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ABSTRACT 

Globally, tourism is dependent on climate. Small islands are the most vulnerable 

tourism destinations to climate change threats. One such tourism destination is 

R®union Island, a French Department located in the southwest Indian Ocean. Tourism 

climate indices have been used since the 1980s to quantify, classify and compare the 

climatic suitability of tourism destinations. Most, if not all, have been used in isolation 

with one specific index being used to quantify a destination's climate in what 

increasingly appears to be a checkbox exercise. This study does not seek to do this. 

It looks beyond simple quantification and is one of the first studies to critically assess 

the use of multiple indices in the southern hemisphere. R®union Island is particularly 

well suited for this assessment given its diverse forms of tourism, topography and 

microclimates. This study presents the first analysis of climatic suitability for tourism 

for the island over a 33-year time period. Adopting a model inter-comparison approach, 

the results from the Tourism Climate Index (TCI), Holiday Climate Index for urban 

tourism (HCIUrban), Holiday Climate Index for beach tourism (HCIBeach) and the 

Camping Climate Index (CCI) will be presented. Before use, an applicability, suitability 

and validity assessment is applied, finding all four indices to be appropriate for this 

context. Data from 11 meteorological weather stations in R®union for the period 

ranging between 1991-2023 were used to calculate each index for the available 

requisite data. Mean annual climatic suitability scores for the TCI range from 50-75.6 

classified as óacceptableô to óvery goodô across all available stations. HCIUrban mean 

annual scores range between 56.9-61.6 classified as óacceptableô to ógoodô while 

HCIBeach scores range between 69.3-75.4 classified as ógoodô to óvery goodô. Mean 

annual scores for the CCI are less favourable ranging between 3.6-5.8 classified as 

óunfavourableô to óacceptableô. Results also show that R®union offers winter peak 

seasonality for the TCI and HCI while the CCI shows a bimodal seasonality 

distribution. Change in climatic suitability over time sees TCI and HCIUrban scores 

experiencing a greater change in suitability than the HCIBeach and the CCI. A multi-

index approach reveals differences in seasonal and overall climatic suitability for the 

island across the tourism types available. This approach is beneficial in describing the 

climatic suitability for tourism more accurately, identifying the nuances in suitability for 

different tourism types and is therefore a valuable approach to use in future studies.  
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1.1 Introduction 

Climate is an important component for tourism, globally (Scott et al., 2019). The 

climate is a significant motivator for destination choice, activities pursued and can 

affect the seasonality and overall satisfaction with the vacation experience (Amelung 

et al., 2007; Gºssling et al., 2012a; Noome and Fitchett, 2019). Climate change 

therefore, poses a threat to tourism destinations as temperatures increase, 

hydroclimatic patterns change, the frequency and intensity of extreme climate events 

(ECEs) increase, biodiversity declines and other impacts that cause destinations to 

become increasingly unsuitable for tourism (Hoogendoorn and Fitchett, 2018b). Small 

islands are popular tourist destinations and often offer ideals of beach holidays where 

tourist satisfaction relies on 3S tourism (sun, sand, surf) referring to weather of minimal 

wind, warm temperatures and sunshine (Perch-Nielson et al., 2010; Rutty et al., 2020). 

For these island destinations, the climate is even more critical in both framing the 

destination image and creating favourable conditions for spending time on the beach 

(Fitchett et al., 2020; Rutty et al., 2020). Furthermore, small islands are highly 

vulnerable to climate change through sea-level rise (SLR), increased ECEs and 

natural biodiversity loss (Wolf et al., 2021; Mycoo et al., 2022). Islands in the southwest 

Indian Ocean (SWIO) such as Madagascar, Mauritius and R®union Island are 

particularly vulnerable to tropical cyclones (Malan et al., 2013). The site of interest for 

this study is R®union Island, a French department located 9,386km from Paris and 

2,850km from Johannesburg. 

Tourism climate indices are tools used to determine climatic suitability. Using 

meteorological data, indices can assist in quantifying climatic suitability of destinations 

for tourism and determine the impacts of climate change over time (Mieczkowski, 

1985). Tourism climate indices can also reveal climatic seasonality conditions that are 
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preferred by tourists (Rutty et al., 2020). Three factors are considered when evaluating 

climatic suitability, namely: thermal, physical and aesthetic components (de Freitas et 

al., 2008). Over the past four decades, a number of tourism climate indices including 

the initial tourism climate index (TCI) development by Mieczkowski (1985) have been 

applied globally. Adapted and modified versions of the TCI have developed over time 

to account for its perceived limitations and to account for tourism activities that require 

different climatic conditions (de Freitas et al., 2008; Perch-Nielsen et al., 2010). Perch-

Nielson et al. (2010) note that activities such as sunbathing, skiing, and surfing require 

specific conditions and may not be well represented by the TCI, which is formulated 

for more generic world tourism. Therefore, the development of indices considered 

more appropriate for particular tourism contexts and activities have been developed, 

such as the Holiday Climate Index for urban tourism (HCIUrban; Scott et al., 2016a); the 

Holiday Climate Index for beach or coastal tourism (HCIBeach; Rutty et al., 2020) and 

the Camping Climate Index (CCI) for nature-based activities such as camping (CCI; 

Ma et al., 2020). Climate indices were developed to assist tourists in deciding where 

and when to travel and indirectly promote the sustainable use of climate resources 

(Mieczkowski, 1985). Understanding the climatic suitability of a tourism destination is 

important as climate change threatens the availability and quality of climate resources 

offered (Rutty et al., 2020).  

 

1.2 Rationale  

Small islands located in the SWIO are highly dependent on international tourism for 

their local and national economic stability but are threatened by the impacts of climate 

change (Gºssling, 2006; Mazzola et al., 2019). Mauritius, for example, has 

experienced a higher frequency of extreme weather events, a shift in the start of 
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summer precipitation and lengthening intermediate dry seasons (Mahadew and 

Appadoo, 2018). Given the impacts of climate change R®union Island is set to 

experience (Mycoo et al., 2022), quantitative data provided by tourism climate indices 

can detail the changes in climatic suitability for tourism over time which could support 

tourism planners and marketers in devising more effective infrastructure and 

programming, more strategic promotions outside of peak seasons and altered 

destination images (de Freitas et al., 2008). This study will be the first to quantify 

climatic suitability for R®union Island and the SWIO, a region that offers a range of 

tourism destinations that are threatened by the impacts of climate change. 

Tourism climate indices are debated, with authors arguing the use of a single index 

over another (Perch-Nielsen et al., 2010; Scott et al., 2016a). For example, Scott et 

al., (2016a) and Rutty et al. (2020) argue the TCI has inherent limitations in its 

application and therefore should be replaced by the HCI. Further, tourism climate 

indices are often used in single-application case studies and modified to align with 

specific tourism contexts. However, this could result in an infinite amount of indices 

being developed depending on where and what they are used for. This does not then 

permit tourism climate index results to be compared broadly across tourism 

destinations. Given that tourism destinations do not offer only one type of tourism the 

use of multiple indices is beneficial in identifying the differences in seasonal and total 

suitability for tourism destinations that offer a range of tourism offerings. This is further 

supported in heat index research (Matzarakis et al., 2021; Raines and Fitchett, 2024) 

and the IPCC that argues a single model cannot be used to project the complexity of 

the Earthôs system and therefore utilises hundreds of models to project changing 

climate systems (Hausfather, 2019). Thus, this research will seek to use four well-

established indices (the TCI, both iterations of the HCI and CCI) in the first multi-index 
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approach applied in the southern hemisphere. With this, tourism climate indices are 

rarely assessed for their applicability, suitability and validity prior to use. Therefore, to 

ensure the indices are appropriate to use in the study context a critical assessment of 

the four climate indices will be conducted.  

 

1.3 Study Aim and Objectives 

The study aims to provide the first evaluation of the climatic suitability for tourism in 

R®union Island and for the southwest Indian Ocean. Through using four tourism 

climate indices, this study also aims to provide the first assessment of index 

applicability, suitability and validity in the southern African context, and the first multi-

index intercomparison for the tourism-climate nexus in the southern hemisphere. 

Exploring changes in the output scores over the period of 33 years, this study aims to 

quantify the impact of climate change on climatic suitability for tourism in R®union 

Island. The research aims to achieve this through the following objectives: 

1. Assess the validity of four tourism climate indices for tourism in R®union, 

specifically, through an evaluation of the availability and completeness of 

requisite climate data from 1991-2023 followed by validating the index 

assumptions, and then the mean local climate in comparison to threshold 

ranges 

2. Calculate monthly tourism climate index scores for 11 meteorological stations, 

for the full study period, of 33 years, using the TCI, HCIBeach, HCIUrban and CCI 

3. Calculate the change in climatic suitability over 33 years to assess the impacts 

of climate change  
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1.4 Thesis Structure 

 
Chapter 2: Literature Review 

This research is situated within the literature on tourism and climate change, tourism 

climate indices and climate futures. Key themes explored in this chapter include a 

review of the tourism and climate change landscape, tourism and climate change in 

the Global South and the SWIO islands. Further, literature around tourism climate 

indices, modifications of the TCI, and an intercomparison of indices is explored. 

Specific climate futures for the SWIO are examined, particularly climate threats and 

adaptation explored in the SWIO region.  

Chapter 3: Study Site 

The study location in which the research took place is outlined in this chapter. The 

location geography and topography of R®union Island are outlined. Given that tourism 

climate indices are dependent on climate variables, a broad examination of the climate 

followed by an understanding of the temperature, humidity, precipitation, wind speed, 

sunshine hours, cloud cover and overall weather variability on the island is explored. 

Tourism is an important market segment for the island and so the chapter also outlines 

the economic and tourism landscape. 

Chapter 4: Data and Methodology 

Quantitative methods were pursued in this study to determine the climatic suitability of 

tourism for R®union Island. Prior to the use of an index, an assessment of its 

applicability, suitability and validity is described. A description of the meteorological 

and ground-based data acquired for this study is provided followed by an examination 
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of the four tourism climate indices used in this study. The method by which data were 

analysed is specified.  

Chapter 5: Index Applicability, Suitability and Validity 

An assessment of the applicability, suitability and validity of the four indices used in 

this study is provided, with an argument that this should be a precursor step to the use 

of any tourism climate indices, or indeed any biometeorological indices, in a location 

different to that where they were developed. 

Chapter 6: Results 

Results obtained from the application of the four tourism climate indices is unpacked 

in this chapter. Climatic suitability results are given per index and according to 

available meteorological stations. Within each station reported, mean annual climatic 

suitability results are given followed by mean monthly output scores. A spatial 

comparison between meteorological station scores computed for each index is 

described comparing mean annual climatic suitability scores and the seasonal 

distribution results found. Ground-based data results around three camping sites are 

outlined in relation to meteorological data. The multi-index comparison of the results 

found for all four indices is described followed by results found for the change in 

climatic suitability over time.  

Chapter 7: Discussion 

An evaluation and interpretation of the main findings in relation to the broader literature 

are discussed in this chapter. The first section of the discussion includes reflections 

on the comparative climatic suitability of R®union in relation to other tourism 

destinations. The implications of acceptable suitability in R®union for different tourism 

types, seasonality, types of activity and indoor versus outdoor experiences are 
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outlined. The presence of microclimates is discussed in relation to the results found 

followed by an examination of the multi-index approach used in this study. The second 

section of the discussion looks at the link between climatic suitability and safety 

concerns around thermal stress, extreme events and associated impacts as well as 

the lexicon of risk and safety. The third section looks forward to the climate future likely 

given the results found and discusses future considerations for R®union tourism, the 

extreme events and sea level rise (SLR), it will experience. The discussion is 

concluded by highlighting the limitations of the study and how these were addressed. 

Chapter 8: Conclusion 

A synopsis and the achievement of the study aims and objectives are highlighted in 

this chapter followed by recommendations for future research. 
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CHAPTER 2: LITERATURE REVIEW 
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2.1 Introduction 

Tourism is a climate-sensitive sector (Scott et al., 2012a). Outdoor tourism in particular 

relies on specific climate characteristics for the provision of services (Nicholls, 2006; 

Scott et al., 2012a; Craig and Feng, 2018). Climate change will impact the manner in 

which tourism activities are offered, their availability, and when tourists travel in the 

future (Pang et al., 2013; Scott et al., 2019). At the same time, tourism is argued to 

contribute to the increasing impacts of climate change through intensive resource use, 

infrastructural pressure and pollution and greenhouse gas emissions from travel (Scott 

et al., 2012a; Pang et al., 2013; Gºssling and Scott, 2018). It is with this lens that this 

chapter outlines the field of tourism and climate change research by first outlining the 

landscape of global tourism and climate research highlighting gaps from the numerous 

reviews undertaken, followed by a critical examination of the Global South and the 

southern hemisphere and to the key area in this research pursuit, the SWIO. Tourism 

climate indices aim to provide insight into the climatic suitability of tourism destinations 

but are also highly debated. As such the original TCI and more sector-specific indices 

will be examined. The literature review will conclude with an examination of the climate 

futures that are discussed for R®union Island and the greater SWIO region, including 

climate threats and adaptation measures. 

 

2.2 Climate Change and Tourism 

2.2.1 A Review of the Tourism and Climate Change Landscape 

Climate and tourism have been explored in academic literature since at least 1963 

with the examination of climate therapy on medical tourism in the Tatara Mountains 

(Bugyi, 1963). The specific topic of climate change and tourism appeared later in 1986, 

with a focus on the impacts of climate change on camping activities in Canada (Wall 
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et al., 1986). This was followed by a steady increase in publications from the 1990s 

(Smith, 1990; Wall and Badke, 1994; Hall and Higham, 2005). Initial papers during this 

time examined the challenges that climate change posed to the ski industry in North 

America and wetland areas in Canada (Wall et al., 1986; Wall, 1998; Viner, 2006; 

Becken, 2013). The scientific basis for the link between tourism and climate change 

was initially discussed in 2002 around tourism demand and climate preferences (Viner, 

2006). 

