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The study investigates the nexus of CO2 emissions, tourism, fossil fuels, and GDP growth using China’s data from 1970 to 2019. The research applied the upset U-molded EKC and the ARDL -models to calculate the time series stationarity variables. The results showed that in the initial enlargement phases, a sophisticated GDP adversely impacts CO2 emissions, then a higher GDP positively influences CO2 emissions. The development of tourism, use of fossil fuels (coal and oil), and population growth show an important influence on CO2 emissions but the use of gas and electricity has little effect on CO2 emissions. In contrast, foreign direct investment besides population development had little effect on increasing CO2 emissions. Retreating foreign direct investment, strengthening the use of sustainable electricity, and improving transportation for explorers, especially the green tourism business, are excellent ways to reduce environmental degradation in China.
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INTRODUCTION
In recent decades, researchers have grown increasingly concerned about the CO2 emissions caused by global warming. Chinese tourism has seen a dramatic shift in recent decades as demand for visitors has grown at an exponential rate. China is suffering from environmental deterioration because of the rising use of fossil fuels like oil, coal, and gas. High energy consumption for China’s GDP development creates pollution, mostly in the form of CO2 emissions, as a result of FDI, population growth, and the creation of a high level of energy for industrial output. Zaman et al. (2017) concluded that a greater GDP per capita nust be raised to meet the higher energy consumption and environmental pollution. The link between economic growth, tourism, and CO2 emissions can be used to examine the repercussions of economic and tourist activities on the environmental quality using the instance of China. There will be a short-term increase in non-renewable energy sources because of a rise in population and greater personal well-being (Lee, 2011). According to empirical evidence, experiments show that oil use and carbon emissions deter renewable energy adoption by inelastic amounts. The deployment of carbon sequestration technology propels the energy transition’s growth (Kassouri et al., 2022). The study purpose is to determine the relationship between tourism, coal and oil consumption, population growth, and CO2 emissions. Rojas-vallejos and Lastuka (2020) states a tradeoff between fossil fuel byproducts and wage disparity, the compromise varies and depends on the level of advancement in each of these countries’ economies. ARDL results show that a rise in wealth, energy intensity, and resource rent causes a decrease in the load capacity factor, whereas human capital enhances environmental quality in the long term (Pata and Isik, 2021). When fossil fuels like coal, oil, and natural gas are burned, CO2 is released into the atmosphere, causing environmental damage (Sun et al., 2022b). Non-renewable energy, such as oil, gas, and coal, significantly influenced CO2 emissions (Khan et al., 2019). Renewable energy is a better option for the environment than fossil fuels. Economic development is not affected by integrating renewable energy and fossil fuels in all environmental degradation metrics (Altntaş and Kassouri, 2020; Sun et al., 2022c). Because of the rising demand for fossil fuels such as oil and gas, China’s rapidly growing population might have an effect on climate change and the consequent rise in CO2 emissions. China accounts for 28% of global CO2 emissions which might exacerbate climate change. In China, however, economic growth’s short-term elasticity is less than its long-term one, indicating that the EKC hypothesis is invalid (Yilanci and Pata, 2020).
The remainder of the study consists of a literature review described in chapter-2. In chapter-3, the methodology is discussed, along with data collection sources and an econometrical explanation of variables. Chapter-4 explains the results and descriptions of the tables. Chapter-5 described the conclusions.
