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Assessing the coordinative and coupling development of
China’s green economic growth: role of sports economics

Lei Hana, Dan Zhangb and Xia Huaa
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ABSTRACT
The increased concern for green economic growth made many
countries shift from simply pursuing economic growth to a green
economic growth mode to protect resources and the environment.
Against this background, we calculated China’s green GDP and
studied the impact of economic growth on environmental quality.
For green economic growth, we employed income per capita, its
square, information and communication technology, sports industry
ecosystem efficiency, and human capital. We applied innovative
econometric techniques such as cross-sectional dimensions (CSDs)
tests, cross-sectional augmented Dickey-Fuller (CADF), cross-sec-
tional augmented Pesaran and Shin (CIPS) tests, Westerlund co-inte-
gration test, generalised method of moments (GMM), and fully
modified least squares (FMOLS) estimators. The obtained outcomes
showed the inverted U-shaped EKC hypothesis, which validates the
green economic growth theme. However, ICT was negatively associ-
ated with carbon emissions. Similarly, sports industry eco-system effi-
ciency (SIE) showed an insignificant negative impact on the
explained variable. Human capital was inversely associated with car-
bon emissions. In addition, the moderate role of the SIE significantly
reduces carbon emissions. In addition, the D-H panel causality test
results showed a significant causal association among the selected
variables. Owing to the outcomes, we proposed imperative policy
implications for the desired level of green economic growth.

ARTICLE HISTORY
Received 18 October 2022
Accepted 26 December 2022

KEYWORDS
Economic development;
sports economics; human
capital; digital economy

JEL CODES
E44; G23; G32

1. Introduction

Green growth was first advocated during the 5th Asia-Pacific Conference on
Environment and Development of the United Nations, where it was described as an
environmentally sustainable method of economic growth (Fujii & Managi, 2019;
Wang et al., 2021). Sustained growth and balanced development can be traced from
the green economic growth theory (Li et al., 2018). Sustainable development is
defined as ‘development that satisfies present needs without jeopardising the ability of
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future generations to satisfy their most fundamental survival needs’. This kind of
development encourages the concurrent, integrated, and sustainable growth of econo-
mies, societies, and eco-systems and is based on the idea of ‘ecological carrying cap-
acity’ (Fan et al., 2021; Zheng et al., 2021). The concept of ‘green economic growth’,
which itself is based on research into the relationship underlying social and economic
advancement and the health of the earth, is also known as ‘sustainable development’,
‘green growth’, and ‘low carbon economy’ (Chen et al., 2022; Hu et al., 2022;
Taghizadeh-Hesary et al., 2022). In China, local administrations prioritise economic
growth because it directly affects the officials who get promoted) while they also give
less importance to environmental protection (Su, Li, et al., 2022; Su, Mirza, et al.,
2022; Su, Umar, et al., 2022). The income disparity, environmental degradation, and
other problems brought on by China’s quick economic growth have serious concerns
(Geng et al., 2017; Khan, Hussain, Shahbaz, et al., 2020; Khan et al., 2021).

Additionally, China’s carbon dioxide emissions have come under intense pressure
from the international community in recent years owing to the country’s coal-based
energy consumption system, which produces a large number of greenhouse gases.
Therefore, China is heavily criticised for increasing its energy efficiency and reducing
its carbon footprint (Li, Ozturk, et al., 2022; Umar et al., 2022; Yang et al., 2022).
China’s previous policy of rapid economic expansion was inadequate for promoting
long-term prosperity, as the government places greater importance on environmental
stewardship. Spatial variability is significantly influenced by nearby regional green-
house emissions. Decentralization will shorten greenhouse gas emissions in the near
future. However, decentralization is essential to achieve the goal of net-zero carbon
emissions. This gradually reduces pollution (Safi et al., 2022).

The Chinese government now sees establishing a green economy as an absolute
need in light of the simultaneous threats posed by global and domestic environmental
shifts. According to the first theory, environmental regulations may be the reason
for this. Environmental laws and green economic expansion are not inversely corre-
lated (Dorfleitner & Grebler, 2022; Kaiser & Welters, 2019; Yumei et al., 2022).
Geographically, the green economy is also affected by environmental legislation
(Hmaittane et al., 2019; Qu et al., 2020). The second theory focuses on the impact of
macro-level government policies. Sport is a classic indication of the growing import-
ance of people in life and health issues. Over time, the sports industry has evolved
into a viable economic model. The rapid growth of the sports industry can be attrib-
uted to the growing interest in sports and the videos, merchandise, and celebrities
that the sports industry produces (Ali et al., 2021). Sports development is a sign of a
country’s social and economic health. The development of the sports industry is
another essential component of overall national economic growth. Physical activity,
purchasing and following sports brands, and attending sporting events all increase
sports involvement (Yu et al., 2020). Major international sporting events draw an
increasing number of nations, which not only reflects but also fuels the rise in each
country’s overall economic potential (Zhao et al., 2020). Therefore, the capacity of a
country or an individual to promote a successful sports industry is essential.