Authors such as Daniel Scott, Geoff Wall and Geoff McBoyle initially sought to describe 

the evolution of climate change and tourism research (Scott et al., 2005). The field of 

climate change and tourism was described in four phases, namely 1) Formative 

Phase- alluding to initial research around climate change and tourism, 2) Period of 

Stagnation- a decade of little enquiry around the topic, 3) Emergence of Climate 

Change- where the first peer-reviewed journal article on the implications of climate 

change on tourism was written in 1986, 4) Maturation- the steady increase of 

publications on the topic from the 1990s to the 2000s. Later, Fang et al. (2018: 4-5) 

built on this insight describing three phases in the growth of climate change and 

tourism research, namely 1) Preparation phase (1990-1997), in which a limited amount 

of research began to investigate the impact of climate change on tourism, 2) 

Development Phase (1998-2006), whereby a slow incline in the research and initial 

theories and empirical research developed and 3) Rapid Development Phase (2007-

2015)- with an 85.71% increase in published papers around the topic were explored. 

Although these phase classifications share similarities in both iterations, it is clear that 

this topic has increased in interest over time.  
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Given the extent of climate change and tourism knowledge developed over the past 

35 years, a number of reviews of the field have emerged (Scott et al., 2012a; Becken, 

2013; Pang et al., 2013; Hou et al., 2015; Farid et al., 2016; Fang et al., 2018; Scott 

and Gºssling, 2022). Reviews considered here include published journal articles, 

conference proceedings and book chapters that have pursued a systematic review of 

climate change and tourism literature overall and around specific segments of tourism. 

A total of 36 reviews were identified with the earliest review published in 2005 (Figure 

2.1; Scott et al., 2005). This is a relatively short period after the Development Phase 

of tourism and climate change research (Fang et al., 2018). Key themes that emerged 

from these reviews centred around the climate and tourism research agenda, 

establishment and reflection of knowledge systems, mitigation, adaptation and policy 

integration. Most notable is the influx of review papers from 2020 that are linked to the 

IPCC Fifth and Sixth Assessment Reports (Scott et al., 2016b; Scott and Gºssling, 

2022; Steiger et al., 2023). Further, while 25 of the review papers examine this field 

through a global lens, eight investigate the Global North and predominately around 

sector-specific tourism that would be limited in the Global South such as winter ski 

tourism (Yang and Wan, 2010; Steiger et al., 2017). As for the Global South, three 

reviews examine climate change and tourism in Africa and southern Africa (Figure 2.1). 
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Figure 2.1. Timeline of tourism and climate change review papers around global, Global North 
and Global South literature from 2005-2023. 
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Reviews of literature in the field of climate change and tourism allude to the disconnect 

between research and adaptation or mitigation intervention on the ground through 

policy or local communities. Loehr and Becken (2021) conducted the first review of 

research and climate change with a broader review of the knowledge system of this 

field to determine the limited action of policymakers and the like to tourism and climate 

change research. Leal Filho (2022) notes that adaptation is a long-term process, 

however strategic intervention by the tourism sector is required to address short-term 

impacts. 

Reviews have highlighted particular gaps in the knowledge. A geographical gap exists 

between research hotspots such as Europe, North America, Oceania, the Caribbean 

and Central America, revealing that the Middle East, South America, Africa and Asia 

as under researched (Loehr and Becken, 2021; Saarinen et al., 2022; Scott and 

Gºssling, 2022). The latter form part of the Global South, a region that has long been 

considered under investigated (Hoogendoorn and Fitchett, 2019; Saarinen et al., 

2022). This is argued to be a result of the small number of academics that have a 

stronghold in the field that posit research based on their own contexts, research 

priorities and biases (Fang et al., 2018, Loehr and Becken, 2021). This is particularly 

true as seen in extractive studies of the Global South (Haelewaters et al., 2021). 

Further, review papers around this topic focus on articles written in English (Njoroge, 

2015). While this is a common language to present research in, this excludes 

potentially important research investigations around tourism and climate change in 

remote or growing tourism spaces (Loehr and Becken, 2021). Conversely, Loehr and 

Becken (2021) posit that considerable knowledge has been developed for islands and 

coastal environments and while true, Scott and Gºssling (2022) highlight a regional 
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gap in research for small islands. Therefore, further inquiry into the Global South and 

small islands is required.  

2.2.2 The Global South Context 

Regions of the Global South are already experiencing, and are projected to experience 

intensified climate changes, often in excess of the global mean (Engelbrecht et al., 

2024). The Global South here will refer to ñcountries classified by the World Bank as 

low or middle income that are located in Africa, Asia, Oceania, Latin America and the 

Caribbeanò (Clarke, 2018: n.p.). However, it is noted that this definition has been 

argued to be problematic as like previous terms such as ñdevelopingò or ñthird worldò, 

it encompasses countries that are diverse in economic, cultural, social and political 

positions (Clarke, 2018; Myers, 2020). Africa in particular, is highly vulnerable to 

climate change impacts as it depends on tourism as a key economic sector (Rogerson 

and Rogerson, 2018; Trisos et al., 2022). Tourism attractions, particularly outdoor and 

nature-based tourism in Africa are a key economic sector (Job and Paesler, 2013). 

Nature-based tourism is also climate-sensitive and marketed as weather-reliant 

(Hambira et al., 2013; Coldrey and Turpie, 2020). Understanding weather and climate, 

and how they have changed over time can provide insight into the extent to which the 

climate-dependent tourism operations have been affected. This is important for the 

future of tourism in Africa as the sector expands (Scott et al., 2019). To date, research 

on the impact of climate change on varied tourism types in Africa has been 

investigated (Table 2.1). South Africa has been the most extensively researched, 

followed by Botswana and Zimbabwe (Table 2.1). While these research pursuits are 

valuable, it is important to note the lack of or lack of access to research in other parts 

of the continent. This is particularly important as the heterogeneity of the climate and 

tourism means that results for one location cannot be generalised for the full region.
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Table 2.1. Tourism and climate literature in Africa (expanded from Hoogendoorn and Fitchett, 2018b: 746-747). 

Year Country Climate change threats Tourism Impact Method  Authors 

1998 South Africa Rising temperatures Skin protection and thermally 

comfortable conditions for beach 

holidaymakers 

Beach comfort index Becker 

1999 Morocco Increased temperatures Increased tourism and positive 

economic and local practices 

Literature review Parish and 

Funnell 

2004 Egypt SLR Loss of beaches and historical 

sites for tourism 

Digital elevation model 

of SLR projections 

Agrawala et al. 

2005 South Africa Theoretical: temperature 

increases 

Variable precipitation patterns 

threaten biodiversity 

Reduced destination appeal for 

nature reserves 

Shortened tourism season 

 

Theoretical discussion 

of threats to nature-

based tourism 

Preston-Whyte 

and Watson Lesotho 

Zimbabwe 

Zambia 

Botswana 

Swaziland 

2006 Tanzania SLR, Increased precipitation, 

drought increased humidity, more 

frequent storms 

Reduced destination appeal 

Infrastructure damage 

Potential for reducing tourism 

numbers 

Interviews with tourists Gºssling et al.  

2007 Egypt Theoretical: degradation of coral 

reefs, SLR, water resource 

availability 

Loss of coastal infrastructure 

Reduced destination appeal 

Coral bleaching reduces 

biodiversity and destination 

attractiveness 

Theoretical discussion 

of potential threats 

Scenario-based 

approach 

Ahmed and 

Hefny 

2007 Namibia Increased temperatures, variable 

precipitation patterns, 

desertification and ecosystem 

shifts have detrimental effects on 

nature-based tourism 

 

Reduced destination appeal 

Reduced tourist comfort due to 

water shortages and increased 

temperatures 

Round table 

discussions 

Reid et al. 
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2008 Kenya SLR, increased flooding due to 

increased storm intensity and 

storm surges, increased 

temperatures 

Decline in key beach attractions 

Infrastructure damage 

Biodiversity loss results in 

reduced destination 

attractiveness 

Theoretical discussion 

of potential threats on 

the basis of past 

disasters 

Interviews and field 

observations 

Awuor et al. 

2008 Morocco SLR, coastal flooding Decline in beach attractions 

Tourism infrastructure damage 

Reduced destination appeal 

Digital elevation model 

SLR projections 

combined with socio-

economic data  

Snoussi et al. 

2ΜΜΦ Nigeria Increased temperatures 

Change in precipitation patterns 

Reduce tourism revenue 

Shift tourism destinations 

Increase costs of running tourism 

businesses 

Survey 

In-depth interviews 

Focus groups 

Ijeomah and 

Aiyeloja  

2010 Egypt Rising temperatures inducing 

greater seasonal differences, 

coastal degradation, SLR 

Reduce beach tourism appeal 

Threats to diving tourism 

Summer heat discourages 

tourists 

Interviews with 

Egyptian policy-

makers and tourism 

managers 

Shaaban and 

Ramzy 

2011 Egypt Coral reef degradation 

Increased temperature impacting 

environmental conditions 

Reducing tourism attractiveness 

Dive tourists prioritise 

sustainability but tourism 

operators underestimate its 

importance 

Interviews with 150 

dive tourists and 35 

tourism operators 

Marshall et al. 

2012 South Africa  Increased temperatures  

Variable precipitation patterns 

Water availability 

Increased ECEs 

Altered timing and duration of 

peak tourist seasons 

Infrastructure damage 

Decreased visitor satisfaction 

Interviews and 

questionnaires with 

stakeholders in 

nature-based tourism 

Reddy 

2012 South Africa Increased temperatures, altered 

precipitation patterns, aridification, 

loss of fynbos species, changes in 

wind speed, increased ocean 

temperatures 

Decreased tourist arrivals 

Impact tourism activities 

Damage to infrastructure 

Theoretical discussion Steyn 
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2012 South Africa Temperature increases, 

decreased precipitation, shifts in 

seasonality, increased occurrence 

of floods and ECEs 

Degradation of key natural 

attractions 

Reduced local economic activity 

Reduced visitor satisfaction and 

enjoyment 

Theoretical discussion Steyn and 

Spencer 

2013 Botswana Increased temperatures, altered 

precipitation patterns, degradation 

of vegetation 

No detrimental effects on tourism 

operators' business, therefore no 

proactive adaptation strategies 

were implemented. 

Future of tourism operations 

unclear 

In-depth interviews 

with tourism operators 

Hambira et al. 

2013 Botswana Degradation of natural resources 

Increased temperature, altered 

precipitation patterns 

Reduced attractiveness of natural 

attractions 

Disconnect between local 

perceptions of climate change 

and implications for the tourism 

industry.  

Interviews with tourism 

operators 

Household survey 

Saarinen et al. 

2013 Ghana SLR Damage to infrastructure 

Reduced destination appeal 

Economic loss from reduced 

tourism 

 

Modelled SLR, 

interviews with tourism 

operators 

Sagoe-Addy 

and Addo 

2014 Botswana Increased frequency and severity 

of droughts 

Variable precipitation patterns 

Changing flooding patterns 

Decreased visitor numbers 

Loss of income for local 

communities 

Reduced attraction attractiveness 

with biodiversity changes 

Interviews with tour 

operators and lodge 

managers 

Focus groups 

Mbaiwa and 

Mmopelwa 

2014 Botswana Increased temperatures 

Variable weather patterns 

Increased ECEs 

 

 

Altered visitor experiences 

Potential economic losses 

Theoretical discussion Moswete and 

Dube 
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2014 South Asia 

Middle East 

North Africa 

Sub-

Saharan 

Africa 

East Asia 

Pacific 

regions 

Air pollution negatively impacts 

tourism through deforestation and 

natural resource depletion 

Reduced investment 

Less natural resource availability 

Multivariate regression 

analysis 

Econometric 

framework 

Sajjad et al. 

2015 Nigeria Increased temperatures, changes 

in precipitation patterns, increased 

frequency and intensity of ECEs, 

SLR 

Decline in tourist attractions and 

destinations 

Shifts in tourism activities 

Reduced tourism visitors 

In-depth interviews 

with tourists 

Dillimono and 

Dickinson 

2015 South Africa Increased temperatures, altered 

precipitation patterns, changing 

humidity, SLR, storm surges 

Altered visitor experience 

Economic impact for local 

businesses reliant on tourism 

Infrastructure damage 

TCI, digital elevation 

model SLR 

projections, interviews 

with tourists and 

tourism operators 

Grant 

2015 Botswana Increased temperatures, altered 

precipitation patterns, increased 

ECEs, changing seasonality 

Decline in natural attractions 

Economic impacts for local 

communities reliant on tourism 

Altered tourists seasonality 

Interviews with key 

stakeholders and 

policy-makers 

Hambira and 

Saarinen 

2016a South Africa Increased temperatures, changes 

in precipitation patterns, 

SLR 

Altered visitor experience 

Economic impact for local 

businesses reliant on tourism 

Infrastructure damage 

TCI, digital elevation 

model SLR projections 

Interviews 

Fitchett et al. 

2016b South Africa Flooding related to tropical 

cyclones 

Infrastructure damage 

Loss of revenue for tourism-

related businesses 

Reduced tourist perception of 

safety and accessibility 

Economic assessment 

of costs of flooding to 

tourism 

establishments 

Interviews and 

surveys 

Fitchett et al. 
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2016 South Africa Increased temperatures, storm 

incidence and intensity, SLR 

Altered tourist behaviour 

Economic impact for local 

businesses reliant on tourism 

Damage to coastal attractions 

Surveys and 

interviews  

Hoogendoorn et 

al. 

2016 Tunisia and 

Italy 

Increased temperatures, altered 

precipitation patterns, increased 

frequency of ECEs, SLR 

Reduced tourism numbers 

Shift in tourism destination 

preference 

Tourism infrastructure at risk 

Loss of revenue  

Sensitivity analysis 

and linear regression 

Comparative analysis 

Kºberl et al. 

