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ABSTRACT:

The growing concern owver global carbon emissions and their impact on climate change has made it crucial to
understand the economic and environmental drivers of emissions across different economies. This study aims to explore
the longrun and shortrun relationships between carbon emissions and key determinants such as income, energy
consumption, urbanization, and tourism in a panel of eight selected developed and developing countries from 1990
to 2020. The research applies dynamic panel estimation techniques including Mean Group, Pooled Mean Group,
and Dynamic Fixed Effects models to assess these relationships. Rooted in the Environmental Kuznets Curve (EKC)
theory, which posits an inverted U-shaped relationship between income and environmental degradation, this study
examines whether carbon emissions increase with economic growth up to a certain point and then decrease as
economies adopt cleaner technologies. The sample includes data from both developed and developing countries,
allowing for a comprehensive analysis of heterogeneous effects across different stages of development. The results
indicate a longrun causal relationship between carbon emissions and its explanatory variables, as evidenced by the
significant error correction terms across all models tested. Income, energy consumption and urbanization were found
to significantly increase carbon emissions in the long run, while tourism (measured by the number of tourist arrivals)
has a significant negative impact on carbon emission. The study's empirical results further confirm the EKC hypothesis,
revealing an inverted Ushaped relationship between income and carbon emissions. These findings highlight the urgent
need for policy measures that foster sustainable urbanization and energy efficiency to mitigate the longterm
environmental consequences of economic growth.

The negative effect of tourism on emissions suggests that promoting environmentally sustainable tourism could be an
effective strategy to balance economic growth with environmental protection.

KEYWORDS: Carbon Emissions, Environmental Kuznets Curve, Economic Growth, Dynamic Panel Data
Analysis

1. INTRODUCTION

Climate change, a significant anthropogenic alteration in temperature and weather patterns since the
19th century, poses a major threat to human health, international security, and biodiversity (United
Nations, 2024; World Economic Forum, 2024; The Lancet Respiratory Medicine, 2023). Primarily driven
by the combustion of fossil fuels, this phenomenon has fundamentally disrupted the Earth's climate
system, primarily through the emission of greenhouse gases including carbon dioxide (CO,) and methane.
Global warming, a main manifestation of climate change, is influencing global temperatures and weather
patterns, leading to numerous adverse environmental and societal impacts. These impacts include
increased frequency and intensity of heatwaves, droughts, and floods, rising sea levels, ocean acidification,
and ecosystem disruptions (Molotoks et al., 2021). The greenhouse effect, a natural mechanism for
warming the planet's surface, has been exacerbated by human activities. As greenhouse gas concentrations
in the atmosphere rise, they trap more heat, causing global warming and its associated implications for
weather patterns, ocean circulation, and ecosystems globally.

Due to the Earth’s systemic nature, changes in one area can ripple across the globe. Climate change poses
a significant threat to the planet, leading to severe droughts, water scarcity, famine, rising sea levels,
devastating storms, melting polar ice, flooding, biodiversity loss, and, ultimately, global food shortages
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(Molotoks et al., 2021). The greenhouse effect, caused by the buildup of CO, and other greenhouse gases
in the atmosphere, is driving global warming, accounting for nearly three-quarters of climate-warming
pollution (Gibbens, 2024).

Recent data highlights the urgency in addressing climate change. Global temperatures have consistently
ranked among the warmest on record for the past decade, as illustrated in Figure 1 (Nasa, 2023). The
Paris Agreement seeks to cap global warming at below 2 degrees Celsius above pre-industrial levels, with
an ideal target of 1.5 degrees Celsius. However, achieving this goal requires immediate and substantial
action. Exceeding the 1.5 degrees Celsius threshold would result in more frequent and severe climate
impacts, such as severe droughts, heatwaves, and extreme precipitation (IPCC, 2023). To prevent such
outcomes, global greenhouse gas emissions need to be reduced by 43% by 2030, with a peak in emissions
occurring in 2025.

Figure 1 Global Land-Ocean Temperature Index
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The achievement of Sustainable Development Goal 13, "Climate Action," which calls for reducing and
responding to climate change for the benefit of humanity and the Earth (United Nations, 2024),
necessitates radical reductions in greenhouse gas emissions. This requires a global effort to understand
and address the causes of greenhouse gas emissions, while also adopting sustainable practices that balance
environmental protection with economic development.

As a measure quantifying direct and indirect greenhouse gas emissions, the carbon footprint has become
a central concept in navigating and addressing climate change. Currently accounting for 61% of
humanity's environmental impact and growing rapidly, the carbon footprint has increased elevenfold
since 1961 (Global Footprint Network, 2021). Reducing the carbon footprint is crucial for mitigating
climate change as it directly addresses the largest and fastest-growing driver of the issue (Global Footprint
Network, 2018). Research consistently demonstrates that reducing emissions is crucial for bettering
environmental quality, which is critical for mitigating climate change and achieving sustainable
development goals (Raihan & Tuspekova, 2022). To meet global climate targets, it is imperative to
understand the economic and environmental factors driving emissions, particularly in contexts where
economic priorities often compete with sustainability goals. Addressing the carbon footprint of both
individuals and industries through sustainable practices, energy efficiency, and responsible consumption
can play a significant role in achieving these climate targets.

Furthermore, the Environmental Kuznets Curve (EKC) hypothesis, while widely studied, lacks analysis
on the combined effect of income, energy consumption, urbanization, as well as tourism on CO,
emissions in both developed and developing nations. Tourism’s impact on emissions is particularly
understudied, especially in countries where it drives economic growth. Research suggests a mixed
relationship between tourism and carbon emissions, with some studies indicating a worsening
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environmental impact (Adedoyin et al., 2021; Zhang & Liu, 2019), while others show a potential for
emissions reduction with renewable energy and technology (Voumik et al., 2023; Sun et al., 2021). In
Latin America, a U-shaped relationship is observed, where tourism initially reduces emissions but
reaching a threshold, after which emission levels will start increasing as tourism revenues grow (Ochoa-
Moreno, 2022). These contradictory findings highlight the complex and context-specific nature of
tourism's impact on the environment.

Recent systematic reviews have examined the EKC hypothesis and its evolution using literature between
1991 and 2023, focusing on the environmental degradation associated with energy use (Guo & Shahbaz,
2024). The majority of research uses carbon emissions as a proxy for environmental degradation, with
recent studies emphasizing the distinction between renewable and non-renewable energy use. While EKC
remains a useful model, future research should delve into sectoral and regional analyses to develop a
deeper insight into the energy-emissions relationship.

