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Abstract

Based on Citespace software, this study conducted a bibliometric analysis of the current status 
and evolutionary trends of research in the field of carbon emissions and climate change in sports 
during the period 2008-2024. The study screened 445 relevant documents from the three major 
databases of SSCI, A&HCI, and SCIE in the Web of Science Core Collection (WOS-CC), and 
revealed the research dynamics in the field through visualization. The results show an overall upward 
trend in the number of related research publications since 2008, especially in the last five years  
(2020-2024), when the percentage of publications reached 52.13%, indicating that scholars’ attention 
to this topic has increased significantly in recent years. At the institutional level, the National Institute 
for Environmental Studies - Japan ranks first with 99 publications, and Japan has the largest number 
of research collaborations in this field, amounting to 306, which reflects the importance Japan attaches 
to environmental protection and its research strength in this field. In terms of discipline distribution, 
the research is mainly concentrated in the field of environmental sciences, with 173 articles published, 
accounting for 38.87% of the total number of articles, while the research in the field of physical education 
and sports is relatively small, which suggests that the future research can strengthen interdisciplinary 
cooperation, and incorporate multidisciplinary perspectives such as physical education and sports, 
economics, and management, in order to enrich the content of the research. In addition, keyword 
emergence analysis shows that “carbon footprint”, “scenarios”, “atmospheric methane”, “land use”,  
and so on are the hotspots of current research, which reveal the emerging trends in the research of 
carbon emission and climate change in sports trends. This study provides a bibliometric perspective 
for systematically analyzing the relationship between sports carbon emissions and climate change,  
and provides theoretical references and directions for future research, but it also has limitations such as  
a shorter time span of the data and the lack of coverage of non-English publications, so subsequent 
studies can further expand the scope of the data in order to enhance the systematicity and completeness 
of the study.
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Introduction

In recent years, global environmental problems 
caused by anthropogenic activities (agriculture [1-5], 
industry [6-9], etc.) have become more pronounced. 
For example, excessive use of chemical fertilizers 
and extensive deforestation in agricultural practices 
can lead to severe water pollution [10-12], the high-
intensity noise caused by factory machinery and 
transportation has led to severe sound pollution of 
the atmospheric environment [13, 14], the burning of 
fossil fuels releases a large amount of carbon dioxide, 
exacerbating the phenomenon of climate warming  
[15-20]. These environmental pollution problems 
will also further lead to human health problems 
[21]. Therefore, in order to reduce environmental 
pollution, the United Nations issued the “Paris Climate 
Agreement” in 2016, aiming to set a long-term goal of 
keeping the global average temperature rise well below 
2 degrees Celsius, effectively alleviating the trend of 
global temperature increase [22], to assess the impact 
of the current national self-commitments on reducing 
the total amount of greenhouse gas emissions, and to 
achieve the temperature control targets set out in the 
Paris Climate Agreement, in order to prevent the further 
deterioration of the climate issue [23].

Accompanied by the vigorous development of 
sports, the role of sports in daily life has become more  
and more important. For example, by analyzing  
the overall carbon footprint of campus sports 
events and simulating the transportation methods 
and mileage of spectators, it was found that the 
number of participants in sports activities has 
been gradually increasing [24]. Moreover, as 
the frequency of the Olympic events increases,  
the energy intensity of the industrial sector also 
rises [25]. However, at the same time, because of 
the development of sports, a lot of unnecessary 
environmental pollution problems have been caused, 
especially in terms of sports carbon emissions, which 
is a particularly significant issue. The long-distance 
travel of spectators [26] or the power consumption 
of stadiums [27] are important factors in carbon 
emissions. Specifically, taking the 2014 Nanjing Youth 
Olympic Games (NYO) as an example, since Nanjing 
announced its bid for the NYO, the carbon emissions 
in Nanjing during the period from 2010 to 2019 have 
gradually increased, resulting in a total increase of 
approximately 584.63 million tons [28]. Furthermore, 
active sports participants also have an impact on carbon 
emissions, with an average annual carbon footprint of 
844 kg of carbon dioxide equivalent emissions [29]. 
In this regard, we cannot ignore the impact of sports’ 
carbon emissions on the environment. In recent years, 
the global climate has fallen into a warming trend, and 
there is a possibility of further deterioration. Thus, 
our study pays more attention to the impact of sports 
carbon emissions on climate change, and we hope to 
summarize the current research dynamics of scholars 

in this field through the existing studies, as well as 
look for the shortcomings in the research. The impact 
of carbon emissions from sports on climate change is 
mainly concentrated on transportation-related aspects.  
This includes carbon emissions generated by individuals 
or teams when they travel to participate in competitions 
or when spectators travel to the venues. Additionally,  
the increased carbon emissions caused by the 
construction, operation, and maintenance of sports 
venues, as well as the waste produced by spectators, 
have exacerbated the occurrence of climate change [30].