2016 South Africa Degradation of environmental 

resources, increase in vector-

borne diseases 

Increased temperatures, altered 

precipitation patterns, SLR, ECEs 

Altered tourist behaviour and 

preferences 

Potential for visitor number 

decline 

Potential for economic losses 

Analysis of public 

statements, case 

studies, theoretical 

discussion 

Rogerson 

2016 Kenya Drought events and altered 

precipitation resulting in flooding 

risks 

Tourist arrivals and reduction of 

visitors 

Tourism infrastructure 

None mentioned Nyamwange 

2017 South Africa Change in climate variability Alter appeal of tourism 

destinations 

TCI Fitchett et al. 

2017 Southern 

Africa 

Increased temperatures and 

altered precipitation, ECEs, SLR 

Damage to tourism infrastructure 

Altered tourist preferences and 

flows 

Adaptation costs 

Ecological changes 

Conceptual research Pandy 

 

2017 Tanzania Drought and rainfall variability, 

increasing temperatures, 

biodiversity changes 

Reduced destination appeal 

Disrupts seasonal patterns of 

tourists 

Land cover 

assessments and 

climate data analysis 

Kilungu et al. 

 

2017a South Africa 

Namibia 

Extreme climate events (ECEs) The ability to provide adventure 

tourism is unpredictable 

Job and revenue loss concerns 

 

 

Interviews and 

surveys- white-water 

tourism operators 

Giddy et al. 
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2017 Africa Increased temperatures 

Reduced precipitation and 

drought 

Flooding 

Change in tourism activities and 

destination preferences 

Economic costs for developing 

countries reliant on tourism 

Literature review Sifolo and 

Henama 

2018 South Africa Flooding risks for tourism 

accommodation establishments 

Change in tourist demand and 

decline in bookings and booking 

patterns 

Infrastructure damage 

Reduced business activities 

Semi-structured 

questionnaires and 

interviews 

Southon and 

van der Merwe 

 

2018 Lesotho Reduced snow quality and 

frequency 

Future snow availability for 

tourism  

TripAdvisor reviews Stockigt et al. 

 

2018 Zambia Increased temperatures 

Extreme rainfall patterns 

Decline in rainfall 

Fluctuation in water flow 

Decline in tourism products 

offered 

Economic losses for local 

communities 

Historical 

meteorological data 

analysis 

Online tourist survey 

Dube and 

Nhamo 

2018a South Africa SLR, flooding, drought and storms Second home tourism vulnerable 

to climate change impacts 

Preliminary review Hoogendoorn 

and Fitchett 

2018 Botswana ECEs 

 

Change in tourist perceptions 

and expectations 

Online survey Dube et al. 

2018 South Africa Increased temperatures, ECEs, 

coastal erosion, SLR 

Economic losses for tourism 

providers 

Changes in tourism offerings 

Interviews with key 

stakeholders 

Pandy and 

Rogerson 

2019 Lesotho Increased temperatures, relative 

humidity and precipitation 

Changes in snow tourism, hiking 

and sightseeing 

TCI Noome and 

Fitchett 

2019 Zimbabwe Increased temperatures 

Increased incidence of extreme 

rainfall and drought events 

Reduce tourists expectations 

Economic losses for tourism 

providers 

Meteorological and 

hydrography data 

analysis 

Online tourist survey 

Dube and 

Nhamo 

2020 South Africa Reduced precipitation 

Drought events 

 

 

Reduced visitor satisfaction, 

repeat visits and revenue 

Semi-structured 

interviews 

Smith and 

Fitchett 
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2020a Zimbabwe Increased temperatures 

Altered precipitation causing 

drought 

ECEs 

Reduced wildlife sightings 

Reduced destination appeal and 

repeat visits 

Hydrography and 

meteorological data 

Interviews and 

surveys 

Dube and 

Nhamo 

 

2020 Botswana Drought, increased temperatures, 

ecological shifts 

Reduced destination appeal with 

changes in wildlife sightings 

Deter visiting tourists 

Interviews with local 

community and 

stakeholders 

Saarinen et al. 

 

2020a South Africa SLR, increased temperatures, 

increased frequency of ECEs 

 

Beach erosion 

Infrastructure damage 

Reduced destination appeal 

Interviews and 

surveys 

Friedrich et al. 

 

2020b South Africa SLR, increased ECEs Future tourism 

Economic losses 

Hazard-activity pair 

methodology 

Friedrich et al. 

 

2020b South Africa Reduced rainfall 

ECEs 

Loss of infrastructure 

Disruption to tourism activities 

Analysis of archival 

data 

Interviews 

SANParks report 

reviews 

Dube and 

Nhamo 

2020 Africa Increased temperatures, ECEs, 

drought, coral bleaching, flooding, 

poor climatic conditions 

Change in market demand 

Tourists flow 

Revenue streams 

Systematic literature 

review 

Hambira and 

Mbaiwa 

2021 Zimbabwe Drought, heatwaves and floods Tourism product offered 

Tourist arrivals and satisfaction 

TCI Mushawemhuka 

et al. 

2021 South Africa Water scarcity, increased ECEs, 

biodiversity loss, SLR, increased 

fire risk 

Infrastructure damage 

Future tourism development 

Interviews with 30 

tourism stakeholders 

Pandy and 

Rogerson 

 

2021 South Africa SLR, flooding Damage to tourism infrastructure 

Tourism operations and local 

businesses 

Remote sensing, field 

observations and 

interviews 

 

 

 

 

Dube et al. 
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2022 Zimbabwe Drought and water scarcity, 

tropical cyclones, temperature 

increases 

Storm damage and access to 

tourist destinations 

Reduced nature-based tourism 

resources 

Disruption to local businesses 

and tour operations 

Regional competitiveness of 

tourist destinations 

Thematic and content 

analysis of semi-

structured interviews 

Survey questionnaires 

Mushawemhuka 

et al. 

 

2022 Southern 

Africa 

Increasing temperatures, drought, 

SLR, ECEs 

Losses for the tourism sector Case studies, 

discussions on 

methodologies 

Saarinen et al. 

 

2022 Southern 

Africa 

ECEs, drought, flooding due to 

intense rainfall and wildfires 

Decline in visitor numbers 

Sustainable tourism practice 

challenges 

Economic losses 

Case studies, 

literature review 

Dube 

 

2022 East Africa Coral bleaching, marine pollution 

and extreme events impacting 

dive tourism 

Decline in visitor numbers due to 

biodiversity changes 

Concern for future destination 

sustainability 

Surveys with 34 dive 

operators 

Dimopoulos et 

al. 

 

2022 South Africa Increasing temperatures for 

nature-based tourism, ECEs 

(heatwaves) 

Reduced tourist experience 

Operational challenges 

Assessed archival 

climate data 

In-depth interviews 

with game reserve 

staff 

Sibitane et al. 

 

2022 Namibia Increasing temperatures, changes 

in precipitation and relative 

humidity  

Employment and local income 

Tourism infrastructure 

TCI Noome and 

Fitchett 

2022 South Africa Increased frequency and intensity 

of drought, altered precipitation 

patterns, increased temperatures 

Decreased visitor numbers 

Economic losses for tourism-

reliant businesses 

Interviews 

Archival data used to 

review tourism 

statistics, climate and 

water usage 

Dube et al. 
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2022 South Africa Increasing temperature, altered 

precipitation patterns, biodiversity 

loss and migration, increased 

frequency and intensity of ECEs 

Reduced visitor experiences 

Shift in available recreational 

opportunities 

Economic losses for local 

tourism-reliant economies 

 

Vulnerability 

assessment analysis 

Coldrey et al. 

 

2022 South Africa Increased risk of tropical cyclones 

and SLR, drought 

Disease 

 

Trip cancellation 

 

Questionnaire-based 

survey 

Friedrich et al. 

2022 South Africa Increased frequency of ECEs 

Altered precipitation patterns 

Increased temperatures 

Decline in tourist arrivals  

Economic losses for tourism-

reliant communities 

Autoregressive 

Distributed Lag 

(ARDL) approach 

Jong et al. 

 

2023a Africa Increased temperatures 

Increased drought and floods 

SLR 

Snow melt 

Coral bleaching 

Frequent tropical cyclones 

Reduced accessibility 

Decline in natural attractions 

resulting in tourist patterns and 

preferences  

Economic losses for tourism-

reliant communities 

Literature review using 

PRISMA 

Dube et al.  

 

2ΜΞΟĤ SŸƨƣőШ ŉƖŔĦċ Flooding 

ECEs 

Damage to infrastructure 

Economic losses 

Interviews, surveys, 

field observations 

Dube et al. 

2023 Rwanda Wildfires 

Flooding 

Drought 

Decrease in tourism revenue Questionnaire Mihigo and 

Lukenangula 

2023 South Africa Increased temperatures, ECEs, 

drought and water scarcity 

Decreased visitor numbers 

Increased operational costs 

Reduced wildlife attraction 

expectations 

Semi-structured 

interviews 

Energy and water 

usage analysis 

Nhamo et al. 

 

2023 South Africa Drought Reduced tourism numbers due to 

the Day Zero drought 

Questionnaires, 

interviews, media and 

user-profile analysis 

Prinsloo and 

Fitchett 

2023 Zimbabwe Increased temperatures, altered 

precipitation patterns, drought 

Reduced visitor number 

Reduced attraction expectations 

In-depth interviews Zhou 
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2023 Africa Mountain glacier melting 

Decline in flora and fauna 

SLR 

Coral bleaching 

Increased intensity of tropical 

cyclones 

Decline in African country tourism 

sectors  

Increase resilience of tourism 

sectors 

General review Dube 

2024 Zimbabwe Increased temperatures 

Altered precipitation patterns 

Flooding 

Changes in tourist patterns and 

preferences 

Economic losses for tourism-

reliant communities 

Shifts in seasonality of tourist 

arrivals 

 

Interviews and 

surveys 

Ecological 

assessment 

Makuyana et al. 

2023 South Africa Change in temperature and 

precipitation patterns 

Increased frequency of ECEs 

Reduced camping opportunities 

Change in camping preferences 

based on climate  

Economic impacts to camping 

sites 

Meteorological station 

data analysis 

Survey questionnaire 

Fitchett and 

Meyer 

2024 South Africa Increased frequency and intensity 

of ECEs 

Reduced visitor numbers 

Reduced attraction expectations 

Economic losses for tourism-

reliant businesses 

Focus group 

discussions and field 

observations 

Ramaano 

2024 Sub-Saharan 

Africa 

Desertification, increased 

temperatures 

Decline in resources for 

ecotourism 

General review Mullikin 

2024 South Africa ECEs, changing climate 

conditions 

Shift in camping seasonality and 

destination choice 

Tourist safety and satisfaction 

with the weather 

CCI Mnguni and 

Fitchett 

2024 South Africa Changes in climate under climate 

change 

Visitors' expectations and 

satisfaction of the weather 

Web-scraping Mokgehle and 

Fitchett 

2024 Botswana Altered precipitation patterns 

Temperature increases 

Drought and flooding 

Change in perception of activities 

Decline in tourism affects 

community livelihoods 

Cross-sectional survey 

approach 

Questionnaires 

Hambira et al. 
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Countries in the Global South, and particularly those on the African continent, are 

highly vulnerable to the impacts of climate change due to lower adaptive capacity, less 

effective warning systems and infrastructural limitations (Busby et al., 2013; Chirisa et 

al., 2016; Lumbroso, 2018; Epule et al., 2023). Compared to the Global North, regions 

of the Global South do not have the necessary capital to invest in effective 

technological solutions for adaptation while simultaneously addressing pressing socio-

economic challenges (Sokona and Denton, 2001).  

Urban tourism has gained popularity globally attracting tourists to large urban centres 

and mega-cities (Rogerson and Rogerson, 2021). Within the Global South, urban 

tourism has seen rapid growth, particularly in sub-Saharan Africa (Rogerson and 

Rogerson, 2021). Less focus has been given to urban tourism and climate change 

because it is part of other tourism subsectors, and it is conflated with other types of 

tourism that are argued to be less sensitive to climate such as business tourism 

(Fitchett, 2021). Rogerson and Rogerson (2021) highlight three themes in the urban 

tourism literature that set the Global South apart from the Global North namely the 

informality of tourism, the number of tourists who are also poor in the Global South 

and debates around the rise in slum tourism. Pandy and Rogerson (2019) investigated 

the perceptions of climate change risk on tourism business stakeholders finding that 

initiatives to respond to climate change risk are good but not essential to running 

tourism businesses. 

  

2.2.3 Southwest Indian Ocean Islands 

Literature on climate change and tourism in the SWIO is scant. The region consists of 

small island developing states (SIDS) such as the Comoros, Madagascar, Mauritius, 
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Maldives and Seychelles, along with R®union Island, which is qualified as a 

subnational island jurisdiction (SNIJ; Mills and Hancock, 2005; Petzold and Magnan, 

2019). The status of R®union Island as part of the Global South is unclear but in the 

same way as the SIDS surrounding it, it remains relatively under-researched (World 

Bank, 2023). The climate threats that are projected to impact the region, such as SLR, 

will also be similarly experienced by other small islands globally (Mycoo et al., 2022). 

Literature on tourism in this region has focussed on sustainable tourism, ecotourism 

and tourist weather and climatic conditions (Nunkoo and Ramkissoon, 2007; Prayag 

et al. 2010; Picard, 2015). Gºssling (2006) describes the growing tourism sector in this 

region and argues for the need for sustainable tourism as resources will be strained 

under a growing sector. Similarly, Picard (2015) identified the ecotourism drive in the 

SWIO but questions its economic viability in the future. Through TripAdvisor, reviews 

of five islands in the SWIO, Fitchett et al. (2020) identified touristsô experiences of the 

weather during their vacations and highlighted that these reviews can provide insight 

into tourists' satisfaction and inform better decision-making for future tourists that will 

ultimately aid the island they are travelling to.  

