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Travel and tourism have glimpsed a significant and promising implication for economic development. Despite the commendatory implication of tourism, it levies a stringent environmental cost such as environmental degeneration. Hence, this study will incorporate the 18 countries out of the top 20 travel and tourism contributors to economic growth to assess the progressive correlation between tourist arrival, economic growth, energy consumption, and oil consumption on carbon emission by applying panel ARDL spanning from 1995 to 2019. The outcome of the panel ARDL reveals that both periods have witnessed that the endogenous variables have a substantial and positive impact on environmental degradation except for tourism as it indicates −0.22 and −0.48% in the long and short run, having a rate of adjustment as −0.52 toward the equilibrium. The simultaneous quantile regression reveals that in the 50 and 75 percentiles, the effect of tourism has a negative impact, which contradicts the PMG findings. These determinations suggest that the policymakers look for more manageable and environmentally sound tourism and economic growth procedures to safeguard the sustainable environment in the studied countries.
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INTRODUCTION
The early stage of economic progress is the prime cause of environmental quality deterioration. Almost both advanced and emerging economies find it hard to cope with environmental deterioration (Arslan et al., 2022). The environmentalist economist has reinterpreted the Kuznets theory with an upgradation by showing the concern toward the environment and termed the environmental Kuznets curve (EKC), intending to examine the affinity between economic growth and environmental degradation. It states that the initial stages of economic extension lead to CO2 emissions, but these emissions start to decline after a certain threshold level. Grossman and Krueger (1991) conducted the first EKC hypothesis testing. Later on, various researchers have examined it with different econometric techniques applied to different datasets and obtained mixed and inconclusive results (Taghizadeh-Hesary et al. (2022), Hassan et al. (2022), Dinda and Coondoo (2006), Ozturk and Acaravci (2010), Al-Mulali et al. (2015a), Apergis and Ozturk (2015), (Khan et al., 2022a), Shahbaz et al. (2015), and Al-Mulali et al. (2015b).
The present study probed the nexus between environmental degradation measured in carbon dioxide emissions and economic growth. In 1965, the CO2 emission was 11,207.7 million tonnes, which reached 34,169 million tonnes in 2019. Thus, there is an increase of 204.87% from 1965 to 2019 (BP stats 2020). As a result, international awareness has increased about climate change and global warming. In this reference, an agreement was introduced 1997 to control carbon dioxide emissions that cause greenhouse gas (GHG) emissions in advanced economies named the Kyoto Protocol agreement (Pao and Tsai, 2011; Apergis and Danuletiu, 2014), but these advanced economies led uncertainty toward it as it cost them less economic gain (Shahbaz et al., 2013a). However, again, in 2015, another treaty was signed by 196 countries, known as the Paris climate change agreement, with an ambition to bring all the nations under one roof of an agreement to resist climate change and the adoption of efficient technologies to lower the global temperature by 2°C (UN climate change 2020). Hence, emerging countries are facing the mission of enhancing the efficiency of their energy consumption to achieve sustainable economic growth.
In the contemporary epoch of globalization, tourism is a budding spot for GDP growth in advanced and emerging economies. The tourism sector has shown a resounding impact on economic growth and has become a fast-growing economic activity worldwide. It has arisen as a crucial driver in the process of economic expansion for both advanced and less advanced countries (Li and Lin, 2015; Cetin et al., 2018; Park et al., 2018; Cannonier and Burke, 2019; Chai et al., 2019; Kirikkaleli et al., 2021). In addition to these advantages, it has some unfavorable impacts on the ecosphere as economic activities escalate due to tourism leading to carbon emissions. As Paramati et al., 2017 portrayed, tourism had shown an incredible shift in previous decades despite the sociopolitical instability and economic crisis. Therefore, it is an influential economic sector as it donated 10.4% to global GDP and delivers 1 in 4 of all new jobs created across the world (WTTC, 2021). According to Lew (2011), international travel and tourism comprise a significant part of the global economy and are the most extensive service sector in international trade. As a result, it bumps economic development (Hossain 2011; Yu et al., 2012; Wang et al., 2016; Ouyang and Lin 2017; Zhang et al., 2018). Apart from these benefits, it also contributes about 8% of the world’s CO2 emissions (www.sustainabletravel.org), which is consecutively accountable for contributing to global carbon emissions. Tourism activities not only raise CO2 emission but also add to environmental degradation by developing the hotels and tourist facilities, consequently creeping the green belt (Gossling, 2002; Day and Cai, 2012).