LITERATURE REVIEW
Zhang and Cheng (2009) discovered that GDP drives energy consumption, which causes pollution. According to Meng and Niu (2011), CO2 emissions, energy consumption, and financial development are all linked in eight Asian countries. In a study of 27 OECD countries, Saboori and Sulaiman (2013) revealed a bidirectional relationship between energy usage, CO2 emissions, and financial development. The good and negative shocks to FDI and natural resources lower carbon emissions, which has a positive effect on the environment (Udemba and Yalçintaş, 2021). Liu et al. (2019) claims no substantial relationship between tourism and CO2 emissions. The scheduled operations and transportation exercises are highly linked to inbound travel, whereas petroleum products and fossil fuel byproducts negatively affect outbound travel in Thailand (Zhang and Cheng, 2009; Sun and Razzaq, 2022a). The country’s energy and industrial sectors are properly regulated by effective legislation (Udemba et al., 2021). Shi et al. (2019) observed that CO2 emissions in low-income countries are more adaptable to increased per capita traveler consumption. Tourists in a country would raise GDP, but they would also impair environmental quality due to petroleum derivatives’ high energy consumption (Tsui et al., 2018). Economic growth, institutional quality, and renewable energy all have a beneficial and detrimental influence on Chile’s environment by reducing and encouraging emissions (Udemba, 2021a). The burgeoning travel sector has coincided with increased financial prospects in Asia, and travel is now a significant industry contributing to the region’s financial prosperity. Anser et al. (2020) observed that population increase and per capita GDP are major sources of CO2 emissions in the SAARC area. Autoregressive disturbed lag limits testing results indicated that economic growth, coal consumption, financial development, imports, industrialization, and urbanization had a positive influence on CO2 emissions (Pata, 2018a). According to Grunewald et al. (2017), lower fossil fuel byproducts are related to higher pay disparity, while higher pay disparity increments per capita are associated with higher fossil fuel byproducts. Economic growth, population, and FDI all have one-way transmissions from ecological footprint and FDI to energy use in the long run; from ecological footprint and FDI to energy use in the short run; and from ecological footprint and FDI to energy use in the long run (Udemba, 2021b). It was found by identified a causal association between coal consumption and GDP growth in South Korea. Economic expansion was shown to be the leading contributor to rising CO2 emissions, followed by urbanization and financial development (Pata, 2018b). However, Jinke et al. (2008) identified a one-way causal relationship between GDP growth and coal consumption in Japan and China, but none in India, South Korea, or South Africa. Bilgili et al. (2021b) determined the encouraging exploration stage financing for geothermal energy research and tax incentives for the exploration stage and expanding the resource base through joint oil and gas drilling production. Rufeal (2010) revealed that while flammable gas consumption negatively influences CO2 emissions in most places, there may be a direct correlation in select areas. Compared to fossil fuels and renewable energy research and development, energy efficiency research and development is more successful in reducing carbon emissions (Bilgili et al., 2021a; Sun et al., 2022d). According to (He and Richard, 2010), increasing oil prices decreases oil consumption, lowering CO2 emissions. The globalization, openness to commerce, and increased affluence all contribute to environmental damage, whereas growing human capital lessens the ecological footprint in the long run (Pata and Caglar, 2021). Payne (2012) found that rising oil prices had a long-term detrimental influence on US CO2 emissions. Experts supported a cost level below market pricing to stimulate the use of flammable gas as a coal substitute. During the 2008 Beijing Olympics, the authorities increased coal to gas conversion in Beijing. GDP growth and FDI have been demonstrated to negatively impact Australia’s environmental quality via increasing carbon emissions (Udemba and Alola, 2022). According to Chang (2010). In contrast to electricity and gas, unprocessed petroleum and coal promote economic growth. All forms of energy consumption contribute to CO2 emissions, but the relationship between financial expansion and CO2 emissions is just one-way. Gaseous fuel can be used by the government to pursue its financial activities with minimum environmental impact in this case. Digging in gaseous fuel can occasionally restrict the unrestrained spread of low-carbon energy offices because gas is affordable, impeding the expansion of renewable energy sources like wind and sunshine.
RESEARCH METHODOLOGY
Data Collection
This study examines electricity, oil, flammable gas, and coal use from 1970 to 2019 using China’s Energy Center point, real GDP per capita, and CO2 emissions. The research used data before COVID-19 started since including data from 2020 to 2021 requires additional analytical methods. Table 1 shows all applicable variables and data gathering sources.
TABLE 1 | Variables, descriptions, sources of data collection, and symbols.
[image: Table 1]Research Design
LogCO2 is the log of carbon dioxide emissions, while logGDP is the log of GDP per capita. When it comes to population growth, the study can use several metrics to track it. These include lnPoP, which stands for population growth, lnTG, which stands for tourist arrivals, lnFDI, which stands for foreign workers, and lnEU, which stands for electricity consumption. EKC and IPAT financial models are combined in this study to create a unique model in its own right. This study investigates the upset U-molded EKC using the EKC model. In the following image, the model is shown.
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GDP1 is defined as a gross domestic product in the early stages of improvement, GDP2 as a gross domestic product in the latter stages of improvement, and v as the mistaken term, [image: image] and [image: image] are parameters, such that [image: image] > 0 and [image: image] < 0. An additional model used in this study is called the IPAT model; it is described as follows:
[image: image]
The IPAT and EKC models have been used to study the influence of energy use and economic growth on CO2 emissions. This study focuses on the energy, combustible gas, oil, and coal, with the following model specifications:
[image: image]
The log of CO2 emissions is represented by lnCO2, while the log of GDP per capita is represented by lnGDP. When it comes to population growth, the study can use several metrics to track it. These include lnPoP, which stands for population growth, lnTG, which stands for tourist arrivals, lnFDI, which stands for foreign workers, and lnEU, which stands for electricity consumption. For the ARDL method, the Johansen approach and Engle-Granger strategies provide greater advantages. If you’re interested in learning more about how the model works, you can see how it compares to other models that use request I(0) and I(1) components. Because of this, the Expanded Dickey-Fuller (ADF) test is used to determine if a time-series data set has a unit root.
