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Abstract

The excessive use of non-renewable energy in 21st-century economic growth has
continued to hurt the environment by accumulating carbon dioxide and other greenhouse
gases. However, promoting environmental sustainability requires expanding clean
energy utilisation. In this study, we examine the effects of clean energy expansion and
natural resource extraction on load capacity factor (LCF) in China from 1970 to 2018.
Using the dynamic autoregressive distributed lag simulations approach, we extend the
standard load capacity curve (LCC) hypothesis by incorporating clean energy expansion
and natural resource extraction as main determinants of the LCF. The empirical outcomes
reveal that economic expansion is, although positively associated with the LCF, but
its squared term degrades the LCF. This confirms that the LCC hypothesis is not valid
for China. Moreover, while clean energy expansion has a positive effect on the LCF, the
effect of natural resource extraction is negative. These effects are stronger and statistically
significant only in the long run. Therefore, this study highlights the potentials for a
sustainable decarbonized economy in China by investing not only in clean energy sources
but also efficiently use the available natural resources in the country.

Keywords China - Load capacity curve hypothesis - Clean energy consumption - Natural
resources extraction - Dynamic ARDL simulations

1 Introduction

The rise in greenhouse gases has caused numerous negative consequences, including
global warming and changes in the climate. As a result, maintaining a clean and
healthy environment has become a crucial priority for communities and nations, while
economic concerns remain important. A recent worldwide initiative aimed at addressing
environmental challenges involves the annual gathering of the World leaders via the United
Nations Climate Summits, commonly referred to as the Conference of the Parties (COP)
to the United Nations Framework Convention on Climate Change (UNFCCC) (Leggett,
2020; Wang & Chang, 2014). This assembly of delegates from different nations worldwide
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aims to engage in discussions and negotiations pertaining to measures for climate change
mitigation and adaptation. During the summits, participating nations would present their
programs and strategies as well as their challenges towards reducing global temperatures
by shifting away from fossil fuels and adopting alternative energy sources in their regions
and continents (Chen et al., 2022; Sun et al., 2021; Zhang et al., 2019).

This study seeks to examine whether climate policies which promote clean energy
expansion and natural resource extraction exert upward or downward pressure on
environmental sustainability in China. China as a signatory to Paris agreement has
been committed towards tackling environmental issues over the years. In recently, in its
commitments to Paris agreement, China has introduced several climate policies, which
include the “Dual Carbon Policy”. The main aim of the dual carbon policy is to peak
carbon dioxide (CO,) in the country before 2030 and achieve carbon neutrality by 2060
(see Shao et al., 2022; Zhao et al., 2022; Wang & Yan, 2022).

While China is fast shifting towards clean energy sources, there is a rising level of
natural resource extraction to meet the demand for twenty-first century growth, which is
characterized by heavy production and consumption. Theoretically, as natural resources
deplete, there is a tendency that such depletion may trigger environmental challenges
as noted by Chang and Wang (2017). Moreover, given the tremendous growth of China
over the years with its vast population of over 1.4 billion (i.e. 18.47% of the total global
population), the country is one of the major emitter of CO, as it accounted for more than
25% of the World’s GHG emissions in 2019. The per capita emissions of 9 metric tons
of CO, were not only higher than the 7% emissions in 27 EU nations but higher than the
global average. According to Statista (2022), China was the largest World’s polluter in the
year 2021, emitting about 11.47 billion metric tons of CO,. Even though most countries
witnessed a decrease in total emissions due to the COVID-19 pandemic in 2020, China was
one of a few countries that witnessed a rising level of emissions (see Statista, 2022; Ozkan
et al., 2023a&Db).