Additionally, attracting travelers to their destinations will encourage economic growth, resulting in more energy consumption, leading to a higher CO2 emission (Dogru and Bulut 2018; Zhang and Zhang 2018; Akalpler and Hove 2019; Nie et al., 2019). Other researchers (Becken et al., 2001; Scott et al., 2010; Tsui et al., 2018) strongly advocated that the widening of tourism has unfavorable repercussions on the healthy environment due to the immoderate use of energy related to transportation, goods, food and beverage, lodging facility, boosting the architecture, wood-burning, timber cruiser, and other tourist development. According to sustainable travel, international transportation is tourism’s leading source of carbon emission. It accounts for 49%; on the whole, aircraft and cars spawn the most CO2 per passenger mile, followed by tour buses, ships, and trains. From 2005 to 2016, carbon emissions increased by more than 60 percent for transport-related tourism emissions (www.sustainabletravel.org). Thus, tourism transport is an energy- and carbon-based entity, yielding tourism an influential donor to climate change. Designating the future foresight of an ongoing 4% boost exceeding 2025, the successive observation and inspection of carbon emissions correlated with tourism are becoming more challenging (Lenzen et al., 2018). Hence, it is proved that tourism aspires to economic growth and energy consumption, adversely bashing the standard of the environment in countries that rely on tourism.
Katircioglu (2014) documented that the advancement in tourism enhances energy use and generates substantial ecological pollution in carbon emissions. Moreover, the same findings were revealed by Tsai et al. (2014), Tang et al. (2015), and Durbarry and Seetanah (2015). Still, the affinity between tourism advancement and carbon emission is not apparent.
It is sound evidence that its energy demand also grows as the nation grows. In contrast, if the energy demand becomes still, economic growth in GDP growth will fall. Thus, this has been the case seen since the dawn of the industrial revolution. However, this industrial revolution hit the environment as the world saw a significant increase in urban population, which, accompanied by an increase in living standards, led to having access to more modern appliances and more energy consumption on the grid to see more energy consumption, resulting in more carbon emission and depletion of flora and fauna. The use of chemicals and fuel in factories resulted in increased environmental pollutants and increased consumption of fossil fuels. Different researchers have thoroughly investigated relationships between GDP growth, energy consumption, tourism, financial development, trade openness, and environmental pollutants by utilizing econometric methodologies in different economies and regions. This study plugs a significant knowledge gap by comprehensively calculating the carbon emissions caused by the tourism sector’s economic growth and energy and oil consumption. This study for the first time incorporated the mentioned variables by incorporating the panel ARDL model to examine the long run and short impact, while the robustness is checked with simultaneous quantile regression and panel quantile regression.
Literature Review
Many scholars well documented that human activity harms the environment and leads to climate change which has many drawbacks. It can endanger wildlife and harm human health and, as a result, might pressure the medical sector (Root et al., 2005; AlRashidi et al., 2012; Reiter, 2013; Ebi and Hess, 2017). Sustainability and economic development have been comprehensively discussed by scholars (Samie et al., 2020; Nepal et al., 2021; Zhang et al., 2022; Yang et al., 2021; Zakari et al., 2022a). Tourism contributes significantly to the global gross domestic product as studies showed the blessings of tourism on economic growth; it is an economic activity that can increase employment, bring revenue to the country, and eliminate poverty. However, countries should be aware that tourism can be a double-edged sword. Being a popular tourist destination requires improved infrastructure, which might use land meant for agriculture. Whether they are an international or domestic tourist, they will need to use transportation and accommodation, which are energy-based and contribute to environmental pollution. Also, tourism might harm cultures (Bosak, 2010). Hence, countries should adopt developmental activities in line with sustainability, such as sustainable tourism and limiting carbon and environmental pollution. Governments should consider these variables when promoting the tourism sector without harming the environment to achieve sustainability (McCool and Bosak, 2016).