Compared with previous studies and reviews, this 
study has a unique research perspective and innovation. 
First, this study adopts a bibliometric approach [31, 
32], which is able to visualize the research dynamics 
and development trends in the field of sport event 
environment research through quantitative analysis 
and visualization. This method of analysis not only 
helps readers easily understand the current research 
focus in the related field but also clearly reveals the key 
information in the field. Secondly, this study is based on 
the analysis of existing literature data from authoritative 
journals such as SSCI, A&HCI, and SCIE, which 
ensures the objectivity and scientificity of the research 
results. Through this method, we avoided the influence 
of subjectivity and provided more reliable data support 
for research in related fields.

In order to make our study more intuitive and 
convenient in the process of statistical analysis,  
we chose Citespace software to further explore the 
research on the environment of sports events. Citespace 
is a commonly used software in bibliometrics that 
integrates data analysis and visualization functions 
and can help us present the results of our study in  
a more objective way. By using Citespace, we were able 
to clearly define the start and end time of the study, 
so that we could easily grasp the focus of each phase 
of the study. This not only improves the efficiency of 
the study but also effectively reduces the workload. In 
addition, Citespace’s visualization tools help us identify 
key trends and hot issues in the research field, providing 
valuable references and guidance for subsequent 
research.

Materials and Methods

Data Sources and Selection Process

We selected documents from the Social Science 
Citation Index (SSCI), Arts and Humanities Citation 
Index (A&HCI), and Science Citation Index Expanded 
(SCIE) in the Web of Science Core Collection (WOS-
CC) as our data source. The reasons for our choice 
are as follows: (1) The articles retrieved from the 
three databases are peer-reviewed and have received 
significant international attention. (2) The three 
databases provide detailed information about the 
articles, including title, keywords, abstract, authors, 
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institution, country, journal, and references, which 
enabled us to perform a more detailed analysis.

During the data retrieval process (Fig. 1) (the retrieval 
date was December 17, 2024), the search was conducted 
by selecting “All Fields” in WOS-CC for the literature 
search. During the search, we determined the final 
search formula using a Boolean search formula in order 
to ensure that as many relevant documents as possible 
were included. The final search formula was: (“Sports” 
OR “Sport” OR “Physical Education” OR “SPG” OR 
“sports”) AND (“CO2 Emissions” OR “Greenhouse 
Gas Emissions” OR “Carbon Footprint” OR “Carbon 
Discharge” OR “Carbon Release” OR “Carbon Exhaust” 
OR “Carbon Emission Level” OR “Carbon Pollution” 
OR “Carbon Output” OR “Carbon Emission Factor” OR 
“CH₄” OR “N₂O” OR “HFCs” OR “PFCs” OR “SF₆”) 
AND (“climate change” OR “Climatic change”). The 
search deadline was 17/12/2024. We limited the type 
of literature to articles and reviews, and included only 
literature in English. There was no fixed restriction on 
the specific topics of the articles, which included all 
possible studies, such as those dealing with emissions 
of CH₄, N₂O, HFCs, PFCs, SF₆, and other related gases. 
After deleting a portion of the literature after reading 
the titles and abstracts of the initially included literature, 
further screening criteria were set: literature with  
(1) a retracted article, (2) No full text, (3) No abstract, 
were excluded.

Analytical Methods and Methodology Process

There are many analysis software programs for 
conducting visualization studies, and we chose the 
Citespace software in this study for the following 
reasons: (1) It can be used for directness analysis based 

on the included literature. (2) The scope of use is wider, 
and will not be limited to the research content and 
research object. (3) The application method is simpler 
and easier for scholars to use. The version used in this 
study is 6.4.1.

