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ABSTRACT 
Tourism generates diverse and complex economic, socio-cultural and environmental impacts on space. 
Tourism organizers and service providers tend to emphasize the positive effects, and often 
underestimate or neglect negative environmental impacts. The environmental impact of tourism is 
clearly visible in the transportation of tourists from their homes to their destinations and back, thus 
generating significant carbon dioxide (CO2) emissions that directly participate in global warming. In 
order to determine the intensity of the impact of transport (for tourism purposes) on the environment, 
or more specifically on CO2 emissions, the Carbon Footprint method (CF) is increasingly applied in 
modern scientific research. The possibilities of CF research in the form of case studies can be monitored 
in an increasing number and in various fields of research, confirming the value of the method. This 
review paper analyses the development and application of the CF method in the sustainable 
development of tourism and specifically sports tourism. By reviewing and analysing the relevant CF 
literature represented in the WoSCC database, this paper presents the basics of the scientific 
methodology of CF and its development and application from the aspect of sustainable development, 
with particular emphasis on the application of CF in measuring the environmental impact of tourism. 
The research points out the potential contribution of future CF research and complement methods in 
the overall picture of environmental burden. This should give an agenda and impetus for future research 
of sustainable development within the topic of the environmental burden generated by tourism. 
Keywords: sustainable development, ecological footprint, carbon footprint, tourism, sport tourism. 

1  INTRODUCTION 
Tourism generates diverse and complex economic, socio-cultural and environmental impacts. 
In the context of sustainable development, in general, and tourism in particular, it is possible 
to distinguish two social groups with opposite positions from which they observe the 
environment and tourism. The first group are tourism organizers and service providers, who 
usually emphasize the positive effects and often underestimate or neglect the negative 
environmental impacts. The second group are people with high environmental awareness, is 
gaining influence, especially among tourists who have higher education attainment and 
higher income levels [1], [2]. Reconciling the views of the two groups is a development 
challenge for tourism in the near future, and an argumentative social debate based on 
scientifically learned knowledge is probably the way to bring the two groups closer together 
to formulate development strategies and models for environmentally sustainable tourism 
development. In the economic context of sustainable development, tourism (with about 10% 
of world GDP) is a key contributor of the modern global economic system [3]. In recent 
decades, the scientific and professional public has been increasingly following a trend that 
can be described by the rise of environmental and climate change research, which is also 
evident in the increasing number of scientific papers addressing the environmental impact of 
tourism [4]. Tourism has a direct or indirect impact on the environment through various 
physical interventions in space (infrastructure), generation of solid and liquid waste and gas 
emissions. Transportation of tourists from their homes to their destinations and back 
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generates significant carbon dioxide (CO2, carbon) emissions that directly participate in 
contemporary anthropogenic global warming. In order to determine the intensity of the 
impact of transport (for tourism purposes) on the environment, or more specifically on  
carbon emissions, the Carbon Footprint method (CF) is increasingly applied in modern  
scientific research. 
     The aim of this paper is to review and synthesise papers that cover the issue of CF within 
the sustainable development of the tourism industry, and in particular with regard to the 
development of sports tourism which is proved to be one the most prosperous types of 
tourism [5], [6]. To accomplish this, we define the following research questions: 

 Research Question 1: What is the state of the art in published tourism CF papers? 

 Research Question 2: What approaches and methods or frameworks have been used 
to determine/measure the environmental burden of carbon emissions? 

     An overview of the CF research in tourism in this paper will systematize this growing area  
of scientific interest and point out the possibilities of complementing the overall picture of 
environmental burden with topics that have not yet been addressed and serve as an impetus 
for future research and complementing the image of sustainable development within the 
theme of environmental burden generated by tourism. 