Fundamentally, the environmental Kuznets curve (EKC) hypothesis, championed
by Grossman and Krueger (1991), has been widely used to explain the nexus between
economic growth, energy consumption, and environment sustainability. While some studies
used CO, emissions to measure the state of environmental pollution and sustainability
(Ding et al., 2021; Khattak et al., 2022), several empirical studies used ecological footprint
(EF) to assess the influence of human activities on sustainable environment (see Usman
et al., 2020a&b; Fakher et al., 2023; Gimba et al., 2023). These commonly measures have
received criticism for only being able to capture the demand side of the environmental
equation. Therefore, our study contributes to the literature in three folds: Firstly, our study
constructs the load capacity factor (LCF) variable, which apparently considers demand and
supply factors. This variable comprehensively captures environmental sustainability than
CO, emissions or ecological footprint commonly used in the existing literature. Secondly,
the load capacity curve (LCC) hypothesis is tested in China by controlling for the effects
of clean energy expansion and natural resource extraction. This will provide policy insights
into accelerating the pace of achieving net-zero emission targets in China by 2060. Thirdly,
a dynamic autoregressive distributed lag (DARDL) simulation model is applied to capture
the out-of-sample counterfactual shock effect in explanatory variables over time.

It is hoped that the findings of this study will help governments and policymakers to
formulate and design appropriate environmental policies and programs that promote
not only sustainable growth but also clean energy and efficient use of available natural
resources to achieve long-term net-zero emission targets in China. The remaining sections
of this study are adroitly structured based on the following: Sect. 2 reviews the related
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literature. Section 3 presents the dataset and empirical approaches employed. Section 4
presents the empirical results and a discussion of major findings. Lastly, Sect. 5 provides a
summary of the study alongside the policy recommendation based on the findings.

2 Theoretical framework and literature review

The theoretical underpinning study is from two distinct environmental sustainability
theories. The first theory is based on the LCC hypothesis advanced by Siche et al. (2010).
This hypothesis is based on the assumption that LCF has a decreasing economic growth
effect in the early stage of development. However, after certain technological advancement,
an increase in LCF will be associated positively with economic growth. By this
hypothesis, the relationship between economic growth and environmental sustainability is
characterized by U-shape.

In recent times, several studies have attempted to test the validity of the LCC
hypothesis. For example, Pata and Kartal (2023) displayed full support for the LCC and
EKC hypotheses in South Korea with nuclear energy bolstering the level of environmental
protection, while renewable energy has no significant environmental improvement in the
long term. Pata et al. (2023a) also examined the vital role played by renewables and nuclear
energy-related investment in R&D and income in achieving environmental sustainability
in Germany. As documented, clean energy investment lowers environmental damage
while investment in nuclear energy-related R&D is ineffective in reducing environmental
degradation. Consequently, the LCC hypothesis is invalid, but the EKC is confirmed.
Furthermore, in testing the LCC hypothesis using the non-renewable efficiency and REC,
Alola et al. (2023) applied the dynamic ARDL simulations for India. While the results
suggested that non-renewable energy efficiency and renewable energy promote the level
of LCF, there is also evidence that the assumption of the LCC is invalid for India. On the
contrary, Huang et al. (2023) examined the effect of technology in terms of eco-friendliness
on the environment measured by LCF in the Indian economy. The results showed that the
N-shaped LCC hypothesis is validated in India. The results further indicated that the eco-
friendly-based technology reduces the LCF. This result invariably implies that an increase
in eco-friendly technology harms environmental quality in India but an increase in energy
consumption boosts environmental quality.

The second theory for this study is based on the sustainable finance hypothesis
advanced by the United Nations’ Environmental Protection Program (henceforth called
UNEP) in 2014. The main thesis of this theory is that investment decisions are centred
mainly on three main aspects, namely the environment, social, and governance (ESG).
These aspects are linked to economic growth. For the purpose of this study, our interest
is on the environment factor, which deals with climate actions to mitigate environmental
degradation emanating from the accumulation of CO, and other components of greenhouse
gases. Based on the sustainable finance hypothesis, resources are expected to be used in
such a way that it will promote not only a cleaner environment, but also economic growth
and development. In such a situation, emphasis is placed on green activities by expanding
renewable energy through innovations and technologies. The validity of this sustainable
finance theory has been empirically tested in several recent studies. For example,
Chang and Wang (2017) showed that the absence of a clear legal system for the marine
renewable energy development affects the development of renewable energy the sector.
Balcilar et al. (2023a) found evidence that the investment in renewable energy stimulates
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sustainable growth in OECD countries, while Usman (2023) supported the sustainable
finance hypothesis by supporting the role of expenditure on renewable energy in mitigating
environmental degradation in G7 countries.