Finally, 445 target documents were included.  
(1) Import the paper into CiteSpace in “.txt” format.  
(2) Set the parameters in Time Slicing from January 
2008 to December 2024, with Years Per Slice = 1. 
(3) In Node Types, parameters include author, institution, 
subject, country, and keyword.

Results and Discussion

Number of Publications by Year

Table 1 shows the number of annual publications 
on carbon emissions and climate change in sport, and 
it can be seen that there is an overall increasing trend 
in the number of publications on carbon emissions and 
climate change in sport from 2008 to 2024, with the 
number of publications reaching a peak in 2021 (61, or 
13.70% of the total number). Although there has been 
a decrease in the number of annual publications from 
2021 to the present, there has been a significant increase 
from 2008, when there was only one annual publication. 
The number of publications in the last five years is 232 
(2020-2024, 52.13% of the total), which shows that more 
and more scholars have paid attention to the research 
related to carbon emissions and climate change in sports 
in recent years. With the rapid form of climate change, 
we suggest that scholars from all countries should study 
sports carbon emissions and climate change research in 
depth, explore its value, and apply it widely.

Fig. 1. Data processing workflow and methodological processes.
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Author Collaboration

Table 2 visualizes the top ten authors in terms of 
the number of collaborations in the study of carbon 
emissions and climate change in sports. The top three 
authors in terms of number of collaborations are 
Hasegawa, Tomoko, Fujimori, Shinichiro, and Managi, 
Shunsuke (11, 11, and 9 collaborations, respectively). 
We found that there are more authors studying 
carbon emissions and climate change in sports, but 
the collaboration between authors is not strong. The 
centrality of the top ten authors’ collaborations remains 
at a low level (centrality of 0.01). We found that the 
authors’ research directions are slightly different, but 
all of them fit with the field of environmental science. 
For example, Hasegawa, Tomoko focused on more land 
use mitigation studies of climate change [33-35], while 
Managi, Shunsuke’s study focused on the impacts of 
climate change on various fields as well as studies 
related to carbon emissions [36-38].

Mechanism Co-Occurrence

Fig. 2 shows the clustered co-occurrence of 
institutions in the literature related to carbon emissions 
and climate change in sports. It is worth noting that 
the top five institutions in the institutional cohort are 
all from Japan. Specifically, the National Institute for 
Environmental Studies - Japan published 99 papers, 
the University of Tokyo published 57 papers, Japan 
Agency for Marine-Earth Science & Technology 
(JAMSTEC) published 48 papers, Kyushu University 
published 38 papers, and Kyoto University published  
33 papers. Japan, as a country with frequent earthquakes 
and volcanoes, has established a series of policies and 
laws for environmental protection, and environmental 
and other related research occupies a very important 
position. At the same time, we found that different 
organizations have different tendencies in studying 
carbon emissions and climate change in sports.  
For example, in “#0 climate drivers”, Kyushu University 
and the University of Tokyo published the largest 
number of papers, with Kyushu University focusing  
on the drivers of Arctic climate change and exploring 
the drivers of household carbon footprints. 

Regional Co-Occurrence

Fig. 3 shows a visualization of the regional 
cooperation network for research related to carbon 
emissions and climate change in sport, and the image 
only shows regions that have published ≥20 publications 
on research related to carbon emissions and climate 
change in sport. The node size reflects the number 
of collaborations in the region, and the connectivity 
of the nodes reflects the trend and direction of the 
collaborations in the region. We can find that the 
number of nodes of regional cooperation in researching 
sport carbon emissions and climate change is 87, and 
the number of connecting lines reaches 701 (N = 87, 
E = 701). It can be seen that multiple regions carry out 

Table 1. Number of publications by year.

Year Number Year Number

2008 1 2017 31

2009 2 2018 26

2010 7 2019 28

2011 12 2020 32

2012 13 2021 61

2013 20 2022 49

2014 19 2023 41

2015 19 2024 49

2016 35

Table 2. Author cooperation.