Kuo and Chen (2009), Zhang et al. (2021c), and Khan et al. (2022b) conducted a study to evaluate the economic activities based on tourism that results in a full range of environmental impacts by utilizing life cycle assessment (LCA) by exploring the environmental loads per tourist per trip on Penghu Island in Taiwan, revealing different features of tourism-linked activities such as the transportation, accommodation, and recreation. Furthermore, they revealed that each tourist per trip uses 607 L of water and 1606 MJ of energy, emitting 109,034 g of CO2, 2,660 g of CO, 597 g of HC, and 70 g of NOx. They also discharge 416 L of wastewater, 83.1 g of BOD, and 1.95 g of solid waste. In terms of energy use, transportation, especially the airplane sector, consumes the most considerable energy (67%). They revealed that the amount of solid waste discharged per tourist is 1.95 kg per day, while that per local people is 1.18 kg. In a crux, per Penghu tourist results in more environmental loads than local people.
A plethora of research work was available to investigate the pros and cons of tourism on carbon emission. For instance, Khan et al. (2022c), Zakari et al. (2022b), Tang et al. (2017), Tang et al. (2014), and Lee and Brahmasrene (2013), in their studies, reported that the tourism sector harms an ecosphere as it increases the carbon emissions levels, particularly the tourism transportation activities which constitute a notable amount of the total carbon emissions. Solarin (2014) explored the connection between tourism development and CO2 emission in Malaysia and revealed a long-run connection among the variables and found positive one-way causation between tourism development and the level of CO2 emission. Correspondingly, Durbarry and Seetanah (2015) realized that the immigration of Mauritius tourists strongly influences CO2 emission over a long-short period.
Furthermore, Dogan et al. (2017) diagnosed the long-run affiliation between tourism, CO2 emission, energy utilization, and GDP for OECD countries from 1995 to 2010. Their study saw a collaboration between tourism and CO2 emission, energy utilization, and economic growth. Likewise, Zaman et al. (2016) observed unidirectional causation among tourism to CO2 emission and energy utilization to CO2 emission in East Asia and the Pacific, The European Union, and the high-income OECD and non-OECD economies. Sharif et al. (2017) examined the association between CO2 emission and tourism growth in Pakistan and established a unidirectional causality that drives tourist arrival to CO2 emission.
León et al. (2014), Chen et al. (2020), and Chen et al. (2021) explored the association between carbon emissions and tourism for advanced and emerging economies by employing the STIRPAT technique on panel data on the countries for 1998–2006. They established that the tourism sector causes a significant rise in carbon emission levels for all nations, but the magnitude of carbon emissions is more significant in advanced countries than in emerging countries. Furthermore, their study identified a need for a sustainable approach that lower carbon emission levels in tourism sectors. Akadiri et al. (2017), Dai et al. (2022), and Gao et al. (2020) researched the influence of tourism on environmental pollution using the environmental Kuznets curve for seven small island states: Bahrain, Cuba, Cyprus, Dominican Republic, Haiti, Iceland, and Malta. They discovered that a rise in international tourists leads to increased energy usage and real GDP per capita, contributing negatively to the environment and increasing carbon dioxide emissions.
Multiple researchers tried to examine the impact of the arrival and departure of tourists and its associated effect on pollution specifically caused by tourist movement (Gossling, 2002; Byrnes and Warnken, 2006; Howitt et al., 2010). Gossling (2002) reported that the tourism makes the transportation sector alone contribute nearly 94% of greenhouse gas emissions. Similarly, Byrnes and Warnken (2006) uncovered that the tourist boat operated in Australia was responsible for 0.1% of the total greenhouse gas emitted by tourism water transportation. Moreover, Peeters et al. (2007) acknowledged that enhancing tourism transportation by air was primarily liable for air pollution. Perch-Nielsen et al. (2010) noticed that the rise in greenhouse gas emissions in Switzerland is due to air transportation, which witnessed a high percentage of tourists. Howitt et al. (2010) conducted a study in New Zealand to analyze the knock-on associated with CO2 emission and back and forth trips by cruise, and they discovered that ships emit more greenhouse gas than international travel by a flight. Lin (2010) and Gao et al. (2021) analyzed the carbon emission in five of Taiwan’s national parks and witnessed the high greenhouse gas emitted in the form of carbon emissions by the individual tourist vehicles. Likewise, Wei et al. (2012), Ma and Zhu (2022), and Ma et al. (2022) recorded that China’s tourism transport significantly contributed to carbon emissions, and it has been very high for the last 3 decades.
