 19812010 (Fang and Yin, 2015). This suggests that during autumn the overall climate
suitability of South Africa cape considered more attractive for tourism than China, due to
the fact that large parts ofhie country have excellent to ideal climate suitability for tourism

(Fang and Yin, 2015).

In light of the seasonal distributions that have been discussed ali@tde 6.2 shows that

the best destination to travel to in South Africa during the majorityushser and the whole

of autumn is Cape Town and Paarl. This would be expected, due to the warm temperatures
that are moderated by the cold Benguela current in summer, and due to the fact that the
negative influence of rain is avoided due to the lack of naithese regions during summer.

As summer is the busiest tourist period in and around Cape Town, these destinations will
benefit greatly from the added benefit of having ideal climate conditions for tourism at the
same time. Due to the warm conditions exgenced at St Lucia during winter, when the rest

of the country is experiencing cold and some regions cold and wet conditions, this makes it
an ideal place to visit in July. The winter temperatures are regulated by the warm Agulhas
current and with minimarainfall in this region during wintgi.amontet al., 2016),offers a
pleasant and favourable experience in terms of climate comfort for tourism. Pilanesberg is
considered the best destination to visit during the remainder of the ywhich includes the
months of May, June, August, September and October. The climate suitability is very
attractive due to the warm winter temperatures and lack of rain. The nahased tourism
sector in this location will benefit greatly from the ideal climate conditiomgdarism in the

colder period of the year.
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Table 6.2Destinatiors thathavethe most favourable climate conditions for tourism for each

month of the year based on the mean monthly TCI score for the period-2005.

Month of the year Destination TCI Score
January Cape Town 96.75
February Paarl 98.25
March Paarl 97.63
April Paarl 92.25
May Pilanesberg 93.25
June Pilanesberg 89.63
July St Lucia 89.00
August Pilanesberg 92.78
September Pilanesberg 96.67
October Pilanesberg 95.75
November Paarl 91.50
December Paarl 98.50

6.3.5. Spatial Patterns of Climate Factors Influencing the Mean Monthly TCI Scores

The ability to identify the seasonal patterns and distributions in the climatic attractiveness of
a destination is important, but it is also important to be able to identify which climatic factor
has the most negative influence on that climate attractivenén order to fully understand
how future climate change can potentially impact the climate suitability of destinations for

tourism.

It is also clear that there are noticeable trends in the factors that most positively and most
negatively influence thenonthly climate suitability of the destinations in this study. The most
obvious pattern that is observed when looking at skedéactors is that the daytime thermal
comfort (°C) component of the TCI model, holds a positive influence at the majority of the
destinations during summer, spring and autumn. This indicates that the thermal comfort at
all the destinations, when tourists are considered to be most active duhiaglay are very
favourable for tourism according to the TCI models used in this stdigcgkowski, 1985;

PerchNielsenet al.,2010; Table 6.3.
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Table 6.3Components of the TCI model that have the most positive influence on the meathly TCI scores over the period 26@%14.

Jan Feb March April May June July Aug Sept Oct Nov Dec
Belfast CD CD CD WIND RAINFALL RAINFALL RAINFALL RAINFALL WIND CD CD CD
Bethlehem CD CD CD WIND RAINFALL RAINFALL RAINFALL WIND CD CD CD CD
Bloemfontein CD CD CD CD RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL CD CD CD
Cape Town CD CD CD CD WIND WIND WIND WIND RAINFALL CD CD CD
Durban CD CD CD CD CD WIND WIND WIND CD CD CD CD
East London CD CD CD CD CD CD RAINFALL CD CD CD CD CD
Johannesburg CD CD CD CD RAINFALL RAINFALL RAINFALL RAINFALL WIND CD CD CD
Kimberley CD CD CD CD RAINFALL RAINFALL RAINFALL RAINFALL CD CD CD CD
Knysna CD CD CD CD CD WIND WIND WIND WIND CD CD CD
Ladysmith CD CD CD CD WIND WIND WIND WIND CD CD CD CD
Nelspruit CD CD CD CD WIND WIND WIND WIND WIND CD CD CD
Paarl CD CD CD CD WIND WIND WIND WIND WIND WIND CD CD
Pilanesberg CD CD CD WIND WIND WIND RAINFALL RAINFALL RAINFALL CD CD CD
Polokwane CD CD CD CD CD RAINFALL RAINFALL RAINFALL CD CD CD CD
Port Elizabeth CD CD CD CD CD WIND WIND WIND CD CD CD CD

Port Nolloth RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL

Pretoria CD CD CD CD RAINFALL RAINFALL RAINFALL RAINFALL CD CD CD CD

St. Lucia CD CD CD CD CD CD CD CD CD CD CD CD
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With the future temperatures expected to increase throughout South Africa, the day time
thermal comfort at some of the destinations may exceed the optimal thres{@@aCxhat is
considered comfortable and could result in daytime thermal comfort for tourists becoming
increasingly uncomfortable. Consequently, this would have a negative impact on the overall
climate suitability at these destinations during the respective thenof the year. It is

therefore important that this is continually monitored over time.

The lack of wind and rainfall during winter and some of the spring season are the two
prominent factors that have the most positive influence on destinations at thieses of year
(Table 6.3. The future rainfall projections under all emission scenarios indicate that rainfall
all across South Africa is set to decrease by 10% to 15% (Jawtusch, 2014). Although this may
pose some negative threats to South Africa, it alsggests that destinations, particularly in
winter in this casewill experience lesrainfall in the winter, which will further enhance their
climate suitability for tourism. However, although this decrease in rainfall may have a direct
positive influenceon destination€climate suitability in winter across the country, the
reduced rainfall could potentially result in indirect negative affects to the destination, which
may have a detrimental impact on their appeal as a tourist destination (Agnew and Viner
2001, Reddy, 2011).

Looking at the meteorological factors that most negatively influence the climate suitability
for tourism at a monthly scale at each destination, it is clear that rainfall and wind are the
most negative especially duringg summer months and during some of autumn (Table 6.4).
Again, the future rainfall projections for South Africa suggest that the impact that rainfall has
on the climate suitability of most destinatis during summer will decreaseowever, it is
important that the extent to which it decreases should be continually monitored and
reassessed in the future as climate change projections are always changing with improved

technology.
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Table 6.4Components of the TCI model that have the musgative influence on the mean monthly TCI scores over the period-2005.

Locations
Bethlehem
Bloemfontein

Belfast

Cape Town

Durban

East London
Johannesburg
Kimberley
Knysna
Ladysmith
Nelspruit
Polokwane
Port Elizabeth
Port Nolloth

Paarl

Pilanesberg
Pretoria

St. Lucia

Jan
RAINFALL
RAINFALL
RAINFALL

WIND

RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
CA

CD

RAINFALL
RAINFALL
RAINFALL

Feb
RAINFALL
RAINFALL
RAINFALL

WIND

RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
CA

WIND

RAINFALL
RAINFALL
RAINFALL

March
RAINFALL
RAINFALL
RAINFALL

WIND

RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
RAINFALL
CA

CD

RAINFALL
RAINFALL
RAINFALL

April
CA
CA
CA

CA

RAINFALL
RAINFALL
CA
CA
RAINFALL
CA
RAINFALL
CA
RAINFALL
CA

RAINFALL

RAINFALL
CA

RAINFALL RAINFALL RAINFALL

May
CA
CA
CA

RAINFALL RAINFALL RAINFALL RAINFALL

CA
RAINFALL
CA
CA
CA
CA
CA
CA
CA
CA
CA

June
CA
CA
CA

CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

July
CA
CA
CA

CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

Aug
CA
CA
CA

CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

Sept
CA
CA
CA

CA

RAINFALL
CA
CA
CA
CA
CA
CA
CA
CA
CA

RAINFALL RAINFALL RAINFALL RAINFALL RAINFALL

CA
CA
CA

CA
CA
CA

CA

CA

CA
WIND

CA
CA
CA

CA
CA
CA

Oct
RAINFALL
RAINFALL
RAINFALL

CA

RAINFALL
RAINFALL
RAINFALL
WIND

RAINFALL
RAINFALL
RAINFALL
RAINFALL

CA

CA

CA

RAINFALL
RAINFALL

RAINFALL RAINFALL RAINFALL

Nov
RAINFALL
RAINFALL
RAINFALL

WIND

RAINFALL
RAINFALL
RAINFALL
WIND

RAINFALL
RAINFALL
RAINFALL
RAINFALL

CA

CA

RAINFALL

RAINFALL
RAINFALL
RAINFALL

Dec
RAINFALL
RAINFALL
RAINFALL

WIND

RAINFALL
RAINFALL
RAINFALL
WIND
RAINFALL
RAINFALL
RAINFALL
RAINFALL
WIND
CA

RAINFALL

RAINFALL
RAINFALL
RAINFALL
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During the winter months atnost destinations, the average thermal (CA) component of the
TCI model is the factor that has the most negative influence on the climate suitability for
tourism. This indicates that the avage temperatures during winter itnese regions are too
cold and herefore not comfortable for touristsaccording to Mieczkowski (1985) and Perch
Nielsenet al. (2010). At this stage it isnportant to take note that at Cape Town and Paarl
(places which are considered some of the best destinations to visit dunmgummer in
South Africa(Table 6.2 are negatively influenced by the compounding effects of two climate

variables, namely the average thermal comfort (°C) and raiffablé 6.4.