Ranking Authors Count Centrality Year

1 Hasegawa, Tomoko 11 0.00 2012

2 Fujimori, Shinichiro 11 0.00 2016

3 Managi, Shunsuke 9 0.00 2015

4 Aoki, Shuji 7 0.00 2015

5 Ito, Akihiko 6 0.00 2019

6 Acosta, Manuel 6 0.00 2018

7 Lohila, Annalea 6 0.01 2018

8 Peichl, Matthias 6 0.00 2018

9 Ueyama, Masahito 5 0.00 2021

10 Chappellaz, J 5 0.00 2010
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Fig. 2. Co-occurrence of institutions.

Fig. 3. Co-occurrence of regional cooperation networks (N = 87, E = 701).
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research related to studying sports carbon emissions and 
climate change, and there is close cooperation between 
regions. In addition, we can visualize several prominent 
nodes, specifically, Japan occupies the first place with 
306 collaborations in terms of the number of articles, 
USA has 86 collaborations, and China follows with 76 
articles.

Subject Co-Occurrence

Fig. 4 shows the co-occurrence of disciplinary 
categories on the publication of sports carbon emissions 
and climate change-related literature. The node size 
and color represent the frequency and publication time 
of literature related to sports carbon emission and 
climate change published by this discipline. We found 
that most of the literature on sports carbon emissions 
and climate change is related to existing environmental 
issues and measures. The largest node size can be found 
in Environmental Science. Specifically, the literature 
on sports carbon emissions and climate change in 
Environmental Science reached 173, accounting for 
38.87% of the total. Seventy-three papers related to 
Meteorology and Atmospheric Sciences were published, 
accounting for 16.40% of the total, and 55 papers related 
to Environmental Science were published, accounting 
for 12.35% of the total. We believe that sports carbon 

emissions and climate change involve various 
disciplines, but from the co-occurrence map, we still 
prefer Environmental Science.

Keyword Timeline

Fig. 5 shows a cluster timeline graph for keywords. 
We find that studies in different clusters have different 
levels of importance and vary in size and number of 
nodes. For example, it can be intuitively found that 
the node climate change is the most prominent, the 
longest duration and dense cluster is the cluster “#0 CO2 
emissions” (2008-2024), which has a dense connecting 
line and a prominent node, indicating that this subject 
occupies a major position in the carbon emissions and 
climate change in sports. major position. Specifically, 
CO2 emissions, impact, consumption, and growth 
(frequencies of 50, 30, 27, and 26, respectively). Scholars 
have paid early attention to the research related to sports 
carbon emissions and climate change, and have proposed 
a series of measures, mitigation, and table measures.

Keyword Emergence Analysis

Fig. 6 highlights the emergence of the top 15 
keywords of sports carbon emissions and climate 
change research, showing current research hotspots and 

Fig. 4. Co-occurrence of journal disciplines.



4039Sports Carbon Emissions and Climate Change...

emerging trends. It can be found that the start time of 
atmospheric methane and CH4 is the same as the second 
place of the end time, but the intensity of atmospheric 
methane is as high as 4.17. Keywords with the highest 
emergent intensity include “carbon footprint” (4.46), 
“scenarios” (4.28), “atmospheric methane” (4.17), 

and “land use” (3.09). It is worth mentioning that the 
keywords “carbon footprint”, “economic growth”, 
“earth system model”, and “efficiency” all emerged from 
2022, and continue to be the research hotspots of sports 
carbon emission and climate change.

Fig. 5. Keyword timeline.

Fig. 6. Keyword emergence.
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Conclusions

Main Findings of this Study

This study focuses on analyzing the current 
research status and evolutionary trends of sports carbon 
emissions and climate change through Citespace to 
provide a bibliometric perspective for systematically 
organizing the relationship between sports carbon 
emissions and climate change. During the research 
process, we mainly found the following. (1) Since 2008, 
the number of related research articles has been on the 
rise, especially in the last five years. (2) The National 
Institute for Environmental Studies - Japan has the 
largest number of publications in the field, up to 99 
documents. This may be related to the environmental 
reasons in the Japanese region. (3) Japan (306) has the 
largest number of publications in this field, followed by 
the USA (86) and China (76). (4) In terms of disciplines, 
the main focus is on Environmental Science, which 
shows that there is relatively little research in the field 
of physical education and sports, and that environmental 
and atmospheric sciences are more concerned with this 
topic.

Future Research Directions

Based on the topic of carbon emission and 
climate change in sports, we propose future research 
suggestions and views on the current development, 
which will provide some theoretical references for 
future researchers.