With great evidence of devising clean energy sources and intensified clean transitional
energy policies, if resources are efficiently utilized, environmental challenges might be
reduced significantly in China. According to Fernandez (2023), China’s consumption of
solar energy is significantly greater than that of other major countries, including the USA,
Japan, and Germany. In addition, solar power generation has grown dramatically over time
in China, with a total of 330 TWh generated in 2021. Meanwhile, wind power is the second
most significant clean energy source in China. Also, Usman (2022) showed based on a
dynamic ARDL model that a rise in the level of REC dampens environmental disasters in
Nigeria through its negative effect on ecological footprint while Xu et al. (2022) examined
how financial globalization affects the LCF in Brazil considering the role of REC and
urban development. Their results find evidence that both REC and non-REC are attributing
to a decline in the level of LCF. Furthermore, in a recent paper, Adikpo and Usman (2023)
found that, in addition to the negative influence of a country’s reputation in lowering
environmental externalities, REC evidently helps to promote environmental sustainability
in D-8 economies. Nwani et al. (2023) applying the consumption-based Kaya identity
metrics, showed that REC is negatively associated with CO, emissions, while an inverted
U-shaped is found between energy and carbon intensity for EU countries.

Furthermore, several studies have examined how natural resource explorations affect
the environment. For example, Badeeb et al. (2020) utilized autoregressive distributed lag
(ARDL) and structural break co-integration techniques to examine the impact of natural
resources (NRs) on environmental quality within the EKC’s framework. Their research
results demonstrated that a dependence on natural resources supports the link between
economic growth and environmental quality. Another study conducted by Zafar et al.
(2019) investigated the effect of NRs on the USA’s Environmental Footprint (EFP) from
1970 to 2015 using ARDL and bounds testing methodologies. Their findings revealed
that an abundance of natural resources is negatively correlated with EFP, leading to an
improvement in environmental quality in the long run. Ahmed et al. (2020) investigated
the role of NRs, human capita, and urban development on the level of ecological footprint
in China. The findings showed that while an increase in both NRs and urban development
escalate environmental disasters, human capital dampens ecological footprint. Also,
Nathaniel et al. (2020) submit that economic growth and NRs have a positive and
significant effect on ecological footprint, but the effect of renewable energy is negative and
significant. These results imply that economic expansion with NRs cause environmental
disasters, but REC improves the environment in terms of sustainability in BRICS countries.

Similarly, in a recent paper, Balcilar et al. (2023b) found that the negative effect of MNCs’
operational behaviours on the environment is perhaps moderated by natural resource endow-
ments in Africa. There have been a few studies that have looked at the link between a sustain-
able environment and LCF. Pata (2021) investigated the influence of REC on LCF in the USA
and Japan. Using the augmented-ARDL model, the study documented that REC enhanced
LCF in the USA; however, the magnitude of REC was insignificant in Japan. Fareed et al.
(2021) also documented that REC and export diversification bolster the LCF, which ulti-
mately leads to improvement in the environment. Furthermore, the role of natural resources
in explaining environmental disasters is evaluated by Naqvi et al. (2023). The results reveal
that natural resources exacerbate the level of environmental degradation in 14 countries in
Asia Pacific Economic Cooperation. Also, Luo et al. (2023) assess how the level of natural
resources and economic expansion influence the environment in Asian countries. The results
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Table 1 Details of the variables

Variable Abr Measurement Sources
Load capacity factor LCF __Biocapacity i GFN (2022
P Y Ecological Footprint (gha per Caplta) ( )

Economic expansion GDP Gross domestic product per capita at constant 2015 WDI (2022)
US Dollar

Clean energy consumption REC Primary energy consumption from renewables (%  OWD (2022)
of total)

Natural resources extraction NR  Total natural resources rents as a share of GDP WDI (2022)

unfold that natural resources mitigate environmental disasters in oil exporting countries, while
economic expansion stimulates disasters in the environment.