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Where ∆ is the first differential operator, [image: image] is the white noise and Mt is a time-series variable. Co-integration estimates are needed to get a sense of how the time series variables relate to one another over the long term. As a result, the equation looks like this:
[image: image]
For example, consider the first differential operator (j), (k), and (l), (m), (n), and (p), (q), (r), and (s). The F-statistic evaluates the null and alternative hypotheses for a long-run connection between the variables.
H0=∅0 = ∅1 = ∅2 = ∅3 = ∅4 = ∅5 = ∅6 = ∅7 = ∅8 = ∅9 = 0 (Long—run relationship does not Exist)
H1=∅0/ = V1/ = ∅2/ = ∅3/ = ∅4/ = ∅5/ = ∅6/ = ∅7/ = ∅8/ = ∅9/ = 0 (Long—run relationship exists)
As a result, determining whether or not there is a co-joining is a challenge. It is necessary to assess the long-term ARDL model after establishing whether or not the co-incorporation exists, and the following conditions are present:
[image: image]
The short-run ARDL model is derived from the long-run ARDL model, which contains the error correction component (ECT). The ECM equation and error correction model are as follows:
[image: image]
There may also be a long-term correlation between tourist arrivals, foreign employment, population expansion, and CO2 emissions.
RESULTS AND DISCUSSIONS
The descriptive statistics for all of the variables in this study are shown in Table 2. lnCO2, lnCU, lnOU, lnTG, lnGU, lnPoP, lnGDP, lnGDP2, and lnEU are all included in the table which gives the maximum, minimum, mean, and standard deviation values. According to the Table 2, each variable has a substantial variance.
TABLE 2 | Shows the results of descriptive statistics.
[image: Table 2]Using the unit root test, you can see the results in Table 3. Only lnCU and lnGU are fixed at the level with a pattern, whereas all the other components are not fixed at the level with no pattern. The results also reveal that all parameters are fixed at 1% at the main difference with almost no pattern. In terms of a pattern, all the variables except for lnCO2, which is enormous at 5%, are set at 1%, and before evaluating the long-run coefficients, the bound test was run.
TABLE 3 | Shows the results of the unit root test for intercept and trend.
[image: Table 3]As shown in Table 4, the bound test is complete, and it is more than the basic value at the 5% level of relevance, according to the F-value. The study may use the method of the impact of energy consumption, foreign direct investment, the tourism industry, GDP, GDP2, and electric use on CO2 emissions.
TABLE 4 | Displays the results of the bound test.
[image: Table 4]Application of ARDL Method
Using the ARDL technique, researchers have discovered the long-term impacts on CO2 emissions of coal usage, oil use, gas use, energy use, unknown direct investment, population growth, vacationer appearances, GDP and GDP2. In addition, the findings reveal that traveler looks can have a long-term influence on CO2 emissions, which is crucial at 1%. The usage of combustible gases has also been proven to have no long-term connection with CO2 emissions (Table 5).
TABLE 5 | Shows the long-term impacts of employing the ARDL method.
[image: Table 5]There is no long-term influence on CO2 emissions from increased petroleum gas usage, and CO2 emissions have no long-term correlation with population growth. In China, population growth has little effect on CO2 emissions over the long term. When GDP reaches its latter stages, it has a positive and important relationship with CO2 emissions, significant at 1%. A 1% increase in GDP2 can increase CO2 emissions over the long term, revealing long-term success with a U-molded EKC. The addition of FDI does not have a long-term impact on CO2 emissions and no link was made between electricity use and environmental decline. The study may conclude that unrefined petroleum consumption is linked positively to CO2 emissions, which are crucial at 1% and error correction term (ECT), energy consumption, FDI, tourism industry, GDP and GDP2 all have an impact on CO2 emissions in the short run using the ARDL technique.
Short-Run Impact of ARDL Technique
Table 6 illustrates these impacts, and the ECT coefficient is minus 1%, which is a large number. There is a strong correlation between the amount of CO2 released and the amount of coal used. According to the coefficient esteem, an increase in coal utilization of 1% can lead to a rise in the short term.