Lensen et al. (2018), Quan et al. (2022), and Wang and Luo (2022) tried to quantify the carbon emission associated with the tourism sector for 160 economies spanning 2009 to 2013. They discovered that the global carbon footprint by tourism has risen from 3.9 to 4.5 GtCO2e, recorded four times more than formerly estimated, and estimated an increase to about 8% of global greenhouse gas emissions. Hence, tourism associated with high carbon intensity and continuing growth will constitute a growing part of GHG emissions. Among tourism-related activities, transport, shopping, and food are notable patrons for carbon emission, where the majority of this carbon footprint is exerted by and in high-income nations. Therefore, this rapid increase in tourism demand is effectively outstripping the decarbonization of tourism-related technology. In line with this, Katircioglu et al. (2020) executed an investigation to estimate the consequence of tourism and environmental degradation spanning 1977 to 2015 for Cyprus and found a striking but inelastic effect on carbon emissions. Thus, tourism growth in Northern Cyprus will result in consequent surges in carbon dioxide emission levels. Therefore, they insinuate that tourism progression may root for environmental deprivation in Cyprus.
Very few studies employed the wavelet methodology to probe the causation of tourism, energy utilization, and carbon emissions. In this regard, Raza et al. (2017) used a wavelet approach to explore the causation betwixt tourism and carbon emission. They figured that tourists’ arrivals positively impact carbon outflow in the short-, medium-, and long-run periods. Likewise, they also suggested one-way causation between tourism development and carbon emissions in the US economy. Moreover, Mishra et al. (2019), Wu and Zhu (2021), and Yao et al. (2022) presented a study that explores and provides new insights into the strong alliance between tourist arrivals, transportation services, economic growth, and carbon effluence on the economy of the United States. They employed a unique Morlet wavelet technique to realize partial and multiple wavelet coherence techniques for the monthly dataset from 2001 to 2017. They revealed a remarkable wavelet coherence and substantial lead and lag connections from the frequency perspective. A firm comovement existed among the variables studied, which is not equal across the time scales. Likewise, Tiwari et al. (2019), Zhang et al. (2021a, 2021b) performed an analysis of emerging economies to examine how the geopolitical risks (GPRs) and economic policy uncertainties (EPUs) influence the appearances of tourists in India by utilizing the wavelet analysis and retrieved two exciting results. Initially, the adherence to GPR is more robust than that of EPU. Last, the GPR has long-run implications, whereas the EPU holds short-run consequences for the arrival of tourists. Overall, they found that the impact of GPR is more decisive and notable rather than EPU.
The literature review has illustrated the studies on the connection between tourism, energy use, and oil consumption as a proxy for transportation, economic growth, and carbon emissions. Moreover, our study employs the panel autoregressive distributed lag method to analyze the short- and long-run strategies for linking endogenous and exogenous variables in the studied economies of 18 countries. The study’s sustainable tourism policy design viewpoint contributes to the literature by addressing recent issues.
Data and Methodology
Our study incorporated 18 countries out of the top 20 travel and tourism contributors to economic growth to assess the dynamic relationship between tourist arrival, economic growth, energy consumption, and oil consumption on carbon emission from 1995 to 2019. Moreover, the reason is that these countries will provide a unique learning opportunity for the tourist economies that endure the environmental impacts of tourism in their regions. The tourist arrival data are missing for France and Saudi Arabia, so we dropped it and proceeded with the remaining 18 countries subdivided into three broad categories based on their geographical location. The first category comprises Canada, the United States of America, Mexico, and Brazil. The second category comprises Germany, Italy, Spain, Turkey, the United Kingdom, and Russia. Finally, the third group encompasses Australia, China, India, Indonesia, Japan, Philippines, South Korea, and Thailand. GDP was considered a proxy to economic growth at constant 2010 US$ and international tourist arrival as a proxy to tourism both collected from world bank indicator 2020. The energy and oil consumption and carbon emissions were collected from BP stats 2020. This analysis derives and initiates the following basic equation.