This study seeks to provide a detailed analysis of the factors driving environmental degradation across
different economic contexts. By examining the relationship between economic growth, energy use,
urbanization, tourism, and carbon emissions in both developed (US, UK, Japan, Singapore, South Korea)
and developing countries (China, India, Malaysia), this research aims to shed light on how these processes
impact environmental sustainability at different levels of economic development. These nations, being
key drivers of global economic and environmental trends, offer valuable insights into how policy measures
and economic changes can influence emissions patterns worldwide.

2. BRIEF REVIEW OF LITERATURES

2.1 Theoretical Literature

This nonlinear relationship between per-capita income and income inequality, which Kuznets first
proposed, became renamed in the 1990s in environmental economics as the Environmental Kuznets
Curve (EKC) (Kuznets, 1995). This hypothesis has become one of the main theoretical tools to analyse
the relationship between energy use, economic growth and the environment (Hasan et al., 2023). It is
developed by Grossman and Krueger, who suggest an upside-down U between economic development
and environmental degradation (Grossman & Krueger, 1995). This U-shaped connection has three
possible avenues of explanation, referred to by Grossman and Krueger as scale, composition and technical
effects (Grossman & Krueger, 1991). That is, the EKC suggests that while the negative environmental
impact of the scale effect dominates during the early stages of economic growth, it is eventually
outweighed by the positive effects of composition and technique changes, which tend to reduce emission
levels (Dinda, 2004).

In terms of scale effects, increasing production demands greater input, which leads to the depletion of
more natural resources during manufacturing. Higher output also results in the generation of more waste
and emissions, contributing to environmental degradation. Thus, economic growth exhibits a scale effect
that negatively impacts environmental quality (Tenaw & Beyene, 2021). However, regarding composition
effects, economic growth can also have a beneficial impact on the environment. As incomes rise, the
economic structure gradually shifts towards cleaner, less-polluting industries. While environmental
degradation may initially increase during the transition from rural to urban and from agricultural to
industrial activities, it tends to decline as economies shift towards service sectors and knowledge-based,
technology-intensive industries (Dinda, 2004). In terms of technological effects, wealthier nations can
allocate more resources to research and development, which accelerates technological progress (KOMEN
et al., 1997). This facilitates the replacement of outdated, polluting technologies with cleaner and more
efficient innovations, thereby enhancing environmental quality.

Despite being widely applied, the EKC hypothesis remains contentious, particularly when comparing its
application to developed and developing nations, and has several notable limitations (Dinda, 2004). In
developed countries, technological advancements and stringent environmental policies have enabled
economic growth that contributes to reducing emissions. However, the EKC assumes that economic
growth will inherently lead to environmental improvements, which oversimplifies the ongoing emissions
challenges these nations continue to face. On the other hand, developing countries, which are in the
earlier stages of industrialization, primarily experience scale effects, where pollution increases in tandem
with economic growth. Without external assistance, such as green technology transfers or deliberate
environmental policy actions, these nations may not achieve the environmental improvements forecasted

by the EKC.
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This study bridges this gap by analyzing both developed and developing economies, assessing whether the
EKC accurately captures the environmental and economic dynamics within different contexts, and
investigating the potential need for modifications to its application in developing nations. Furthermore,
this research delves into the specific factors that influence the turning point of the EKC, exploring
whether income level alone is a sufficient predictor or if other variables, such as institutional quality,
governance effectiveness, and access to clean technologies, play a more significant role.

2.2 Empirical Literature

2.2.1 Economic Growth and Carbon Emissions

The relationship between economic growth and carbon emissions has been extensively examined within
the EKC hypothesis. Studies on high-emitting countries have found a strong positive relationship between
GDP per capita and CO, emissions, supporting the EKC hypothesis (Shahbaz et al., 2024). Similarly, in
the EU-27, an inverted U-shaped relationship between economic growth and carbon emissions is
observed, with CO, emissions dropping considerably, especially in Germany (Mohammed et al., 2024).
These findings support the EKC hypothesis, suggesting that economic growth can eventually lead to
environmental improvements.

Research has also examined the effects of globalization, economic growth, and industrialization on carbon
emissions across 64 nations (Patel & Shahbaz, 2023). The findings support the EKC hypothesis for upper-
and lower-middle-income countries, while revealing a U-shaped relationship for low-income countries,
where growth continues to drive up emissions. The study also argues for targeted policy support for
renewable energy in low-income countries to disentangle growth from environmental degradation. In a
related study, researchers investigated how to reconcile economic growth and carbon emissions in
ASEAN and GCC countries (Naz et al., 2024). They discovered that while strong ASEAN economic
growth was linked to bigger ecological footprints, the GCC economies were more successful in reducing
emissions through renewable energy use. These studies highlight the need for local solutions to balance
growth with environmental responsibility, challenging the universality of the EKC.

Research on China suggests a more nuanced relationship between economic growth and environmental
impact (Tian et al., 2024). It appears from their research that China is not subject to the EKC paradox,
as the rise of economic growth and energy use has generated higher emissions, renewable energy and
tourism have made significant contributions to China's environmental objectives.

Developing nations often experience a rise in carbon emissions alongside economic expansion, especially
in their initial growth phases. This correlation is often driven by the dependence on fossil fuels to fuel
industrial expansion, build infrastructure, and meet growing consumption needs. As these economies
strive to improve living standards and catch up with developed nations, their energy needs escalate, and
often, the cheapest and easiest to obtain energy sources are coal, oil, and natural gas. However, the
connection between economic growth and carbon emissions is not a simple liner one. With increasing
economic maturity, a transition towards environmental enhancement might be observed, which is often
described by the Environmental Kuznets Curve (EKC) hypothesis. Energy use, urban growth, and tourism
are among the key factors influencing this dynamic. Grasping these intricate relationships is essential for
crafting impactful policies to combat climate change and foster sustainable development.

2.2.2 Energy Consumption and Carbon Emissions

This relationship is well-established in the literature. Numerous studies have demonstrated a strong
positive correlation between these two variables, highlighting the significant role of fossil fuels in driving
climate change. Numerous studies have demonstrated a strong relationship between energy consumption
and carbon dioxide emissions (Dunyo et al., 2024; Choudhury et al., 2023). These studies emphasize the
significant role of fossil fuels in environmental degradation and advocate for a transition to cleaner energy
sources. Notably, developed nations, particularly those with a strong focus on clean energy technologies,
have achieved significant reductions in per capita CO, emissions (Zhang et al., 2024).