Given the foregoing literature review, it is clear that the need to investigate this specific
issue is not only motivated by the paucity of literature on the natural resources—clean
energy—LCF nexus but also to evaluate how natural resources and clean energy expansion
mitigate environmental externalities using the procedure of the LCC hypothesis. It is
hoped that our contribution could help provide a hint as to the effectiveness or otherwise of
expanding clean energy and natural resources usage in promoting carbon neutrality targets
in China.

3 Sources of data and methodological development
3.1 Data sources

In this study, a time series analytical approach is followed to achieve a specified study’s
goal for China between the periods of 1970 to 2018. The data for GDP per capita and
natural resources extraction (NR) are obtained from the World Development Indicators
(WDI, 2022). The load capacity factor (LCF) and renewable/unpolluted energy (REC)
are sourced from the Global Footprint Network and Our World Data, respectively (GFN,
2022; OWD, 2022). The variables, their unit of measurement, and sources are outlined in
Table 1:

3.2 Empirical model

To examine the impact of the variables such as clean energy expansion and natural
resources extraction on the level of LCF, we construct the general economic function in
Eq. (1):

LCF = f(GDP, GDP?, REC, NR) (1)

where LCF is the load capacity factor, a measure of environmental quality. GDP and GDP?
are the gross domestic product and its squared term. While GDP measures the level of
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economic growth, the squared GDP unfolds whether the LCC is characterized by a U-shape
or an inverted U-shape.' Furthermore, REC and NR present the clean energy expansion and
natural resources extraction, which are included in the model as determinants of the LCF.
Therefore, following Eq. (1), the econometric model in Eq. (2) expresses economic growth
and its squared term, cleaned energy expansion, and natural resources as determinants of
the LFC:

InLCF, = 6, + 6,(InGDP,) + 6, (InGDP?) + 65 (InREC,) + 6,(InNR)) +¢,  (2)

where, In represents the logarithm forms of each of the variables. ,, indicates the intercept,
0, to 8, are the coefficients of the predictor’s variables, ¢, signifies the stochastic variable.
To eliminate the non-normality and heteroscedasticity issues in the study, Samreen and
Majeed (2022), Ramezani et al. (2022), Pata et al. (2023b), recommended that all the
variables in the model adopt log transformation. If the coefficient of InGDP is negative,
(6,<0), and the coefficient of InGDP? is positive (6,>0), then the LCC assumption is
verified. If the reverse is the case, it implies that the LCC assumption cannot be verified
or supported. The coefficient of InNR is expected to be negatively associated with the
LCF (6;<0) because China is a nation that consumes large amounts of fossil fuels and
other traditional energy sources. Particularly, China is the largest consumer of the coal in
globe. InREC reduces carbon emissions in the atmosphere. This is because clean energy
consumption helps to lower the atmospheric concentration of carbon dioxide and other
components of greenhouse gases. Therefore, INREC is assumed to have a positive impact
on the LCF (6,>0).

3.3 Dynamic ARDL simulations model

ARDL (autoregressive distributed lag) models are often used to estimate the long-run
relationships between variables, particularly in the presence of non-stationarity. The
application of an ARDL model can be challenging when the model is characterized by
the complexity of lag lengths and differenced variables. This is because the effects of the
regressors may be spread across different time periods, and it can be difficult to isolate the
effects of specific regressors in the presence of other variables and their lags. Additionally,
the length of the time series data and the choice of lag lengths can also impact the accuracy
of the results. Therefore, careful analysis and interpretation of the results are necessary
to accurately determine the effects of the regressors in the short term and long term. To
simplify the process, Jordan and Philips (2018) introduced a simulated dynamic ARDL
modeling approach to address the complexity of estimating the effects of independent
variables on the dependent variable. As pointed out in the recent work of Ozkan et al.
(2023) and Ozkan et al. (2023a), the dynamic ARDL model can handle a complex issue
of multiple lags of first difference variables and thus provide the estimated plot of out-
of-sample counterfactual long- and short-term effect of exogenous shocks over time. To
utilize the dynamic ARDL simulations model, two criteria need to be satisfied as noted
by Sarkodie et al. (2019): firstly, the variables must have an integration order of not
greater than I(1); secondly, the variables must be cointegrated. For the first criterion, the