As mentioned previously, the future rainfall projections for Soéthica hold some positive
outlook for the impact that it will have on the climate suitability of regions that are negatively
influenced by it, including Cape Town and Paarl. Due to the fact that Pilanesberg, Cape Town
and Paarhre considered the best destations to travel to in terms of their climate suitability
during different months of the yeaiT@ble 6.2. It is importantto investigate what influence

the future temperature increases in South Africa will have on the climate suitability of these
destimations during winter, namely the months ofay, June and July. The optimaféshold

for the average thermal comfort component of the TCI model RC2@herefore the closer

that those temperatures can get to this threshold the more chance that it can apositive
influence on the overall climate suitability of these destinations during winter. Current
projections indicate that temperatures throughout South Africa are set to increase by 4.3°C
by 2090 Ziervogekt al., 2014).

Theaverage hermal comfort (CA) component of the TCI model will undergo a positive shift
into a higher CA rating category, by 2090 under the 4.3°C increase in tempeiedbte 6.5.
Subsequently, Cape Town, Paarl and Pilanesberg will all see an overall improvethent i
climate conditions for tourism during wintefhe compainding effects of rainfall andw
temperature will be considerably reduced, which suggests that the future climate suitability
of Cape Town and Paarl will significantly impraweder the current climate change
projections. This is increasingly positive for the region, as it could have the opportunity in the
future to be a destination that can be visited all year round if these projections hold true. It
is, therefore, important that this is consistently monitored, so that tourism stakeholders and
governments can adapt their product offerings and associated marketing campaigns

according to the improved climate conditions of the region during the winter period.
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Table 6.5Future effective temperature of the average thermal comfort component of the
TCI under future temperature increases of 4.3°C by 2090, for the winter months in Cape Town,
Paarl and Pilanesbef@reen represents an increase in CA rating based on shiftsduorent

to future temperature projections)

Months Current Effective Future Effective  Future CA Rating

Temperature (°C)  Temperature (°C) (0-5)

May 14.81 19.11 4.5

Cape Town June 12.88 17.18 3.5
July 12.23 16.53 3.0

May 15.62 19.92 4.5

Paarl June 12.93 17.23 3.5
July 12.55 16.85 3.0

May 15.25 19.55 4.5

Pilanesberg June 12.87 17.17 3.5
July 12.18 16.48 3.0

6.4. Implications of Spatial and Temporal Patterns of Climate Resources for

Tourism in South Africa

Based on the theoretical classifications of annual tourism climate put forward by Scott and
Mc Boyle (2001}heclimate resources in South Africa alistributedthroughout the country
during the yeafFigure 6.9. The spatial distribution of thannual tourism seasonality typs
ultimately affected by climatéMoreno, 2010Q. Overall, the spatial distribution across South
Africa reveals a latitudinal gradati, with the western and southastern regionsup to Port
Elizabeth having a summer peak distribution. The hot to warm temperatures and no rain in
summer make it the most favourable place in terms of climate to visit during summer. While
further north and to the east, Durban and St Lucia have a wipeek distribution, due to the
warm temperaturein winter and minimal rainfall (Scott and Mc Boyle, 20Bigure 6.9.
Lastly, over the central and northern parts of the country, the climate resources are classified
as having a bimodahoulder peak distbution. This indicates that these regions have the
most favourable climate conditions for tourism during spring and autumn. This is largely due

to the decreased levels of rainfall over the interior during these period of the weather and
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because of nider temperatures, which make it far more comfortable for tourists (Scott and

Mc Boyle, 2001Figure 6.9

Twointervieweesin this studyindicatedthat marketing a destination effectively is important
and can play an influential role in attracting tourists South Africa. Therefore, using the
spatial and temporal patterns of TCI scores that provide an indication of where tourists can
experience favourable weather conditions for tourism and at which period of the geable
marketing agencies, governmenasd tourism stakeholdergpfedominantlyon the supply
side) to better market destinatiorspecific tourism products (Olya and Alipour, 20Ike
seasonghat are the most climatically suitable for tourism at each locaticem be used to
further improve the marketing abilities of governments and tourism busine@Sgsre 6.9.
Secondthe ability to access information presentrigure 6.9ill allowtourism stakeholders

the ability to better adapt their tourism product offerings to capitalise on thedyobmate
conditions, as thissia major factor that tourists consider when deciding on a destination to
visit (Marchet al., 2014).In addition, being able to identify times of year when climate
suitability for tourism will decrease at specific locations will enable tourism business and
stakeholders to adapt their product offerings in such a way so as to keep their tourism

businesses opeating during offpeak seasons.

Using the TCI results from this study, travel agents, governments and other tourism
stakeholders would be able to determine when the climate of the different destinations are
most suitable for outdoor or indoor activities, dncan then market the destination
accordingly. Such information woybdovide tourists with more awareness as to the different
climates they could expect at different destinations across the country. From the tourist
perspective, being able to idengifwhich destinations are the best to visit at different times
of the year would allow them to visi destination and have the best possible climatic
experience at that destination, which is very important in terms of their overall enjoyment of
the place Moreno and Amelung, 2009; Simpsenal., 2008).Table 6.2 provides exampke
based on the TCI data from this study for the period 200%4, of how it is possible to
indicate which destinations have the best climate conditions for tourism at differer@stiof

the year.
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This could prove to be very useful, as a study in Scamdiffaund that disinformation
regardingd KS Of AYI 4GS 2F RSaldAyldAz2ya AyTidzsSyOSR
perception and their intention to return. Although the same results have not yet been found

in South Africa, future work could findsamilar relationship within the context of the country.

However, through the continued communication of spatial and temporal patterns of climate
suitability, any such negative relationships can be avoitie@ddition the mapped spatial

and temporal TCI results in this study allow tourism stakeholders in South Africa to plan more
effectively and efficiently for tourism development and management, which would ultimately

have a positive influence on their ability to coordinate tourism faciligied infrastructure at

different periods of the year (Olya and Alipour, 2015).

6.5. Impact of Climate Change Over Recent Decades on Tourism in South Africa

Climate change has the potential to have wide and far reaching negative impacts on global
tourism (Moreno, 2010; Marclet al., 2014) Destinations are set to be directly and indirectly
impacted by climate change (Agnew and Viner, 2001). However, the majority of the
respondents in this study acknowledged that although climate change is a sésgue, the
effects of it on the tourism sector in South Africa have not yet been felt. Respondent 4
indicated that South Africa currently has a very diverse tourism product offering, which
outweighs any negative Influence of climate change across thetgouHowever the
changing climate over the period 20@914has resulted in positive or negative shifts in the
climate suitability for tourism at each of the destinatioffsgure 6.1) This further suggests

that, although the tourism sector in South Africcording to the tourism academics and
researchers in this study, is not being explicitly impacted by climate change yet, the effects of
climate change are noticeable and are having an influence on the climatability of
destinations in South Africalhe majority of the locations in this studgxperiencedan
increase in their climate suitability in response to a change in climate conditions over the
period 20052014 (Figure 6.1). Although only St Lucia, Port Nolloth and Knysna show
statistically significant increases in climate attractiveness over the study period, there are still
small and noticeable increase in most of the destinations. The remainder of the locations all

demanstrate decreases in climate suitability for tourism over the study period, and this
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suggests that climate change is having a negative influence on the climate attractiveness of

these destinationsKigure 6.1).

Fitchettet al. (2016)found that the coastal towns of Cape St Francis and St Francis Bay are
experiencing negative impacts of climate changhkich is demonstrated through a decrease

in the climate suitability for tourism for the period 1978 to 2014. Furthermore, it was found
that based on already worsening climate conditions, both towns are set to see a further
decrease in their climate suitability for tourism in the future (Grant, 2015). Similarly, Port
Elizabeth which is located relatively close to Cape St Francis and rsisFBay, also
demonstrated a decrease in climate attractiveness as a result of worsening climate conditions
(Figure 6.10).Based on tliedings in this studyFigure 6.1)) and the results of the study in

St Francis Bay and Cape St Fraffeitshett et al., 2016, it could be suggested that the
perceptions of most of the tourism stakeholders are partly inaccurate because climate change
is already impacting the tourism sector by altering the climate suitability of destinations
However, thischange is not yet being explicitly noticed by tourism stakeholders and tourists
within the country. This was noted by respondentio suggested thafor climate change

to become a threat to the tourism sector, the climate would have to changmtextent that
exceeded the optimal levels of comfort for toussEurthermore, respondent 6 eluded to the

fact that although there might be some noticeable impacts of climate change being
experienced in the tourism sector in South Africa, they arelmgenougho be a threat and

0 KF G I athelcouni @ndzheitourism sector in particular is going to continue to follow

business as usual pattegngb
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Figure 6.11The change in the mean annual TCI scores in response to a change in the clirtregoéorod 20052014.