In the context of Malaysia, a study has evaluated the environmental impacts of sectoral growth, identifying
agriculture, industry, and finance as major contributors to carbon emissions (Ehigiamusoe et al., 2024).
The study emphasizes the urgent need for sustainable practices and the adoption of cleaner energy sources
to balance economic growth with environmental protection. Research on BRICS nations has highlighted
the necessity of shifting away from fossil fuels towards renewable energy sources to ensure sustainable
economic development (Hasan et al. 2023). This shift is crucial for mitigating climate change and
achieving long-term environmental sustainability.
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Finally, research on Japan's energy consumption has demonstrated the significant role of renewable energy
sources, such as photovoltaic (PV) power, in reducing CO, emissions (Aruga et al., 2024). The increasing
adoption of renewable energy technologies in Japan has contributed to a significant reduction in
greenhouse gas emissions, showcasing the potential for such technologies to drive a sustainable energy
future.

Overall, the vast body of research dedicated to energy consumption and its impact on carbon emissions
underscores the pressing need for a worldwide transition to cleaner energy. Broad implementation of
sustainable practices is crucial to mitigating climate change and securing a more sustainable future. This
global energy transformation will be greatly aided by ongoing innovation in renewable energy production,
energy storage, and carbon capture and sequestration. Also, future studies should delve into the complex
interplay between energy systems, economic progress, and climate change, while also developing
groundbreaking policy solutions to expedite the shift towards a low-carbon world.

2.2.3 Urbanization and Carbon Emissions

Studies have consistently demonstrated the significant environmental consequences of urbanization,
particularly concerning carbon emissions. In Malaysia, urbanization has been identified as a key driver
of rising CO, emissions, with a focus on the rapid expansion of urban centers and the associated increase
in energy demand for transportation and residential use (Ridzuan et al., 2020). This trend is echoed in
research examining the world's 15 largest natural gas supply economies, which highlighted the negative
impact of urbanization on carbon emissions, emphasizing the urgent need for innovative policies that
address energy efficiency, promote sustainable urban planning, and encourage a shift towards cleaner
energy sources (Shah et al., 2023). The authors specifically pointed to the lock-in effect of infrastructure
development favoring fossil fuel consumption, making policy changes crucial.

Additional research in the PIIGS countries has shown that urbanization puts significant stress on
environmental quality, leading to increased emissions (Balsalobre-Lorente et al., 2022). In contrast,
studies in BRICS countries have found a more complex relationship between urbanization and carbon
emissions, with energy consumption emerging as a stronger driver (Balsalobre-Lorente et al., 2022).

At the international level, research has demonstrated that urbanization can amplify the positive
relationship between economic growth and carbon emissions, particularly in high-income economies
(Wang et al., 2022). However, in lower-income countries, urbanization can worsen emissions, reinforcing
the pollution haven argument (Muhammad et al., 2020).

While urbanization indisputably contributes to economic growth and development, its environmental
consequences, particularly the increase in carbon emissions, cannot be ignored. Studies have shown that
urbanization leads to increased energy consumption across various sectors, including residential,
commercial, and transportation. This increased energy demand, often met by fossil fuels, translates
directly into higher carbon footprints. Furthermore, urbanization typically leads to increased
transportation emissions due to greater commuting distances and reliance on private vehicles. Waste
generation, another byproduct of urban living, also contributes to emissions, particularly if waste
management practices are inefficient and rely on landfill disposal. However, it is crucial to recognize that
the impact of urbanization on carbon emissions is not uniform. It varies significantly across different
regions and countries, depending on a complex interplay of factors. These factors include the level of
urban planning and management, the quality of infrastructure development (including public
transportation and energy grids), the dominant energy consumption patterns, technological
advancements, and existing environmental regulations. Understanding these nuances is critical for
developing effective and targeted policies to mitigate the environmental impact of urbanization while still
harnessing its potential for economic and social progress. Future research should focus on exploring the
specific mechanisms through which urbanization affects emissions in diverse contexts, taking into account
the dynamic interplay of these moderating factors.

2.2.4 Tourism and Carbon Emissions

Numerous studies point to tourism’s contribution to CO, emissions, especially in highly developed
countries and regions. Study concluded that tourism accounted for a significant proportion of carbon
emissions in the European Union (EU), especially in areas of high economic complexity (Adedoyin et al.,
2021). This emphasizes that global travel helps to fuel economic growth but also causes environmental
degradation, particularly in times of crisis such as Brexit. In a similar vein, a study analysed Northeastern
and Southeast Asian areas, concluding that tourism, along with energy consumption, deteriorates the
environment (Zhang & Liu, 2019). Further evidence for tourism’s negative environmental effects comes
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from other studies. Tourism receipts were found to increase energy use leading to higher carbon emissions
in Himachal Pradesh in India (Manisha et al., 2023). In this research, we discovered an upside-down EKC
relationship, in which tourism first fosters economic development, then leads to environmental
damage. Similarly, a research analyses of different regions, including East Asia & Pacific and the EU, also
confirmed that tourism-related emissions are a significant source of CO, (Zaman et al., 2016). The study
confirms the EKC hypothesis, but only at the higher income scale, where the ecological burden of tourism
might outweigh its economic upside in developing countries.

In addition to the aforementioned results, there are some studies demonstrating that tourism can have a
positive effect on the environment, especially in conjunction with renewable energy and ecotourism
projects. A study concluded that in the Arab Peninsula, tourism is effective in reducing CO, emissions
when combined with renewable energy use (Voumik et al., 2023). Their work casts the EKC hypothesis
into doubt here, and proves that environmental degradation is not a condition of tourism-driven
economic growth. It also shows that tourism can potentially contribute positively to sustainability.
Similarly, studies have shown that the combination of tourism and ecological innovation can lead to
positive environmental outcomes, including reduced carbon emissions and a smaller environmental
footprint (Sun et al., 2021). This finding supports the EKC hypothesis across all levels of economic
development. Additionally, research in China (Razzaq et al., 2020) has demonstrated that tourism
development, particularly when coupled with technological advancements, can serve as a significant
source of mitigation, especially in regions with higher emissions. These findings suggest that the
environmental impact of tourism is not inherently negative and can be mitigated through careful planning
and the adoption of sustainable technologies.