2  CONCEPTS AND BASIC FACTS OF THE SCIENTIFIC FIELD 
The CF method is part of a broader methodological approach to determining the Ecological 
Footprint (EF) as one of the methodologies that have been developed over the last thirty years 
to determine current global or local load on space. In one of the early papers [7], EF is defined 
as a measurement tool that allows for determining the degree of utilization of a resource base 
and the possibility of assimilation of waste to a particular population on a particular surface. 
The methodology was designed to calculate EF by surface for a given population 
encompasses a wide range of human activities and their environmental impacts. Therefore, 
the EF methodology can be used integrally for the whole spatial system and its activities or 
partially. Partial use can be applied to isolated physical spatial units, but also to certain 
functional parts of spatial systems, such as for example individual activities or aspects of 
activities that can be explored as separate units in the context of sustainable development. In 
WoSCC, the first papers to determine the bioabsorption basis of CO2 as the basis for 
developing the CF method were published by Cienciala et al. in 1998 [8] while the CF method 
has been using the WoSCC database under this name since 2007 [9]. The possibilities of CF 
research in the form of case studies that can be tracked in increasing numbers in various fields 
of research to date confirm the value of the method This review paper analyses the 
development and application of the CF method in the sustainable development of tourism, 
and in particular sports tourism. The scientific public’s interest in the CF method is increasing 
as global awareness of the environmental burden caused primarily by anthropogenic carbon 
emissions from the use of fossil fuels with specific effects on contemporary climate change.  
     The connection between sports, tourism and CF is multifaceted. Sport is a performance-
oriented activity and is an important content of stay in a destination. Many tourists, when in 
a destination, decide to actively (as competitors) or passively (as spectators) participate in 
various sports activities. Additionally, sport increasingly becomes a tourist attraction [10] 
and the main motive for travelling to a certain tourist destination. This laid the foundations 
for the development of sports tourism and many authors discussed this phenomenon as being 
a unique interaction of places, activities, time and people [5], [10]–[12]. Today, it is argued 
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that between 25% and 30% of the world’s tourism economy is related to sport, that sports 
tourism is one of the fastest growing sectors in travel industry and shows no sign of slowing 
down [13], [14].  
     While there are numerous types of sports tourism, sport events are the most popular 
manifestation of sports tourism [15], [16]. Sport events, as well as sport activities in general, 
attract tourists (as participants or spectators) and could serve as a catalyst for tourism 
development if leveraged properly. Besides the impact on tourism and economy in general, 
they create diverse and intense socio-cultural and environmental impacts on a host 
community [17], [18]–[20]. While positive impacts are accentuated, negative environmental 
impacts in particular are often underestimated or neglected [17], [21]. Negative 
environmental event impacts such as environmental damage, increased amount of litter, 
waste, air pollution (e.g. transport related carbon dioxide emissions) and noise levels all 
happen within a destination. 

3  METHODOLOGY 
The study of CF in tourism and sport tourism is a relatively new area of academic research 
involving multiple disciplines, methodological approaches and topics. Based on this fact as 
well as on this study’s objectives, systematic quantitative literature review is applied [22]–
[24]. A systematic quantitative literature review follows a structured method to address 
particular research questions and aims for methodological transparency and reliability as well 
as systematic and comprehensive search on a specified topic. It may also incorporate quasi-
statistical approaches in order to categorise, quantify, and identify trends in extant  
research thus assisting in highlighting research gaps and possible streams of future research 
[23], [25]–[27].  
     In conducting the review, a multistep process was used. First, a comprehensive review 
was conducted in December 2019 and January 2020 through searching the Web of Science 
Core Collection (WoSCC) database for publications that contain the term Tourism and 
Carbon Footprint in the title, abstract or keywords from the early publishing dates to 
December 2019. WoSCC have international coverage, include top rated publications and are 
therefore largest databases of peer-reviewed literature. In view of the scope of this review 
paper, a selection of publications by the WoSCC database was started according to the Topic 
criterion with the key word tourism and 75,362 papers were found in database. After using 
the and function for subjoin Carbon Footprint in the WoSCC database a total of 179 
publications were found. Initial cursory analysis of selected publications revealed that many 
of the selected papers were not research papers and/or that they deal with the CF concept in 
a trivial and marginal way. These papers were therefore excluded from further analysis.  
     However, when it comes to publications focused on sport tourism (searching for the terms 
tourism and carbon footprint and sport in the title, abstract or keywords) the sample was 
reduced to only seven papers. Two out of seven papers had not considered the CF of sport 
tourism like the object of the study. For this reason, using these particular papers’ list of 
references as a guide, further search of the database is conducted, and additional 8 papers is 
found to be relevant (although they do not have the term Tourism and Carbon Footprint in 
the title, abstract or keywords). The final sample consisted of 13 publications closely related 
to the CF in sport tourism, all of which papers published in scientific journals. 
     Due to the relatively small number of articles included in the study, the authors stored, 
coded, and categorized papers manually. In order to classify papers into categories, direct 
extraction and/or inductive interpretation methods were implemented (see Thomson et al. 
[26]). Frequency of appearance of particular categories was searched within the selected 
papers. Inductive method in interpretations allowed new findings to emerge through the data. 
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The categorisation process was iterative to ensure consistency of the categorisation of articles 
in the sample.  