180



Individuals in developed countries perceive climate change to be a distant issue that should
only be of concern in the futurédhe and Ikeda, 20Q0%Volf and Moser, 2011; Speneg¢ al.,

2011). However, this study has demonstrated that it is not only individuals from developed
countrieswho perceive climate change to be a threat that requires attention in the future,
rather than immediately. It is cledinat the majority of the respondents in this study, who are
situated in a developing country, perceive climate change to be an issue, however they fel
that it isnot an imminent threat at the moment and will only affect the country in the future.
Thesetypes of perceptions about climate change have resulted in many efforts to plan and
implement adaptation strategies being seen as unnecessary and irrelevant (Weber, 2010). On
this basis, it is clear why some studies have argued that the perceptions abkrour
stakeholders regarding climate change can play a major role when it comes to formulating and
implementing plans to reduce the impacts of climate charBmdet alP2 My Tet hQ [/ 2
al,, 1999; Ungar, 2000; Leiserowitz, 200®he literature suggests that how individuals
understand climate change and its impacts is vital in determining their understandiagcof
support for, mitigation and adaption policiegnd their willingness to adjust their behaviour
accordingly (Wolf and Mger, 2011). That said, it could be suggested that respondent 3, who
perceived the current climate and future climate change to be a threat to the tourism sector,

would be more predisposed to effectively adapt to climate change.

It is therefore important hat tourism researchers and academics are made aware of the
current threat that climate change poses to the tourism sector, by having access to
information such aghat which is represented ikigure 6.10This will allow them to develop

a betterinformed perception of the current threat that climate change poses to the tourism
sector in South Africa, and will simultaneously enable them to act accordingly (Wolf and

Moser, 2011).

The distributional impacts of climate change are clearly not evembasipacross South Africa
based on the change in the TCI scofeégure 6.10 Destinations are being impacted by
climate change at different magnitudes, and some places are experiencing positive impacts
while other places are dealing with negative im{gacon their climate suitability for tourism.

This supports other studies that have found that climate change and its impacts are not
uniformly spread across the globe (Mendelsoginal,, 2006). To monitor the impacts of

climate change and its apjal distribution, it is important that it is continually reassessed over
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time to provide tourism stakeholders with relevant and-tggdate information so that they
can adapt to the change accordingly at a destination specific dnaldevelopng and

implementing strategiespecificto conditions at each location

Although the majority of the respondents indicated that climate change will have an impact
on South Africa and the South African tourism industry in the future, none of them could
provide a definite time at which it would start impacting the countdnder current climate
conditions during the period 2088014, some destinations are already being negatively
impacted (Figure 6.1 However, because climate change projections are always depicting
worsening conditions, these current conditions are the best case scenario conditions that can
be used to determine the extent to which the TCI scores will change by 2100. Using the linear
regressionfor the mean annual TCI scores, the future TCI scores based on climate conditions

during 20042014 were calculated for the years 2050, 2075 and 2I1EQyre 6.1)

It is obvious that even under the best case scenario climate conditioristfme projections,

the TCI scores across the country are becoming progressively worse as time goes by (Figure
6.11). By 2050 many of the locations will witness a drop in climate suitability for tourism from
excellent to very good, with some of the destilmas maintaining excellent climate conditions

for tourism. At this stage, the climate conditions at most of the destinations in South Africa
will still be considered favourable for tourisiigure 6.11A By 2075, South Africa would see

a decrease in cliate conditions that are considered comfortable for tourism for most of the
destinations. Most destinations would still have only moved down one category in terms of
climate suitability classifications, from excellent to very good. However other ptacdsas

St Lucia, Bethlem and Port Elizabeth would have shifted down two categories from excellent
to acceptable by 2073{gure 6.11B By 2100, there is a completely different country in terms

of climate suitability for tourism. Four places (Port NolloBelfast, Port Elizabeth and
Bethlehem) will have climate conditions that are unfavourable for tourism, while the rest of

the country will have acceptable to very good climate conditiéiigure 6.11C
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This is aconsiderable decrease in climate suitability based on what the scores are for the
period 20052014. More concerning is the fact that these projens are based on the best
case scenario future climate conditions. It is hdpleat this data raises alarms with both the
tourism and climate change academics and researchers, who currently, based on the very
limited nature ofliterature in South Africa, @ not perceive the threat of climate change on

the tourism sector to be significant enough to warrant that much attention.

Respondent 6 spoke to the fact that for climate change to be considered a threat, the climate
conditions need to reach a threshold that exceeds the optimal range of what is considered
comfortable. By 2100 that threshold would be surpassed at some destirsatand with some
destinations climate conditions moving further away from optimal conditions of comfort.
However, it ismportant to consider the rate at which this threshold would be reached and
surpassed Kigure 6.12 It is clear that the rate othange varies from each destination,
however it is concerning that some destinations (Port Nolloth, Bethlehem, Port Elizabeth and

Belfast) are decreasing at a considerably faster rate than the rest of the country (Figure 6.12).
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Figure 6.13Rate at whichthe future TCI scores are changing, based on climate conditions
during 20052014.
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Some of the respondents in this study indicated that destinations that are set to experience
an increase in extreme events should be more concerned about the impactsaafethange

than other destinationsbased on climate suitability. However, it could be more beneficial for
the TCI scores of individual destinations to be calculated using future climate projections, and
then to determine the rate at which those destinatis are set to experience a decrease in
climate suitability for tourism. Therefore, destinations that indicate that they are gtmng
experience rapid decreases in climate suitability should be more concerned about the impacts
of climate change, than plasehat will experience a much slower decrease. One of the major
limitations to effective and successful adaptation to climate change is the fact that many
organisations and governments wait for better informatitsndevelopeffective plansand
strategieq(de Bruin and Dellink, 2011). Thus, using future climate data to estimate the rate of
change of the climate suitability for tourism at destinations would provide tourism
stakeholders with quantified timelines based on scientific data, wiwdhallow them to
adapt tg and prepare forthe impacts of climate change more effectively and efficiently

(Berkhoutet al., 2006).

6.6. Factors other than Climate Change that Influence Tourism in South Africa

All the respondents perceived the tourissactor in South Africa to have a variety of threats,
such as, crime, safety and security and quality of infrastructure. Respondent 1 s&tedch
location, there will be threats to the tourism product and the tourist will make taftiebased
onthosethreatst @ hdzi 2F it GKS YSYydA2y SR UGKNBIFGaz
the respondents as being a major threat to tourism in South Africa. In more recent years, the
crime rates in South Africa for specific crimes have been decreasing anizstgbbut there
continues to be an increase in many types of crimes in South Africa (Perry and Potgieter,
2013). It has been argued that crime has a negative influence on tourism in South Africa, and
that cases of crime can deter tourists from visiting ttountry (Ferreira and Harmse, 2000;
Moyo and Ziramba, 2013 addition two of the respondents mentioned the importance of
destination marketing as a factor that can greatly influence tourism in a region. However, due
to high levels of crimeéhroughout most of South Africa, destinations may not be able to
market themselves effectively due to the manner in which tourists perceive the levels of
safety of an area or due to the manner in which the media has portrayed a particular region
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or destiration (Perry and Potgieter, 2013). Therefore, it is fundamentally important that
tourism stakeholders, police and government devise strategies to prevent crime to ensure
that the tourism industry isiot significantly negatively impaetl further by the effects of

crime (Perry and Potgieter, 2013). Moyo and Ziramba (2013) stated
XSyadaNAy3I (GKS alFFSGe FyR O2YTF2NI 2F QOAaAG2NRA A4
but also for ensuring sustainable tourism growth, employmeraton and poverty alleviation

(Moyo and Ziramba, 2013: 14).

The negativanfluence of crime on tourisnis only going to get worse with the increased
prevalence of climate change in South Africa. Studies have found that higher temperatures
lead to a conslerable increase in crime (c.f. Cohn, 1990; Bushetaai, 2005; Brunsdoet

al., 2009; Horrocks and Menclova, 2011). Although these studies have not been conducted in
the South African context, it could be suggested that with the expected 4.3°C indrease
temperature over South Africa in the future, crime could potentially increase as a result
(Ranson, 204). This highlights a secondary effect of climate change on tourism, and it cannot

be modelled by the TCI.

Some respondents perceived the quality arisport and the ability to easily access tourism
attractions as a factor that could influence tourism in South Africa. This issue is directly related
to the issue of climate change and speaks to thdataral relationship between climate
change and tousm (Simpsoret al., 2008; Colakoglu and Mil, 2011). It has been stipulated
that transport accounts for more than 26% of the globab €@issions, and there has been a
call to reduce this figuréo reduce the impacts of climate change (Chem, 2007). It has
been argued that the contribution of tourism to climate changeelatively large (Scott al.,
2012a).to stabilse the levelsof greenhouse gases being released as a result of transport,
there is ashift towards altering behaviours through policies to reduce the impact of the
transport industry on contributing to climate change (Chapman, 2007). This could potentially
negatively influence the ability of tourists to travel to Soétnica,and travel costeffectively

in the country while on holiday. The majority of the respondesttsted that the European
UnionQ éfforts to cut the amount of greenhouse gases being released during long haul flights
may negatively influence the amount of lepean tourists that visit South Africa. Some
respondentdelieve that the technological innovations by airline companies will dampen this

effect of the above mentioned actions by the European Union.
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It has been argued in the literature thegchnological innovation is considered to have most
potential to reduce GH®missions in the tourism sectardowever, it alone will not be able
to achieve the desired reductions in emissions (Simgsah, 2008). Therefore, the European
Union may potentally continue with their campaign to reduce the impacts of climate by

discouraging long haul flights.