In contrast, research on 20 Latin American countries has revealed a more complex relationship between
tourism and carbon emissions (Ochoa-Moreno et al., 2022) . The study suggests that while initial tourism
growth may lead to reduced emissions, further growth can eventually lead to increased emissions,
challenging the traditional EKC framework. This finding highlights the importance of sustainable
tourism practices to ensure that the environmental benefits of tourism are not outweighed by negative
impacts.

While tourism can contribute to economic growth and development, it can also have significant
environmental impacts. Numerous studies have shown that tourism can lead to increased carbon
emissions, particularly in developed countries and regions. Factors such as air travel, accommodation,
and transportation contribute to the tourism industry's carbon footprint. However, the impact of tourism
on emissions can vary depending on factors like the type of tourism, the development stage of economy,
and the implementation of sustainable practices. Moving forward, research should prioritize a more
granular analysis of the tourism sector, differentiating between various types of tourism (e.g., mass tourism
vs. ecotourism) and their respective environmental impacts. Furthermore, investigating the efficacy of
specific policy interventions, such as carbon pricing for air travel or incentives for eco-friendly
accommodations, is crucial for developing effective strategies to mitigate the carbon footprint of tourism.
A deeper understanding of the complex interplay between tourism, economic growth, and environmental
sustainability is essential for fostering a responsible and thriving tourism sector that minimizes its negative
impact on the planet.

3. RESEARCH METHODOLOGY

3.1 Data

The present paper applies a quantitative research approach to analyse panel data of eight countries,
categorised into developed and developing economies. The selected countries include China, India,
Malaysia, the US, the United Kingdom, Japan, Singapore, and South Korea covering the period from
1990 to 2020. The research aims to investigate the long-term and shortterm relationships of economic
development, urbanization, energy consumption, tourism, and CO, emissions, with an emphasis on
testing the EKC hypothesis. Secondary data, encompassing the variables listed in Table 1, were sourced
from the World Bank's World Development Indicators (WDI).

Table 1 Summary Details of Variables

Variable Descriptor Data Source
Carbon Emissions CQO, emissions (metric tons per capita) WDI, World Bank
Economic GDP per capita WDI, World Bank
Development
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Energy Consumption | Energy use (kg of oil equivalent per capita) WDI, World Bank

Urbanization Utrban population WDI, World Bank

Tourism Number of tourist arrivals WDI, World Bank
3.2 METHODOLOGY

This study employs three primary econometric techniques to assess the short-run and long-run dynamics
among the variables: the Mean Group (MG) estimator, the Pooled Mean Group (PMQG) estimator, and
the Dynamic Fixed Effects (DFE) model (Pesaran et al., 1995; Pesaran et al.,, 1999). Additionally,
logarithmic transformations are implemented to address issues of heteroscedasticity and to enhance the
interpretation of the results, particularly when estimating elasticities (Wooldrigde, 2010; Greene, 2019).
In dynamic panel models, the inclusion of lagged dependent variable allows the model to account for
temporal dependencies, where past levels of CO, emissions may influence current levels (Arellano &
Honoré, 2001). This approach not only reflects the gradual nature of environmental and economic
processes but also helps mitigate potential endogeneity issues. Here, the lagged CO, emissions term (i.e.,
InCO,;j¢_1) captures the persistence of emissions over time, recognizing that environmental impacts from
economic activities do not dissipate instantly and often exhibit inertia.
For macro panel datasets (where T>N), traditional estimation techniques, such as fixed effects,
instrumental variables, or the Generalized Method of Moments (GMM), may lead to biased or
inconsistent parameter estimates due to heterogeneous panel characteristics that violate the pooling
assumption (Rasiah et al., 2018). The PMG estimation technique addresses this issue by allowing short-
run coefficients and error variances to differ across cross-sectional units, while assuming long-run
homogeneity in slope coefficients (Pesaran et al., 1999). To enhance robustness and validate the results,
the MG and DFE models are applied for comparative purposes.
The general equation for the model is as follows:

InCO,5 = By + B1InCO,i—; + P2InGDP, + B3InGDPZ + B,4InUPOP; + BsInENERGY;,

+ BGIHTOURISMlt + Eit

Where:
InCO,;: the natural logarithm of CO, emissions for country i at time t, representing the dependent
variable; InCO,;;_4: the lagged natural logarithm of CO, emissions, which helps to capture the dynamic
nature of the model by accounting for past emissions influencing current emissions; InGDP;;: the natural
logarithm of GDP per capita, reflecting economic development levels; InGDPZ: the square of log GDP,
included to test for the EKC hypothesis; InUPOP;: the natural logarithm of urban population,
representing urbanization; INENERGYj;: the natural logarithm of energy consumption; INTOURISM;;: the
natural logarithm of number of tourist arrivals; &;: the error term.

4. RESULTS AND DISCUSSION

4.1 Descriptive Analysis

Before conducting the empirical analysis of the determinants of CO, emissions, it is crucial to present
the summary statistics for all variables, as depicted in Table 2.

Table 2 Descriptive Statistics for Key Variables of the CO, Emission Model

Variable Mean Std. Dev. | Minimum | Maximum | Observations
LCO2 overall | 1.861 0.827 -0.435 3.019 248
between 0.837 0.071 2.883
within 0.259 1.090 2.489
LGDPPC overall | 28.015 | 1.527 24.985 30.634 248
between 1.553 25.898 30.312
within 0.459 26.559 29.214
LGDPSQ overall | 787.167 | 85.178 624.238 938.415 248
between 86.673 670.946 918.842
within 25.603 703.807 857.728
LUPOP overall | 18.071 | 1.537 14.930 20.580 248
between 1.625 15.297 20.103
within 0.205 17.442 18.549
LENERGY | overall | 7.884 0.871 5.861 8.994 204
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between 0.907 6.097 8.930

within 0.203 7.292 8.513
LTOURISM | overall | 16.750 | 1.241 14.569 19.026 207

between 1.199 15.446 18.547

within 0.527 15.470 18.133

The results suggest that a significant portion of the variability in the data is explained by the between-
country variance. For instance, CO, emissions exhibit an overall variance of 0.684 (i.e., 0.827 squared),
with only 0.067 (i.e., 0.259 squared) attributed to within-country variance, meaning just 6.7% of the
variation occurs within individual countries. Similarly, the within-country variance for GDP per capita
accounts for merely 21.1% (0.459 squared = 0.211) of the overall variation. Additionally, urbanization
(UPOP) shows a within-country variance of 0.042 (0.205 squared), energy consumption (ENERGY) has
a value of 0.041 (0.203 squared), and number of tourist arrivals (TOURISM) reflects 0.278 (0.527
squared) of the within-country variance. These results indicate that between-country differences largely
explain the variation in the dataset.