! The LCC is U-shaped if GDP is negatively associated with the LCF, and square of GDP is positively
associated with the LCF. Conversely, the LCC is an inverted U-shape if GDP is positively associated with
the LCF, and square of GDP is negatively associated with the LCF.
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endogenous variable (LCF) needs to be stationary, i.e. I(1), while the exogenous variables
can have an integration order of either 1(0) or I(1). Therefore, Eq. (3) shows the expression
of the Dynamic ARDL simulations model as follows:

AINLCF, = @y + f,InLCF,_, + 6, ,AInGDP, + ,InGDP,_,
+0,,AInGDP? + ,InGDP?_| + 6, ,AInREC, (3)

+ @;3InREC,_; + 6, ;AInNR, + w4InNR,_; +

From Eq. (3), A represents the difference operator, &, denotes the intercept, f, is the first
lag of the endogenous variable. 0,,i =1, ...,4 represent the short-run parameters while
w;,j =1,...,4 are the long-run parameters. The last term, i.e. 4, indicates the disturbance
term, which is assumed to have a zero mean.

4 Empirical results and discussion
4.1 Preliminary check

The initial step in the process of data analysis regarding time series involves preliminary
checking, which involves a time plot visual of the variables explored in the study. This is
necessary for determining whether trends, seasonality, drifts, and structural breaks exist in
these variables as their presence may hamper the outcomes of the regression. As shown
in Fig. 1, the time series plot representations reveal that the variables exhibit a trend.
Therefore, it is necessary to perform further testing to determine whether the variables are
stationary.

The descriptive statistical analysis for the aforementioned variables is understandably
divulged in Table 2. All the variables are normally distributed with skewness close to 0
for all the variables and kurtosis having positive values for all the variables. Compared to
the mean of the other variables, GDP has a high mean of 7.246. China has experienced
rapid economic growth over the past few decades, and its GDP has played a crucial role
in driving this growth. In the year 2019, the energy sector (including electricity, gas, and
water supply) contributed about 5.5% to China’s GDP. This suggests that the energy sector
is a significant component of China’s economy, but it is not the dominant sector (Morrison,
2019; Zheng & Walsh, 2019). It is worth noting that China has been investing heavily in
clean energy and energy efficiency in recent years, in an effort to reduce its dependence on
fossil fuels and mitigate the impacts of climate change. This shift in energy policy is likely
to have a significant impact on the energy sector’s contribution to China’s GDP in the
future. Natural resources, which represented 7.99% of economic growth in 2011 and 9.91%
in 2008, substantially contributed to the gross domestic product of China (Pata & Isik,
2021). It was invariably divulged that China’s environmental sustainability improved at a
different rate than other countries. The LCF declined slightly from 0.64 in the year 1981 to
0.24 in the year 2017, indicating that China’s resource utilization exceeds environmental
sustainability. Chinese consume more ecological assets than available resources, causing
environmental degradation (Meng et al., 2021; Xiong & Xu, 2021).
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Fig.1 Time series plots of the natural logarithms of load capacity factor (InLCF), GDP per capita (InGDP),
clean energy expansion (InREC), and natural resource extraction (InNR)