Due to the National Basketball Association, World Cup, and other international
sports events, more academics and sports industry developers have devoted time and
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energy to researching the economic development of the sports industry (Wu et al.,
2016). It is no longer restricted to a single country or a particular sports industry
area. Effective management of the interdependencies among the numerous compo-
nents involved in economic management would contribute to the long-term growth
of the sports industry. It is difficult to rely on personnel from sports sector compa-
nies to process these data because of the complicated relationships between them
(Yang & Ni, 2022). Profit and loss statements tell only part of the story regarding the
growth of business in the sports industry; other considerations, such as advertising
and marketing budgets and product effect income, are crucial to these enterprises.
Similarly, as people’s standard of living increases, their interest in sports expands
beyond merely engaging in physical activity to include following their favourite
teams, players, coaches, etc., which in turn fuels the growth of stadium facilities and
revenues and the sales of related sports products (Prideaux et al., 2020). This also
concerns the stock growth rate of major corporations in the sports business.

In the twenty-first century, the sports sector was heralded as a ‘sunrise industry’
and a ‘green industry’. It has expanded the potential of sports and its impact on the
national economy and society through its unique allure, robust network, and radiative
properties. The output value of China’s sports business has increased significantly
because of investment in the sector. In 2018, the sports industry broke through twice:
its contribution to GDP topped 1 percent, the value-added of China’s sports industry
expanded by 11.6 percent in 2019, and the country’s GDP grew by only 6.0 percent.
In other words, the national economy has reached a new high point. Each region of
the country is pouring money into the sports business, driven by both the govern-
ment and the free market (Yoshino et al., 2019). Therefore, it has progressed further
along the paths of socialisation and industrialisation and has become a more signifi-
cant contributor to overall economic growth. Investment in the sports business has
entered a phase of rapid expansion as new formats for sports integration continue to
emerge and the industry welcomes substantial potential opportunities. This study
attempts to examine carbon emissions, GDP growth, ICT, sports industry eco-system
efficiency, and human capital. Environmental indicators, such as the environmental
performance index or environmental sustainability index, may respond differently to
research variables. The novelty of this study lies in employing ecological footprint as
a measure of environmental degradation. To verify the accuracy of the conclusions
reached in this study and show how environmental degradation responds to alterna-
tive determinants, new studies should be conducted by tracking various data over an
extended period of time using newly developed or nonlinear estimation techniques,
introducing new control variables, and taking more thorough measurements of envir-
onmental degradation. We use annual data from a wide range of categories, including
carbon emissions (CO2), GDP (gross domestic product), ICT (information and com-
munication technology), SIE (sports industry eco-system efficiency), and HC (human
capital). The China Industrial Statistical Yearbook is the data source for all the varia-
bles from 2008 to 2020 for each country’s 30 regions. This study, however, uses a
novel set of econometric techniques, including cross-sectional dependence, second-
generation unit root tests, a co-integration test, fully modified ordinary least squares
and dynamic ordinary least squares, and a D-H panel causality test to achieve its
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goals. In addition, we obtain solid outcomes using FMOSL and DOLS (Handajani
et al., 2019).

2. Literature review

The aforementioned studies have provided evidence for the economic growth and
sports role of its expansion. Strengthening the local economy positively correlates with
both short- and long-term investments in cleaning environmental contamination.
Meanwhile, regional green development is negatively affected by metropolitan salaries
and foreign investment in initiatives to address contaminants. By adopting the Chinese
model of green growth in the economy, policymakers in industrially contaminating
nations can reduce industrial pollution and advance a green economy in those nations
(Imran et al., 2022). A number of things have a large positive knock-on effect, such as
clean energy, although bilateral trade and economic growth have a negative impact on
the cost of carbon emissions (Wahab et al., 2022). During Covid-19 and looming risks,
fund managers have been shifting away from high-risk choices and toward low-risk
ones in terms of both size and investment portfolio (Rizvi, Mirza, et al., 2020).
Conventional energy funds have improved performance compared to renewable energy
funds. Furthermore, while the outcomes for traditional fund managers show that they
can time the economy and fluctuation, they are inconclusive for renewable energy.
These findings serve as deterrents for potential green investors. Last but not least, dur-
ing COVID-19, the performance of renewable funds declined, illustrating the add-
itional spending burden (Naqvi et al., 2021). Exchange-traded funds (ETFs) with a
social conscience often have performances equivalent to traditional ETFs. This is cru-
cial for environmentally conscious investors since it shows that the additional screen-
ing that socially conscious ETFs are subject to does not materially affect performance
(Lobato et al., 2021). Wahab et al. (2021) provided evidence for the co-integration rela-
tionships between spending, carbon pollution, imports, exports, power, GDP, technol-
ogy advancements, and structural fractures. Funds with adequate human capital
outperform those of their rivals, who score worse on human asset utilisation. Capital
can boost human capital’s productivity and resilience in the face of macroeconomic
shocks (Ahmed, 2020; Bansal & Kumar, 2021; Gao, O’Sullivan, et al., 2021). According
to Rizvi, Yarovaya, et al. (2020), the pandemic was the main reason for the decline in
profits for shareholders, and valuations across all industries were significantly affected
adversely and likely dropped in sales, while there was a rise in the price of equity.