4.2 MG, PMG and DFE Estimation

The estimation techniques used in this study include the Mean Group (MG), Pooled Mean Group (PMG),
and Dynamic Fixed Effects (DFE) estimators. Table 3 presents the estimation results for both long-run
and short-run coefficients, along with the error correction terms.

The MG estimator is the least restrictive of the three, allowing full heterogeneity across all parameters,
meaning that both short- and long-run coefficients vary across countries. While this approach captures
country-specific dynamics, it may result in less efficient estimates due to high parameter variability
(Pesaran et al., 1995). In contrast, the PMG estimator serves as a compromise between the MG and DFE
approaches. It allows for country-specific variation in intercepts, short-run coefficients, and error
variances, while imposing homogeneity on longrun slope coefficients, assuming that the long-term
relationships among variables are consistent across countries (Pesaran et al., 1999). The DFE estimator is
the most restrictive, allowing only the intercepts to vary by country, while assuming homogeneity across
all other parameters.

The Hausman test results (Table 3) indicate that the PMG estimator is the most suitable, as it
demonstrates both consistency and efficiency. Specifically, with a p-value greater than 0.05, the null
hypothesis of long-run homogeneity cannot be rejected, affirming the PMG model as the optimal choice.
Consequently, the analysis and discussion focus on the PMG results, which provide a balanced
perspective by capturing short-term heterogeneity while maintaining a consistent long-term relationship
among the variables.

Table 3 Estimation Results for the Determinants of CO, Emissions

Mean Group Pooled Mean | Dynamic Fixed
MG) Group (PMG) Effects (DFE)
Long-run coefficients
LGDPPC 5.755 2.396" -1.374
(13.762) (0.541) (2.847)
LGDPSQ -0.074 -0.0457 0.027
(0.251) (0.009) (0.050)
LUPOP 0.103 0.469™ -0.155
(0.910) (0.139) (0.954)
LENERGY 0.782 1.209™ 0.845"
(0.545) (0.030) (0.390)
LTOURISM -0.140 -0.0327 0.085
(0.089) (0.014) (0.183)
Error correction | - 0.830" 0.417" -0.075
coefficient (0.181) (0.187) (0.050)
Short-run coefficients
ALGDPPC -48.445" -70.821° -3.33"
(20.289) (39.015) (1.849)
ALGDPSQ 0.8327 1.234 0.076”"
(0.344) (0.670) (0.034)
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ALUPOP 2.064" 2.010 0.318
(0.910) (1.777) (0.417)
ALENERGY 0.057 0.229 0.206™
(0.269) (0.234) (0.057)
ALTOURISM 0.028 0.025 -0.015
(0.046) (0.036) (0.022)
Hausman test 0.1015

1 - The numbers in parentheses are standard errors.
2 - The asterisks ***, ** and * indicate the rejection of null hypothesis at 1%, 5% and 10% of significance
levels, respectively.

Based on the PMG estimation technique, a long-run causal relationship exists between the explanatory
variables and CO, emissions, as indicated by the significant error correction terms. The magnitude of the
disequilibrium correction coefficient is 0.417, suggesting that approximately 42% of the adjustment
towards long-run equilibrium occurs in each period.

The PMG estimation technique, recognized as the most efficient method, reveals a robust positive long-
term relationship between GDP and CO, emissions, aligning with previous research (Shahbaz et al., 2024;
Mohammed et al., 2024; Naz et al., 2024; Tian et al., 2024). This finding highlights the significant impact
of economic development on environmental degradation. Consistent with the EKC hypothesis, the
results show a significant negative relationship between GDP squared (LGDPSQ) and CO2 emissions.
This supports the notion of an inverted U-shaped curve, as suggested by previous research (Ramayah et
al., 2019). Furthermore, our study supports the established positive long-term relationship between energy
consumption and carbon emissions, consistent with prior research (Zhang et al., 2024; Ehigiamusoe et
al.,, 2024; Hasan et al., 2023; Aruga et al., 2024; Balsalobre-Lorente et al., 2022). This reinforces the
notion that increasing energy demand, particularly from fossil fuel sources, is a major driver of carbon
emissions. Additionally, our analysis indicates that urbanization has a significant positive impact on
carbon emissions, in line with existing literature (Ridzuan et al., 2020; Shah et al., 2023; Balsalobre-
Lorente, 2022; Wang et al., 2022; Muhammad et al., 2020). This suggests that rapid urbanization, often
accompanied by increased industrialization and transportation, can exacerbate environmental pressures.
However, our findings regarding tourism diverge from the general consensus (Voumik et al., 2023; Sun
etal., 2021; Razzaq et al., 2020), revealing a significant negative relationship between tourism and carbon
emissions. This counterintuitive result suggests that the impact of tourism on carbon emissions may be
more complex than previously thought, and further research is needed to explore the underlying
mechanisms.

5. CONCLUSION

This study investigates the causal relationship between key economic factors—GDP, urbanization, energy
consumption, and tourism—and carbon emissions across eight diverse economies over the period 1990-
2020. By employing the Mean Group (MG), Pooled Mean Group (PMG), and Dynamic Fixed Effects
(DFE) estimation techniques, the study explores both short-term and long-term relationships between
these variables. The findings indicate a long-run equilibrium relationship between per capita carbon
emissions and a range of economic factors, including per capita GDP, GDP squared, energy consumption,
and tourism. These results provide a nuanced understanding of the distinct economic drivers of carbon
emissions at various stages of economic development.