Literature on the SWIO has predominately focused on tropical cyclones as a primary 

climate change threat (Clayton, 2009; Barthe et al., 2021). Research on tropical 

cyclones has and continues to determine the characteristics, movement patterns, 

frequency and intensity of these extreme events over time in the region to understand 

and better manage the impacts of storm surges (Brand and Cormier, 1971; Chang-

Seng and Jury, 2010; Bonnardot et al., 2019; Pillay and Fitchett, 2019; Bousquet et 

al., 2021). SLR is another climate-induced risk that will be universally experienced but 

is one of the greatest risks to the territories of the SWIO (Clayton, 2009; Fitchett et al., 

2020). 
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Tourism and climate change literature reveals there has been a lot of progress in the 

last 35 years, however limited research around the Global South is still significant in 

comparison. Geographical research gaps for other areas of Africa and smaller regions 

such as the SWIO and R®union Island in particular are further under-researched. This 

is of particular concern given R®union Islands' reliance on tourism as well as extreme 

vulnerability to the threat of climate change. This research will seek to contribute to 

this gap in knowledge as the first study of the climate of R®union Island, its link to 

tourism and how it has changed over time. 

Ш 

2.3 Tourism Climate Indices 

2.3.1 The Tourism Climate Index 

Over the past four decades, a range of tourism climate indices have been developed 

to determine the suitability of the climate of a location for tourism destinations and 

activities (Scott et al., 2016a; Rutty et al., 2020). Mieczkowski (1985) developed the 

initial TCI by integrating a range of pre-existing indices such as the American Society 

of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) scale along with 

expert opinion on optimal climatic conditions for tourism to produce a five-factor index. 

The initial TCI aimed to rate a destinationôs climate based on the climatic elements 

tourists seek when travelling and aimed to compare tourism destinations across the 

globe (Mieczkowski, 1985). This index first considered twelve climatic variables, which 

were later reduced to seven due to limitations in data availability (Mieczkowski, 1985; 

Perch-Nielsen et al., 2010). The climatic variables deemed relevant to the tourist 

experience were maximum and mean daily temperature, minimum and daily relative 

humidity (the combination of which measured human thermal comfort). In addition, 

precipitation and wind speed, which were deemed the physical factors, and sunshine 
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hours, formed the aesthetic factor (Mieczkowski, 1985).ШThermal comfort is a large 

consideration for the index and is weighted at 50%, of which 40% comprises daytime 

comfort, and 10% night-time comfort (Mieczkowski, 1985, Rutty et al., 2020). The 

remaining variables are weighted at 20% for precipitation, 20% for sunshine hours and 

10% for wind (Mieczkowski, 1985). The application of the TCI has increased in the 

past 10 to 15 years and has been used in research studies globally, with many 

investigations in the Global North and relatively recently in the Global South (Saarinen 

et al., 2022). In southern Africa, this index has been applied to South Africa (Fitchett 

et al., 2017), Lesotho (Noome and Fitchett, 2019), Namibia (Noome and Fitchett, 

2022) and Zimbabwe (Mushawemhuka et al., 2021). 

In more recent years, a suite of adaptations to the TCI have emerged. On the one 

hand, more specialised indices were developed as a replacement for the TCI, such as 

the Climate Index for Tourism (CIT; de Freitas et al., 2008) and, to an extent, the 

Holiday Climate Index (HCI) for urban settings (Scott et al., 2016a). More recently the 

latter index has been used in site-specific settings of urban tourism sites such as 

desert regions in Iran (Hejazizadeh et al., 2019), highly developed cities of Tokyo 

(Williams, 2021) and China (Yu et al., 2022a) and coastal cities of the Canary Islands 

(Carrillo et al., 2022) and Sri Lanka (Samarasinghe et al., 2023). On the other hand, 

adaptations for specific tourist attractions have arisen over time such as the Beach 

Climate Index (BCI; Morgan et al., 2000) and much later the Holiday Climate Index 

(HCI) for beach tourism (Scott et al., 2015; Rutty et al., 2020) as well as more sector-

specific indices such as the Camping Climate Index (CCI; Ma et al., 2020) and the Ski 

Climate Index (SCI; Demiroglu et al., 2021).  

Currently, the TCI is the most widely applied index and has been applied to calculate 

climate suitability scores for tourism activities and tourism destinations with vastly 
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different climate conditions (Figure 2.2; Rutty et al., 2020). The index has been used 

to quantify climatic suitability (Joksimoviĺ et al., 2013; MihŁilŁ and Bistricean, 2018; 

Noome and Fitchett, 2019; Alonso-P®rez et al., 2021; Fitchett, 2021; Faraj et al., 

2023); identify trends in climate change for tourism (Zhong et al., 2019); future tourism 

climate resource projections (Scott and McBoyle, 2001; Scott et al., 2004; Amelung 

and Viner, 2006; Perch-Nielsen et al., 2010; Kubokawa et al., 2014; Fang and Yin, 

2015; El-Masry et al., 2022; Hidayat, 2022; Nguyen et al., 2020; Li and Chen, 2023); 

to compare two or more tourism destinations (Amiranashvili et al., 2014, 2017; Grillakis 

et al., 2016); to compare more than one index (Scott et al., 2016a;ШHejazizadeh et al., 

2019; Rutty et al., 2020; Matthews et al., 2021; Yu et al., 2021) as well as predict 

tourism arrivals to tourism destinations (Ayg¿n Oĵur and Baycan, 2023; Craig, 2024).  
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Figure 2.2. Number of studies for the a) TCI b) HCIUrban c) HCIBeach and d) CCI globally from 
1986-2024. 
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Mieczkowski (1985) self-identified two central limitations of the TCI. Both pertain to the 

subjectivity around the rating system and the weights prescribed. Although based on 

scientifically applied and objective research, Mieczkowski (1985: 231) used their ñown 

judgmentò to ascribe comparative values to the variables of precipitation, sunshine, 

and wind as well as giving the highest weighting to thermal comfort. In this regard, 

recent research has tested and found the weightings and thresholds of the TCI to be 

accurate (Fitchett et al., 2020) in the South African context, and similar to the resultant 

weightings from the survey questionnaires administered in European cities on which 

the HCI was developed (Scott et al., 2016a). The second central limitation claims the 

rating system does not explicitly account for different tourism activities where thermal 

comfort requirements differ, particularly in varied climatic conditions such as beach 

and snow activities (Mieczkowski, 1985). The challenges for snow settings are 

demonstrated in the application of the TCI in Lesotho by Noome and Fitchett (2019), 

prior to the development of the Snow Climate Index (SCI; Demiroglu et al., 2021). To 

account for these limitations Mieczkowski (1985) addressed the difficulty in creating 

set defined thresholds due to the subjective bias humans have for climatic preferences 

and further emphasised the innate flexibility of the TCI that allows further adaptations. 

The exact modifications that could be made to the rating and weighting system were 

not outlined (Matthews et al., 2019). Further, Mieczkowski (1985) states that TCI 

scores calculated are not absolute but rather provide a comparative assessment of 

climates. 

The TCI has further been critiqued in the literature, predominately around four 

deficiencies. The first, identified in 2001, is the subjective rating and weighting system 

based on expert opinion (Scott and McBoyle, 2001; de Freitas et al., 2008; Perch-

Nielsen et al., 2010; Demiroglu et al., 2020; Amiranashvili et al., 2021a; Williams, 
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2021). Later critics of the TCI argue the index negates the tourist experience as a key 

input in the determination of climate variable thresholds (Scott et al., 2016a; Demiroglu 

et al., 2020; Rutty et al., 2020). To validate the rating and weighting system, input data 

from stated tourist preferences through surveys, literature studies, web-based 

feedback through online platforms such as TripAdvisor and other tourism preference 

metrics have been included by researchers to better understand tourist experiences 

of the weather (Morgan et al., 2000; de Freitas et al., 2008; Scott et al., 2016a; Fitchett 

et al., 2020; Matthews et al., 2021). This is not necessarily a fair critique given the 

subjective preferences of tourists themselves which are defined by personal and 

contextual experiences (Mieczkowski,1985; Gen­, 2012). Furthermore, thermal 

comfort, and weightings thereof, can be derived from thermal indices where often there 

is no user or public perception of comfort as an input in determining physiological 

comfortability (Jendritzky et al., 2012;Шde Freitas and Grigorieva, 2015). While it is 

important to determine the satisfaction of tourists with the weather of a tourism 

destination, it is not clear whether an accurate reflection of input variables such as 

maximum temperature can be obtained given the time-of-day respondents are 

questioned, whether current weather experienced is the norm, and the overall 

subjectivity of the human experience (Gºssling et al., 2016). For example, tourists 

could remember negative weather events more clearly than positive experiences and 

an hour of rain could result in them describing an entire day as rainy. 

The TCI is also argued to neglect the potential of an overriding influence of physical 

climate parameters (Scott et al., 2016a). This is to say that precipitation and wind 

events may cancel out otherwise good weather conditions (Demiroglu et al., 2020). 

The set thresholds of physical climate parameters may not be transferrable and result 

in lower input scores where overall TCI scores may be lower from one context relative 
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to another. For example, Fitchett et al. (2016c) found sunshine hours to contribute little 

towards overall TCI output scores where output scores for the reduced version only 

deviated slightly from the original output score, because for the majority of the year, 

the scores fell within the largest category for this variable in ósunnyô South Africa. 

A third critique of the TCI pertains to the low temporal resolution of climate data. Scott 

et al. (2016a) argue the monthly data used by the TCI has limited relevance for daily 

or hourly tourist decision-making. Perch-Nielsen et al. (2010) addressed this by 

adjusting the TCI to a daily scale to determine the extent of favourable days in a month. 

An even higher resolution ofШhourly climate data has been used and may be ideal to 

determine the climate for tourism activities as seen by Yu et al. (2009) who revised the 

CIT and developed the Modified Climate Index for Tourism (MCIT). The MCIT 

considers additional variables of visibility and significant weather such as lightning, 

snow, and hail as more short-term events in the day (Yu et al., 2009). However, the 

availability of hourly data has been proven to be a limitation for this and other research 

(Yu et al., 2009; Demiroglu et al., 2020). Important to consider is the debate around 

whether higher or lower resolution must be utilized, given that many studies use 

alternatives due to limited data availability or incomplete datasets, a common 

challenge particularly in biometeorological studies in Africa (Mieczkowski, 1985; 

Dinku, 2019; Demiroglu et al., 2020). 

A fourth critique of the TCI states that the index neglects the different climatic 

requirements of varied tourism segments and destination types (Scott et al., 2016a). 

While Mieczkowski (1985) does mention the challenge of using the TCI to rate 

recreational activities such as beach and mountain tourism, only sightseeing as a 

common tourist activity was considered. However, the single use of the TCI in 
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determining ósuitableô climate becomes more questionable if tourism destinations offer 

more than one activity that requires varying climate conditions. Grillskis et al. (2016) 

note the difference in climate resource requirements between camping compared to 

alpine skiing. Similarly, Noome and Fitchett (2019) found that Afriski in Lesotho, a 

mountainous landlocked country surrounded by South Africa, which offers snow 

tourism received lower TCI scores than South Africa. This is due to cold and dry 

weather conditions being ideal for snow tourism but not when considering the more 

general world tourism that the TCI represents.  

Despite the limitations and critique of the TCI, the index remains widely used. Most 

research applying the TCI has been published in the northern hemisphere with a total 

of 93 publications since 1985 and a total of 11 publications in the southern hemisphere, 

while 13 publications take a global perspective. The first publication based in the 

southern hemisphere was published in Australia in 2011 (Shiue and Matzarakis, 2011) 

with regional publications only reaching the African continent in 2016 in Cape St 

Francis, South Africa (Fitchett et al., 2016a). While studies have been pursued in other 

areas of southern Africa, the TCI is yet to be applied to areas adjacent to the continent, 

particularly in the SWIO. Following its development in 1985, the TCI was only applied 

by researchers other than Mieczkowski in the early 2000s, and use of the index peaked 

in the 2010s with publications ranging from nine to 11 per year (Figure 2.3). 
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Figure 2.3. The number of publications for the TCI from 1985 to 2024. 
 
 

2.3.2 Modifications of the TCI 

To account for the perceived limitations of the TCI, a range of modified versions of the 

index have been developed (Kov§cs and Unger, 2014; de Freitas et al., 2008; Yu et 

al., 2009). De Freitas et al. (2008) modified the TCI to account for weather-sensitive 

activities such as beach holidays. The modified index was termed the Climate Index 

for Tourism (CIT) and was verified through 331 surveys from university students (de 

Freitas et al., 2008). However, the authors predominately set to define the 

considerations for a comprehensive and universal index, using the CIT. De Freitas et 

al. (2008) argue that a comprehensive and universal index must contain the following 

features: be theoretically sound, easy to calculate, easy to use and understood by 

users in the tourism sector and integrate the effects of all facets of climate while 

recognising the overriding effects of certain weather conditions (de Freitas et al., 

2008).  

Over time, increased development of sector-specific indices with a narrower focus on 

tourism activities as compared to general indices such as the TCI have emerged (de 

Freitas et al., 2008; Matthews et al., 2019; Ma et al., 2020; Demiroglu et al., 2021). 
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More specific to beach tourism, Morgan et al. (2000) developed a slightly modified 

version of the TCI, the Beach Climate Index (BCI) to evaluate 3S tourism for beach 

destinations in Wales, Malta, and Turkey. Compared to the TCI, the BCI disregards 

mean (24-hour) temperature as beach activities are centrally practiced during the day, 

thus a mean daily maximum temperature with monthly relative humidity was used 

instead of a 24-hour average (Morgan et al., 2000). Weightings were validated using 

in situ surveys with 1,354 northern European and Mediterranean respondents (Morgan 

et al., 2000). The BCI has not been widely used since its development but has been 

applied to studies in the Mediterranean (Moreno and Amelung, 2009a), Indonesia 

(Haryanto, 2022) and Iran (Lashaki et al., 2022). 