6.7. Validity of the TCI in the South African Context

6.7.1. The Need to Quantify Climate Change Threats to Tourism

The growing concerwith regards toclimate change has led to a large argbidly growing
body of research on the impacts of climate change on society (Kurukulastir@ia 2006).

The last decadéas seen a majashift towards being able to quantify the impacts of climate
change on society (c.f. McCartby al., 2001; Tol, 2002; Mendelsohn and Williams, 2004).
However, the literature surrounding climate change and tourism in South Africa is still
relatively youngg A (i K NB & LJ2 y R 8iyidie clranga dintl tiburisi3eseadh in South
Africa is in its infanc§€ kh addition the need to quantify the impacts of climate change on
the tourism sector in the country are only now being realised. All of tkpardents in this
study acknowledged the urgent need fogsearch into the extent, timing and impact that
climate changenayhave on tourism in Southfrica, and respondent 2 stipulated that tourism

is a major driver of social and economic developimend it is therefore important that
further research be initiatedo better understand the relationship between climate change
and tourism in South Africdhe respondents believe there to be an urgent need to be able
to quantify theimpacts of climate change on the tourism sector, especially due to the fact
that the majority of the tourism products in South Africa are heavily reliant on climate (Scott,
2003; Spenceley and Goodwin, 2007). Due to the fact that this skiduré 6.1) and a
similar study byFitchettet al. (2016)found that the impacts of climate change are already
having a negative influence on some destinat@rigsnate suitability for tourism in South
Africa, it is important that further work isndertakento monitor and identify the extent and

magnitude of further impacts on the tourism sector in the country.

The literature suggests that developing countries have a much lower adaptive capacity than

developed regions, due to their decreased capital intgnaitd technological flexibility, and
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as a resultstruggle to successfully implement effective strategies to deal with the impacts of
climate change (Deress al., 2005; Kurukulasuriyat al., 2006; Fitchetet al., 2014). The
same sentiment was sined by respondent 6 who indicated that the South African tourism
sector has always been more reactive than proactive in terms of adaptg@@shcularlydue

to the cost of implementing the necessary infrastructure to deal with a potential negative
evert. Consequently, it is very important tevelop the adaptive capacity of South Africa,
and more specifically in this case, the tourism sector. In order to achieve this, it is imperative
that further research into the impacts of climate change at ttagional and local scale of
developing countriessuch aghis one, bepursued to enhance the certainty of what to expect

by further quantifying the impacts of climate change in the country, which will allow for better
planning and strategic pextive responses to be put in plade. light of thisrespondent3
indicated that the tourism sector in South Africa is going to have to adapt more effectively to
climate change, because the impacts of climate change are only tiikevorsen.To achieve

a more effective stance towards dealing wigmd reducing the impacts aflimate change on

the South African tourism sector, all of the respondents agreed that being able to quantify
the impacts of future climate change more effectivavill enhance the ability of tourism
stakeholders to adapt to climate change, whether it is before the impacts occur or in response
to an already present impacikn addition having an improved idea of the potential impacts

of climate changen the tourism sector in the country, and when they could o¢wilf allow
tourism stakeholders to better estimate the costs associated with adaptation plans. This could
greatly reduce the restrictions that financial resources have on influencing thity adil

tourism stakeholders to adapt to climate change.

6.7.2. The Perceived use of TClIs to Quantify the Effects of Climate Change on Tourism

The tourism climate index is one of the most widely used tools to quantify the effect of climate
change on the tarism sector Mieczkowski, 1985; Amelungt al, 2007 Moreno and
Amelung, 2008; de Freita al., 2008; PerciNielsenet al.,2010; Kovacs and Unger, 2014
However, the tourism academics and researchers interviewed in this study had not come
across theTCl until it was explained to them during the interviews, despite their extensive
cowerage of the tourism literatureThe fact that the respondents weret aware of the TCI

prior to their involvement in this study could suggest two things. Fitgugests and also
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reinforces the point that the literature surrounding climate change and tourism in South
Africa is relatively young with most of the research occurring in developed counttfes (
Agnew and Viner, 2001; Madison, 2001; Elsasser an Burl;, B@miltoret al., 2005a; March

et al., 2014; Kubokawat al., 2014) otherwise these academics and researchers, who are at
the forefront of tourism knowledge and expertise in the country, would have had prior
knowledge about the TCI due to its extengige globally. Alteratively, this may also indicate

that there is a lack of interest amongst tourism academics and researchers in researching the
relationship between tourism in South Africa and climate chadge to the fact that it is not
perceived to le a serious threat at the moment, according to the respondents of this study.
Secondthe lack of prior knowledge about the TCI or similar such methods, may suggest that
the academics and researchers in the tourism sector may besdbitmwvards qualitatie

methods.

That said, the respondents were reluctant to indicate that the use of the TCI model would be
the best and only method that could be used to quantify the impacts of climate change on
the tourism sector. However, there was no direct objection Ine tmajority of the
respondents to the use of the TCI model in future research. In light of this though, all the
respondents made it clear that the use of the TCI model or similar such methods cannot be
used in isolation, and should be used to supplemeiet dliready existing and future climate
change and tourism research Bouth Africa. Respondent 5 reinforced this sentiment by
indicating that there needs to be a muttimensional approach to tourism and climate
research in South Afric@his statement byaspondent 5, eludes to two factors that reinforce
what was mentioned previously. Firghat there is a perceived need for the impacts of
climate change on the tourism industry to be quantified through the use of the TCI or similar
methods. Secondit eludes to the fact that there is a willingness amongst the tourism
researchers and academics to move away from only using predominantly qualitative

methods, but to also incorporate quantitative methods into their research.

The respondents all had one unifio objection to the TCI model. This lay within the fact that

the TCI model dichot KI S GKS |oAfAGe (G2 | 002dzyd F2NJ
respondents indicated that it would be useful if the model could identify the change in

0 2 dzNJR & G Q & pesffidayestiBakidis irt réspoaise to a change in the climate suitability for
tourism. RespondemtSE LINB & 8 SR KA & iamBuyldiba iMSesting to see how & A y 3
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the TCI results relate to the actual tourist numbers at each logatibn { dzO K n iN&fasS | NO K
very limited and only one study could be found that demonstrated the relationship between

TCI scores and actual tourist numbers (Kubokatval., 2014). This study in Japan found a
generally positive correlation between TCI scores and tourist numbers, which suggests that
when the climate suitability of an area went up in Japan, so did the tourists numbers during

the same time period and vice veréKubokawat al., 2014). Therefore, the results from this

study in South Africa can be added to, and future work can look to explore the relationship
between the change in climate suitability for tourism as a result of climate change at

destinations acrss the country withourist numbers.

6.7.3. The Appropriateness of the TCI model in the South African Context

The TCI model has been widely used in the international tourism and climate change literature
to explore the impacts of climate change twurism in developed countries (Figure 6.13).
However, there are a very limited number of studies that use the TCI in the South African
context. In an attempt to quantify the influence of climate change on the tourism sector in
South Africa the TCI modeks used. However, the ability to use the TCI model in the South
African context was continually hindered by the availability and quality of meteorological data
from the South African Weather Service (This is discussed in more deseittion 6.8.1
However, it is important to note that during the initial development of the TMigczkowski
(1985) encountered data limitations and therefore adapted his initial model to fit the data
that he had available to him. The main issue resulting from the dataaliois meant that

this study could not explore the impacts of climate change on a much largerawaiss the
country and, as such the study could onfuantify the impacts of climate change on the

climate suitability for tourism at bow resolution

190



®
North America .Europe.G )
Spain @ eorgia _
Cyprus@ @iran @China . @lapan
Australia@
N

0 4,100 8,200 16,400 Kilometers
| 1 1 1 | ! ! 1 |

Figure 6.14t ocations of some of the TCI Studies that have been conducted around the world.

Where datawere available across the country, many of the destinations had meteorological
data that was either incomplete or some of the meteorological alslés could not be
accounted for, and as a result couldt be used to calculate the TCI using the traditional
model. This resulteéh the use of the mathematically adapted TCIl model for locations that
did not have all the necessary data, primarily sunshine or cloud cover data. Subsequently, the
results of the model were not as accurate as the traditional model and lead to results that

were not100% representative of the climate suitability for tourism in some of the locations.

That said, it is important to note thatlespite all of the setbacks in trying to implement the
traditional TCl model formulated by Mieczkowski (1985) and adapyeiderchNielsenet al.
(2010) and the mathematically adapted TCI in the South African context during this study, it
was achieved and the model produced results that could be compared to other international
studies that used the TCI model (Figure 6.1B& results of the TCI allowed for patterns and

changes in these patterns to be identified at each location across the country, which can be
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used as an important tourism planning and management tool. Consequently, it can be said
that this model can be useds an effective measure that can be used to bridge the gap
between the predominantly qualitatively orientated tourism literature and the

predominantly quantitatively orientated climate science literature in South Africa.