Green GDP is a measure of the green economy used in numerous studies to con-
sider the trade-off between eco-systems and economic systems (Zheng et al., 2021).
Additionally, more scholars are examining industrial efficiency in terms of green eco-
nomic growth (Wang, Wang, et al., 2022). AGDCC-GARCH model was used by
Karim et al. (2022) to assess the hedging and safe-haven features of three bond mar-
kets (BBGT, SPGB, and SKUK). Except for SKUK, which is a safe place investment
for crypto indexes and provides significant diversity during times of economic fragil-
ity, they discovered that financial markets were neither hedges nor safe-havens.
Additionally, during times of crisis, SPGB surpasses other bonds in terms of hedge
performance, offering significant potential for diversity in cryptocurrency indices. As

4 L. HAN ET AL.



an increasing number of online statistics have been updated, academics have been
able to learn more about the correlation between Internet growth and environmen-
tally responsible economic expansion as more and more online statistics have been
updated (Li et al., 2020). Ferrat et al. (2022) examined the influence of responsible
investment growth on future stock returns by using panel models for robust to
nation, industry effects and firm-year. Evidence suggests that the effect of responsible
investment growth depends on the time frame in question. The short-term stock
returns for corporations that are leading or underperforming in sustainability are
comparable. However, over a very long duration, the return divergence is negative
and becoming wider. Businesses devoted to managing sports economies have pros-
pered globally, significantly contributing to the growth of economies worldwide.
(Mikhno et al., 2021) were able to measure the factor contribution rate and industrial
efficiency of the growth of the regional sports industry by using a variety of tools,
such as the Solow growth function and the super-efficiency SBM model, and then
investigated the influence of related factors through regression analysis. Grey correl-
ation research was utilised by (Ning et al., 2021) to examine the connection between
China’s sports industry and its level of economic growth. He found that the sports
industry strongly correlates with GDP, per capita disposable income, and employment
levels. Multiple linear regression models show that China’s sports sector competitive-
ness has a strong linear link with economic development after (Huynh et al., 2020)
built an index system of elements that influence the sports industry.

Numerous researchers have compiled a sizable corpus of research. Shaikh (2018)
proposed a nonlinear entropy coupling evaluation model of the sports economy based
on the degree of coordination between regional growth, the social environment, and
the sports economy. The applicability and reliability of GMM in sports economic
evaluations were investigated using MATLAB. Their conclusions can act as a bench-
mark for the further expansion of the sports business sector. Falcone (2018) com-
bined Internet technology with sports economic management to examine how
business affects the growth of the sports economy. They investigated how the devel-
opment of China’s sports business affects the GDP of the nation using big data tech-
nology and the OpenStack Cloud platform. According to research, China’s economic
development has been boosted by between 11 and 7 percentage points, owing to the
growth of the sports industry. New insights into the sports economy were uncovered
by (Jiang et al., 2020) regarding the usage of cloud platforms and big data technolo-
gies to evaluate the industry’s growth pattern through regression processing on sports
economic data using the Hadoop cloud platform processing data system and the sup-
port-vector machine technique. There is enormous potential for the country’s overall
economic strength to improve owing to the brisk growth of the sports industry. His
research into the sports industry’s model for forecasting utilised data mining techni-
ques made possible by advances in big data technology (Gu et al., 2021). However,
Chinese-listed firms in the sports sector are poor, and the sports economy industry is
a relatively recent phenomenon. He examined the trajectory of the Chinese sports
economy’s growth and the crucial contribution that the sports sector makes to
China’s overall economic growth from the perspective of the economic strategy of
publicly traded companies. According to the study’s conclusions, listed companies’
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participation in the sports economy will help accelerate China’s overall economic
growth (Yang, 2021). It has been suggested by (Gao, Wang, et al., 2021) that the effi-
ciency of the sports industry is influenced by factors such as the degree of develop-
ment in the service sector, level of urbanisation, level of financial development, and
climate environment. From the standpoint of the effectiveness of the industrial eco-
system, Qiu et al. (2021) proposed that natural ecology, social ecology, and economic
ecology, including natural resource endowments, location conditions, infrastructure
construction, residents’ awareness of fitness, income level, policies and regulations,
and other factors, have an impact on the Shandong Peninsula sports industry ecosys-
tem. According to Zhang et al. (2020), the government, industrial environment, and
consumer behavior have the greatest effects on the competitiveness of Shandong’s
sports industry.

3. Data and methodology

When the data value is low, performing ordinary least squares regression on the
reduced data results in skewed parameter estimation. These findings are important
for the remainder of this investigation. This research study’s data also included a
panel spanning 13 years, from 2008 to 2020, and 30 Chinese provinces. This dataset
was chosen because the Chinese industrial sectors experienced the effects of the 2008
global recession, and it is now necessary to assess the situation that followed it. These
provinces also serve as the industrial centers of China and are important to its con-
tinued industrial progress. The data were compiled from several sources, including
the ‘China Industrial Statistics Yearbook’, the ‘China Energy Statistical Yearbook’, the
‘China Science and Technology Statistical Yearbook’, and other provincial and
national statistical yearbooks published by the Chinese government. Figure 1 provides
scatter plots for the chosen variable, and Kakoulaki et al. (2021) first used IP in the
AT formulation. (Li & Lv, 2021) reformulated IPAT into a stochastic model named
STIRPAT, which can statistically model the non-proportionate impacts of variables
on the environment in the following form:

CO2 ¼ f ðb0, GDPb1, GDP2, b2, ICTb3, SIEb4, HCb5 (1)

LCO2t ¼ f ðb0 þ b1LGDPt þ b2LGDP
2
t þ b3LICTt þ b4LSIEt þ b5LHCt þ et (2)

where per capita income (GDP), square of per capita income (LGD2), information
and communication technology (ICT), sports industry ecosystem efficiency (SIE), and
human capital (HC) were taken as the deciding factors of carbon emissions (CO2), t
denotes the year, and e denotes the error term.