4  RESULTS AND DISCUSSION 

4.1  Review of papers with topic on carbon footprint in tourism 

Analysing the dynamics of CF research papers in tourism at WoSCC database it was found 
that the first paper using words CF was published by in 2007 [28], and after sporadic work 
in the initial phase of developing the CF method after 2010 a positive upward trend on an 
annual basis is visible (Fig. 1). Because CF method derive from the EF concept in the initial 
phase of developing CF concept research, various authors used name of EF. 
 

 

Figure 1:  Dynamics of tourism CF research papers referred in WoSCC 2010–2019. 

     As mentioned above, the search of the WoSCC database resulted in 179 publications, most 
of which (139) are articles published in scientific journals. In addition, there are 17 papers 
published in conference proceedings, six reviews, five book chapters, two books and six other 
scientific publications. 
     Looking at the spatial interest of the researcher (Table 1), it is evident that there is no 
homogeneity at the world level. Several large and developed countries such as Australia, 
China, the UK and Sweden are leading the research field of CF in tourism. Notably, there is 
a lack of research from large and developed countries such as USA and Japan. This suggests 
that Australia and the UK have a broader base of the researchers, while in the rest of the 
countries/universities have individual researches on tourism CF. 
    By analysing the WoSCC database for CF method in tourism over two decades, only four 
scientific journals stands out by a number of papers published. These four journals have 
published more than ten papers each and they account for 38% of the total number of papers 
covered by this analysis. Journal with the most published papers on CF of tourism is Journal 
of Sustainable Tourism (22 articles, Q1), then Journal of Cleaner Production (18 articles, 
Q1), then Sustainability (16 articles, Q2) and Tourism Management (12 articles, Q1). 
     A content analysis of the titles of the identified papers reveal the following terms that are 
repeated more than five times: Tourism with 98 citations, Carbon with 91, Carbon footprint  
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Table 1:  Spatial distribution of papers with the most active authors in the field. 

State 
University with more than three 
published papers

Author with more than 
three published papers 

Australia 
University of Queensland (9 papers) Dolnicar, S. (5 papers) 
Griffith University (7 papers) Becken, S. (4 papers) 
James Cook University (4 papers) -

China 

Chinese Academy of Sciences (8 papers) -
Institute of Geographic Sciences Natural 
Resources Research CAS (4 papers)

- 

Sichuan University (4 papers) -

UK Bournemouth University (15 papers) 
Filimonau, V. (13 papers), 
Robbins, D. (5 papers), 
Dickinson, J. (4 papers) 

Sweden 
Linnaeus University (7 papers) 

Hall, C.M. (4 papers) 

Lund University (5 papers) Gossling, S. (9 papers) 

Hong Kong 
Hong Kong Polytechnic University  
(6 papers) 

- 

Taiwan 
National Cheng Kung University  
(6 papers) 

Sun, Y.Y. (7 papers) 

Canada University of Waterloo (4 papers) Scott, D. (4 papers) 