One aspect of the TCI model thatubd potentially be improved on for the South African
context in particular, is the manner in which the TCI scores are classified. This study found
that the majority of the mean annual and mean monthly scores for the period -2008

were classified as haxg an excellent climate suitability. Although this is positive news for the
tourism sector in South Africa, it reduces the ability to make effective spatial and seasonal
comparisons across the country. It is important to identify which places are betardthers
FNRY | G2dzNRadQa touwSiimdnyénieit PefspectifeRaretordBhdte |
should be an attempt tanprove the classification of places with excellent climate conditions
for tourism, so as to provida higher resolution look at the spatial and seasonal distribution

of climate resources in response to a changing climate across the country. This could be
achieved by increasing the intervals at which scores within the excellent category are
classified agTable 66). However, in doing so, the ability of the results to be compared to
other similar studies may be compromisdzhsed on the fact that the results will not be

uniform.

Table 66. An alternative method of classifying the climate suitability ¢tdces that are

considered to have excellent climate conditions for tourism.

Original Classification Proposed Revision to Classification

Extremely Good (882)
Excellent (8689) Superb (8385)
Outstanding (8€89)
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6.8. Limitations

6.8.1.Limitations in Data Collection

Meteorological data for this study were collected frameather stations across the country

that are registered with the South African Weather Service. SAWS is the leading authority for
weather and climate forecastirig South Africa and is a member of the World Meteorological
Organisation, and complies with international meteorological standards and regulations
(Department of Environmental Affairs, 2016). There are various limitations that made the
data collection praess difficult and to a point restricted the ability of the studexplore the

link between climate change and tourism in various locations across South Africa. The
fundamental limitation that was encountered during the data collection process was the fa
that the study was restricted to exploring the impacts of climate change on tourisra for
limited range of destinations across the country. The inability to explore the impacts of
climate change on all major tourism destinations in South Africa highlitte spatial
limitation of the meteorological data that is made available by the South African Weather

Service (SAWS).

From a tourism perspective, this in itself is a severe and fundamental problem as it inhibits
the ability of tourism stakeholders argbvernment from being able to explore the potential
impacts ofclimate change at major tourism destinations across the country. Destinatiais

as the Drakensberg Region, Kruger National PBi&mnaqua National Park, Richtersveld
World Heritag in the Northern Cape, and the Karoo Kubusi Indigenous Forest and Hogsback
forest in the Eastern Cape, which hold significant roles within the tourism sector as a means
of enabling social and economic development in each particular region, could noploeezk

in this study.Table 6.2 represents the study sites that were originally considered for this
study, and further highlights the fact that the impacts of climate change at many other
destinations throughout the country cannot be explored becauseheflimited reach that

the SAWS has in terms of providing meteorological data. Consequently, the future impacts
of climate change at these destinations will not be identified and will ultimately result in these
locations not being able to employ destinatispecific adaptation measures, which are
particularly important in the tourism industry. This is due to the unique nature of the tourism

product on offer and because the environment on which tourism product offerings are based
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differ from each destinatioflUNWTO and UNEP, 200B)s argued thafor a destination to

be more likely to effectively adapt to the impacts of climate change, major stakeholders and
every level of government need to have a proactive attitude (Amelung and NicR6l14).
However, the spatial limitation othe SAWerpetuates the inability of many tourism
stakeholders from having access to the necessary information that is needed to adopt a

proactive attitude in the face of imminent climatic changes.

To overcome the spatial restrictions imposed on this study through the lack of available
meteorological data, a#rnative locations were chosen. These alternative locatiuaxs the
necessary meteorological data needed to calculate the TCI, and wbeséble were situated
near locations that represented a significant tourist destination. These alternative locations,
were then used to gain an idea of the relative impacts that could be expected at the tourist
destination Table 67). An example of thiss through the use of Belfast, which is situated
relatively close to Dullstroom, and therefore because of this geographical proximity and
similar climate, the impacts of climate change on the climate suitability of Belfast could
potentially be inferred o Dullstroom or immediate area around Belfast. Although it is

understood that this is not ideal, under the circumstances it is the best alternative.

Table 67: Alternative locations that had to be used as alternatives to other nearby tourist

locations dudo data limitations.

Original Proposed Study Site Alternative Study Site Used
Dullstroom Belfast

Richtersveld World Heritage Site Port Nolloth

Stellenbosch Paarl

Clarens Bethlehem

The next major limitation that was encountered during the data collection process related to
the availability of the necessary meteorological factors needed to calculate the TCI at each
study site. This limitation is not only restricted to the South Africantext, and was originally
highlighted by Mieczkowski (1985). His original TCI model intended to include 12
meteorological variables, but due to the lack of available data, he adapted the original model

to includesevenvariables, namely: the monthly minimum and average relative humidity, the
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mean monthly maximum and average temperature, monthly average wind speed, average
total monthly rainfall and monthly average sunshine hours (Mieczkowski, 1985;-Rezisen

et al.,2010).Table 6.2highlights the availability of each of the meteorological factors needed
to calculate the TCI at each location. These data restrictions are not likely to be limited to
South Africa, and could potentially be greatly exacerbatedther developing countries
where infrastructure quality is low. It is therefore important to be able to overcome this
particular data restriction, so that places that rely on tourism as a means of generating social
and economic development can use tHata they have available to them to quantify the
effects of climate change on the climate suitability of the region. Within this context, this
study developed two adapted forms of the traditional TCI model formulated by Mieczkowski
(1985) and adapted by R&h-Nielsenet al. (2010)to overcome this form of data restriction.

To calculate the TCI scores for the locations that did not have all the necessary data available,
a mathematically adapted TCI formula and a rainfall proxy TCI fonweradeveloped. The
detailed methods surrounding the two adapted TCI models can be found wedton 4.2.4
andsection 4.2.5In addition the results of the accuracy of each model is detailesertion

5.3.1 and section 5.3.2 Neverthelessthe development of these adapted TCl models
demonstrates that regions that daot have access to all the necessary meteorological

varialdes needed to calculate the T&2in develop an adapted model to fit their available data.

The final major limitation tat was encountered during the data collection process was
pertaining to the temporal scale at which data was collected at the various weather stations
across the country. The majority of the study sites that have weather stations that recorded
all the necasary variables needed in this study, do not have data for periods longer than 30
years. This is a fundamental restriction of a climate change sastlye World Meteorological
Organisation (WMO) states that it is required to have datasets that3@r years or longer
when looking at the impacts of climate change (WMO, 2013). Unfortunately, the nature of
this limitation makes it inherently impossible to overcome and needs to be resolved by SAWS.
However, the study did make use of the longest cortimgi data period across all the study
sites,to make effective comparisons across destinations, and also calculated results for the

longest continuous period at each location.
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Table 68: The data availability of meteorological factors from the South African Weather Service.

Belfast

Bethlehem

Bloem

Cape Town

Carletonville

Cederberg

Clarens

Dullstroom

Durban

East London

George

GraaffReinet

Grahamstown

Hazy View
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Hiuhluwe

Hoedspruit

Johannesburg

Kimberley

Knysna

Kruger National Park

Ladysmith

Langebaan

Margate

Mooi River
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Nelspruit

Newcastle

Nottingham Road

Paarl

Parys

Port Elizabeth

Phalaborwa

Piet Retief

Pilanesberg

Polokwane

Port Nolloth

Potch

Pretoria

Queens Town

Robertson

Rustenburg

St Lucia

Stellenbosch

Still Bay

Tzaneen

Vanderbijlpark

Vereeniging

Vryburg

Welkom
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Smaller, less significant limitations that were encountered during the data collection process
involved making sense of the supplied data from SAWS. Due to the data spanning over long
time periods in some cases, some weather stations underwent name ebaigis made the
collation of data from these weather stations particularly difficult, especially with no
indication from SAWS that these stations represent the same data, but are just named
differently. The daily data that was sourced from SS8Wontained many blank entries across

all variables for which data was requested. As a result, these blank entries were removed from
the dataset, due to the fact that it is not possible to determine exactly what the missing value
should have been. It hasebn stipulated that it is less harmful to the dataset to remove
superficially incarect values than reducing thevalue of the data set (Ledneed al., 2004;

Nordliet al., 2008; Underhill & Bradfield, 2009).

From a qualitative perspective, there werelgrtwo real limitations that were encountered
during the interview process. Fifgome of the tourism academics that were approached to
participate in the study were unresponsive to multiple attempts of communication and never
indicate their willingnessr lack thereof to participate in the study. This resulted in the study
only obtaining a limited number of responses from tourism academics and researchers,
whereas more participants would have allowed for a more@pth and broader insight into

the different perceptions held across the country. Secoadfew tourism academics and
researchers that were approached felt th#tey were not qualified to discuss matters
pertaining to climate change, even though they were reassured that the questions and
disaussion thereafter was not basemh climate change science but more broadly based on
their own perceptions of the relationship between climate change and tourism in South
Africa. Thidimitation may account for the limited nature of the tourism andraie change
literature in South Africa and suggests that there might be a general reluctance to deal with
aspects of climate change despite its importance within the tourism sector. It wasveato
witness that some respondesgtdespite being reluctandbout the climate change aspects of
the process, were still willing to participate, because they understand that the impacts of
climate change can be devastating to the tourism sector in South Africa. The hope is that,
through this study, more tourism reaechers and academics, and other tourism stakeholders

see the value in participating in similar studies.
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6.8.2. Statistical Limitations

The strength of any statistical analyses, and the ability of the statistical tool to accurately
model and attributepatterns to the observed changes is limited to the quality of the dataset
in terms of extent of missing data. Even if the missing data is averaged out, or modelled, there
is no certainty that those valsawill be exactly the same to what the missing valwesild

have been (Croitorat al.,, 2012). Using interpolated values in place of what the original values
would have been could also potentially skew the time trends between the TCI scores over
time (Ledneveet al, 2004; Nordlet al., 2008). The datasetsr all variables obtained from

the SAWS often contained missing values throughout and therefore adding interpolated
values would have been less beneficiarthust merely omitting the missing values from the
study. However, this presents itself as a magoncern, regarding the fact that, had those
missing data values been important relative to the available data, the relationship may have

been different based on calculations had those missing values been available (Fitchett, 2013).