As a replacement for the CIT, the HCIUrban was developed by Scott et al. (2016a). The 

HCIUrban is based on tourists' stated preferences for European cities and is used as a 

climate index for leisure tourism (Scott et al., 2016a). Compared to the TCI, the 

HCIUrban removes night-time thermal comfort as it was argued that air conditioning had 

become a universal standard in developed countries and major tourism destinations 

in developing countries since the inception of the TCI, 30 years prior (Scott et al., 

2016a; Rutty et al., 2020). This, however, has not been demonstrated by Scott et al. 

(2016a) or others for those European cities studied, and is unlikely to be the case for 

all tourism destinations globally. Mushawemhuka (2021) examined the suitability of 

the use of the TCI and HCI for nature-based tourism in Zimbabwe where a large 

proportion of tourism accommodation establishments are not air conditioned, resulting 

in inflated HCI scores. The HCIUrban also places more importance on thermal comfort 

which is weighted at 40%, with cloud cover weighted at 20%, precipitation at 30% and 

wind speed at 10% (Scott et al., 2016a). 
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Similarly, Hejazizadeh et al. (2019) compared the use of the TCI and HCI to determine 

climate suitability for desert regions in Iran and found the TCI more favourable in that 

it demonstrated a wider range of ideal to not ideal conditions annually compared to the 

HCI, which revealed little difference in climate conditions. Scott et al. (2016a) further 

argue that the HCIUrban produces a more accurate representation of climatic suitability 

because it is empirically based on tourist perceptions. However, it is important to note 

that these perceptions are specific to those respondents within the six European cities, 

and while the authors argue the importance of the empirical validation that has 

developed it, it cannot be applied globally without exploring local tourist perceptions. 

This is problematic in negating the particular offerings of urban sightseeing in smaller 

contexts or more small-town settings. Further, the HCIUrban is an urban index and 

should be sector-specific rather than being put forward as the new TCI or CIT, which 

consider a wider range of tourism activities and offerings.  

Comparative studies similar to those explored in Zimbabwe (Mushawemhuka et al., 

2021) and Iran (Hejazizadeh et al., 2019) have shown that the argument for the HCI 

to be used in place of TCI is misrepresentative of destinations both in terms of air 

conditioning availability and overall representation of the destination. Nonetheless, the 

HCIUrban has been applied widely (Figure 2.2) to 15 European cities (Tang, 2013; Scott 

et al., 2016a), Iran (Javan, 2017; Arabi et al., 2018; Mahtabi and Taran, 2018; 

Hejazizadeh et al., 2019), the Mediterranean (Demiroglu et al., 2020), the Caribbean 

(Rutty et al., 2020), Indonesia (Hasanah et al., 2020), the United States of America 

(USA; Ma et al., 2021b), China (Yu et al., 2022a; Xu et al., 2024), Georgia 

(Amiranashvili et al., 2021a,b, 2024a,b); the Canary Islands (Carrillo et al., 2022), 

Romania (Velea et al., 2022; 2023), Sri Lanka (Samarasinghe et al., 2023), Malaysia 

(Jong et al., 2023) Spain (Diaz-Poso et al., 2023), Turkey (Oĵur, 2023; Bilgin et al., 
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2024), Italy (Mazzarano et al., 2024), Australia (Craig, 2024) and South Africa 

(Kristensen, 2024).  

Stemming from the HCIUrban index, the HCIBeach was developed and validated using 

monthly arrivals data from Canadian touristsô, in three Caribbean destinations, namely 

Antigua and Barbuda, Barbados, and Saint Lucia (Rutty et al., 2020). The HCIBeach 

differs from the TCI in that it assigns a lower weighting for thermal comfort (20% 

compared to 50%), because Caribbean tourists rated thermal comfort as the third most 

important weather variable (Rutty et al., 2020). The percentage of cloud cover is used 

rather than sunshine hours as a result of limited sunshine hour data from 

meteorological stations available in the study and has the highest weighting (40%) as 

it was considered the most important variable based on tourist preferences (Rutty et 

al., 2020). The precipitation variable assigns a higher score to all amounts greater than 

0.5mm with an automatic rating of negative one assigned to rain amounts greater than 

25mm to signal an overriding effect of rain (Rutty et al., 2020). The HCIBeach is often 

used with the HCIUrban although some studies have solely used the beach version 

(Figure 2.2). It has been applied in the Caribbean (Rutty et al., 2020), the 

Mediterranean (Demiroglu et al., 2020), China (Yu et al., 2021, 2022a), Georgia 

(Amiranashvili et al., 2021a,b, 2024b) Indonesia (Sumaja et al., 2023), Iran (Sobani 

and Danehkar, 2023), Sri Lanka (Samarasinghe et al., 2023), Turkey (Bilgin et al., 

2024), Australia (Craig, 2024) and South Africa (Kristensen, 2024).  

As a relatively new and sector-specific index, the Camping Climate Index (CCI) was 

developed in 2020 (Ma et al., 2020). The CCI determines the impacts of weather and 

climatic variability on optimal camping conditions and occupancy in the USA (Ma et 

al., 2020). The index was modified from the TCI through its considerations of empirical 
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testing using observed tourist behaviours, addressing the overriding effects of extreme 

weather conditions, and aimed to better capture seasonality shifts through a 

methodological approach to better understand optimal camping days by season (Ma 

et al., 2020). Unlike the HCIUrban and HCIBeach, the CCI retains the initial consideration 

of night-time thermal comfort as campers sleep outdoors at night (Ma et al., 2020). 

The definition of outdoors here is contextual given that the authors consider 

recreational vehicles (RVôs) and cabins as part of camping in the USA (Ma et al., 2020). 

The index considers both mean and extreme weather conditions and provides 

exception statements that lower the CCI score if particular predefined thresholds are 

exceeded (Ma et al., 2020). Variable thresholds included minimum and maximum 

temperature, precipitation, and wind speed and were determined when camping 

occupancy aligned with unfavourable CCI scores. To date, the index has been 

predominately applied to nature and camping parks in the USA and posited by the 

authors of its initial inception through publication in the journals of Current Issues in 

Tourism, Tourism Management, Tourism and Hospitality, and Academy of 

Management Proceedings. The same group of authors have applied the index globally 

(Figure 2.2) using gridded data to compare climatic suitability for tourism (Ma et al., 

2021a). Within the southern hemisphere, the CCI has only been applied in South Africa 

(Mnguni and Fitchett, 2024) and has undergone an applicability and suitability 

assessment prior to use (Figure 2.2; Fitchett and Meyer, 2023). 

 

2.3.3 Intercomparison of Indices 

In this thesis, the argument is made that an intercomparison of tourism climate indices 

is essential to clearly understand the varied climatic suitability that could define a 
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tourism context. Tourism is unique within the sub-theme of biometeorology in trying to 

argue that each index is a replacement for the former where comparisons are to prove 

dominance in this field. Within the thermal comfort literature, it is common to see a 

multi-index approach used (Walls et al., 2015; Kumar and Sharma, 2020; Raines and 

Fitchett, 2024). Using applicable and multiple tourism climate indices for tourism is not 

only valuable but necessary for greater accuracy in the determination of climatic 

suitability for tourism destinations and the varied activities offered. Based on the 

foundations of the IPCC, interdisciplinary and comparative research is used to ñensure 

an objective and complete assessment and to reflect a diverse range of views and 

expertiseò (IPCC, 2022: 1). Multi-index comparison is often utilized in the evaluation 

of heat indices given the many variables influence index scores (Peterson, 1970бШ

Matzarakis et al., 2021).  

De Freitas et al. (2008: 405) argued that a component of a useful tourism climate index 

is that ñthe index is specifically designed for a relevant type of tourismò and requires 

recalibration to account for varied climatic preferences. A sector-specific index may 

consider more complexities particular tourism activities may experience, providing 

more accurate suitability scores as compared to general climate indices. However, as 

tourism destinations aim to become more competitive, more than one attraction may 

occupy a space making it necessary to apply more than one index to determine 

accurate suitability scores (Hoogendoorn et al., 2021). The use of intercomparisons 

between one or more indices has already been applied in previous research (de 

Freitas et al., 2008, Scott et al., 2016a, Rutty et al., 2020). However, these 

intercomparisons aimed to advance one index over another, where the developers of 

the HCIUrban (Scott et al., 2016a) and HCIBeach (Rutty et al., 2020) argue for the 

discontinued use of the TCI. This would limit the capacity to calculate the climatic 
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suitability for tourism sectors that do not have specialised indices, such as nature-

based and adventure tourism. A multi-index approach recognises the limitations of all 

indices, allowing the audience to compare the outputs (IPCC, 2021).  

The use of multiple tourism climate indices has been used to determine climate 

resources for camping in the USA (Ma et al., 2021b) and the impacts of climate change 

on top tourist destination attractiveness in Greece (Lemesios et al., 2024). Ma et al. 

(2021b) applied the TCI, HCIBeach, HCIUrban, Optimised Index and CCI to 11 national 

parks in the south of the USA. Five indices were used to determine the relative 

performance of each index, finding the CCI to be most useful in predicting visitation, 

RV and tent camping compared to the other four indices (Ma et al., 2021b). Lemesios 

et al. (2024) also applied five tourism climate indices, the HCIBeach, HCIUrban and indices 

customised for Greek climate conditions, the Urban Climate Comfort Index (UCCI), 

Beach Utility Index (BUI) and Mountainous Winter Climate Index (MWCI). These five 

indices were used together to determine the change in suitability for summer, 

sightseeing and skiing tourism (Lemesios et al., 2024). The former study has used a 

multi-index approach that aims to prove one index is greater than another while the 

latter has used this approach to determine climatic suitability for varied tourism types 

specific to Greece. Further, Ma et al. (2021b) only apply the indices in a portion of the 

USA while Lemesios et al. (2024) apply the indices broadly in Greece including the 

mainland and its islands. The use of a multi-index approach in R®union Island will be 

of great value given that spatially, the island is small but covers a broad topography 

and varied tourism types. Further, this study does not aim to determine the best index 

for climatic suitability for the island but rather uses established tourism climate indices 

together as they are each valuable in determining potentially varied climatic suitability 

for the island. 
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2.4 Climate Futures for the SWIO 

Climate change is projected to result in wide-ranging impacts on varied sectors 

including tourism (Becken and Wilson, 2013). Tourism is one of the most vulnerable 

sectors to climate change as it relies on climate as a resource (Scott et al., 2012a). 

Increasing temperatures, heightened frequency and intensity of ECEs, rising sea 

levels and the shift in the seasonal distribution of resources will impact the functioning 

and appeal of tourism destinations (Scott et al., 2012a). Climate futures refer to the 

understanding of scenarios and projections in the literature and the coinciding impacts 

for tourism and the adaptive strategies to address changes the tourism sector will face.  

 

2.4.1 Climatic Threats in the SWIO 

With the projected global increase in temperature of above 1.5ÁC relative to 

preindustrial levels under Shared Socioeconomic Pathways (SSP) 1-1.9, the SWIO 

basin is projected to experience changes in annual temperature and precipitation 

patterns, SLR and increased intensity and frequency of ECEs, particularly tropical 

cyclones and heatwaves (Mycoo et al., 2022). The following section explores the 

climate threats that the SWIO region is projected to experience as well as the 

adaptation strategies undertaken to address these threats.  

Increased temperatures under climate change will impact human thermal comfort, 

which will be further exacerbated in regions which are concurrently becoming more 

humid (Vecellio et al., 2023). Equivalent temperature is a metric for assessing thermal 

comfort and is a measure of temperature, humidity and wind in which the heat budget 

of the human body is balanced with the external temperature of the environment (Su 

et al., 2024). Temperature increases under climate change have a potential impact on 
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the thermal comfort of tourists and can dissuade tourists from returning to the 

destination if they feel too hot to take part in outdoor activities (Matzarakis, 2007; Giddy 

et al., 2017b). Increased temperatures directly impact the movements and activities of 

tourists and their overall satisfaction with their experience (Caldeira and Kastenholz, 

2018; Yu et al., 2023). This is concerning for island destinations that market good 

climate conditions to attract tourists (Fitchett et al., 2020), and which are located in the 

already warm and humid tropics. In the Indian Ocean, Mills and Hancock (2005) note 

a 1.5ÁC temperature increase for small islands as per a business-as-usual scenario 

by 2050, where three years later, Tadross et al. (2008) note a uniform increase in 

temperature across the region. Under particularly high emission modelled scenarios, 

Leroux et al. (2021) project an increase of 1- 2.2ÁC for the SWIO at the end of the 

century, with small islands experiencing substantial warming of an increase to 4ÁC 

from 2071-2100. Nature-based tourism will be indirectly impacted by rising 

temperatures as it affects the wildlife viewing experiences, thus reducing destination 

appeal and future repeat visits by tourists (Agnew and Viner, 2001; Kilungu et al., 2020; 

Sibitane et al., 2022). In coastal regions and small islands, temperature increases will 

have an impact on entire ecosystems with coral bleaching, and marine biodiversity 

loss that will indirectly affect tourists and lead to shifts in demand and competitiveness 

of tourism destinations (Agnew and Viner, 2001; Gºssling and Scott, 2024). 