LCO2t ¼ b0þ b1LGDPt þ b2LGDP
2
t þ b3LICTt þb4LSIEt�GDPt þb5LHCt þ et (3)

In Equation (3), other factors remain constant. SIE � GDP shows the impact on
carbon emissions in this study.

LCO2t ¼ b0 þ b1LGDPtþb2LGDP
2
t þ b3LICTt þ b4LSIEt�ICTt þ b5LHCt þ et (4)
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Equation (4) shows the impact of LSIEt � ICTt on carbon emissions and other fac-
tors or variables that remain constant.

LCO2t ¼ b0 þ b1LGDPt þ b2LGDP
2
t þ b3LICTt þ b4LISEt�HC þ b5LHCt þ et ð5Þ

In Equation (5), other factors that remain constant SIE � HC show an impact on
carbon emission in this study. After taking logarithms, the model takes the following
form:

LCO2t ¼ b0 þ b1LGDPt þ lnb2LGDP
2
t þ lnb3LICTt þ lnb4LISEt þ lnb5LHCt þ et ð6Þ

3.1. Estimation techniques

This research provides a logical plan for conducting empirical studies on unit root
tests using the Pesaran CADF and Pesaran CIPS panel unit root tests; co-integration
was analysed using the Pedroni-cointegration and Kao-cointegration tests, model
selection was evaluated using the FMOLS and DOLS tests, and causality was dissected
using the Dumitrescu and Hurlin panel causality test. In panel data models, distur-
bances are often assumed to be cross-sectionally independent. This seems to be par-
ticularly true for panels with large cross-sectional dimensions. Each test’s null
hypothesis assumed the absence of a CSD. We then performed the CIPS unit root
test suggested by Pesaran (2007), who considered the CSD problem to determine if
the data set has a unit root or otherwise. The Westerlund co-integration test was
applied to determine whether the research variables had a long-term relationship.

Figure 1. Scatter plots of selected variables.
Source: The authors.
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This approach examined the null hypothesis that there is no co-integration between
the variables when considering the CSD problem (Danish & Ulucak, 2020).

Moreover, the cross-sectional augmented Dickey-Fuller (CADF) test and the cross-
sectional augmented Pesaran and Shin (CIPS) test, both envisioned by Pesaran
(2007), have been examples of second-generation unit root tests. CSD problems are
explained by second-generation stationarity tests, specifically CADF and CIPS (Ansari
et al., 2022). The Generalised Method of Moments (GMM), which we examined in
the long-run scenario, is the best method for calculating the significant impact of var-
iables on the dependent variable in the long run with a large N and smaller T. The
two-step GMM method was used in this study because it is more precise than the
one-step GMM approach and robust to heteroscedasticity and autocorrelation
(Roodman, 2009).

3.2. Panel unit root tests

First-generation unit root tests, including those by Im, Pesaran, and Shin (IPS),
Augmented Dickey-Fuller (ADF), and Phillips-Perron (PP), appear to be (cross-sectionally
augmented) Im, Pesaran, and Shin (IPS) and Augmented Dickey-Fuller (CADF). These
examinations were created by (Pesaran et al., 2008). The CADF equation is expressed
as follows:

Xit ¼ ai þ biyi, t�1 þ ciyt�1 þ
Xk

j¼0

dik Dyt � j þ
Xk

j¼1

dik D yi, t�j þ eit (7)

where yi, t�1 and Dyi, t�j show the first differences of each unit and the mean of the
lagged cross-sectional values. After calculating the CADF, we estimated the CIPS sta-
tistics as follows:

CIPS ¼ N�1
XN

i¼1

ti ðN, TÞ (8)

where ti (N, T) shows t-statistics in the CADF test defined in Equation (5).

3.3. Panel co-integration tests

We used co-integration tests to build connection between the cross sections. Co-inte-
gration tests can be used to assess whether two variables are permanently linked. The
possibility of long-term partnership with a fractional component is limitless when
cross-sectional dependence exists. We employed co-integration tests based on
Durbin-Hausman developed by (€Un€uvar, 2019). The panel-specific-AR and same-AR
test statistics are two autoregressive (AR) parameters unique to the panel under con-
sideration in the Westerlund co-integration test’s estimations of CSDs. Co-integration
can be inferred from the statistical rejection of the null hypothesis employed in
panel-specific AR tests. Concurrently, if panel-specific AR test statistics fail to reject
the null hypothesis, the entire panel cannot be cointegrated.
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We can express panel-specific-AR test statistics as follows:

VR ¼ ¼ RN
i¼2 RT

t¼2E
^2ij R^�1i (9)

3.4. Fmols and DOLS test

The long-run relationship between the variables was investigated using the FMOLS
and DOLS developed by Onishi (2010), Ahmad and Wu (2022), and Srivastava et al.
(2022), with strong support for long-run co-integration. These econometric methods
are useful when endogeneity and autocorrelation between variables and error factors
afflict panel data. We used Panel FMOLS and DOLS tests in this study. The Fully
Modified Least Squares (FMOLS) method was used to examine the robustness of this
model. The three biggest issues when coping with panel data are heteroscedasticity,
endogeneity, and autocorrelation across panels. Both models have the advantage of
considering heteroscedasticity, endogeneity, and correlation issues with the data
(Umar et al., 2020a, 2020b).

