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The study investigates the nexus of CO, 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 CO»,
emissions, then a higher GDP positively influences CO, emissions. The development of
tourism, use of fossil fuels (coal and oil), and population growth show an important
influence on CO, emissions but the use of gas and electricity has little effect on CO,
emissions. In contrast, foreign direct investment besides population development had little
effect onincreasing CO, 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.

Keywords: CO, emissions, FDI inflows, GDP growth, natural gas consumption, electricity consumption, ARDL
methods

INTRODUCTION

In recent decades, researchers have grown increasingly concerned about the CO, 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 CO, 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
CO, 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
CO, 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, CO,
is released into the atmosphere, causing environmental damage (Sun et al., 2022b). Non-renewable
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energy, such as oil, gas, and coal, significantly influenced CO,
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 (Altntas 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 CO,
emissions. China accounts for 28% of global CO, 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), CO, 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, CO, 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 Yalgintas,
2021). Liu et al. (2019) claims no substantial relationship
between tourism and CO, 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 CO, 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 CO,
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
CO, emissions (Pata, 2018a). According to Grunewald et al.

CO,, Tourism, GDP Growth

(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
CO, 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 CO, 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 CO, 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 CO, emissions, but
the relationship between financial expansion and CO, 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 CO, emissions. The research used data before
COVID-19 started since including data from 2020 to 2021
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TABLE 1 | Variables, descriptions, sources of data collection, and symbols.

Variables Description

CO, Emissions CO, emissions (metric tonne per capita)
Coal Use Total Coal Consumption

Qil Use Total Oil Consumption

Foreign Direct Investment foreign direct investment inflows
Population Population growth rate

Gas Consumption Total Gas consumption in-country
Tourism Growth Total number of tourists visiting annually
Electricity Consumption Total production of electricity

Economic Growth Constant LCU

requires additional analytical methods. Table 1 shows all
applicable variables and data gathering sources.

Research Design

LogCO, 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 InPoP, which stands for population growth, InTG,
which stands for tourist arrivals, InFDI, which stands for
foreign workers, and InEU, 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.

InEC; = 9GDP; + 0InGDP} + u, (1)

GDP' is defined as a gross domestic product in the early stages
of improvement, GDP* as a gross domestic product in the
latter stages of improvement, and v as the mistaken term, ¢ and
& are parameters, such that ¢ > 0 and & < 0. An additional
model used in this study is called the IPAT model; it is
described as follows:

I=f(P,AT) ()

The IPAT and EKC models have been used to study the
influence of energy use and economic growth on CO, emissions.
This study focuses on the energy, combustible gas, oil, and coal,
with the following model specifications:

LnCO,; = 09+ 0, InGDP; + 0, In GDPf + 03InPoP + 04 InTGG
+05InFDI + 04 InEU + 0, InCU + 05 InOU
+ 09 InGUC + u,
(3)

The log of CO, emissions is represented by InCO,, while the log
of GDP per capita is represented by InGDP. When it comes to
population growth, the study can use several metrics to track it.
These include InPoP, which stands for population growth, InTG,
which stands for tourist arrivals, InFDI, which stands for foreign
workers, and InEU, 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

CO,, Tourism, GDP Growth

Source Symbols
World Bank database CO,
World Bank database Ccu
World Bank database ou
World Bank database FDI
https://www.worldometers.info PoP
World Bank database GC
https://www.statista.com TG
https://www.statista.com EC
World Bank database GDP

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.

AM[» =y + ‘letfl - Mtfl + € (4)

Where A is the first differential operator, €; is the white noise
and M, 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:

J k
AlnCOy = By + Y BAINCOy + Y y,AInGDP,_,

i=1 i=0

1 m
+ Y 8:AInGDPL, + Y N;AlnPoP,.,

i=0 i=0

+ Y wAInTG, + Y wAInFDI,_,

i=0 i=0

p 1 r
+ Y YAIMEC, ., + Y $AInCU,, + Y p,AlnOU,.,

i=0 i=0 i=0

+ Zm InGU,_, + @y InCOy_, + @, InGDP;_,

i=0
+@,InGDP; | + @3 InPoP,_, + B, InTG,,
+ BsInTG,_, + BsInEC,_; + B;InCU,_,
+ B nOuy_y + B9 InGU,_; +u,
(5)

For example, consider the first differential operator (j), (k),
and (1), (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.