(1) Interdisciplinary cooperation: With the 
deepening of the research on carbon emission and 
climate change in sports, more and more disciplines 
will be accommodated. Currently, the main focus on 
this topic is still dominated by Environmental Science, 
which lacks the participation of other disciplines such 
as sports science, economics, and management. We 
believe that the research theme should not be limited to 
Environmental Science, but should be combined with 
multidisciplinary research methods to make the research 
more diversified.

(2) Complexity of research themes: Through reading 
the included literature, we found that the current research 
themes of carbon emission and climate change in sports 
are gradually becoming more comprehensive, and the 
research methods involved are also more diversified. 
There are also research methods in economics, 
management, and even sociology. Qualitative and 
quantitative research is also included.

Contributions and Innovations

This study contributes to the overall grasp of the 
research on topics related to carbon emissions and 
climate change in sports, and has some innovations 
in the following aspects. (1) Embodied in literature 
mining. Our study selects the literature published in 

authoritative journals such as SSCI, SCI, and A&HCI 
as the main research object. To ensure the objectivity 
and science of the research content. (2) Embodied in the 
research method. Our study provides a new perspective 
for related research through the method of bibliometrics. 
This method can reveal the research trends in the 
field more intuitively, help readers better understand 
the current research dynamics, and provide a more 
comprehensive perspective for future research.

Limitations of this Study

There are some limitations to this study. (1) The time 
span of the study data only includes journals after 
2008, which means that we did not include all 
valuable literature. (2) Our study only includes English 
publications. Publications in other languages, such as 
Japanese and Chinese, were ignored. In particular, as 
Japan is a major research country in this field, there are 
bound to be topics in this field that are worth studying 
in depth.

To address the above shortcomings. Our future 
research will be accomplished in the following ways.  
(1) Expanding the search timeframe as much as possible. 
(2) Expanding publications in other languages as much 
as possible. In order to improve the systematicity and 
completeness of the research.

Acknowledgements

Thanks to the School of Physical Education of Hunan 
University for supporting this article. We appreciate the 
valuable comments offered by the anonymous reviewers 
and editors who contributed to improving the quality of 
our article.

Conflict of Interest

The authors declare no conflict of interest.

References 

1.	 WEST T.O., MARLAND G. Net carbon flux from 
agriculture: Carbon emissions, carbon sequestration, crop 
yield, and land-use change. Biogeochemistry. 63 (1), 73, 
2003.

2.	 MA S.L., LI J.F., WEI W.T. The carbon emission reduction 
effect of digital agriculture in China. Environmental 
Science and Pollution research. 2022.

3.	 PATTHANAISSARANUKOOL W., POLPRASERT 
S., NEAMHOM T. Carbon smart agriculture: lower 
carbon emissions and higher economic benefits of 
maize production in Thailand. International Journal of 
Environmental Science and Technology. 20 (6), 6003, 
2023.

4.	 GAO W.L., XIE D.Y. Pathways towards low-carbon 
sustainable agriculture: how farmland size affects net 
carbon emissions. Climate Policy. 24 (10), 1395, 2024.



4041Sports Carbon Emissions and Climate Change...

5.	 QIN J.X., DUAN W.L., ZOU S., CHEN Y.N., HUANG 
W.J., ROSA L. Global energy use and carbon emissions 
from irrigated agriculture. Nature Communications. 15 (1), 
2024.

6.	 LIU J.J., LIU M.T., LIANG D.P. Research on the impact 
of digital technology application in industry on industrial 
carbon dioxide emissions: Evidence from China. Energy 
Economics. 141, 108121, 2025.

7.	 MA R.Z., BU S.Q. Evaluation and mitigation of carbon 
emissions in energy industry. Renewable and Sustainable 
Energy Reviews. 212, 115329, 2025.

8.	 TANG X.F., LIU S.A., WANG Y.H., WAN Y.W., NUBEA 
M.D. Carbon emission reduction in China’s iron and steel 
industry through technological innovation: a quadrilateral 
evolutionary game analysis under government subsidies. 
Frontiers in Environmental Science. 12, 2025.

9.	 XIAN Y.J., WANG H.H., ZHANG Z.Y., YANG Y.S., 
ZHONG Y.H. Driving factors and reduction paths dynamic 
simulation optimization of carbon dioxide emissions in 
China’s construction industry under the perspective of 
dual carbon targets. Environmental Impact Assessment 
Review. 112, 107789, 2025.