The concern that migsg data vales could have potentially changed the nature of the trends

is nullified through the calculation of the statistical significance of each trend (Fitchett, 2013).
The p value represents the statistical significance and determines the probatmlitthe data
trends would hold in a greater dataset (Manly, 2009). The detrimental effects of a lower
valuedue to the omission of the missing data values, guarantees that the subsequent lower
level of statistical significance reported is an accuratebphility that the results could not

have occurred by chance (Fitchett, 2013).

6.9. Future Work

The research on climate change and tourism in South Africa is still relatively new, and because
of the projected climate change expected in the future acrogsabuntry, and the important

social and economic role that the tourism sector plays in the couRogérson and Visser,
2011a; Visser and Hoogendoorn, 2Q1it is important that there is continued research to

gain an understanding of the relatiosp between climate change and tourism within South

Africa and the broader context of Africa.
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The first and probably the most important aspect that requires attention, before any major
climate change studies can be conducted effectively at a finer raen|us improving the
meteorological data made available through SAWS. In this context it would be recommended
that SAWS improve the spatial scale at which data is made available, and enhance the
temporal scale of available data across all weather statiotise country.For the impacts of
climate change at all tourist destinations across South Africa to be explttred needs to

be appropriate meteorological data at each location to do so. As such, it would be greatly
beneficial if tlere could be a far greater spatial distribution of weather stations across all
destinations or towns and cities in the country that have the ability to capture meteorological
variables that are needed to calculate modslech asthe TCI. In addition tohis, SAWS,
through consistent and effective data capturing processes should work towards generating
meteorological datasets for all variables, that extend to a minimum of 30 years, as the WMO
defines this as the minimum time period needed to explore itinpacts of climate change
(WMO, 2013). By doing so, future climate change studies at all scales would be able to
effectively explore the impacts of the resultant change in climate factors at each location or

destination across the country.

That said, theras a need for the continued analysis of impacts of climate change on the
climate suitability of destinations across South Africa. This study only fills one small gap by
evaluating the impacts of climate change on 18 destinations in South Africa, hovirxever t

are many more destinations that are likely to be impacted by climate change and therefore
destination specific analysis of the impacts of climate change are imperative. Such analyses
would provide tourism stakeholders, national and local governmenitis information that

would allow them to make better informed planning and management decisions concerning
the development and management of tourism infrastructure and tourism product offerings.
According to SAWS they have 172 active weather stations dr8onth Africa (Figure 6.15).

If and when these weather stations can provide all the necessary meteorological variables,
and at a scale long enough to effectively evaluate the impacts of climate change needed to
calculate the TCI score, it would be idédhe climate suitability for tourism at each location

be explored. This would provide a great high resolution look at the role of climate change on

the climate suitability for tourism of locations across South Africa.
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To enhance the adaptive pacity of tourist destinations in general across South Africa, it
would be ideal if TCI scores could be based on modelled climate data under different emission
scenarios. This would allow tourism stakeholders to adapt their tourism product offerings and
savices based on scientifically quantified future climate conditidghigithermore tourism
stakeholders and all levels of governments can formulate multiple plans based on different
future climate conditions under different climate change scenarios and the resultant TCI
scores based on those modelled climate conditions. The abilégtpt a proactive attitude

to climate change enhances the ability of tourism stakeholders to effectively and successfully
plan and implement adaptation strategies, rather than just merely reacting to the impacts of
climatic changéSimpsoret al., 2008; Satt et al., 2009; Amelung and Nicholls, 201@)e to

the fact that the adaptive capacity of developing countres;h asSouth Africais considered

to be considerably lonBuob and Stephan, 2013). Future waiknilar tothis, would create

an ervironment and culture that allows for increased access to information that is relevant
and specific to each individual destination and would therefore increase the adaptive capacity

of the country

Due to the fact that there was a general reluctanby some tourism researchers and
academics to participate in this study because of the quantitative nature surrounding climate
change, future work could be to encourage more interdisciplinary work between tourism and
climate change academics that buildsmoth tourism and climate expertisespeciallyasthe
tourism sector has an important role to play in South Africa and because climate change has
the potential to be greatly detrimental to the tourism sectoin addition it would be
beneficial to encourage tourism academics and researchers to engage more with quantitative
research methodsuch asthe TClto develop a deeper understanding of the relationship
between tourism and climate change. This too cdwddsaid for climate change researchers,
particularly those concerned with the impact that climate change has on the tourism sector
in South AfricaFuture qualitativework could look to engage with tourism stakeholdensch
astourism busiresses and government departments that have a role to plahenSouth
African Tourism sector, undertaking similar interviews as were conducted in this Jtuely.
perceptions and knowledge could provide a different perspective to the relationship between

tourism and climate changendtheir perceptions regarding the ability to adapt to the impacts
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of climate changeand could shed some light on the way forward in terms of policy and

research priorities.

Finally, research that was called for by mgaof the respondents in this study, involves
exploring the ability to match the results of the TCI model to the actual tourist numbers at
each destination. Ideally, it would be useful if a model had to be designed that could account
for the climate suitabity of a destination while simultaneously indicating the actual tourist
numbers of a particular location for the particular study peribbdaddition it would be even

more valuable to observéhe resultant change in touristumbers in respose to a change in

the climate suitability. This would provide a definite and quantifiable description of the extent
and magnitude of the impact of climate change and tourism at a destination scale, while
simultaneously allowing tourism stakeholders to gtijnevidence that can be used to plan

and implement subsequent adaptation strategies.
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Chapter 7:Conclusion

7.1. Introduction

Tourism is one of the fastest growing sectors globally, and plays a major role in national and
local economies at destinatioiScott and Lemieux, 2010). Recently, climate change has been
recognised as a major threat to the tourism sectewth wide and far reaching negative
impacts (Hamiltoret al., 2005b; Moreno, 2010; Marcét al., 2014). It has been argued that

the direct and indirect impacts of climate change are already impacting destinations around
the world (Simpsoret al., 2008; Clakoglu and Mil, 2011). The natural environment is an
important resource for the global tourism markets, therefore any changes to the natural
conditions or environment as a result of climate change can have a significant impact on

tourism destinationgAgnew and Viner, 2001

Many African countries rely heavily on tourism as a means of generating income, and with
unique natural and social capital, many countries use tourism as a tool for social and economic
development(Nyaupane and Chhetri, 2009; Hambira and Saarinen, 2015). This is true for
South Africa, with domestic and international tourism increasing since the fall of apartheid
(Akinboade and Braimoh, 2010). In South Africa, tourism is an important sector for the
country due to the fact thatit is used as a strategy to promote social and economic
development (Lee and Chang, 2008). However, weather and climate and any resultant change
in these systems will have a considerable impact on the tourism sector in South, Afr
particularly with the climate change projections that are expected to occur in the near future
(c.f.Davis, 2010Karmalkart al., 2012 Jawtusch, 2014Stevenst al., 2014;Ziervogekt al.,

2014). The natural resources of tlwduntry form the foundation of many of the tourist
product offerings, therefore, if climate change negatively influences these resources, the

tourism sector will be severely impacted.

Within this context, the main aim of this study was to quantify thé&ufice of climate change

on the South African tourism sector, by calculating the climate suitability for tourism of
various destinations across the country using the TCI. Through the analysis of the TCI results,
using correlation and regression analysss study highlights changes in the annual, monthly

and seasonal influence of climate change on the climate suitability for tourism at locations
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across South Africa over timAadditionally it makes a contribution to an improved regional
and global understanding of climate suitability shifts and the rate at which these shifts are

taking place in response to a changing climate.

This chapter wilexaminethe extent to which the aims dhe study have been achieved and
will highlight the primary results of the study. This will be followed by a discussion of the

regional significance of the resuliida brief summary of the application of the findings.