The most efficient model was identified as PMG estimate with the help of the Hausman test. We observed
using the PMG model that per capita GDP and energy use are both highly and positively related to carbon
emissions over the long-term, with higher levels of economic output and energy consumption leading to
higher levels of per capita carbon emissions. But the main break from much of the literature was seen in
the case of tourism. What we find is that tourism has a statistically significant but negative emissions
effect in this research. This observation stands in contrast to a lot of previous research linking more
tourism with worsening environmental damage. This rare outcome is indicative of the emissions-
reduction power of tourism combined with sustainable methods, renewable energy and climate policies.
As for the short-run dynamics, the estimated error-correction terms for all three models (MG, PMG, and
DFE) were negative and statistically significant, which indicates the robustness of the findings. These
negative error-correction words mean that if any variable moves out of the long-run equilibrium, it is then
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fixed in time and returned to a steady-state equilibrium every time. This result is crucial, since it means
that the chosen nations can restore a level of equilibrium to their environmental performance by using
flexible economic policy even if initiative shocks or policy shifts initially disturb this level of equilibrium.
These results have implications especially for policymakers in these eight countries who should be mindful
of the twoway relation between GDP growth and energy use on carbon emissions. Economic
development and energy consumption are still fundamental drivers of growth but they are major carbon
sources, so they need a middle way between growth and environmental accountability. Crucially, we
found that tourism, if managed well, can actually contribute to reductions in emissions. Governments
should enact policies that promote sustainable tourism to trade-off economic gain with environmental
protection, particularly in countries where tourism is a significant driver of national income.

Energy efficiency is one of the most urgent routes to sustainability. The incentives that policymakers are
called upon to encourage investments in energy-efficiency and emissions-reducing technologies should be
targeted. These investments can not only make a longer-term investment in operating expenses for
companies and homeowners, but also be good for the environment. Government budgets are encouraged
to put more resources into clean, renewable and sustainable energy research and development in biofuels,
hydropower and so forth. They are less polluting than fossil fuels, good alternatives to traditional energy
technologies, and may be a better strategy to tackle global warming than carbon taxes. Carbon taxes might
be a short-term solution to emissions, but they would stunt growth and don’t cover the need for clean
energy sources. So a balanced solution of fiscal policy and incentives for renewable investment is more
likely to produce more sustainable long-term results.

This study points to the need for governments to coordinate in their efforts to attain shared
environmental sustainability targets for the benefit of society. As climate change threatens human and
environmental health at an ever-serious rate, global coordination of sustainable development policies is a
must. States must understand that economic growth and environmental protection are not a two-way
street but need new kinds of policies and cross-cutting partnership to coexist.

Last but not least, this paper is fully aware that its conclusions are only a start, not a finish line. The next
studies could expand on these findings by considering the influence of other economic and
environmental factors and other methods of econometric estimation. Further research might include
sectoral analysis to understand more about the ways in which various industries have impacted the
environment across economic systems. Furthermore, incorporating new factors including technological
development, green finance and regulatory regimes into the future studies could enable a more detailed
picture of how these nations can work towards financial and economic restructuring focused on ambitious
carbon reduction targets. It is our wish that this study will add to the growing literature on sustainable
development and can also help other researchers and policymakers in their search for solutions to reduce
climate change.

Acknowledgments

This research journey, while demanding, proved deeply rewarding.

Above all, I want to extend my most grateful thanks to Dr. Ratneswary Rasiah, for all the guidance,
valuable comments and support [ have received during this research. Her knowledge and humour helped
me clarify and write this paper.

I am also extremely grateful to my classmates who helped and offered advice, and feedback. The
friendship and insightful dialogue that we had was what really made my research journey. Your support
not only inspired me but it also enriched this hard work.

Also, thank you all my friends and family. They were patient, empathetic, and provided me with the
emotional courage to work through what I went through with this project. You believed in me and
encouraged me when [ was feeling discouraged and for that [ am eternally grateful.

At last,  want to thank everyone who either directly or indirectly made this research a success. Your words
of encouragement, information or just being there have been more valuable than I can describe.

3045



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 21s, 2025
https://theaspd.com/index.php

REFERENCES

1. Adedoyin, F. F., Agboola, P. O., Ozturk, 1., Bekun, F. V., & Agboola, M. O. (2021). Environmental consequences of
economic complexities in the EU amidst a booming tourism industry: Accounting for the role of brexit and other crisis events.
Journal of Cleaner Production, 305, N.PAG-N.PAG. https://doi.org/10.1016/j.jclepro.2021.127117

2. Arellano, M., & Honor¢, B. (2001). Panel Data Models: Some Recent Developments. Handbook of Econometrics, 5,
3229-3296. https://doi.org/10.1016/s1573-4412(01)05006-1

3. Aruga, K, Islam, M. M., & Jannat, A. (2024). Assessing the CO2 Emissions and Energy Source Consumption Nexus in
Japan. Sustainability, 16(13), 5742. https://doi.org/10.3390/su16135742

4. Balsalobre-Lorente, D., Driha, O. M., Halkos, G., & Mishra, S. (2022). Influence of growth and urbanization on CO
emissions: The moderating effect of foreign direct investment on energy use in BRICS. Sustainable Development, 30(1), 227 -
240. https://doi.org/10.1002/sd.2240

5.  Balsalobre-Lorente, D., Ibafiez-Luzon, L., Usman, M., & Shahbaz, M. (2022). The environmental Kuznets curve, based on
the economic complexity, and the pollution haven hypothesis in PIIGS countries. Renewable Energy, 185.
https://doi.org/10.1016/j.renene.2021.10.059

6.  Choudhury, T., Kayani, U. N., Gul, A., Haider, S. A., & Ahmad, S. (2023). Carbon emissions, environmental distortions,
and impact on growth. Energy Economics, 126, 107040. https://doi.org/10.1016/j.enec0.2023.107040

7. Dinda, S. (2004). Environmental Kuznets Curve Hypothesis: A Survey. Ecological Economics, 49(4), 431-455. Science
Direct. https://doi.org/10.1016/j.ecolecon.2004.02.011

8. Dunyo, S. K., Odei, S. A., & Chaiwet, W. (2024). Relationship between CO2 emissions, technological innovation, and
energy intensity: Moderating effects of economic and political uncertainty. Journal of Cleaner Production, 440, 140904.
https://doi.org/10.1016/j.jclepro.2024.140904

9.  Ehigiamusoe, K. U., Lean, H. H., & Somasundram, S. (2024). Analysis of the environmental impacts of the agricultural,
industrial, and financial sectors in Malaysia. Energy & Environment, 35(5), 2329-2356.
https://doi.org/10.1177,/0958305x231152480

10. Gibbens, S. (2024). Global Warming Effects. National Geographic.
https://www.nationalgeographic.com/environment/article/global-warming-effects

11. Global Footprint Network. (2018). Climate Change - Global Footprint Network. Footprintnetwork.org.
https://www.footprintnetwork.org/our-work/climate-change/

12.  Global Footprint Network. (2021). Open Data Platform. Footprintnetwork.org. https://data.footprintnetwork.org/#/
13.  Greene, W. H. (2019). Econometric analysis (8th ed.). Pearson.