10.	 JAVAN K., DARESTANI M., IBRAR I., PIGNATTA G. 
Interrelated issues within the Water-Energy-Food nexus 
with a focus on environmental pollution for sustainable 
development: A review. Environmental Pollution. 368, 
125706, 2025.

11.	 SINGH S., GRAY A.B., MURPHY-HAGAN C., HAPICH 
H., COWGER W., PERNA J., LE T., NOGI H., BADWAL 
B., MCLAUGHLIN K., KESSOURI F., MOORE C., 
LATTIN G., HAMPTON L.M.T., WONG C.S., SUTULA 
M. Microplastic pollution in the water column and 
benthic sediment of the San Pedro Bay, California, USA. 
Environmental Research. 269, 120866, 2025.

12.	YABALAK E., KHALAF S. A sustainable strategy  
for mitigating water pollution: Photocatalytic enhancement 
of hydrothermally synthesized hydrochars from waste 
parsley stalks via doping magnetite and sphalerite ores. 
Journal of Water Process Engineering. 70, 106925,  
2025.

13.	 RANASINGHE D., LEE E.S., ZHU Y.F., FRAUSTO-
VICENCIO I., CHOI W., SUN W., MARA S., SEIBT 
U., PAULSON S.E. Effectiveness of vegetation and 
sound wall-vegetation combination barriers on pollution 
dispersion from freeways under early morning conditions. 
Science of the Total Environment. 658, 1549, 2019.

14.	 WILSON L., PINE M.K., RADFORD C.A. Small 
recreational boats: a ubiquitous source of sound pollution 
in shallow coastal habitats. Marine Pollution Bulletin. 174, 
113295, 2022.

15.	 FU B., LI J., GASSER T., CIAIS P., PIAO S., TAO S., 
SHEN G., LAI Y., HAN L., LI B. Climate Warming 
Mitigation from Nationally Determined Contributions. 
Advances in Atmospheric Sciences. 39 (8, SI), 1217,  
2022.

16.	 GUO X. Climate warming threatens soil microbial 
diversity. Nature Microbiology. 7 (7), 935, 2022.

17.	 LEWANDOWSKI S.A., SEGURA L.E. Climate Warming 
and Seasonal Mortality. American Journal of Public 
Health. 112 (9), 1230, 2022.

18.	 SUN X., REN G., REN Y., LIN W., ZHANG P., ZHANG 
S., XUE X. Asian climate warming since 1901: observation 
and simulation. Climate Research. 91, 67, 2023.

19.	 WANG F., LI X., TANG X., SUN X., ZHANG J., YANG 
D., XU L., ZHANG H., YUAN H., WANG Y., YAO Y., 
WANG C., GUO Y., REN Q., LI Y., ZHANG R., WANG 

X., ZHANG B., SHA Z. The seas around China in  
a warming climate. Nature Reviews Earth & Environment. 
4 (8), 535, 2023.

20.	NADERI M., SAATSAZ M., PEELY A.B. Extreme 
climate events under global warming in Iran. Hydrological 
Sciences Journal. 69 (3), 337, 2024.

21.	 SHI Y.F., YUAN X.L., TANG Y.Z., LI Y., WANG Q.S., 
MA Q., ZUO J., LIU H.W. Localized regional life cycle 
model research for the impacts of carbon dioxide on 
human health and ecosystem. Sustainable production and 
consumption. 29, 36, 2022.

22.	ROGELJ J., DEN ELZEN M., HÖHNE N., FRANSEN 
T., FEKETE H., WINKLER H., CHAEFFER R.S., HA F., 
RIAHI K., MEINSHAUSEN M. Paris Agreement climate 
proposals need a boost to keep warming well below 2°C. 
NATURE. 534 (7609), 631, 2016.

23.	SCHLEUSSNER C.F., ROGELJ J., SCHAEFFER M., 
LISSNER T., LICKER R., FISCHER E.M., KNUTTI R., 
LEVERMANN A., FRIELER K., HARE W. Science and 
policy characteristics of the Paris Agreement temperature 
goal. Nature Climate Change. 6 (9), 827, 2016.