7.2. Achievement o5tudy Aims

The fundamental aim of this study was to provide the first quantitative evaluation of climate
suitability forthe tourism industry at a destination level across the country, by calculating the
TCI for these respective locations. bid#ion, the study set out to provide the first-thepth

spatial and temporal analysis of TCI scores in South Africa, by using the TCI results from the
18 study sites across the country. The extent to which each study aims has been aehiéved

the main resultswill be discussed in the order in which the aims were presentesgation

1.3

1. Explore the longerm Tourism Climate Indices (TCIs) for 18 locations across South
Africa.

This aimrequired the tourism climate index to be calculated for the 18 study sites that were
selected for this study. Due to data restrictions that resulted in inconsistent data availability
across the study sites, two different TCI modebtsre usedto calculate TCI scorefn both
instances the TCI score for each location was calculated for the period22a@5 to allow

for a direct comparison to be made, and it wadculated for the longest continuous period
for which meteorological data was available for each site. ¥hdy sites that had all the
necessary meteorological datanéximum daily temperature; mean daily temperature;
minimum daily relative humidity; daily relative humidity; precipitation; dailpshine hours
and wind speedjo calculate the TCI developed Mieczkowski (1985) and later adapted by
PerchNielsen(2010) were calculated using the methodology outiine section 4.2.3The
traditional TCl was calculated fddethlehem, Bloemfontein, Cape Town, East London,

Johannesburg, Kimberley, Port Elizabeth, Polokwane and Port Nolloth.
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The remaining study sites did not have all the necessary meteorological data needed to
calculate the traditional TCI scores, with mostaddl an absence of cloud cover data. As a
result, the studydevelopedan alternative TCI that could best fit the data that these remaining
nine study sites had. The study developed two adaptations of the original TCI model, the first
being the méhematically adapted TCI and the second beingrtiefallproxy TCI. Both of the
adapted models were run against the two sets of data (complete and incomplete) for the
locations used irsection 52, to test the validity and accuracy of each modetl determine
which model was the best one to use as an alternative in this study. The methods and
procedures that were used to develop the adapted models can be found sed¢ion 4.2.4

and section 4.2.8JItimately, the mathematically adapted TCI peovto bea more accurate
adaptation of the original model, the results of which can be found ursbstion 5.3
Consequentlythe mathematically adapted TCI was used to calculate the TCI scores at the
remaining nine study sites: Belfast, Durban, Knysndydmith, Nelspruit, Paarl, Pilanesberg,

Pretoria and St Lucia.

In both instances, the mean annual TCI score was calculated for the perioe2@08and

the longest continuous annual mean (based on the longest continuous set of data) for each
study site. Furthermore, the mean monthly TCI scores were calculated for each month of the
year at each study site for both periods of time. A detailed account of these results can be

found undersection 5.2.1.1 and 5.4.1

The mean annual TCI scores for the period 2005 to 2014 reveal that the majority of the study
sites demonstrate TCI scores between 80 and 89 and are considered to have excellent climate
conditions fortourism. This suggests that the majority of teelected study siteacross South

Africa have ideal to excellent climatic conditions for tourism, and should attract the high levels
of tourism numbers relative to the global mean. Based on these results, it could be suggested
that different tourism markés in these regions may potentially thrive under favourable
climate conditions at an annual scale. Conversely, Belfast, East London and Port Nolloth all
demonstrate relatively lower TCI scores, although still classifies as having very good climate
conditions for tourism. Although not terrible for tourists visiting those regions relative to
global means, the TCI scores demonstrated at these three locations are relatively lower than
those at the rest of the study sites. Port Nolloth and East London are tlyecoastal sites

that are considered to have very good climate conditions for tourism, while all the other
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coastal study sites are considered to have excellent climate conditions for to@@mparing

the mean annual TCI for the period 20R814 to the lmgest continuous mean for each of
the locations, it can be seen that the climate suitability of each location has remained constant
in terms of classification in the rating categories. However, there are slight, but noticeable
increases or decreases in thanual average TCI scores across the different time scales. This
suggests that despite any changes in the climate over different time sdhke<limate

suitability for tourism across South Africa has remained largely excellent.

The mean monthly TCI gses for Bethlehem, Bloemfontein, Johannesburg, Kimberley,
Ladysmith, Nelspruit, Pilanesberg, Pretoria, Polokwane and Belfast all demonstrate a general
pattern that suggests that the climate suitability in these regions is most favourable during
spring andautumn Section 5.h This is & a result of large temperaturdifferences between
winter and summer due to the effects of continentalifjese regions all experience summer
rainfall, which reduces the climate suitability of these regions dusammmer. Durban and St
Lucia demonstrate mean monthly TCI scores that suggest that the winter months are more
climatically suitable for tourism. This primarily due to the fact that the winter months
experience a decrease in rainfall over these regiarg] there is a slight decrease in
temperatures, which are more comfortable ah the extremely hot temperatures
experienced in summer. Cape Town, Port Elizabeth, Port Nolloth, Knysna and Paarl all have
the most favourable climate for tourism during the somar months. These regions see a
decrease in mean nmthly TCI scores during wintas a result of the compounding negative
effects of multiple climatic conditions (decrease in temperatures and increase in rainfall)

affecting the climate suitability of theno regions.

2. Determining the direction and magnitude of change in the TCI scores over the study
period

To identify the direction and strength of any trends in the annual mean TCI scores and the

mean monthly TCI scores over the periods 20044 and the longest continuous period at

SIOK t20FGA2yS fAYSIEN dzyAGFENARFGS NBINBaairzy
Section 4.2.®utlines the methods usetb establish a relationship between TCI scores and

time. Once the trends in th&Cl scores over time had been calculated, the linear regression
equationwas usedo determine the rate at which the TCI scores were changing over the

study period, the methods used to achieve this are detailed usdetion 4.2.6For a etailed
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account of the results regarding the traditional TCI and mathematically adapted TCI trends,

refer tosection 5.2.1.2 and 5.4.2

The annual mean TCI score trends over time varied across the country for the period 2005
2014. Bethlehem, Belfast, Capewn, Kimberley, Port Elizabeth, Paarl and Pilanesberg all
demonstrated statistically insignificant decreases in their TCI scores over the period 2005
2014. Despite this decrease in the TCI scores over the study period for these locations, the
mean annual Cl scores remained classified as excellent at Bethlehem, Cape Town, Kimberley,
Port Elizabeth, Paarl and Pilanesberg, while the annual mean TCI score remained classified as
very good. This suggests that the slight decrease in TCI scores over the siadyapénese
locations did not alter the climate suitability at a large enough extent for the climate suitability

to be reclassified into a grouping that is considered less ideal. Theresnak changes to

the TCI scores in their broader classifions, consistent with the statistically insignificant
increases in TCI scores. For the period 22054, St Lucia, Knysna and Port Nolloth all
demonstrated statistically significant increases in their annual mean TCI scores. This suggests
that tourists @ming to these regions would be met with increasingly favourable climate
conditions for tourism. The remaining locations of Bloemfontein, East London, Johannesburg,
Durban, Ladysmith, Nelspruit and Pretoria all demonstrated statistically insignificant

increases in their TCI scores for the period 2Q034.

3. Explore the perceptions of tourism academics and researchers in South Africa
regarding the relationship between climate change and tourism, and the suitability of
TCls.

In-depth interviews were carrieduws with a number of tourism academics and researchers
from different universities, with the respondent®ccupying varying positions at each
university, from PhD candidate to full profess®his was undertaken in order to obtain a
wide ranging \@w of perceptions, relating to the suitability of TCls in assessing the impacts of
climate change to tourism in South Africa from the different respondents. The full details of
the interview process can be found und&ction 4.3The results of the intefews with the

tourism academics and researchers can be found usdetion 5.5.

All of the respondents were aware of climate change and demonstrated a reasondalelgtin
knowledge and understandinggardingthe issue. Although the respondents acknowledged

that climate change is a global issue, the majority of them perceived climate change to be an
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issue that will only start to impact the tourism sector in the future. It was perceived by most
of the responderg that for climate change to become an issue that results in negative
impacts, a threshold needs to be reached, at which point the climate would become too
uncomfortable for tourism.In addition some respondents cited future increasie extreme
events and flooding as potentially having a negative impact on the tourism sector. However,
none of the respondents could provide a tiframe for when the thought the impacts of
climate change would be felt in South Africa. Despite thispeadents acknowledged the
major role played by the tourism sector in South Africa, and therefore, all the respondents
encouraged the need for more research that explores the relationship between climate

change and tourism in the country.

Most of the toursm academics and researchers were not familiar with the TCI, however, the
majority of them felt that there was a definite need for incorporating a quantitative tool into
the current tourism and climate change research agenda. Most of them found valueno be
able to quantify the impacts of climate change on the tourism sector in South Africa and
stated that it would be extremely valuable to utilise in future research. A few of the
respondents called for the TCI results to be compared to actual tourism exsmAlthough

this was oneof the original aims of the studyhe respondents did not want to engage with
whether or not they perceived the results to be accurate based on their perceptions, because
of their limited knowledge of the TCI model and therefdnés could not be achieved. This
remains a primary aim for future research. Many respondents noted that all the study sites in
this research are experiencing increases in tourism, however, some of the TCI trends indicate
that the theoretical climate of soe destinations are becoming increasingly unfavorable for
tourism. This demonstrates that there are enough drivers attracting tourists to destinations

around the country, despite a decrease in the climate suitability of some places.

7.3. Regional Signifamce of the Results

The fundamental aim of this study was goantify the influence of climate change on the
South African tourism sector, by calculating the climate suitability for tourism of various
destinations across the country using the TCI. In demghis research has made a major

contribution to filling the gap in the limited climate change and tourism literature in South
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Africa. This study has made a considerable contribution to the African tourism and climate
change literature. Thistudycan be used as the foundation for further research in South Africa
and at a larger scale within the African context. This study has demonstrated, that despite
data limitations, that are not likely to be limited to South Africa, that adapted forms of the
TCI can be developed and used as a reasonably accurate alternative. As a result, various
countries, whose weather stations do not capture the full spectrum of meteorological data

needed to calculate the traditional TCI, can still determine their climatalsility.