Climate change will impact precipitation patterns through increased precipitation 

events that will result in flooding or reduced precipitation events such as droughts 

(IPCC, 2021). Tourists will be directly affected by flooding events through safety 

concerns, and infrastructure damage (Fitchett et al., 2016a,b; Southon and van der 

Merwe, 2018; Toubes et al., 2021; Dube et al., 2023b). Conversely, lack of rain through 

drought results in water restrictions (Mart²nez-Ibarra, 2015; Drummond, 2019; Dube 
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et al., 2022, Prinsloo and Fitchett, 2023), disruption in adventure and business 

activities that rely on water (Giddy et al., 2017a; Huddart and Stott, 2020; Pandy and 

Rogerson, 2021) and negative media coverage that could invoke fear and hesitance 

to travel (Drummond, 2019; Warner and Meissner, 2021). Precipitation patterns across 

the region are more challenging to model due to temporal and spatial variability among 

specific sites (Tadross et al., 2008). Through examination of historical and future 

changes in rainfall in Madagascar, Tadross et al. (2008), argue that there will be an 

increase in summer rainfall and a decrease in rainfall in autumn months. The southern 

half of the east coast of Madagascar is projected to become drier in the winter months 

while the remainder of the country is expected to get wetter (Tadross et al., 2008). As 

rain is identified as a key component in the satisfaction of tourist experiences, the 

variability of rainfall is a factor that tourism accommodation providers can prepare for 

(Gºssling et al., 2016; Fitchett et al., 2020). Tourism will be indirectly impacted by 

flooding and drought where tourism operators and providers will experience revenue 

loss, reduced visitors and loss of destination appeal resulting in a decline in repeat 

visits and recommendation intentions (Hamzah et al., 2012; Richardson et al., 2015; 

Wang et al., 2019). 

Increased ECEs are projected to intensify and for some, increase in frequency. ECEs 

here refer to tropical cyclones, heatwaves, flooding and drought (Stephenson et al., 

2008). The frequency and intensity of tropical cyclones impacting the SWIO basin 

have seen mixed reviews.ШTadross et al. (2008) project a decrease in tropical cyclones 

during the early part of the cyclone season, particularly around the region of 

Madagascar. Five years later, Malherbe et al. (2013) similarly projected a decrease in 

the occurrence of tropical cyclones over the SWIO adjacent to southern Africa at the 

end of the century. Muthige et al. (2018) argue the extent of tropical cyclones making 
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landfall over southern Africa will decrease under global warming. While the occurrence 

of tropical cyclones may decrease, the intensity with which they impact islands in the 

SWIO as well as southern Africa will increase and will be distributed more poleward in 

the future (Pillay and Fitchett, 2019). However, as a result of its land size, Barthe et al. 

(2021) argue that R®union Island is not often directly impacted by tropical cyclones 

but experiences the effects of systems passing through. Indirectly, ECEs will impact 

future tourism flows and are associated with high economic costs that result in the 

slow rebuild and rebranding of tourism destinations (Rossell· et al., 2020). 

SLR is a large concern for island tourism destinations as a result of beach erosion that 

reduces the attractiveness of beach tourism (Mooser et al., 2020). The resultant 

impacts of SLR on island destinations include flooding of low-lying coastal and inland 

areas which impact freshwater availability and sanitation systems that are not only 

basic rights of locals but a necessity for tourism operations (Seetanah and Fauzel, 

2018; Carvalho and Wang, 2019; Hoegh-Guldberg et al., 2019). Becker et al. (2019) 

noted a greater than average increase of around 4mm per year from 1993-2014 in the 

Indian Ocean, examined near Mauritius. A decade prior, Han et al. (2010) describes 

SLR as globally disproportionate, arguing that the south tropical Indian Ocean has 

seen a decrease in sea level. Although sea-level rise is not globally uniform, within the 

SWIO, Li and Su (2021) describe sustained warming in sea-surface temperatures in 

the SWIO that goes beyond ongoing warming through climate change which will result 

in greater tropical cyclone intensity.  
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2.4.2 Climate Change Adaptation in SWIO 

Due to their relatively small land area, small islands are highly vulnerable to the 

impacts of climate change, particularly SLR and extreme events that result in a higher 

magnitude of losses and recovery demands as opposed to inland areas (Duvat et al., 

2016). This section will focus on adaptation to climate change impacts as the impacts 

of climate change, particularly in the SWIO region are inevitable and will impact the 

most vulnerable SIDS states which are argued to have lower adaptive capacity 

(Robinson, 2017). This is not to say that mitigation efforts are not relevant; mitigation 

strategies are crucial in agricultural and energy production and to avoid further severe 

climate impacts (Singla, 2024), and tourism does indeed contribute to climate change 

(Becken, 2002, Pang et al., 2013; Mearns, 2016). 

Adaptation strategies for heat stress risk vary according to the context and economic 

ability of countries, particularly developing regions (Nunfam et al., 2020; Vecellio and 

Vanos, 2024). Research has investigated infrastructural adaptation strategies through 

climate-sensitive designs that look to address heat stress including cooling pavements 

and roofs and green infrastructure (Larsen, 2015; Sun et al., 2021); water-sensitive 

city designs to support urban cooling (Coutts et al., 2013; Broadbent et al., 2018; 

Carden et al., 2018; Winker et al., 2019) and smarter energy efficient air conditioning 

systems (Bruno et al., 2019). Stewart et al. (2014), for example, investigate using 

materials and methods centred around retrofitting, strengthening, enhancing designs 

and frequent inspections in relation to buildings and ECEs. 

Climate change will increase global water demand heightening pressure on water 

systems. Water shortages and water stress will impact the agricultural sector the most, 

however, the other sectors including the tourism sector will face great challenges 
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(Wang et al., 2016). Gºssling et al. (2012b) highlight that tourism increases global 

water consumption and water use could be exacerbated at regional levels, particularly 

in dry and water-scarce regions highlighting the need for proactive water management 

strategies. Iglesias et al. (2007) examined the strategic use of groundwater, irrigation 

technology and water resource management plans implemented in the Mediterranean 

to address high tourist water consumption. Desalination plants were implemented in 

Mykonos, Greece to address water scarcity which holiday stakeholders see as a 

temporary solution (Atay and Saladi®, 2022). Skrimizea and Parra (2020) have 

evaluated water management adaptation strategies for tourist islands highlighting the 

need for place-centred and multi-scale approaches to adaptation decision-making. 

Torres-Bagur et al. (2020) found that nature-based tourists engage in water-saving 

practices better than business or cultural tourists. Citizen engagement with tourists 

aided in the reduced use of water in Airbnb during the Cape Town Day Zero Drought 

(Prinsloo and Fitchett, 2023). Within this same context of the Day Zero Drought, Visser 

and Cloete (2021) found that water management strategies made by guesthouses 

appeared to become permanent practices rather than temporary solutions but were 

met with resistance from guests after the drought. 

Adaptation to SLR has been implemented through methods of hard protection, raising 

accommodation establishment infrastructure or land and migration of settlements. 

Predominately applied to Mauritius and the Maldives, seawalls as a form of hard 

protection have been installed (Robinson, 2017). However, Betzold and Mohamed 

(2017) argue the maintenance of these structures is challenging and costly to 

maintain. Further, these shoreline structures may decrease the aesthetic appeal of 

tourism destinations where alternative strategies such as managed retreat would be 

preferred (Rulleau and Rey-Valette, 2017). Raising accommodation establishment 
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infrastructure and land has also been implemented (Nazarnia et al., 2020) but given 

the economic status of SIDS, it may be too costly. However, as land reclamation is a 

common result of these processes, Bisaro et al. (2020) argue that land raising has the 

potential to generate revenue through the sale of new land. As another strategy, 

migration of settlements has been pursued, albeit as a last resort given the social and 

financial implications (McNamara and Des Combes, 2015; Magnan and Duvat, 2018). 

In the case of R®union Island, as it is categorised as a high mountainous island, it 

would prove to be challenging to relocate the majority of the population who have 

settled in low-lying coastal areas to more uninhabitable parts of the island which would 

exacerbate socio-economic issues (Petzold and Ratter, 2019; Ribalaygua et al., 2019). 

In this regard, the adaption strategy is argued to go beyond a technical solution and 

considers the socio-political and coping capacities of those involved (Petzold and 

Ratter, 2019). 

Ecosystem-based measures have also been examined to reduce the risks associated 

with SLR. Mauritius and the Maldives have implemented strategies such as mangrove 

planting, artificial reefs and beach nourishment (Shaig, 2011,ШReguero et al., 2018). 

Artificial reefs have been developed in Grenada reducing erosion as well as limiting 

the effects of the 2004 Indian Ocean tsunami for the Maldives (Reguero et al., 2018; 

Fabian et al., 2013). To reduce beach erosion, beach nourishment has been used to 

maintain particular beaches in Barbados (Mycoo, 2014). Under higher temperature 

events, however, Cornwall et al. (2021) argue particular biophysical limits will be 

reached where these ecosystem-based solutions can no longer be a solution, for 

example, coral reef alternatives which are still sensitive to temperature changes. 
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Sudden ECEs induced by climate change or risk-prone tourism destinations require 

strategies around warning systems and evacuations (Tsai and Chen, 2011). 

Successful early warning systems and comprehensive evacuation plans were seen to 

prevent loss of life during what is argued by authors to be a climate change-induced 

landslide in Bolivia (Aparicio-Effen et al., 2018). From examining the great East Japan 

earthquake and tsunami in Japan, typhoon Yolanda in the Philippines, and Hurricane 

Maria in Dominica, Faure Walker and Yore (2021) found that the timing of early 

warning systems is important in informing evacuation decisions and that multiple forms 

of warning are needed to reach a larger percentage of the population. Similarly, Yi et 

al. (2018) found community-based early warning systems, education and evacuation 

to reduce risk during the 2013 Kelud volcano eruption in Indonesia. This would be a 

concern for tourists who travel to destinations for short periods of time and may miss 

these early warnings. Becken and Hughey (2013) examined the link between disaster 

risk reduction systems and tourism in New Zealand, finding limited disaster 

management planning at the time, and stating the importance of this for tourism 

destinations that are prone to risk. Hall et al. (2019) also highlight opportunities for 

government and tourism providers to disseminate knowledge, warnings and 

evacuation instructions to tourism hotspot areas such as hotels, airports and through 

tourism websites when destinations are susceptible to ECEs. Around volcano tourism, 

Kuri and Suppasri (2018) investigated the use of tourism activities to disseminate 

disaster information to residents and visitors, finding that evacuation awareness was 

still limited in areas where knowledge dissemination activities were active and that 

residents relied heavily on perceptions of eruption frequency and local government 

guidance. 
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As a French department, climate change adaptation strategies for R®union Island are 

complex. Petzold and Ratter (2019) argue R®union Island depends on the guidelines 

set out by the European Unionôs adaptation strategy and regulatory frameworks and 

requires support from France. However, while adaptation to climate change in France 

has been increasingly consistent, Ribalaygua et al. (2019) argue the outer regions 

under its control, such as R®union Island, do not have specific action plans and require 

more extensive planning tools for implementation. Therefore, aspects of adaption, 

asymmetrical governance structures and relationality need to be taken into 

consideration (Petzold and Ratter, 2019). 

 

2.5 Conclusion 

As an island within the SWIO, R®union Island has been understudied. Limited 

attention has been paid to islands in the SWIO, particularly around the impacts of 

climate change on the tourism sector, a key economic sector. Thus, understanding the 

changes in climate over time and their relation to tourism offerings is imperative. 

Further, climate indices as tools of investigation into climatic suitability, amongst other 

motivations, are highly debated. Modified versions of the TCI have been advocated by 

a small group of authors as a replacement for the original TCI rather than in 

combination with it. Given the vulnerability of R®union Island to increased climate risk 

now and in the future, a thorough investigation into the islandôs climatic suitability and 

the tools used to determine it is required.  
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CHAPTER 3: STUDY SITE 
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3.1 Introduction 

This study is focused on quantifying the climatic suitability for tourism in R®union 

Island, a small tropical island in the SWIO. R®union offers a vast number of tourist 

attractions centred around its volcanoes, sandy beaches, lush mountainous terrain 

and urban features that you can see from the island's only public cable car (Figure 

3.1). Due to its diverse landscape and tourism offerings, the island is an ideal location 

to apply a wide range of tourism climate indices. The island was produced from 

volcanic activity and so is host to relatively flatter low-lying coastal regions as well as 

more rugged topography that captures the significance of microclimates that provide 

greater insight into the application of tourism climate indices. This chapter outlines a 

description of the geographic region and topographic characteristics of R®union Island 

as well as the climate and weather of the island. A description of the economic 

landscape and tourism offerings prevalent in this study will also be outlined in this 

chapter. 
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Figure 3.1. Varied tourist attractions include a) beaches, b) markets c) a city cable car and d) 
many mountainous areas with waterfalls found on the small island of R®union. 
 
 
 

3.2 Geography of R®union Island 

3.2.1 Geography and Topography 

R®union Island or La R®union, is an island in the SWIO located between the 

coordinates of 21Á22ᾳ-20Á52ᾳS and 55Á16ᾳ- 55Á47ᾳE, spanning a total terrestrial area of 

2,512km2 (Figure 3.2, Bigot et al., 2019). The island, together with Rodrigues and 

Mauritius, form part of the Mascarene archipelago, a geographical rather than 

politically defined region (Bigot et al., 2019). R®union is located 680km east of 
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Madagascar and 170km southwest of Mauritius (Bourjon et al., 2019). The island has 

a coastline of 207km with a 12km2 fringing reef belt on the west coast of the island 

(Lemahieu et al., 2017; ἕle de La R®union, 2022). The west coast of the island hosts 

accessible beaches while the east and south coast, aptly named ñWild South Coastò 

hosts jagged coastlines and experiences rough sea waves (ἕle de La R®union, 2022: 

1). Waves reach up to 6m heights during tropical cyclone season in this area 

(Vaxelaire, 2018). Beaches are classified as white and sandy or black consisting of 

eroded coral and basalt (Vaxelaire, 2018). Beyond the coastline, tourists can enjoy 

activities such as canoeing, kayaking, scuba diving and boat trips to watch dolphins 

and whales when in season (Mille Tours, 2020). The island is predominately impacted 

by the South Equatorial Current (Pous et al., 2014). 