3.5. Panel causality test

While long-run estimators probe the effects of explanatory variables on their targets,
they cannot identify the causal relationships between these variables in the short
term, making it impossible to use these estimates to guide policymaking. Therefore,
we utilised Dumitrescu and Hurlin tests to verify the panel’s causalities, as suggested
by (Huang et al., 2022). Compared to other tests, the causal findings produced by
Dumitrescu and Hurlin (D-H) are the most reliable and consistent.

4. Result and discussion

The normal distribution of the study’s preferred metrics was verified, and descriptive
statistics are provided for each variable in Table 1, along with their respective varia-
bles. It is necessary to initially obtain descriptive statistics (Table 1) of the relevant
variables before continuing with further extensive research. Several variables have
been examined, including carbon dioxide emissions, gross domestic product, GDP
per capita, GDP per capita annually, information and communication technology, the
effectiveness of the sports industry ecosystem, and human capital. At the 5% signifi-
cance level, the results showed that the hypothesis of no significant difference
between the means and medians of all variables could not be rejected.

Table 2 presents a list of the findings of the correlation matrix. Higher per capita
income is associated with decreased CO2 emissions at the 1percent level of significance.

Table 1. Descriptive statistics.
Variables Mean Median Maximum Minimum Std.

CO2 15.8397 15.4765 43.5757 3.6488 0.5355
GDP 24.6723 24.3276 48.8465 2.7478 0.9654
ICT 8.8254 8.2757 23.6355 3.6865 0.6875
SIE 5.7565 5.1876 18.3789 1.4869 0.3765
HC 7.4386 6.8375 16.3866 3.5474 0.4775

Source: The authors.
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The table shows a negative correlation between ICT and carbon emissions at the 1%
significance level, as well as a negative correlation between the effectiveness of the
sports industry’s ecosystem and carbon emissions. In addition, at the 1% significance
level, human capital was positively associated with carbon emissions. Pesaran (CADF)
and Pesaran (CIPS) were used to test whether the variables were stationary. Table 3
displays the results of both stationarity tests. At the intercept and trend levels, we
found that the null hypothesis was incorrect. We discovered stationarity at the 1 per-
cent level for both the intercept and intercept and trend. The findings from a panel
unit root test indicate that the variables are first-difference-integrated.

The next step is investigating the long-run co-integration connection between the
explained and explainable variables. As a result, we employed the Pedroni co-integra-
tion test defined by Li, Li, et al. (2022). In both parametric and nonparametric con-
texts, seven alternative test statistics were provided. Table 4 presents these findings.
The four tests conducted in this study statistically confirmed the long-term co-inte-
gration of the selected panel. Consequently, several green economic indices exhibit
long-term co-integration. We also used Kao’s panel co-integration approach (Wang,

Table 2. Correlation matrix.
Variables CO2 GDP ICT SIE HC

CO2 1
GDP 0.6879�� 1
ICT �0.4376� �0.2264� 1
SIE �0.7157�� �0.5875�� �0.6536�� 1
HC 0.3765� 0.6785�� 0.4765� 0.5465� 1

Source: The authors.

Table 4. Pedroni and Kao co-integration test.
Alternative hypothesis: common AR coefficient (within-dimension)

Statistics p-value Statistics p-value

Panel v-statistics �1.6567 0.8976 3.7575 0.9994
Panel rho statistics 4.8678 1.0000 4.2765 1.0000
Panel PP statistics �3.2765 0.0056 �10.4856 0.0000
Panel ADF Statistic �2.7987 0.0424 �3.4757 0.0005

Alternative hypothesis: individual AR Coefficient (between-dimension)

Statistics p-value

Panel rho statistics 5.6876 0.9355
Panel PP statistics �10.5765 0.0045
Panel ADF Statistic �5.3767 0.0005
Kao co-integration Statistics p-value
ADF �1.6466 0.0657

Source: The authors.

Table 3. CADF and CIPS.
Variables CADF CIPS

Level 1st difference Level 1st difference

CO2 �3.4367� �5.5644� �3.3875� �5.7838
GDP �1.3245 �5.5287�� �1.6148 �3.5378�
ICT �1.6845 �3.6755� �1.1759 �5.2655��
SIE �1.5875 �6.7677�� �2.0287 �4.4324�
HC �1.2765 �3.8577�� �1.1769 �5.5889��
Source: The authors.
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Shahid, et al., 2022) to confirm Pedroni’s findings, demonstrating co-integration
(Table 4).