14.  Grossman, G. M., & Krueger, A. B. (1995). Economic Growth and the Environment. The Quarterly Journal of Economics,
110(2), 353-377. https://doi.org/10.2307/2118443

15.  Grossman, G., & Krueger, A. (1991). Environmental Impacts of a North American Free Trade Agreement. National
Bureau of Economic Research. https://doi.org/10.3386,/w3914

16.  Guo, X., & Shahbaz, M. (2024). The existence of environmental Kuznets curve: Critical look and future implications for
environmental management. Journal of Environmental Management, 351, 119648.
https://doi.org/10.1016/j.jenvman.2023.119648

17.  Hasan, Md. B., Wieloch, J., Ali, Md. S., Zikovic, S., & Uddin, G. S. (2023). A new answer to the old question of the
environmental Kuznets Curve (EKC). Does it work for BRICS countries’ Resources Policy, 87, 104332.
https://doi.org/10.1016/j.resourpol.2023.104332

18.  Hasan, Md. B., Wieloch, J., Ali, Md. S., Zikovic, S., & Uddin, G. S. (2023). A new answer to the old question of the
environmental Kuznets Curve (EKC). Does it work for BRICS countries’ Resources Policy, 87, 104332.
https://doi.org/10.1016/j.resourpol.2023.104332

19. IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and ]. Romero (eds.)].
IPCC, Geneva, Switzerland, pp. 35-115, doi: 10.59327/IPCC/AR6-9789291691647.

20. KOMEN, M. H. C., GERKING, S., & FOLMER, H. (1997). Income and environmental R&D: empirical evidence from
OECD countries. Environment and Development Economics, 2(4), 505-515. https://doi.org/10.1017/s1355770x97000272
21.  Kuznets, S. (1955) Economic Growth and Income Inequality. The American Economic Review, 45, 1-28.

22. Manisha, K., Singh, 1., & Chettry, V. (2023). Investigating and analyzing the causality amid tourism, environment,
economy, energy consumption, and carbon emissions using Toda-Yamamoto approach for Himachal Pradesh, India.
Environment, Development and Sustainability, 1-36. https://doi.org/10.1007/5s10668-023-04252-3

23. Mohammed, S., Gill, A. R., Ghosal, K., Al-Dalahmeh, M., Alsafadi, K., Szab¢, S., Olih, J., Alkerdi, A., Ocwa, A., &
Harsanyi, E. (2024). Assessment of the environmental kuznets curve within EU-27: Steps toward environmental sustainability
(1990-2019). Environmental Science and Ecotechnology, 18, 100312. https://doi.org/10.1016/j.ese.2023.100312

24.  Molotoks, A., Smith, P., & Dawson, T. P. (2021). Impacts of Land use, population, and Climate Change on Global Food
Security. Food and Energy Security, 10(1). https://doi.org/10.1002/fes3.261

25. Muhammad, S., Long, X., Salman, M., & Dauda, L. (2020). Effect of urbanization and international trade on CO2
emissions across 65 belt and road initiative countries. Energy, 196, 117102. https://doi.org/10.1016/j.energy.2020.117102

26. NASA. (2023). Global Surface Temperature | NASA Global Climate Change. Climate Change: Vital Signs of the Planet.
https://climate.nasa.gov/vital-signs/global-temperature/?intent=121

27. Naz, F,, Tanveer, A., Karim, S., & Dowling, M. (2024). The decoupling dilemma: Examining economic growth and carbon
emissions in emerging economic blocs. Energy Economics, 138, 107848. https://doi.org/10.1016/j.eneco.2024.107848

28.  Ochoa-Moreno, W. S., Quito, B., Enriquez, D. E., & Alvarez-Garcia, J. (2022). Evaluation of the environmental Kuznets
curve hypothesis in a tourism development context: evidence for 15 Latin American countries. Business Strategy and the

Environment, 31(5), 2143-2155. https://doi.org/10.1002/bse.3012

3046


https://doi.org/10.1016/j.jclepro.2021.127117
https://doi.org/10.1016/s1573-4412(01)05006-1
https://doi.org/10.3390/su16135742
https://doi.org/10.1002/sd.2240
https://doi.org/10.1016/j.renene.2021.10.059
https://doi.org/10.1016/j.eneco.2023.107040
https://doi.org/10.1016/j.ecolecon.2004.02.011
https://doi.org/10.1016/j.jclepro.2024.140904
https://doi.org/10.1177/0958305x231152480
https://www.nationalgeographic.com/environment/article/global-warming-effects
https://www.footprintnetwork.org/our-work/climate-change/
https://data.footprintnetwork.org/#/
https://doi.org/10.2307/2118443
https://doi.org/10.3386/w3914
https://doi.org/10.1016/j.jenvman.2023.119648
https://doi.org/10.1016/j.resourpol.2023.104332
https://doi.org/10.1016/j.resourpol.2023.104332
https://dx.doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1017/s1355770x97000272
https://doi.org/10.1007/s10668-023-04252-3
https://doi.org/10.1016/j.ese.2023.100312
https://doi.org/10.1002/fes3.261
https://doi.org/10.1016/j.energy.2020.117102
https://climate.nasa.gov/vital-signs/global-temperature/?intent=121
https://doi.org/10.1016/j.eneco.2024.107848
https://doi.org/10.1002/bse.3012

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 21s, 2025
https://theaspd.com/index.php

29. Patel, N., Kautish, P., & Shahbaz, M. (2023). Unveiling the complexities of sustainable development: An investigation of
economic growth, globalization and human development on carbon emissions in 64 countries. Sustainable Development, 32(4).
https://doi.org/10.1002/5d.2846

30. DPesaran, M. H., Shin, Y., & Smith, R. P. (1999). Pooled Mean Group Estimation of Dynamic Heterogeneous Panels.
Journal of the American Statistical Association, 94(446), 621-634. https://doi.org/10.1080/01621459.1999.10474156

31. Pesaran, M. Hashem., & Smith, R. (1995). Estimating long-run relationsthips from dynamic heterogeneous panels. Journal
of Econometrics, 68(1), 79-113. https://doi.org/10.1016/0304-4076(94)01644-f

32. Raihan, A., & Tuspekova, A. (2022). Dynamic impacts of economic growth, energy use, urbanization, agricultural
productivity, and forested area on carbon emissions: New insights from Kazakhstan. World Development Sustainability, 1,
100019. https://doi.org/10.1016/j.wds.2022.100019

33. Ramayah, M., Rasiah, R., Somasundram, S., & Turner, J. J. (2019). Determinants of environmental degradation:
reflections on the impact of identified economic variables on the environment. Mining of Mineral Deposits, 13(4), 42-52.
https://doi.org/10.33271/mining13.04.042

34. Rasiah, R., Guptan, V., & Habibullah, M. S. (2018). Evaluating the Impact of Financial and Economic Factors on
Environmental Degradation: A Panel Estimation Study of Selected Asean Countries. International Journal of Energy Economics
and Policy, 8(6), 209-216.