Netherlands 
Breda University of Applied Sciences  
(4 papers) 

- 

 
with 42, Carbon emission/s 14, and Transportation with 6. From the above it is evident that 
Carbon footprint in tourism is linked with transport as the largest emitter of CO2 related to 
today’s global tourism. 
     Further, a focus on methodology for CF calculation was considered. In-depth analysis of 
papers revealed that many of the selected papers were not research papers. More precisely, 
37 papers are purely theoretical/conceptual studies (that study the basics of CF in tourism), 
43 papers are empirical using different data sources, and 99 papers are dominantly theoretical 
with marginal empirical part. For this reason, only 43 empirical papers are taken for further 
analysis and others were therefore excluded.  
     Among the analysed papers 43 empirical papers were singled out of which 25 used top-
down approach to collect the data with secondary sources of data in which the most used and 
important are methods: (1) Tourism Satellite Account (TSA), e.g. [29]; (2) Input-output 
model (IO), e.g. [30]; (3) Life cycle assessment (LCA), e.g. [31]. In the context of tourism 
CF methods data collection the main challenge is their capability to keep track of indirect 
carbon emissions associated with the products and services hidden in the supply chain. To 
resolve this problem many researchers used input–output analysis (IO). IO, however, suffers 
from a limited scope of application – primarily at macro scales, such as national industrial 
sectors, national economies, national tourism industries and national tourist markets [32]. To 
reduce the problem of indirect carbon emissions, over time a method of LCA has evolved in 
which both the direct and the indirect carbon emissions for energy and material inputs of a 
goods and services over its life cycle are included. 
     Additionally, 18 papers used bottom-up approaches, using primary sources of data 
obtained from surveys of tourists or economic operators [33], institutions managing an area 
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[34] or conducted in direct contact with transport companies [35]. The bottom-up approach 
used primary data sources to provide accurate and more secure outcomes. However, the 
weakness of such an approach is in the organisation and duration of data collection, spatial 
and partial system coverage of such research. It would take many case studies to get the 
overall picture, which would require a lot of researchers and time for data collection and 
processing. 

4.2  Review of papers with topic on carbon footprint of sports tourism 

Our search resulted in 13 scientific journals directly related to the CF in sport tourism (Table 
2). What is evident from the Table 2 is the variety of examined sports and events as well as 
approaches to measure CF. While the type of sporting events range from local community 
based sporting events (e.g. ice hockey [36] or university athletics [37]) to global mega events 
(e.g. FIFA World Cup or Olympic Games [38], [39]). It was determined that most studies 
focused on internationally popular sports like soccer, American football, running, cycling 
and athletics.  
     Considering the authors and their affiliations, it is not surprise that these events were held 
in large and developed countries like the UK, USA or Canada. Despite being a large and 
competitive country, and the fact that many authors who studied CF were from China, when 
it comes to sporting events, there were not any studies from China. Additionally, in most of 
the previous studies, data were collected from event attendees, both competitors (athletes or 
teams) and spectators. While in first studies, authors mostly applied IO analysis, recent 
studies favoured LCA and other innovative methods. 

5  CONCLUSION 
The development of tourism in modern times is increasingly diverse, its environmental 
impact is growing, and the developmental dynamics of environmental tourism research can 
be clearly observed in the number of papers referred in the WoSCC database. In the last three 
decades, the development of the EF and specifically CF method has followed the 
contemporary development of the awareness of the scientific and general social public about 
the need for environmental protection and the need for sustainable development. In this 
context, in order to answer the research questions raised at the outset, this paper reviewed the 
development and state of the art of the CF method in tourism and sport tourism in particular. 
     Providing a systematization of this growing area of scientific interest, this paper presents 
the basics of the CF scientific methodology. CF method initially derives from the EF concept, 
and in the initial phase of CF research various authors used name of EF. Expanding the search 
on other databases, conducting more detailed content analysis of other publications in the 
database, and inclusion of additional terms such as Ecological Footprint or Carbon 
Emissions in our search would certainly result in other relevant papers. This can guide future 
studies in this fast-growing area of research. 
     The spatial scope of the analysed papers was different (from local to global level) as well 
as applied approaches and methodologies. Two basic frameworks for calculating CF in 
tourism have been identified: a top-down analysis dominantly using secondary data sources 
and a bottom-up analysis using primary data sources. Despite the advance in the development 
of CF determination methods, the problem of indirect CF in general and indirect CF of 
tourism is still not fully resolved. The dominance of theoretical/conceptual scientific papers 
among the published papers has been observed, and in order to further development of the 
CF field, it is necessary to make steps towards studying more cases at the local and regional  
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Table 2:  Relevant CF sport tourism papers referred in WoSCC database. 