4.5. Long-run results of FMOLS and DOLS estimators

To estimate the long-run co-integration vector between green growth and its determi-
nants, we similarly turned to the FMOLS and DOLS techniques panels. We used a
pooled weighted estimate method to test a panel data model while keeping fixed effects
and constants in mind. Panel FMOLS estimators for the chosen variables are shown in
Table 5. The table displays the most credible results when the FMOLS and DOLS esti-
mators were used. The results indicate an inverted U-shaped relationship between eco-
nomic growth and carbon emissions. The link between GDP growth and CO2

emissions provides a rational economic explanation. The long-term correlations
between variables can also be discovered using this table. As these FMOLS outcomes
show, there is a positive relationship between economic growth and CO2 emissions, the
value of long-run LGDPC is positive and substantial at the 1% level, and so on. The
LGDPC is also 5 percent significant in the positive direction, demonstrating a positive
correlation with LCO2 in the DOLS panel. The EKC theory of an inverted U-shape was
confirmed by both P-FMOLS-DOLS. The world’s most advanced economies have
entered the global village phase, which is why. In the early years of their development,
these economies consistently strove to accelerate their economic expansion without giv-
ing sufficient thought to their surroundings. In the long run, environmental degrad-
ation results from ignorance during the early stages of progressive economic growth.
For the FMOLS test, the squared value of economic growth LGDPC was negative and
statistically significant at the 5 percent significance level. The negative squared term
growth and CO2 emissions are reflected in the inverse value of the LGDPC-square in
the long run. Simultaneously, the long-run value of LGDPC is negative and statistically
significant (at the 1 percent level) according to the DOLS test. The long-term growth
squared (LFDPC-square) has a negative slope concerning LCO2, indicating that

Table 5. FMOLS long run test.
Variables Model 1 Model 2 Model 3 Model 4

LGDP 0.1576�
(0.0045)

0.6477��
(0.0005)

0.0126��
(0.0001)

0.2643�
(0.0045)

LGDPC2 �0.0856��
(0.0035)

�0.0238�
(0.0071)

�0.0962�
(0.0063)

�0.0474�
(0.0041)

LICT �0.3476��
(0.0001)

�0.0258��
(0.0015)

�0.7576�
(0.0036)

�0.2453��
(0.0021)

LSIE �0.2654
(0.0065)

�0.0085
(0.0035)

�0.4765
(0.0000)

�0.3143
(0.0005)

LHC 0.0658��
(0.0001)

0.2764��
(0.0476)

0.6471�
(0.0005)

0.4576��
(0.0466)

LSIE � LGDP - �0.8577�
(0.0045)

– –

LSIE � LICT - – �0.4377��
(0.0005)

–

LSIE � LHC - – – �0.7472��
(0.0045)

Sargan Test 0.8468 0.6865 0.7577 0.8577
AR(1) 0.000 0.000 0.000 0.000
AR(2) 0.6276 0.7488 0.8567 0.8923

Source: The authors.
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exponential development reduces CO2 emissions by approximately. The EKC theory
has been disproved in two regions of China by P-FMOLS-DOLS analyses, showing an
inverted U-shape between the LGDPC-square and LCO2. Economies, by definition, are
expected to fulfill the criteria of sustainable growth and development to advance their
economic standing. However, in the chosen provinces, growth coincided with environ-
mental sustainability because of adherence to sustainable growth and development cri-
teria. Some prior studies corroborate the results of this study, showing that achieving
the targeted level of economic growth reduces carbon dioxide emissions and makes the
inverted U-shaped EKC more visible in these economies (Atasoy, 2020; Lv et al., 2021;
Mensah et al., 2019; Rao & Holt, 2005; Rios & Gianmoena, 2018).

Statistical analysis revealed a negative correlation between ICT and carbon emissions,
suggesting that reducing this element would reduce overall emissions. There is an eco-
nomic rationale for this unintended outcome. A further intriguing discovery has to do
with the significance of the complementarity between ICTs in negatively affecting envir-
onmental quality. Even though this may come as a surprise, information and commu-
nication technologies have been shown to dramatically reduce CO2 emissions. As there
is no direct information about the impact of ICTs once coupled with the environment,
this unintended consequence occurred. Since the endogeneity problem is not accounted
for in this modelling paradigm, the effect may be different when accounting for vari-
ability among provinces (Shabir et al., 2022). This major finding, however, is consistent
with the findings of prior studies, including those by (Hanif et al., 2019). These findings
demonstrate that advanced ICT helps to reduce carbon dioxide emissions.

Our research is consistent with the ‘ICT for green’ perspective since it lends credence
to the claim that technological advancements can help alleviate some of the environmen-
tal problems that have plagued the world in recent decades. Thus, ICT for green is a
strategy to reduce environmental impact on the other economic sectors. The results of
other recent research corroborate ours: (Hsu et al., 2021) for ASEAN countries (Hardin-
Ramanan et al., 2018) for Belt and Road countries, emerging economies, and BRICS
(Yumei et al., 2022). There is an increase in carbon emissions because ICT advancements
will encourage using other renewable energy options. The evidence is also in line with
prior studies that found a reversed U-shaped relationship between ICT and CO2 emis-
sions worldwide and in Iran. For instance (Hsu et al., 2021) found that advancing ICT
reduces the chance of contamination. The efficiency of the sports sector ecosystem is a
negative contributor to greenhouse gas production. This model’s SIE carbon emission
reduction is �0.3143 percent, compared to �0.2654 percent in Model 1, �0.0085 percent
in Model 2, �0.4765 percent in Model 3, and �0.3143 percent in Model 1. The detri-
mental effect of environmental regulations on the eastern region’s sports industry ecosys-
tem efficiency is not statistically significant. In both the central and western regions, the
efficiency of the sports industry’s support is negatively correlated with the growth of the
sports industry, with the western region bearing the greatest weight because of the poten-
tial negative effects of the sports industry expansion on environmental quality. The
growth of the sports business is impeded to some degree by environmental legislation,
which is mostly the result of the government’s proposal of stricter standards on carbon
emissions. Although stricter environmental rules have less negative impact on the eastern

12 L. HAN ET AL.



economy because of the region’s advanced technology, they will have an even greater
negative impact on the western economy because of its slower growth.