While some global studies that have calculated a TCI score for South Africa at a national scale
(c.f. Amelunget al., 2007;Rossell6 and Santaf@allego, 2014), this study has taken this
further and calculated the TCI at a much higher resolubgnbeing able to quantify the
climate suitability for tourism at a destination scale, rather than a national scale. As a result,
this study, although largely academic in nature, can be used in a more practical manner as
well, guiding tourism managnent to make more informed decisions during adaptation

planning and implementation.

Despite many other factors that influence the tourism sector in South Africa, including crime,
quality of infrastructure, cost and product offerings, climate change fgeat that is set to

have wide and far reaching impacts on all destinations in the country and on the tourism
sector. Due to the important role of the tourism sector in South Africa in terms of encouraging
social and economic development, thestdtsof this study provide destinations across South
Africa, with improved knowledge and understanding of the potential impacts of climate
change on tourismit therefore provides tourism stakeholders an opportunity to make better
informed decisions regarding adaptation processes, while simultaneously demonstrating the
value of such research. It is through this perceived value by tourism stakeholders that this
study can act as a catalyst for future research on the relationship betwkemate change

and tourism in South Africa.

7.4. Application of Findings

With the increasing threat of climate change having a considerable impact on South Africa,
and consequently on the South African tourism sector (Scott, 2003; Gbragin, 2006;

Spenceley and Goodwin, 2008tevenset al., 2014), it is important that current and future

210



climate change and tourism research become more practical in terms -dfiesground

application at the destination level. The results of this researctbeattirectly applied to each

location that was used as a study s@edcan be used as a planningddecision making tool

during the adaptation process. Tourism stakeholders at each location can use the TCI results

to adapt to the changing climate. Bo doing tourism stakeholders could adapt the type of

tourism products that they offer, they could alter the timing at which they offer tourism
products and they could implement certain processes and improvements to the product
offeringssoastolesseKtS A YLI OGa 2F Ot AYIFGS G2 GKS G2 dzNy

Many of the respondents acknowledged that coastal regions are particularly vulnerable to the
impacts of climate change and consequently the tourism product offeringdeveit threat

to climate chang. It has been stipulated that coastal areas may be impacted by sea level rise
which could result in coastal erosiand could be threatening to beach activiti€cpttet al.,
2007a; Nyaupane and Chhetri, 2009; Fitchettal.,, 2016; Hoogendao et al., 2016) Changes

in in the climatesuch asncreased temperatures and increased rainfall, parya major role

in negatively influencing the tourism at coastal locations. It is therefore imperative that
coastal destinationsuch asCape Town and Port Elizabeth, that demonstrated a decrease in
climate suitability for tourism over the study site, make use of these reguitaderstand the
extent to which climate change may potentially influence climate so doing these
destinations will be able to make better informed decisions during the adaptation process
which will enhance the probability that correct and effective adaptation processes are
implemented. As a result, this would reduttee impact of climate change on the climate

suitability of the destinations for tourism and will ultimately benefit the local tourism market.

Adaptation measures have been implemented in the tourism sector, to reduce the impacts of
climate change at destinations around the world, such as building bigger seas walls (to protect
beaches and infrastructure from seas level rise) and improvedoaiditioning, operating at
off-peak season and diversifying the tourism product offering. Suadesdéptation within

the tourism industry is often very specific to the destinatiQoigmate and tourism product
offering (UNWTO and UNEP, 2008). Therefore, tourism stakeholders across South Africa can
use these TCI results, which are based estidation specific climate data, to tailor their

adaptation strategies to suit the individual characteristics of each destination.
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7.5. Synthesis

The majority of the study sites were calculated to have TCI scores indicative of excellent
climate suitability for tourism was excellent and ideal, wikedfast, East London and Port
Nolloth all demonstrate relatively lower TCI scores indicative of oaty good climate
conditions for tourism. Due to the fact that the majority of the study sites have annual mean
TCI scores that are considered excellent, it could be beneficial to scale the rating categories
of the TCI scores in such a way so as to maasier to differentiate between places that are

considered to have excellent climate conditions for tourism.

Furthermore, todifferentiate between the climate suitability of South African towns for
tourism, it could be argued that morpertinent climate variables should be considered.
Fluctuationsbetween conditions of drought and flooding are a significant concern for tourism
in South Africa. It would therefore be ideal for such variables to be considered in the index.
Extreme events, which include buteanot limited to floods andiroughts are particularly
detrimental in South Africa due to the low adaptieapacity Thefrequency and severity of

extreme events should therefore also be included in the index.

For the period 2002014, the majority of therends between the annual traditional TCI
scores and time demonstrate statistically significant decreases in the TCI scores. These should
be continually monitored. However, the remaining locations of Bloemfontein, East London,
Johannesburg and Port Nollotll demonstrate positive trends over the same time period,

with only Port Nolloth demonstrating a statistically significant positive trend of
0.93units/year. The majority of the annual trends for the mathematically adapted TCI scores
were increasing ovethe period 20052014, with Knysna and St Lucia both demonstrating
statistically significant increases of 0.76units/yr and 0.50units/yr respectively. For the same
period, Belfast, Paarl and Pilanesberg all demonstrate statistically insignificant decireases

their TCI scores for that period.

The majority of the respondents believe that there is a need to be able to quantify the impacts
of climate change on the tourism sector in South African, and many perceived the TCI to be a
valuable tool that can be uslen current and future tourism and climate change reseatah,

gain an understanding of the relationship between climate change and tourism in South

Africa.
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Appendices

Appendix A

The mean monthly TCI scores for the period 28024 and for the longest continuous period

for each of the study sites.
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Appendix A.1The mean monthly TCI scores in: A) Bethlehem B) Bloemfontein C) Port Nolloth D)
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period 19812014.
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Appendix A.2The mean monthly TCI scores in: A) PaaBd3}t London C) Pilanesberg D) Port
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Appendix B

The correlation between annual mean TCI scores for the period-2008 and the longest

continuous period for each of the study sites.

Appendix B.1The correlation between annual mean traditional TCI scords) iBethlehem B)
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Annual TCl Values versus Time for Port Nolloth

Annual TCI Values (Mathamatically Adpated
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Appendix B.2The correlation between annual mean traditional TCI scores in A) Port Nolloth B)

Belfast C) Durban D) Knysna E) Ladysmith F) Kimberley G) Paarl and H) Pilanesberg.
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Annual TCI Values (Mathamatically Adapted Formula) for

Annual TCl Values (Mathamatically Adpated
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Appendix C

The correlation between the mean monthly TCI scores and time for each month of the year

at each location.

TCI Values for January in Bethlehem

TCI Values for April in Bethlehem
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Appendix C.1The correlation between the mean monthly TCI scores and time in Bethlehem for
A) January B) February C) iela D) April E) May F) June, for the period 200%4 and 1981

2014.
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TCl Values for July in Bethlehem
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Appendix C.2The correlation between the mean monthly TCI scores and time in Bethlehem for

A) July B) August C) September D) October E) November F) December, for the per2@d12005

and 19812014.
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Appendix C.3The correlation between the mean
for A) January B) February C) March D) April E) May F) June, for the perie2D2@Gd 1992

2014.

monthly TCI scamed time in Bloemfontein
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Appendix C.4The correlation between the mean monthly TCI scores and time in Bloemfontein

for A) July B) August C) Septemb@rOctober E) November F) December, for the period 2005

2014 and 1992014.
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TCl Values for July in Cape Town

TCI Values for October in Cape Town
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Appendix C.6The correlation between the mean monthly TCI scores and time in Cape Town for

A) July B) August C) September D) October E) November F) December, for the per2@12005

and 19662014.
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TCl Values for January in East London

TCl Values for April in East London
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Appendix C.7The correlation beveen the mean monthly TCI scores and time in East London
for A) January B) February C) March D) April E) May F) June, for the perie2D2@CGsd 1959

2014.
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TCl Values for July in East London

TCl Values for October in East London
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Appendix C.8The correlation between the mean monthly TCI scores and time in East London

for A) July B) August C) September D) October E) November F) December, for the period 2005

2014 and 1952014.
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TCl Values for January in Johannesburg

TCI Values for April in Johannesburg
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Appendix C.9The correlation between the mean
for A) January B) February C) March D) April E) May F) June, for the perie2D2@Gtd 1992

2014.

monthly TCI scores and time in Johannesburg
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TCI Values for July in Johannesburg TCI Values for October in Johannesburg
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Appendix C.10Fhe correlation between the mean monthly TCI scores and time in Johannesburg

for A) July B) August C) September D) October E) November F) December, for the perod 2005
2014 and 1992014.
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TCI Values for January in Kimberley
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Appendix C.11The correlation between the mean monthly TGires and time in Kimberley

for A) January B) February C) March D) April E) May F) June, for the perie202a0&nd

19592014.
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Appendix C.12The correlation between the mean monthly TCI scores and time in Kimberley for
A) July B) August C) Septembgdatober E) November F) December, for the period 200}
and 19592014
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