 

 

Figure 3.2. Map of the study region of R®union Island indicating meteorological stations, major 
cities, beach and camping sites. 
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R®union Island formed from volcanic activity over two million years ago and is the 

youngest of the Mascarene islands (Benard et al., 2016; Forward, 2020). Two 

volcanos were formed, Piton des Neiges, a dormant stratovolcano for 20,000 years 

and the highest point of the island at 3,071m.a.s.l. and Piton de la Fournaise, an active 

volcano at a height of 2,631m.a.s.l (Hawaiian Volcano Observatory, 2001; Lameyer et 

al., 2015; Vaxelaire, 2018). Piton de la Fournaise is the younger of the two volcanoes, 

and is considered one of the most active hot spot basaltic shield volcanoes globally 

(Winckler, 2018; Chevrel et al., 2020). It is also one of the major tourist attractions of 

the island, which can be viewed from a car drive up to the summit with the option of 

hiking to the crater (French Bee, 2021). The volcanoes have been part of UNESCOôs 

list of World Heritage Sites since 2010 (La R®union, 2022). The island contains three 

natural amphitheatres with vertical slopes greater than 1000m high as a result of 

collapses from Piton des Neiges, these are termed the Cirques and comprise Salazie, 

Cilaos and Mafate (Morel et al., 2014; R®union Island, 2022). Cilaos and Salazie are 

towns with full road access. Mafate is the most remote amphitheatre containing a 

secluded village with no entry roads where foot trails are used to enter the village and 

supplies, and waste removal are executed through helicopters sent by the French 

government (Quarnstrom, 2023). Lava flows from Piton de la Fournaise are 

predominately seen in the southeasterly region of the island along a forest road termed 

óLava Roadô where six major lava flows that have flowed into the Indian Ocean are 

visible (Figure 3.4; French Bee, 2021). A resulting feature from one of these lava flows 

is Tremblet beach, formed in 2007 where it has been identified as the youngest beach 

in the world (Figure 3.3; Indian-Ocean, 2024).  
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Figure 3.3. Tremblet beach, characterised by a) black-cooled lava b) dark brown sand and 
consists of c) golden sand particles. 

 

The vegetation on the island ranges from dry to evergreen forests, wetland areas, 

shrubland, grassland and varied thicket variations and savannah (Figure 3.4). The 

extent of dry and evergreen forests not only offer aesthetic appeal for tourists but also 

protection from strong winds and shade from the sun. Hiking activities also take place 
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in the dense natural vegetation of the evergreen forests which offer similar protection 

(Goursaud, 2016). Savanna vegetation is located in lower elevation areas where most 

built-up urban spaces are situated resulting in a decline of natural savanna habitats 

(Strasberg et al., 2005). On the southeast of the island, vegetation regrowth within 

volcanic lava flows adds to the touristic curiosity of the island (Figure 3.4; French Bee, 

2021). 

 

 

Figure 3.4. Vegetation map of R®union Island (Brou, 2019). 



58 | P a g e 
 

The urban landscape of R®union is characterised by 1,000km2 of liveable areas to 

support its growing population of 866,000 inhabitants as of 2019 (Vaxelaire, 2018; 

Forward, 2020). Given increasing population needs, urban regional planning has 

sought to increase infrastructure in the mid-highlands areas of the island rather than 

extending within the limited availability of the coastline (Garde et al., 2007). The island 

contains small coastal towns, hamlets within mountain formations, modern built-up 

coastal cities and administrative areas, particularly in the northern and western regions 

of the island (La R®union, 2024b). Cultural heritage sites are marketed around the 

history of slavery, colonisation and diverse transformation of the island where tourists 

can visit functional vanilla plantations, religious sites and Creole-style houses uniquely 

decorated with bright colours and lambrequins (Figure 3.5; La R®union, 2024d). 
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Figure 3.5. Diverse architecture in R®union from a) historical hotels, b) modern university 
buildings, c) a church and community centre in Salazie and d) a grand church in Sainte-Anne.  
 
 

3.2.2 Climate and Weather of R®union Island 

R®union is characterised by tropical and subtropical climates (R®chou et al., 2014). It 

is strongly influenced by its wind regime, proximity to the ocean through warm Indian 

Ocean sea surface temperatures (SST), orographic lift (Meteo1, 2024) and its position 

in the subtropics that result in R®union Island exhibiting 200 distinct climates with 

numerous microclimates (Vaxelaire, 2018). The island is impacted by the Hadley cell 



60 | P a g e 
 

and Walker circulation where from May to November during austral winter, steady low-

level easterly winds and upper-level westerly winds along with a temperature inversion 

result in drier conditions (Morel et al., 2014). During austral summer, January to March, 

R®union Island experiences wet conditions as trade winds and the inversion weaken. 

April and December are described as wet or dry transition months (Morel et al., 2014). 

According to the Kºppen Geiger classification, R®union Island is dominated by a 

tropical savanna climate (Aw) that receives less rainfall in winter months but also 

contains areas, particularly on the northern and eastern coast, with an equatorial 

monsoon climate (Am) as most months of the year experience significant rainfall 

(Table 3.1; Climate-data Organization, 2023).  

Table 3.1. Kºppen Geiger climate classification table (Kottek et al., 2006). 

 

 

R®union Island experiences warm subtropical temperatures throughout the year 

(Indian Ocean, 2022). Mean maximum temperatures for the island range from 25-27ÁC 

in winter and 30-32ÁC in summer (Figure 3.6; Li and Li, 2021; M®t®o-France, 2024). 

Coastal temperatures range between 18-31ÁC whereas mountainous areas range 
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between 4-18ÁC (Meteo1, 2024). Colder temperatures are found at the highest peaks 

of the island where during winter, mean minimum temperatures range from 2-4ÁC on 

the summits and between 8-10ÁC in areas such as Plaine des Palmistes that lead up 

to a summit (M®t®o-France, 2024). Temperatures decrease by 0.6ÁC with every 100m 

increment in altitude (Davidson et al., 2023). Localised katabatic winds can create 

cooler conditions as cool air descends from mountainous areas (El Gdachi et al., 

2024). During summer, mean minimum temperatures range between 8-10ÁC at the 

summits and 14-16ÁC in areas that lead up to the summit. Northern and western 

coastal regions experience the highest mean minimum temperatures, rarely falling 

below 18ÁC (M®t®o-France, 2024). 

 

Figure 3.6. Average annual temperature for R®union Island (M®t®o-France, 2024). 
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Southeasterly trade winds transport moist air to the island (R®chou et al., 2019). 

Seasonal variation in humidity is experienced in R®union (Weather Spark, 2024). Over 

seven months of the year from October to June, comfort levels around humidity include 

classifications ranging from muggy, oppressive or miserable (Weather Spark, 2024). 

January has the most muggy days (29.7) whereas August has the least number (2.7) 

of muggy days (Weather Spark, 2024). Due to the proximity to a warm sea, humidity 

is high and can exacerbate feelings of heat experienced on the island. 

R®union Island is located close to the Tropic of Capricorn and therefore experiences 

a south-easterly trade wind regime that carries humidity and rainfall throughout the 

year to the island's eastern side (R®chou et al., 2019). In addition, due to the high relief 

of both volcanoes and the resultant rain shadow, higher precipitation is experienced 

on the east coast (windward side) of the island receiving 12,000mm annually with the 

west coast remaining considerably drier receiving an average of 650mm annually 

(Figure 3.7; R®chou et al., 2014; Garot et al., 2019; M®t®o-France, 2024). The island 

experiences particularly high precipitation between January and March, ranging from 

91.7-128.8mm per month due to the Intertropical Convergence Zone (ITCZ) being 

close to the island resulting in the formation of deep convective systems (R®chou et 

al., 2014; M®t®o-France, 2024; Weather Spark, 2024). The dry season in R®union 

Island begins in May and ends in November, where on average 14.7mm of rainfall per 

month is experienced (M®t®o-France, 2024; Weather Spark, 2024). Intense rainfall 

has resulted in changes to the topography of the island including the development of 

deep canyons, steep ridges, calderas and ravines found predominately in the central 

and eastern regions of the island (R®chou et al., 2019). The island has received 

snowfall, but it is rare, with two cases experienced in August 2003 and October 2006 

on the summit of Piton des Neiges (La R®union, 2022).  
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Figure 3.7. Average annual precipitation over a 20-year period from 1981 for R®union Island 
(R®chou et al., 2014; M®t®o-France, 2024). 
 

R®union Island receives approximately 2,500 sunshine hours per year in coastal areas 

(Selosse et al., 2018; Vaxelaire, 2018). Sunshine hours range on average around 10 

hours and 51 minutes in winter months to 13 hours and 25 minutes in summer months 

(Weather Spark, 2024). The average time between sunrise and sunset is 12 hours and 

13 minutes (Weather Spark, 2024). There is seasonal variation in cloud cover 

throughout the year on the island with the clearest month of the year being August 

where average cloud cover is clear, mostly clear or partly cloudy for 91% of the time 

(Weather Spark, 2024). The cloudiest month of the year is January where average 

cloud cover varies from overcast to mostly cloudy 61% of the time (Weather Spark, 

2024). 

The SWIO experiences 10-15% of global tropical cyclone activity (Barthe et al., 2021). 

Tropical cyclones are commonly experienced between November and April (Mavume 

et al., 2009). Although only two tropical cyclones have made landfall in its history, 
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Category 1 Tropical Cyclone Beryl in 1961 and Category 2 Tropical Cyclone Firinga in 

1989, tropical cyclones passing through the archipelago hundreds of kilometres away 

can have an impact on the island (Barthe et al., 2021). R®union Island has extremely 

high rainfall amounts during tropical cyclone season with average rainfall ranging from 

12 hours to 15 days (Morel et al., 2014). 

Within an individual day, the weather can be quite varied depending on where you are 

on the island. On the western coast, mild temperatures and sunny conditions could be 

experienced in the morning with temperatures becoming increasingly warm until the 

afternoon. The eastern coast could experience similar conditions, but clouds gather 

quickly, resulting in sudden downpours. Within higher altitude areas, cooler 

temperatures could become warmer where mist could develop throughout the day. 

The weather throughout the day is relatively unpredictable and localised to particular 

areas.  

 

3.3 R®union Island Economy and Tourism 

3.3.1 Economy of R®union Island 

In 1946, R®union Island formally integrated with the French Republic gaining status 

as an overseas region in 1974 thereby influencing the structure of the economy 

(Forward, 2020; Cole and Cabestan, 2024). The island is supported through financial 

aid and subsidies from the European Union and French Government (European 

Commission, 2017). Given the close ties to mainland France, it is described as a 

developed island nation, but there is little consensus in the literature as to what 

constitutes its economic activities, or the economic independence of the island (Cole 

and Cabestan, 2024). 
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Economic activities in R®union are perceived to be predominately driven by 

agriculture, particularly sugar cane (Stanziani, 2018). Over time, the country has 

aimed to move away from a single economy based on agriculture to a more service-

based economy with tourism only recently becoming an important contributor to the 

economy (Forward, 2020). A range of sources (Thomassin et al., 2010; Magnan and 

Duvat, 2018, Forward, 2020) therefore describe the distribution of the economy as 

market and non-market services (67%), transport and distribution (16%), construction 

(7%), industry (8%), and only a 1.4% contribution from agriculture and fisheries. 

Tourism contributed 8% or ú1.9 billion to the Gross Domestic Product (GDP) of the 

island in 2023 and is projected to increase to 8.4% or ú2.1 billion by the end of 2024 

(World Travel and Tourism Council, 2024). The economy is also slowly incorporating 

what it calls a ótropical bio-economyô with a drive for ecotourism and digital knowledge 

development of clean energy consumption (European Commission, 2017). 

The island experiences challenges of economic dependency, high rates of 

unemployment and poverty, with 37% of citizens living below the poverty line in 2019, 

which is higher than in mainland France (Outermost Region: Conference of 

Presidents, 2023). The public sector is a major employer but with the island importing 

67% of its food supply and 57% of its livestock feed, the cost of living is expensive 

(Billen et al., 2024). However, the island is increasing its economic independence 

through local food markets and fairs (Seychelles Nation, 2017), the growth of 

alternative tourism accommodation establishments such as Airbnb (Okoronkwo, 2024) 

and its operation of local airline Air Austral (Odhiambo, 2021). The airline was founded 

in 1974 with the primary aim of increasing the inter-island connections of travellers in 

the Indian Ocean (lles Vanille, 2024). 
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3.3.2 Tourism in R®union Island 

R®union Island welcomed 556,089 tourists in 2023 (ἕle de R®union Tourisme, 2024). 

Before COVID-19 travel restrictions, the island received approximately 574,000 

international tourists in 2018, with many travellers visiting the island through cruise 

ships or as an alternate destination to Mauritius (St Agne, 2019). The French market 

represents 80% of foreign tourists with 445,208 visiting the island in 2023 (ἕle de 

R®union Tourisme, 2024). The second largest external visitors to R®union, 12.2%, are 

from the Indian Ocean. The largest cohort of these travellers, 34,608, come from 

Mayotte, 23,022 from Mauritius and 5,349 from Madagascar (ἕle de R®union Tourisme, 

2024). Tourists from Europe comprise 5.9% of tourists, who come predominately from 

Belgium, Switzerland and Germany (ἕle de R®union Tourisme, 2024). The remaining 

1.8% of tourists are from other regions of the world. In 2023, the largest proportion of 

tourists arrived in R®union between November and January as well as in August (ἕle 

de R®union Tourisme, 2024). Domestic tourism is an important market for the island 

where in 2019, it was estimated that ú1.2 billion was contributed by tourism spending 

from R®union residents compared to the ú600 million from external tourists (ἕle de 

R®union Tourisme, 2022). Local tourism is comprised of day trips around the island, 

purchasing from local markets, catering and eating at local restaurants and stays in 

camping, guesthouse and hotel accommodation establishments (ἕle de R®union 

Tourisme, 2022). 