As can be seen from the data, human capital is positively associated with carbon
output. Human capital increased by 0.0658 percent, 0.2764 percent, 0.6471 percent,
and 0.4576 percent in developing nations for every percentage point in GDP growth.
An important discovery that can aid their efforts is that human capital negatively
influences carbon emissions. Carbon emissions may decrease in certain provinces if
human capital, as measured by secondary school enrolment and average school edu-
cation, rises. Therefore, investing in people is a long-term solution to the problem of
carbon emissions. Energy security and carbon emission reductions would benefit
from a larger pool of potential workers who are well-educated and aware of current
issues due to an increase in secondary school attendance.

However, while education is a top priority for advanced countries, China’s educa-
tional system is dismal. If the government does not invest more money in ensuring
that everyone can obtain an education, declining enrolment will speed up the rate at
which emissions increase. Unskilled labor results from a lack of education and
increased household expenditure, which results in another. The cost of quality educa-
tion in Pakistan is currently prohibitive owing to a shortage of public educational
institutions and resources. China is currently in the early stages of establishing a
robust system for technical universities. There are several issues plaguing the coun-
try’s educational system, including the lackluster method of assessing teachers’ per-
formance, widespread unemployment and poverty, rapid population expansion,
meddling from politicians, and a meagre budget. It seems reasonable to infer from
our findings that investing in human capital through education has the potential to
slow the rate of increase in global carbon emissions. In response, countries that place
a higher priority on education tend to have more skilled personnel, making it simpler
to implement cutting-edge green technologies and reduce carbon emissions.

In addition to this obvious result, the impact of the efficiency of the sports indus-
try’s ecosystem on GDP growth, ICT, and human capital, and hence on greenhouse
gas emissions, needs to be studied. However, the negative effect on carbon emissions
is moderate, owing to the influence of SIE. As a result, SIE provides evidence of a
favourable reaction to sustainable development. Results from the panel DOLS estima-
tors for the chosen variables are shown in Table 6. The models demonstrate a posi-
tive relationship between per capita income and carbon emissions, with positive
coefficients of 0.3744 percent, 0.7365 percent, 0.3478 percent, and 0.6354 percent,
respectively, whereas the square root of per capita income shows an inverse relation-
ship between income and emissions.

Model 2 indicates a decrease in carbon emissions due to an increase in ICT of�0.9845
percent, Model 3 shows a decrease of �0.7275 percent, and Model 4 shows a decrease in
carbon emissions due to an increase in ICT of �0.2265 percent. These results indicate
that ICT usage increases carbon emissions. Similarly, a drop in carbon emissions of �0.
317 percent, �0.0476 percent, �0.846 percent, and �0.6467 percent is shown as SIE
increases. Human capital has a favourable effect on greenhouse gas emissions, as demon-
strated by these findings. Carbon emissions reductions of 0.0326 percent, 0.7547 percent,
0.9856 percent, and 0.2648 percent can be attributed to an increase in human capital.
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4.6. D-H panel causality results

To conduct a causality test, all variables must rest. This is because the prioritised
growth factors were constant at the first-order difference. Additionally, FMOLS and
DOLS estimators were used to estimate the parameters of some panel data. This study
used a modified version of the Granger non-causality test to evaluate the relationships
between certain variables and their potential causes. The D-H test also calculated
both W-bar and Z-bar statistics. As a result, W-bar statistics were used to determine
the significance of the mean difference, whereas Z-bar statistics represented the nor-
mal distribution. Finally, the causal direction will aid policymakers in suggesting rele-
vant, sustainable policies and economic strategies for the chosen countries. The
factors affecting carbon emissions are listed in Table 6. This finding demonstrates
that per capita income and carbon emissions are causally related in two ways. It dem-
onstrates the reasons for the ways in which a change in LGDP may impact carbon
dioxide emissions. Or, to put it another way, LGDP policies and carbon emission pol-
icies are consistent. This outcome supports the findings of (Gao, O’Sullivan, et al.,
2021). In addition, a negative link between GDP and carbon dioxide emissions was

Table 7. Results of the D-H panel causality test.
Null Hypothesis W-Stat Z-bar.Stat Prob.

LCO2 � LGDP 5.4367 4.6578 0.0006
LGDP � LCO2 7.3686 7.9788 0.0264
LCO2 � LICT 2.8566 0.3267 0.3424
LICT � LCO2 2.4065 0.0584 0.0346
LCO2 � LSIE 3.6865 0.6876 0.0176
LSIE � LCO2 4.4367 0.2864 0.2865
LCO2 � LHC 12.6888 12.3643 0.0000
LHC � LCO2 3.7588 0.5864 0.0578

Source: The authors.