[image: image]
In the aforementioned equation, t indicates the time period from 1995 to 2019, and i indicates the eighteen (18) above-mentioned countries. In the aforementioned equation, COE demonstrates the carbon dioxide emission, ECG indicates the economic growth, TRM demonstrates tourism, ENGC shows energy consumption, and OLC indicates oil consumption.
This research studied the influences of economic growth, tourism, energy consumption, and oil consumption on carbon dioxide emission in 18 selected countries by utilizing the panel ARDL model while the robustness of the results was examined with simultaneous and panel quantile regressions, respectively.
Panel ARDL Approach
Based on the panel data set with time periods [image: image] and groups of countries [image: image], the following panel ARDL (P, Q, Q …, Q1) model is estimated.
[image: image]
In the above-mentioned panel ARDL (P, Q, Q …,Q1) model, [image: image] indicates the vectors of the regressor groups [image: image] demonstrates the fixed effect, the coefficients of the lagged regressand, i.e., [image: image], [image: image] demonstrate the scalars in the equation, and finally [image: image] indicates the [image: image] coefficients vector. If cointegration happens among the regressors and the regressand, then the error correction term is conducted for all groups of countries. The main characteristics of the cointegrations among the regressand and the regressors are the reactions to the deviation due to the long-term equilibrium. This characteristic of the regressand and the regressors indicates the error correction model that specifies the short-term dynamics of the regressand and the regressors, respectively, in the system and is impacted by the deviation from the equilibrium. Based on the above-mentioned panel ARDL (P, Q, Q … , Q1) equation, the following error correction equation is specified.
[image: image]
In the aforementioned equation, [image: image] [image: image] in the previously mentioned equation indicates the speed of adjustment to its equilibrium which is known as the error correction speed. No long-run relationship exists in the regressors and the regressand if the examined error correction speed of adjustment is equal to zero (i.e., [image: image] The error correction term is expected to be significant and negative based on the hypothesis that the used variables in the equation indicate a return to a long-run equilibrium, where the term [image: image] in the aforementioned equation indicates the long-run association among the regressors and the regressand. The following equation is based on Eq. 3 for all utilized variables.
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Panel data mean group (MG) estimator was developed by Pesaran and Smith (1995) in which all the used intercept, slopes of the confidence of the variables, and finally, the error variation are different across the groups of countries. Another study (Pesaran, Shin, and Smith 1997, 1999) developed the pooled mean group estimator for panel data that associate both the average and the pool characteristics, respectively. The PMG method permits the intercepts and the coefficients of the short-run variables, and finally, the error variations are dissimilar across the groups of countries while the long-run coefficients of the regressors are similar in different groups of countries.
Furthermore, we used the panel quantile regression to examine the relationship between energy consumption and carbon intensity with export diversification, financial development, economic growth, urbanization, trade openness, and institutional quality variables. The following panel quantile regression equations are based on Equation 1.
[image: image]
In the aforementioned panel quantile regression equations, i and t show the 29 states and time duration from 1995 to 2019, respectively; [image: image] indicates the unobserved individual impact, τ indicates the number of quantiles of the conditional distribution, while ECG, TRM, ENGC, and OILC are variables that are utilized to study the influence of these elements on the carbon dioxide emission. Additionally, the τth quantile of the conditional distribution was used to estimate the coefficients by the following equation:
[image: image]
In Equation 17, [image: image], indicates the checking function, and I (.) is an indicator function.
RESULTS AND DISCUSSION
This study used Levin–Lin–Chu and Harris–Tzavalis unit root tests to investigate the stationary of the used series before applying panel ARDL in Table 1. The examined results of both unit root tests, i.e., Levin–Lin–Chu and Harris–Tzavalis, demonstrate that carbon dioxide emission, economic growth, tourism, energy consumption, and oil consumption are not stationary at level, but these series become stationary at the first difference that confirms that panel ARDL model can be applied with the mentioned variables.
TABLE 1 | Panel unit root tests.