Ho-Bo=01=0,=03=04=0s=Ts=87=Tg=T9=0
(Long—run relationship does not Exist)

lezo/ = Vl/ = @2/ = @3/ = @4/ = @5/ = @5/ = @7/ = ®8/ =
Do/ = 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:
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TABLE 2 | Shows the results of descriptive statistics.

CO,, Tourism, GDP Growth

Variables Mean Median Max Min Std. Dev Observations
InCO, 5.56324 3.7968 7.5726 4.354 0.6935 48
InCU 6.578 6.7946 6.6057 4.6426 0.7854 48
InOU 6.6926 6.8534 19.3572 8.5768 0.6408 48
InFDI 31.4679 27.7264 19.6248 18.5326 0.7953 48
InGU 8.6035 8.2672 6.8354 4.6968 2.4534 48
InPoP 0.7957 0.726 2.035 0.1862 0.262 48
INTGA 31.1868 26.24 14.1857 24.5768 0.7964 48
InGDP 19.0536 19.1862 19.6572 6.4648 0.4726 48
InGDP2 192.5768 212.6157 157.6453 72.4628 8.6457 48
InEU 16.8532 19.0072 18.7262 6.2576 0.5764 48

TABLE 3 | Shows the results of the unit root test for intercept and trend.

Variable Intercept Intercept and trend
Level 1st difference Level 1st difference
InCO4 3.4235 5.56153 0.0375** -3.977
0.0000 —0.0026 0.0031 0.0005
InCU -3.1537 -10.7305** -5.7539 -10.9009***
0.1973 0.00002 0.00003 0.00001
InOU 3.1443 —5.7265"* -0.4277 -5.091**
0.1737 0.00007 0.8526 0.0026
InFDI 1.5376 —5.4467** -1.7705" -5.7119
0.5091 0.000001 0.7039 0.00003
InGU 3.3979 —7.1919* -5.015 —7.3595"*
0.1915 0.000003 0.0177 0.00001
InPoP 0.9003 —9.1942** -3.5176™* -9.445**
0.7543 0.00001 0.3119 0.00003
InTG 1.1759 —7.53* -3.3503 —7.423"*
0.7753 0.00003 0.5039 0.00003
InGDP 0.5171 -5.8505** -1.7719 -5.9171"*
0.7547 0.00001 0.7515 0.0019
InGDP2 0.1739 -5.0737*** -1.8537 -5.7274"*
0.7671 0.0000 0.7537 0.0015
InEU 3.4451 -5.5039*** -0.5261 -5.0177**
0.1097 0.0026 0.8519 0.0015

***and ** Indicating significant thresholds of 1% and 5% would be appropriate.

CO;, = o+ ZLI o<1 InCOy_, + z:{zo o, InGDP,_,
+ ZLO o3 InGDP? | + Zio o« 4InPoP;_,
+ ) s InTGy + Y ocgAInFDI,
+ Zf’:o oc;InEC,; + ZZO xsAInCU,,
+ Z;l xoAInOU,_, + z::o < 10InGU,_, +u, (6)

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:

AlnCOy =y, + Y y,MnCOy + Zf:OyZA InGDP,_,
+ yAInGDP, + Yy AlnPoP,
+ Y VAITG + Y yAInFDI,
+ 37 yAIEC, + Y yAlnCU.,
+ ) PAIMOUL + Yy AlnGU, s +u + 9,
+ECT,_y +u, )

TABLE 4 | Displays the results of the bound test.

F-statistic 5.7370 **

Lag Model 0,1,122000,2,1

R? 0.7028

Adjusted R? 0.7453

Acute Rate Minor Certain Advanced Certain
1% -3.46 -6.02

5% -2.32 -5.58

10% -2.09 -2.97

** indicates the significance level of 5%, respectively.

TABLE 5 | Shows the long-term impacts of employing the ARDL method.

Variable Coefficient Standard error Probability
LNCU 0.3474 ** 0.0854 ** 0.0278 **
LNOU 2.4864 *** 0.2648 *** 0.0000 ***
LNFDI 0.2639 0.2242 0.2252
LNGU -0.0339 0.0248 0.3972
LNPOP -0.2548 0.2539 0.4539
LNTG 0.2278 0.0868 *** 0.0067 ***
LNGDP -2.8398 *** 0.2052 *** 0.0000 ***
LNGDP2 0.0473 0.0208 ** 0.0340 **
LNEU 0.239 0.2454 0.5208

***and ** indicate significance levels of 1% and 5%, respectively.

There may also be a long-term correlation between tourist arrivals,
foreign employment, population expansion, and CO, emissions.