The average duration of stay varies according to accommodation type. The highest 

duration of stay is 24 days, with tourists staying with relatives and friends, followed by 

short-term rentals and tourism residences of 20 and 19 days respectively (Ḫle de 

R®union Tourisme, 2024). Hotels have shorter stay duration between 10-11 days and 

rustic guesthouses and rooms are stayed in for nine days. Camping site stays average 



67 | P a g e 
 

approximately seven days (Ḫle de R®union Tourisme, 2024). As of 2022, there are a 

total of 1,128 tourist accommodation establishments on R®union Island (Figure 3.8; 

Ḫle de R®union Tourisme, 2024). Tourism accommodation types available include 

seasonal rentals (64.5%), guesthouses (17.3%), stop-over and hiking lodges (8.6%), 

hotels (8.1%) and 1.5% are classified as camping sites (Ḫle de R®union Tourisme, 

2024). 
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Figure 3.8. Map of tourism accommodation types offered across the island (ἕle de R®union Tourisme, 2024). 
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The island is marketed around four tourism offerings namely marine, mountain, 

culture/traditions and volcano tourism (ἕle de R®union Tourisme, 2018). Lava flow 

tunnel tours are offered as a form of adventure tourism, allowing tourists to explore the 

underground galleries that have formed over time (French Bee, 2021). Popular water 

activities include swimming with dolphins, kayaking in the lagoons, star gazing at sea, 

snorkelling and deep-sea diving but are forbidden within a 300m perimeter around the 

island as a result of a protected marine wildlife area and due to increased shark risk 

(La R®union, 2024 c, e). The island is also marketed around hiking. It hosts many 

hiking trails paced at varied levels of hiking ability (Goursaud, 2016). Hiking trails vary 

in length from hours to up to six days and are situated in both mountainous areas as 

well as the coastline. Accommodation establishments include 30 mountain lodges 

around the island that have been made available for hikers (Vaxelaire, 2018). Two 

coastline hiking trails located on the eastern side of the island are along Sainte-Rose 

and Saint Benoit (Goursaud, 2016). Some hiking trails start from urban towns such as 

Le Piton de lôEntomoir which starts in the town of Saint-Joseph located on the south 

of the island (Goursaud, 2016). 

The R®union Island Tourism Board, Observatoire Regional du Tourisme, aims to 

promote the island to the European market, countries within the Indian Ocean, 

southern Africa as well as India and China (ἕle de R®union Tourisme, 2018). 

Challenges in reaching these tourism markets include limited visibility outside of 

mainland France; limited information to inform marketing strategies to other markets, 

accessibility, language and cost barriers, competition with Mauritius, remoteness to 

world tourism markets and high shark risk labels that are associated with the island 

(ἕle de R®union Tourisme, 2018). One case study of the South African tourist market 

found that tourists from South Africa prefer the island destinations of Mauritius and 
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Thailand with Madagascar and R®union remaining marginal destinations despite a 

visa exception introduced in 2013 (Horwath HTL, 2016). R®union is highly marketed 

around outdoor activities, however, a 2016 report found that only a small segment of 

South African travellers are motivated by these activities, and so marketing to South 

Africa has been challenging (Horwath HTL, 2016). 

To address these challenges, the Observatoire Regional du Tourisme has developed 

several strategies to increase the positioning of the island (ἕle de R®union Tourisme, 

2018). To differentiate from competing destinations, Observatoire Regional du 

Tourisme is aiming to increase qualitative and contributory tourism by branding itself 

as an ecotourism island. They aim to economise on its unique history and position as 

a French department and develop experiential and differentiating marketing strategies 

(ἕle de R®union Tourisme, 2018). A strategy to create networks with South African 

tourism professionals is ongoing that includes workshops, educational tours in 

R®union and training sessions for tour operators to assist this aim (Horwath HTL, 

2016). Further, Observatoire Regional du Tourisme, is aiming to reassure tourists 

about the minimal risk of shark attacks, create joined tourism offerings between the 

island and Mauritius as well as expand the tourism seasonality of the island (ἕle de 

R®union Tourisme, 2018).  

 

3.4 Conclusion  

R®union Island is a diverse tropical island with settings that range from sandy to rocky 

beaches, mountainous areas, two UNESCO volcano sites and urban attractions linked 

to modern and historical French and Creole culture. The type of tourism attractions 

offered correspond well with the tourism climate indices aimed to be applied in this 

study. The tourism sector is relatively new compared to other economic sectors and 
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aims to increase its tourism market and become a popular tourism destination as 

neighbouring Mauritius. The climate of the island is also distinctive as a result of its 

position in the SWIO and topography that results in a drier western side of the island 

and a wetter eastern side. The climate also results in the presence of microclimates 

that presents a unique lens through which to test tourism climate indices.  
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CHAPTER 4: DATA AND METHODOLOGY 
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4.1 Introduction 

This chapter outlines the data and methods used to quantify the climatic suitability of 

tourism for R®union Island. The methods in this study draw from a number of 

previously developed tourism climate index studies and their application in a range of 

locations globally. The scale of global studies includes for example, a global 

investigation from TCI Mieczkowski (1985) and CCI (Ma et al., 2021a), European and 

North American perspectives of both iterations of the HCI (Scott et al., 2016a; Rutty et 

al., 2020) and the CCI in the USA (Ma et al., 2020, 2021b) and South Africa (Mnguni 

and Fitchett, 2024). Each index has valuably aided in the identification of climatic 

suitability and seasonal variation for tourism in particular locations. However, when 

computed and presented at a global scale, these index outputs have insufficient 

resolution for small islands such as R®union. Further, global estimations based on 

gridded data do not pick up the level of variability in topographically complex regions 

(van der Walt et al., 2023; Fitchett and Mackay, 2024). Importantly, at the time of 

writing, this study is the first to bring these indices together in a multi-index approach 

in the southern hemisphere. In addition to putting forward this multi-index approach, it 

is also the first of any tourism climate index quantification of climatic suitability for 

tourism in the SWIO. 

In line with the research objectives highlighted in Chapter 1, this chapter will first 

describe the assessment of applicability, suitability and validity pursued prior to the 

application of any of the tourism climate indices used. Once highlighted that the use 

of all four indices is indeed appropriate, a description of meteorological and field-based 

data acquisition is provided. The meteorological input variables required for each index 

are highlighted followed by a description of each equation, rating and classification 

system. Scores are calculated for the longest period annually, monthly and daily. The 
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seasonal distribution was determined followed by the change in climatic suitability over 

time. 

The decision to assess the TCI, both iterations of the HCI and CCI to be used in this 

study is based on whether the indices are theoretically, contextually and activity-

appropriate (Figure 4.1). R®union Island offers a range of tourism activities that include 

general sightseeing, beach activities, urban activities, hiking and camping. 

Modifications of the TCI were not pursued because the CIT was designed for 3S 

tourism (de Freitas et al., 2008) and the MCIT aims to identify visibility and significant 

weather events using hourly weather data (Yu et al., 2009). Apart from the lack of 

higher-resolution data available, both have been applied in limited settings compared 

to the widely used TCI (Figure 4.1). Similarly, the HCIUrban was chosen over the UCCI 

(Kapetanakis et al., 2022) as the former has been applied to multiple tourism 

destinations where the UCCI is specific to the context of Greece. The HCIBeach was 

chosen over the BCI, as the latter replaced the HCIBeach because it was not validated 

using beach tourists' preferences and needed greater empirical testing (Rutty et al., 

2020). The CCI was chosen as, to date, it is the only camping-specific index and has 

been applied globally (Ma et al., 2021a), in the USA (Ma et al., 2020,2021) and in 

South Africa (Mnguni and Fitchett, 2024) and aligns with the marketing of camping 

activities in R®union. Other indices that do exist but are not applicable in this context 

are, for example, the SCI (Demiroglu et al., 2021). It cannot be used given the limited 

snow cover and lack of skiing tourism. It is noted that in higher mountain areas of the 

island, snow has been known to occur (La R®union, 2024a), however, it is not enough 

to propose ski tourism activities. The Korea Tourism Climate Index (KTCI) would also 

not be applicable in this context as it was developed to account for Korean tourist 

preferences for the country's particular tourism market (Park, 2015; Kim et al., 2019). 



75 | P a g e 
 

As the four tourism climate indices have been broadly applied and align to the types 

of tourism found in R®union, they are argued to be applicable in this research context. 



76 | P a g e 
 

 

Figure 4.1. Prisma-type diagram describing tourism climate index selection. 
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4.2 Applicability, Suitability and Validity Assessment  

Tourism climate indices have been developed, applied and validated within varied 

contexts. Very few studies determine whether an index is applicable, suitable or valid 

to use before it is used. The universal thermal comfort index (UTCI), for example, was 

applied to determine a date when heat stress levels would impact athletes competing 

during the Comrades marathon (Havenga et al., 2022), but was later critiqued because 

the index considers moderate physical activity such as walking and not running, as the 

main physical component of this marathon, which underestimates heat stress 

(Simpson et al., 2024). The HCI has been critiqued for its use in southern Africa 

because a lack of air conditioning and stable access to electricity results in nighttime 

thermal comfort becoming a concern for tourists, which the index does not account for 

(Mushawemhuka, 2021; Noome and Fitchett, 2022). Fitchett and Meyer (2023) 

determined whether the CCI is applicable and suitable for application in South Africa, 

prior to its local application (Mnguni and Fitchett, 2024). This provided a clear 

approach to evaluating these components of an index, which can be applied more 

broadly. To determine applicability, Fitchett and Meyer (2023) explored the availability 

of meteorological data, finding that sunshine hour data were limited but other required 

data of temperature and wind speed are available, so it is applicable but with limited 

spatial coverage. Fitchett and Meyer (2023) explored the suitability of the index using 

questionnaire data, finding thermal comfort and sunshine to be factors of importance 

to tourists and therefore consistent with the primary input variables of the CCI. Based 

on the importance of the pre-assessment highlighted by Fitchett and Meyer (2023), 

this research sought to carefully interrogate all indices used before their application.  
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4.2.1 Applicability 

Applicability, in the context of this research, refers to the assessment of whether a 

tourism climate index can practically be applied to the setting in question. The 

applicability is dependent on two criteria. First, whether the index aligns with the 

tourism offerings within the study context. To accomplish this, the types of tourism 

offered in R®union were investigated through an online search using La R®union 

(2024a,b,c,d,e,f) marketing websites and TripAdvisor (TripAdvisor, 2024) as well as 

through two fieldwork campaigns. 

Second, whether the requisite input data used to compute an index at the appropriate 

resolution is available. Daily input variables of Tmin, Tmax, Tmean, minimum relative 

humidity, mean relative humidity, precipitation, and wind speed were identified for all 

four indices. Cloud cover data were identified for the HCI and sunshine hour data for 

the TCI and CCI. The level of completeness of data per station was evaluated and 

substitutions for incomplete data were determined. 

 

 4.2.2 Suitability 

The suitability of an index refers to whether an index should be used in a specific 

location based on its inherent assumptions. If an assumption holds true, the index can 

be deemed suitable to use (Fitchett and Meyer, 2023). The TCI has been built from 

pre-existing indices assumed to be used broadly (Mieczkowski, 1985). This assumes 

the index can be used to describe all tourism attractions, activities and destinations, 

however, the climatic requirements for suitability may differ according to the context of 

a tourism destination, for example, a destination that provides desert or skiing tourism. 

These assumptions will be unpacked in relation to the context of R®union Island. A 
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large concern of the HCI is that it negates nighttime thermal comfort with the 

assumption that air conditioning is ñalmost universalò (Scott et al., 2016a: 85). To 

determine the extent of air conditioning availability, popular tourism accommodation 

booking sites (Booking.com, TripAdvisor, Hotels.com, Trivago and Kayak) were 

examined for flexible input travel dates. For each site, air conditioning amenities were 

searched for using a filter function, from which a total number of accommodation 

establishments that provide air conditioning was calculated. The CCI was built in the 

USA using camping occupancy data and the suitability for the CCI has been assessed 

in a South African context and tested with specific thresholds. Therefore, locational 

contexts will be compared to determine if the CCI will be suitable in R®union. This will 

be unpacked further in Chapter 5. 

 

4.2.3 Validity 

The validity of an index is dependent on whether its results align with on-the-ground 

experiences in a local setting. The TCI, HCIs and CCI have been validated through 

expert opinion (Mieczkowski, 1985), tourist preferences (Scott et al., 2016a) and 

occupancy data (Ma et al., 2020; Rutty et al., 2020), respectively. Whether these 

validated indices hold true for a context like R®union Island was considered. The 

weightings and variable thresholds for each index were developed based on the 

validation techniques mentioned. Therefore, to determine whether the four indices are 

valid for the context of R®union, tourists' self-reported preferences and reports by 

Observatoire Regional du Tourisme collected from literature and online research will 

be examined in relation to the weightings and thresholds of each index. The collection 

of in-person tourist preference data was not pursued in this study.  
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4.3 Meteorological and Field-based Data Acquisition 

To calculate tourism climate index scores and thus quantify climatic suitability, 

meteorological data were acquired from M®t®o-France. No tourism data were 

collected for this study, but information from the Observatoire Regional du Tourisme, 

was compiled from online reports and literature and reflected on in the discussion 

(Chapter 7). Data for 11 meteorological stations located across the island were 

obtained at a daily resolution, spanning periods ranging from 1991-2023. Roland 

Garros Airport contained the longest and most complete period of data (33 years), 

followed by Cilaos (15 years), Colimacons (14 years), Le Port (12 years), and Plaine 

des Palmistes (10 years). Le Baril, Pont Mathurin, Saint-Benoit and Pierrefonds Airport 

contained eight years of data while Piton-Maido and Petite-France contained only 

seven years of useable data (Figure 4.2).  

 

Figure 4.2. Data availability in year ranges for each of the 11 meteorological stations in 
R®union Island.  
 




























































































































































































































































































































































































































