[image: Table 1]Descriptive statistics is used to examine the mean, standard deviation, and minimum and maximum values of the variables in Table 2. The findings demonstrate that carbon dioxide emission has a mean value of 6.4, while the minimum and maximum values are 4.06 and 9.19, respectively. Furthermore, the findings of descriptive statistics indicate that economic growth has a mean value of 28 with a standard deviation value of 1.03. The mean values of tourism, energy consumption, and oil consumption are 16.80, 19.04, and 147.92, respectively. The minimum and maximum values of energy consumption are 0.90 and 141.69, respectively. The findings of descriptive statistics reveal that the maximum and minimum values of oil consumption are 13.19 and 926.77, respectively.
TABLE 2 | Descriptive statistics.
[image: Table 2]Table 3 is used to examine the correlation in the study variables. The correlation matrix is used to examine the association among the study variables. The examined findings of the correlation demonstrate that carbon dioxide emission has a positive relationship with economic growth, tourism, energy consumption, and oil consumption, respectively. The positive relationship in the study variables confirms that economic growth, tourism, energy consumption, and oil consumption positively impact the environmental degradation in the study countries.
TABLE 3 | Correlation.
[image: Table 3]Table 4 demonstrates the results of the panel cointegration tests, i.e., Kao, Pedroni, and Westerlund tests, respectively. The examined results of the Kao, Pedroni, and Westerlund tests indicate that cointegration exists in the study variables that confirm that long-run and short-run pooled mean groups (PMGs) can be applied with the used variables. In the next step, long-run PMG and short-run PMG are applied to examine the impact of economic growth, tourism, energy consumption, and oil prices on environmental degradation in the study countries.
TABLE 4 | Panel cointegration.
[image: Table 4]Table 5 reveals the results of the long-run pooled mean group (PMG) estimation. The examined findings of the PMG demonstrate that economic growth positively and significantly influence environmental degradation in the study countries in the long run. The findings indicate that a 1% increase in economic growth causes degradation of the environment in the study countries by about 0.26 percent. The findings of economic growth and environmental degradation are similar to those of Teng et al. (2021). Teng et al. (2021) demonstrated that economic development causes environmental degradation in OECD countries. OECD countries' economies are growing rapidly, which is harmful to the environment, and most OECD countries are facing a problem of environmental degradation.
TABLE 5 | PMG long-run results.
[image: Table 5]Tourism and environmental degradation findings demonstrate negative and significant influence. The findings reveal that educated tourists follow rules and regulations related to the environment in the host countries. The findings demonstrate that a 1% increase in tourism helps to reduce the environmental degradation in the study countries by about 0.21 percent. It is observed from the results that developing economies of the world need to encourage developed economies' citizens to explore nature, which will help the host countries’ economies to develop. The findings contradict those of Anser et al. (2021), Haseeb and Azam (2021), and Usman et al. (2021). The authors revealed that tourism inflow causes environmental degradation in the host countries. Furthermore, they demonstrated that tourism inflow boosts the economic growth that causes environmental degradation.
On the other hand, the findings of the long-run PMG demonstrate that energy consumption causes environmental degradation in the study countries; the results indicate that energy consumption positively and significantly impacts environmental degradation. Moreover, the findings reveal that a 1% increase in the use of energy consumption causes an increase in environmental degradation by about 0.058 percent. The finding on energy consumption and environmental degradation is similar to that of Khan et al. (2020) and Khan et al. (2021). They demonstrated that environmental degradation is mainly caused by the use of traditional energy resources for energy use.
Oil is considered an important factor for economic growth around the world. The findings reveal that oil consumption has a positive and statistically significant impact on environmental degradation around the world. The examined results indicate that a 1% increase in the use of oil causes boosting the environmental degradation in the study countries by about 0.42 percent. The examined findings on oil consumption and environmental degradation are in line with Khan et al. (2019). In a recent study, Khan et al. (2019) demonstrated that oil consumption in Pakistan causes environmental degradation.