RESULTS AND DISCUSSIONS

The descriptive statistics for all of the variables in this study are
shown in Table 2. nCO,, InCU, InOU, InTG, InGU, InPoP,
InGDP, InGDP’, and InEU 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.

Using the unit root test, you can see the results in Table 3.
Only InCU and InGU 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
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TABLE 6 | Shows the results of the ARDL short-term impact method.

Variable Coefficient Standard error Probability
InCU 0.0752** 0.0468** 0.0376**
InOU 0.4374* 0.2860* 0.0802*
InFDI 0.0865 0.0602 0.2646
InGU -0.0070 0.0384 0.4688
InPOP 0.0027 0.0686 0.6466
InTG 0.3774** 0.0474* 0.0374**
InGDP -0.7064*** 0.3700*** 0.0020"**
InGDP? 0.0682 0.0370*** 0.0002***
InEU -0.3782 0.3848 0.4206
ECT -0.6284*** 0.3747** 0.0004***

= **and * Indicating significant thresholds of 1%, 5%, and 10%, respectively.

the variables except for [nCO,, which is enormous at 5%, are set at
1%, and before evaluating the long-run coefficients, the bound
test was run.

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, GDP?, and electric use on CO,
emissions.

Application of ARDL Method

Using the ARDL technique, researchers have discovered the long-
term impacts on CO, emissions of coal usage, oil use, gas use,
energy use, unknown direct investment, population growth,
vacationer appearances, GDP and GDP? In addition, the
findings reveal that traveler looks can have a long-term
influence on CO, emissions, which is crucial at 1%. The usage
of combustible gases has also been proven to have no long-term
connection with CO, emissions (Table 5).

There is no long-term influence on CO, emissions from
increased petroleum gas usage, and CO, emissions have no
long-term correlation with population growth. In China,
population growth has little effect on CO, emissions over the
long term. When GDP reaches its latter stages, it has a positive
and important relationship with CO, emissions, significant at 1%.
A 1% increase in GDP? can increase CO, 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 CO,
emissions and no link was made between electricity use and
environmental decline. The study may conclude that unrefined
petroleum consumption is linked positively to CO, emissions,
which are crucial at 1% and error correction term (ECT), energy
consumption, FDI, tourism industry, GDP and GDP all have an
impact on CO, 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 CO, 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.

CO,, Tourism, GDP Growth

TABLE 7 | Shows the results of several diagnostic procedures.

Stat F-Stat./Jarque-Bera Prob
Correlation Breusch-Godfrey-Serial LM 0.5628 0.6207
Ramsey re-establishes order 0.0198 0.9526
Heteroscedasticity 0.4026 0.6406
Regularity 0.0295 0.7408

While electricity usage impacts CO, 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 CO, emissions. According to a coefficient of tourist
appearances, tourists’ arrival has a five percent correlation with
CO, emissions. CO, 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 CO, emissions.

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.

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 CO, outflows nexus and coal
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TABLE 8 | Shows the results of the Robustness test.

CO,, Tourism, GDP Growth

Variables AMG CCE

Coefficient Standard error p Value Coefficient Standard error p Value
InGDP 3.087* 2.007 0.045 0.099* 0.297 0.043
InFDI -0.532* 0.353 0.103 -0.098*** 0.353 0.034
INTEC -0.647** 0.243 0.075 -0.403* 0.087 0.102
InPoP 0.307 0.512 0.078 0.058 0.103 0.073
InCU 0.231 1.087 0.304 0.106 0.097 0.105

*** specifies impact at 1%, ** directs consequence at 5%, * specifies importance at 10%.

and CO, emissions in China and India are connected. When oil
and coal are utilized as energy sources, carbon dioxide is emitted
into the environment. CO, emissions may be affected
significantly by the presence of visitors. In the early stages of
improvement, GDP is positively correlated with CO, 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 CO, emissions, either immediately or
in the long run.

CONCLUSION

The study investigated the nexus of CO, 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
CO,; emissions in the long and short terms alike. The bulk of new
hires are working in fields that do not produce a lot of CO,
emissions, including construction and agriculture, so the GDP
directly impacts CO, 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 GDP'
and GDP?. 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
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