Table 6. DOLS long run test.
Variables Model 1 Model 2 Model 3 Model 4

LGDP 0.3754��
(0.0065)

0.7365��
(0.0055)

0.3478��
(0.0005)

0.6354�
(0.0767)

LGDPC2 �0.0289��
(0.0035)

�0.0964��
(0.0124)

�0.0089�
(0.0142)

�0.0895�
(0.0052)

LICT �0.5436��
(0.0051)

�0.9845�
(0.0075)

�0.7275�
(0.0045)

�0.2265��
(0.0287)

LSIE �0.3176
(0.0365)

�0.0476
(0.0168)

�0.8465
(0.0005)

�0.6467
(0.0001)

LHC 0.0326�
(0.0021)

0.7547��
(0.0236)

0.9856��
(0.0001)

0.2648�
(0.0757)

LSIE � LGDP - �0.7176�
(0.0005)

– –

LSIE � LICT - – �0.2765��
(0.0001)

–

LSIE � LHC - – – �0.8655�
(0.0075)

Sargan Test 0.7376 0.7968 0.7824 0.8859

AR(1) 0.000 0.000 0.000 0.000

AR(2) 0.6644 0.7287 0.8169 0.8865

Source: The authors.
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found. It was found that there is only one route in which causality runs, just as there
is between ICT and carbon emissions with associated feedback. This result agrees
with that of (Han et al., 2022), who discovered a causal relationship between ICT and
carbon emissions in only one way (d’Amore-Domenech et al., 2020). Furthermore,
SIE directly causes an increase in carbon dioxide output. This correlation shows that
SIE and CO2 are major causes of each other. This finding lends credence to the argu-
ment that SIE helps cut down on carbon emissions while also opening up new ave-
nues for economic growth and employment (Zhao et al., 2022). Finally, there is a
reversible correlation between human capital and greenhouse gas production.

5. Policy implication and future guidelines

Based on these findings, this study suggests several significant policy implications.
The empirical findings support the inverted U-shaped link between carbon dioxide
emissions and ED and recommend that China prioritise sustainable development to
satisfy the ED. Stronger incentives and motivations should be included in government
policies for industrial products, supported by clean and sustainable growth.
Additionally, lower taxes, interest rates, and increased infrastructure spending should
assist crucial industries. Although China’s carbon dioxide emissions have clearly
increased over the past few decades, new conservative eco-friendly criteria should be
considered in addition to ongoing development. We predicted that human capital has
a sizable beneficial effect on carbon dioxide emissions, while the impact of informa-
tion and communications technology is sizable and negative.

Additionally, the findings imply that ICT contributes to a reduction in carbon
emissions in the residential, transportation, and industrial sectors. The interim impact
of human capital can be uncertain in the interim. These findings also show that
enhancing human capital can reduce commercial carbon emissions. However,
increased emissions from the housing and transportation sectors are linked to human
capital expansion. These results support earlier research suggesting that ICT can help
the environment by improving environmental management and assisting in the
dematerialization of significant portions of the industrial sector. The calculated find-
ings demonstrate that economic growth follows an inverted U-shaped curve, support-
ing the EKC hypothesis. Consequently, new studies should be conducted by following
different data over a long period, using new or nonlinear estimation techniques, intro-
ducing new control variables, and taking more comprehensive measurements of envir-
onmental degradation to confirm the validity of the findings obtained in this study
and to reveal how environmental degradation reacts to alternative determinants.

6. Conclusion

In this study, we investigated the variables between 2008 and 2020 that determined
the viability of the green economy in 30 different Chinese regions. This study checks
for foreign dependencies before using a panel unit root test that considers cross-sec-
tional dependency. Owing to the presence of non-stationary variables, cross-sectional
dependence must be controlled to evaluate co-integration connections. The study
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confirms the existence of a co-integration relationship using system GMM and
FMOLS estimators to estimate long-run co-integration parameters. In conclusion, the
findings support an inverted U-shaped relationship between income and carbon emis-
sions across all 30 Chinese provinces and regions. ICT and SIE both confirm that the
sports industry has a negligible yet negative impact on carbon emissions as a whole.
Although there is a positive link between human capital and physical capital, there is
a negative association between carbon emissions and physical capital. The D-H panel
causality test was employed to examine the relationships between the variables.

Thus, according to empirical data from China, the ICT sector has a far smaller
negative impact on the environment when embodied carbon repercussions are con-
sidered. The ICT industry can produce a large amount of carbon emissions because it
requires a large amount of electricity and materials with a high carbon footprint as
an intermediate production input. The information and communication technology
sector should establish carbon management strategies using embodied rather than dir-
ect carbon emission metrics. For instance, it is necessary to encourage business per-
sonnel to monitor and mark carbon footprints connected to particular information
and communication technology (ICT) products and services. ICT-embodied emis-
sions ranged widely between industries, with the more carbon-intensive ICT manu-
facturing sector accounting for the majority of overall emissions. Therefore, while
formulating ICT industrial development plans, decision makers should give prefer-
ence to the cleaner ICT service sectors. However, the outcomes of this study do have
some qualifications. First, we used data from various sources, some of which may
contain measurement errors. Second, the empirical strategy employs FMOLS and
DOLS estimators with some restrictions. However, the results may differ depending
on the precise application of alternative panel data techniques that are based on non-
linear structures. Other environmental indicators, such as the environmental perform-
ance index or the environmental sustainability index, may respond differently to the
research variables, even though this study employed the ecological footprint as a
measure of environmental degradation. Therefore, when creating plans for the indus-
trial development of ICT, decision makers should prioritise more environmentally
friendly ICT service industries.
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