Findings of the short-run PMG model demonstrate that economic development in the study countries positively and significantly influences environmental degradation; the examined results indicate that environmental degradation boosts about 2.93 percent with a 1% increase in economic growth in Table 6. The examined findings are the same as the recent research by Shokoohi et al. (2022) and Usman et al. (2022); they demonstrated that economic growth adversely influences environmental degradation. On the other hand, tourism has a negative and significant impact on the carbon dioxide emission in the study countries. Furthermore, this studies the impact of energy consumption and oil consumption on environmental degradation. The findings demonstrate that a 1% increase in energy consumption and oil consumption boosts environmental degradation in the short run by about 0.12 and 0.39%. The findings are similar to those by Adebayo et al. (2022), Magazzino et al. (2022), and Wang (2022); they demonstrated that the use of traditional energy sources for energy consumption and oil consumption causes environmental degradation. The error correction term (ECT) demonstrates the speed of adjustment to the equilibrium that is 0.52.
TABLE 6 | PMG short-run results.
[image: Table 6]Furthermore, this study used quantile regression to check the robustness in Table 7. The findings of the simultaneous quantile regression and panel quantile regression demonstrate that energy consumption positively and significantly impacts environmental degradation, while the findings of the oil consumption contradict the pooled mean group estimator (PMG) results. The estimated findings of the oil consumption demonstrate a negative and statistical impression of the environmental degradation in the study countries. Furthermore, the estimated findings of the economic growth demonstrate a negative and significant impact on environmental degradation as per the simultaneous quantile regression (Q25), while Q50 to Q95 demonstrate no impact on environmental degradation. On the other hand, the findings of the panel quantile regression indicate a positive and statistically significant impact on the degradation of the environment in the study countries. The examined findings of the tourism inflow demonstrate a negative and significant impact on environmental degradation with Q50 and Q75, respectively, while the findings of the panel quantile regression indicate a negative impact on environmental degradation in the study countries.
TABLE 7 | Robustness check with quantile regression.
[image: Table 7]CONCLUSION
The study demonstrates the progressive correlation between carbon emission, economic growth, energy use, and oil consumption by the most prominent contributors to travel and tourism GDPs. The Levin–Lin–Chu and Harris–Tzavalis panel unit root indicates that these variables became stationary at the first difference. The correlation matrix shows the positive association among these endogenous variables to environmental degradation. Kao, Pedroni, and Westerlund laid the foundation for the pooled mean group (PMG) as they reveal both periods’ presence. The long-run PMG indicate a significant impact of these endogenous variables on the exogenous variable except the tourism, indicating that the tourist is well aware of their responsibilities toward the environment, reflecting their concerns about the rules and regulations related to the environmental laws of the host countries. The adjustment rate to the equilibrium is −0.52, and more or less similar outcomes are revealed for the short-run PMG.
Furthermore, we have gone through the robustness test using the simultaneous quantile regression to validate our results. Panel quantile regression findings demonstrate that economic growth negatively impacts environmental degradation as per the simultaneous quantile regression (Q25). In contrast, Q50 to Q95 demonstrate no impact on environmental depravity. On the other hand, the findings of the panel quantile regression indicate a positive and statistically significant impact on the degradation of the environment in the study countries. The examined findings of the tourism inflow demonstrate an adverse and influential consequence on the environmental degradation with Q50 and Q75, respectively. In contrast, the findings of the panel quantile regression indicate an unfavorable impact on the studied countries’ ecology.
In pursuance of achieving stable and endurable tourism in the studied countries, the first and foremost important step that the countries’ governments should take is to focus on expanding economic activities that promote sustainable tourism so that the natural resources in the studied countries can support and follow zero or carbon-neutralizing laws framed by UNWTO 2018.
Likewise, 1) they can enforce clear-cut ecological guidelines; for instance, tourist sites with more damaging results on the environment should assign adequate facelifts to preserve the environmental quality. 2) Transportation is the primary promoter of carbon emissions (Sharma and Ghoshal, 2015; Koçak et al., 2020). For that reason, the government’s first and foremost step is to educate the masses to use public transport and other alternative fuels, such as advanced hybrid technologies. 3) The government should stimulate viable and green energy production in the economy, specifically in tourist attractions employing grants and duty-free means. Implementing these tactics can considerably upgrade the ecosphere by curbing carbon emissions.
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