24.	TRIANTAFYLLIDIS S., RIES R.J., KAPLANIDOU K. 
Carbon Dioxide Emissions of Spectators’ Transportation 
in Collegiate Sporting Events: Comparing On-Campus 
and Off-Campus Stadium Locations. Sustainability. 10 (1), 
2018.

25.	HEYNEN A.P., AMBETH P.V. Sustainable Legacies of 
a Climate Positive Olympic Games: An Assessment of 
Carbon Offsets and Renewable Energy for Brisbane 2032. 
Sustainability. 15 (2), 2023.

26.	DOLF M., TEEHAN P. Reducing the carbon footprint 
of spectator and team travel at the University of British 
Columbia’s varsity sports events. Sport Management 
Review. 18 (2), 244, 2015.

27.	 MANNI M., COCCIA V., NICOLINI A., MARSEGLIA 
G., PETROZZI A. Towards Zero Energy Stadiums: The 
Case Study of the Dacia Arena in Udine, Italy. Energies. 
11 (9), 2396, 2018.

28.	ZHANG C., ZHOU X.X., ZHOU B., ZHAO Z.W. Impacts 
of a mega sporting event on local carbon emissions: A case 
of the 2014 Nanjing Youth Olympics. China Economic 
Review. 73, 2022.

29.	 WICKER P. The carbon footprint of active sport 
participants. Sport Management Review. 22 (4), 513,  
2019.

30.	MABON L. Football and climate change: what do we 
know, and what is needed for an evidence-informed 
response? Climate Policy. 23 (3), 314, 2023.

31.	 CHEN C.M. CiteSpace II: Detecting and visualizing 
emerging trends and transient patterns in scientific 
literature. Journal of the American Society for Information 
Science and Technology. 57 (3), 359, 2006.

32.	CHEN C.M., DUBIN R., KIM M.C. Emerging trends 
and new developments in regenerative medicine: a 
scientometric update (2000-2014). Expert Opinion on 
Biological Therapy. 14 (9), 1295, 2014.

33.	 RIAHI K., VAN VUUREN D.P., KRIEGLER E., 
EDMONDS J., O’NEILL B.C., FUJIMORI S., BAUER N., 
CALVIN K., DELLINK R., FRICKO O., LUTZ W., POPP 
A., CUARESMA J.C., SAMIR K.C., LEIMBACH M., 
JIANG L.W., KRAM T., RAO S., EMMERLING J., EBI 
K., HASEGAWA T., HAVLIK P., HUMPENöDER F., DA 
SILVA L.A., SMITH S., STEHFEST E., BOSETTI V., EOM 
J., GERNAAT D., MASUI T., ROGELJ J., STREFLER 
J., DROUET L., KREY V., LUDERER G., HARMSEN 
M., TAKAHASHI K., BAUMSTARK L., DOELMAN 



Yi-Ning Qin, et al.4042

J.C., KAINUMA M., KLIMONT Z., MARANGONI G., 
LOTZE-CAMPEN H., OBERSTEINER M., TABEAU A., 
TAVONI M. The Shared Socioeconomic Pathways and 
their energy, land use, and greenhouse gas emissions 
implications: An overview. Global Environmental Change-
Human and Policy Dimensions. 42, 153, 2017.

34.	HASEGAWA T., MATSUOKA Y. Climate change 
mitigation strategies in agriculture and land use in 
Indonesia. Mitigation and Adaptation Strategies for Global 
Change. 20 (3), 409, 2015.

35.	 HASEGAWA T., FUJIMORI S., SHIN Y., TAKAHASHI 
K., MASUI T., TANAKA A. Climate Change Impact and 
Adaptation Assessment on Food Consumption Utilizing 

a New Scenario Framework. Environmental Science & 
Technology. 48 (1), 438, 2014.

36.	FUJII H., MANAGI S. Optimal production resource 
reallocation for CO2 emissions reduction in manufacturing 
sectors. Global Environmental Change-Human and Policy 
Dimensions. 35, 505, 2015.

37.	 TAMAKI T., NOZAWA W., MANAGI S. Controlling 
CO2 emissions for each area in a region: the case of Japan. 
Carbon Balance and Management. 14 (1), 2019.

38.	ARACHCHI J.I., MANAGI S. Social capital, household 
income and carbon dioxide emissions: A multicountry 
analysis. Environmental Impact Assessment Review. 96, 
2022.