Author Sport/Event Country Method/s 

Collins et al. [40] 
Football (soccer), 
FA Cup Final

UK 
- Input-output (IO)  
- Ecological footprint (EF)

Jones [41] 
Rally, 
World Rally 
Championship

UK 
- Input-output (IO) 
- Tourism satellite accounting 
- Interviews

Collins et al. [38] 

Multiple sports, 
Summer Olympic 
Games and FIFA 
World Cup 

UK 

- Input-output (IO) 
- Ecological footprint (EF) 
- Survey method 
- Information from the event sponsors 

Chard and Mallen [36] 
Ice hockey, 
local matches 

Canada 
- Interviews 
- Carbon footprint calculators (CarbonZero 
and PlanetAir) 

Collins et al. [42] 
Cycling, 
UK Stages of Tour 
de France 

UK 

- Input-output (IO) 
- Ecological footprint (EF) 
- Survey method 
- Carbon footprint (CF) 

Krugell and Saayman 
[43] 

Marathon, 
world race 

South 
Africa 

- Survey method 
- Regression analysis 

Dolf and Teehan [44] 
Multiple sports, 
University sports 
events  

Canada 
- Life Cycle Assessment (LCA) method 
- Survey method 

Edwards et al. [37] 
Athletics, 
University sports 
events  

USA 

- Survey method 
- Student observers 
- Information from event organizers 
- Life cycle assessments (LCA + SimaPro 
LCA software) 

Scrucca et al. [45] 

Orienteering, 
World 
Championship 
 

Italy 

- Carbon footprint (CF) analysis 
- Information from organizers, athletes and 
accommodation 
- Authors proposes a method of summary 
indicator

Pereira et al. [39] 
Football (soccer), 
FIFA World Cups 

Multiple 
states 

- Facility Location Problem (FLP) - 
mathematical modelling method for 
determining the best location with lowest 
transportation CF 

Triantafyllidis et al. [46] 
American football, 
Collegiate sport 
events 

USA 
- Survey method 
- Independent t-Test 
- ANOVA analysis

Wicker [6] Multiple sports Germany 
- Survey method 
- Regression analysis

Pereira et al. [47] 
Football (soccer), 
English Premier 
League matches

UK 
- Carbon footprint (CF) assessment method 
developed by the UK’s DEFRA 
- Questionnaire

 
levels. This is especially important if policies are going to be realised locally so that 
development strategies at the local and regional levels can embrace CF from the bottom-up. 
In the analysis, we noticed the need to improve empirical CF researches with field case 
studies that would upgrade the overall picture of measuring the environmental load. 
Furthermore, the overall picture of the pressures put on the environment will be much 
upgraded by conducting a greater number of empirical studies of CF tourism and sports 
tourism. Based on greater number of works based on primary source data in future it is 
possible to create a wider base that will help in creating sustainable development policies on 
a scientific basis. 
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     Regarding the limitations of this study, we searched only WoSCC database. It is also 
possible that there were papers in the WoSCC database that deal with CF in tourism and/or 
sport tourism but they did not use the terms tourism, carbon footprint and sport in the title, 
abstract and keywords. But this selection of papers indexed in WoSCC are well-regarded for 
peer-review rigour and assessing these sources guarantees that the authors of this study are 
assessing papers that are reaching the widest possible audience. 
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