35. Razzagq, A., Sharif, A., Ahmad, P., & Jermsittiparsert, K. (2020). Asymmetric role of tourism development and technology
innovation on carbon dioxide emission reduction in the Chinese economy: Fresh insights from QARDL approach. Sustainable
Development, 29(1), 176-193. https://doi.org/10.1002/sd.2139

36. Ridzuan, N. H. A. M., Marwan, N. F,, Khalid, N., Ali, M. H., & Tseng, M.-L. (2020). Effects of agriculture, renewable
energy, and economic growth on carbon dioxide emissions: Evidence of the environmental Kuznets curve. Resources,
Conservation and Recycling, 160, 104879. https://doi.org/10.1016/j.resconrec.2020.104879

37. Shah, S. A. R,, Zhang, Q., Abbas, ]., Balsalobre-Lorente, D., & Pilaf, L. (2023). Technology, Urbanization and Natural
Gas Supply Matter for Carbon Neutrality: A New Evidence of Environmental Sustainability under the Prism of COP26.
Resources Policy, 82, 103465. https://doi.org/10.1016/j.resourpol.2023.103465

38. Shahbaz, M., Patel, N., Du, A. M., & Ahmad, S. (2024). From black to green: Quantifying the impact of economic growth,
resource management, and green technologies on CO2 emissions. Journal of Environmental Management, 360, 121091-
121091. https://doi.org/10.1016/j.jenvman.2024.121091

39. Sun, Y., Dury, O. A., Razzaq, A., & Dinca, M. S. (2021). The asymmetric effect eco-innovation and tourism towards carbon
neutrality target in Turkey. Journal of Environmental Management, 299, 113653.
https://doi.org/10.1016/j.jenvman.2021.113653

40. Tenaw, D., & Beyene, A. D. (2021). Environmental sustainability and economic development in sub-Saharan Africa: A
modified EKC hypothesis. Renewable and Sustainable Energy Reviews, 143, 110897.
https://doi.org/10.1016/j.rser.2021.110897

41. The Lancet Respiratory Medicine. (2023). Climate change crisis goes critical. The Lancet Respiratory Medicine, 11(3), 213.
https://doi.org/10.1016/52213-2600(23)00056-5

42. Tian, J., Wang, W., Wang, Z., & Fan, W. (2024). The interlinkage between land resources, food, water, income, and
sustainable environment: Evidence from China’s economy with COP27 perspective. Land Degradation and Development, 35(7),
2572-2590. https://doi.org/10.1002/1dr.5083

43.  United Nations. (2024). The 17 Sustainable Development Goals. United Nations. https://sdgs.un.org/goals

44. United Nations. (2024). What Is Climate change? United Nations. https://www.un.org/en/climatechange/what-is-
climate-change

45. Voumik, L. C., Md. Nafi, S., Bekun, F. V., & Haseki, M. L. (2023). Modeling Energy, Education, Trade, and Tourism-
Induced Environmental Kuznets Curve (EKC) Hypothesis: Evidence from the Middle East. Sustainability, 15(6), 4919.
https://doi.org/10.3390/5u15064919

46. Wang, Q., Wang, X., & Li, R. (2022). Does urbanization redefine the environmental Kuznets curve? An empirical analysis
of 134 Countries. Sustainable Cities and Society, 76, 103382. https://doi.org/10.1016/j.scs.2021.103382

47. Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data. Cambridge, Mass. Mit Press.

48. World Economic Forum. (2024). Global Risks Report 2024. World Economic Forum.

49. Zaman, K., Shahbaz, M., Loganathan, N., & Raza, S. A. (2016). Tourism development, energy consumption and
Environmental Kuznets Curve: Trivariate analysis in the panel of developed and developing countries. Tourism Management,
54, 275-283. https://doi.org/10.1016/j.tourman.2015.12.001

50. Zhang, S., & Liu, X. (2019). The roles of international tourism and renewable energy in environment: New evidence from
Asian countries. Renewable Energy, 139, 385-394. https://doi.org/10.1016/j.renene.2019.02.046

51.  Zhang, Y., Hou, G., & Zhang, Y. (2024). Carbon Emission Heterogeneity in Developed Countries: Insights for China’s
Neutrality Strategy. Sustainability, 16(13), 5318-5318. https://doi.org/10.3390/su16135318

3047


https://doi.org/10.1002/sd.2846
https://doi.org/10.1080/01621459.1999.10474156
https://doi.org/10.1016/0304-4076(94)01644-f
https://doi.org/10.1016/j.wds.2022.100019
https://doi.org/10.33271/mining13.04.042
https://doi.org/10.1002/sd.2139
https://doi.org/10.1016/j.resconrec.2020.104879
https://doi.org/10.1016/j.resourpol.2023.103465
https://doi.org/10.1016/j.jenvman.2024.121091
https://doi.org/10.1016/j.jenvman.2021.113653
https://doi.org/10.1016/j.rser.2021.110897
https://doi.org/10.1016/s2213-2600(23)00056-5
https://doi.org/10.1002/ldr.5083
https://sdgs.un.org/goals
https://www.un.org/en/climatechange/what-is-climate-change
https://www.un.org/en/climatechange/what-is-climate-change
https://doi.org/10.3390/su15064919
https://doi.org/10.1016/j.scs.2021.103382
https://doi.org/10.1016/j.tourman.2015.12.001
https://doi.org/10.1016/j.renene.2019.02.046
https://doi.org/10.3390/su16135318