TABLE 6 | Shows the results of the ARDL short-term impact method.
[image: Table 6]While electricity usage impacts CO2 emissions, the use of combustible gas has no such effect and energy consumption increases by one percent in this technique will have no direct influence on CO2 emissions. According to a coefficient of tourist appearances, tourists’ arrival has a five percent correlation with CO2 emissions. CO2 emissions are linked to the consumption of unrefined petroleum by 5%. There may be a rise in ecological corruption if raw petroleum grows in the short future. Diagnostic testing findings are summarized in Table 7 and include LM, Ramsey RESET stability, and Heteroscedasticity (Breusch-Godfrey Serial Correlation). The outcomes reveal that the model is free of diagnostic issues, implying that it can explain the influences of energy use, foreign direct investment inflows and tourist industry growth on CO2 emissions.
TABLE 7 | Shows the results of several diagnostic procedures.
[image: Table 7]Robustness Test
Table 8 shows the elasticity estimates based on the robustness analysis. The augmented mean group and common correlated effects estimators are also employed to forecast long-run elasticities in order to verify the long-run discoveries. Technology long-run elasticities related with GDP growth, population growth, innovation electrical generation capacity, and technical innovation are homogeneous across all the regression estimators.
TABLE 8 | Shows the results of the Robustness test.
[image: Table 8]However, the technological elasticity parameters associated with GDP and population growth are considered as actually irrelevant under the augmented mean group (AMG) and common correlated effects (CCE) research. With these findings, it is possible to make a better informed decision about whether or not to use the ARDL technique to address the cross-sectional dependency and inclination heterogeneity concerns in the data. The relapse exams are followed by a board causality inquiry. As the results show, financial reorganization has the potential to substantially increase the amount of cloudiness contamination, both in the short term and over the long term.
DISCUSSIONS
The study’s findings may be explained by China’s recent shift in energy strategy, which aims to minimize the country’s dependence on foreign oil. When flammable gas is used, there is no indication that electricity has any influence on emissions (Dong et al., 2017a). When generating energy, combustible gas poses the least environmental risk. CO2 emissions are greatly affected by the usage of crude oil and coal. According to Pata and Kumar, (2021) the raw petroleum CO2 outflows nexus and coal and CO2 emissions in China and India are connected. When oil and coal are utilized as energy sources, carbon dioxide is emitted into the environment. CO2 emissions may be affected significantly by the presence of visitors. In the early stages of improvement, GDP is positively correlated with CO2 emissions. China’s southwest, central, and upper east regions have a U-shaped EKC similar for China’s tourism business (Jiang et al., 2020). The transportation sector’s growth will be accompanied by an increase in energy consumption. Unknown experts have little effect on CO2 emissions, either immediately or in the long run.
CONCLUSION
The study investigated the nexus of CO2 emissions, tourism, fossil fuels, and GDP growth using China’s data from 1970 to 2019. As a result of the attack on COVID-19, the research has omitted data from 2020 to 2021. The study applied the upset U-molded EKC using EKC and the ARDL models to calculate the time series stationarity variables. Gaseous fuel, electricity, or population increase has no immediate or long-term impact on natural debasement. Coal and oil use and increasing travel will raise CO2 emissions in the long and short terms alike. The bulk of new hires are working in fields that do not produce a lot of CO2 emissions, including construction and agriculture, so the GDP directly impacts CO2 emissions in both the short and long terms because these are all the resources of GDP growth. Finally, GDP per capita positively stimulates environmental decline in the long run and short run. The results of the study do not sustain the inverted U-shaped EKC. Long- and short-term impacts of GDP per capita on natural debasement can be attributed to both GDP1 and GDP2. These results are helping the politicians in selecting the appropriate course of action, as FDI, tourism industry, and electricity production energy use can lead to more GDP growth which directly plays a role in the environmental degradation of China. While the country may use gasoline and diesel more frequently, gas consumption creates a high quantity of CO2 emissions. Since China will not harm the ecology, it may attract more tourists.
Future Research Suggestions
In these two considerations, new research reveals that in the last phases of the revolution, GDP per capita can raise CO2 emissions. Even though the study can accomplish its goal, there are still areas that need to be addressed. Future studies may look at other countries, especially those rapidly developing, and to obtain better results, exclusively examine China (Dong et al., 2017b; Sharif et al., 2017; Udemba and Tosun, 2022).
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