Tala2 Deesptve st o
Mean —0.748 7.264 1.650 1.438
Median —0.688 7.233 1.599 1.582
Maximum —0.166 9.171 2.550 2.958
Minimum - 1414 5.647 1.015 —0.201
Std. Dev 0.383 1.143 0.385 0.847
Skewness —0.387 0.142 0.615 —0.167
Kurtosis 1.881 1.690 2.835 2.201
Jarque—Bera 3.781 3.665 3.142 1.529
Prob 0.151 0.160 0.208 0.466
N 49 49 49 49

4.2 Unit root results

When analysing data from time series, it is essential to address where a series is stationary
or non-stationary. A stationary stochastic process is one in which the statistical proper-
ties (such as mean, variance, and autocovariance) of the process do not change over time.
Numerous studies used standard unit root tests by Dickey and Fuller (1979) and Phillips
and Perron (1988) to investigate the order of integration of variables. Both tests are unsuit-
able for small sample data sets due to their poor size and power properties (Dejong et al.,
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Table 3 Unit root tests’ results

Panel A: Ng-Perron modified unit root test

MZa MZt MSB MPT

InLCF 1.430 1.166 0.815 52.430
AInLCF —20.161%** — 3.147%** 0.156%** 1.315%#*
InGDP 0.081 0.041 0.506 19.698
AlnGDP — 15.224 %% — 2.7759%** 0.181%#%%* 1.610%#*
InREC 2.601 1.736 0.667 44.574
AInREC — 23.484 %% — 3.423%%* 0.146%#* 1.056%:#*
InNR —2.194 - 1.040 0.474 11.105
AInNR — 22.061%** -3.318%** 0.1507%#* 1121 %%
Test asymptotic critical values

1% —13.800 —2.580 0.174 1.780
5% —8.100 —1.980 0.233 3.170
10% —5.700 - 1.620 0.275 4.450

Panel B: DF-GLS unit root test

t-statistic Test critical values
InLCF 1.046 1% —2.615
AlnLCF — 4.533%%% 5% —1.948
InGDP 0.352 10% - 1.612
AlnGDP — 3.465%**
InREC 1.405
AInREC — 6.62]%**
InNR - 1.190
AInNR — 5.265%**

***displays significance at a 1% significance level accordingly

1992). As a result, the Ng-Perron and DF-GLS unit root test is used in this study. Table 3
reveals the unit root test results of all the variables (LCF, GDP, REC, NR). As shown by
the results, all the variables cannot reject the null hypothesis which perhaps shows no
stationarity at levels but the results of their first differences submit that all the series are
remarkably stationary at a 1% significance level for the two distinct tests for unit roots (i.e.
Elliott et al., 1996 and Ng & Perron, 2001).

4.3 Cointegration outcomes

Further, once the integration order of the variables has been determined, the next step
is to assess whether there is a long-run relationship between the variables. This is done
using the Pesaran, Shin, and Smith (PSS, 2001) bounds testing approach in Table 4. At
a significance level of 1%, the estimated F-statistic of 12.082 and t-statistic of — 5.552
are both greater than the corresponding upper bounds (critical values) of 7.30 and — 4.10,
respectively. This suggests a rejection of the null hypothesis, which invariably indicates
that there is strong evidence of a statistically significant long-run relationship between the
variables being analysed. Consequently, the results of both the PSS bounds testing utilizing
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Table 4 Outcomes of PSS cointegration test

Model: InLCF= f(InGDP, InGDP?, InREC, InNR)

Estimated model:
ARDL(2,1,0,0,1)

Narayan (2005) critical values

10% 5% 1%

F-statistic 12.082:%%* v A v A v A
3.33 431 4.07 5.19 5.82 7.30
PSS (2001) critical values
10% 5% 1%

t-statistic — 5.552%%% v A v A v A
—-2.57 -3.21 —2.86 —3.53 —-343 -4.10

WV and Aindicate lower and upper bounds, respectively. *** represents significance at the 1% significance
level

the Narayan (2005) critical values and the approximate values provide evidence of a coin-
tegrating relationship among the series. This implies that LCF, GDP, GDP?, REC, and NR
have a stable and long-lasting relationship.

4.4 Long-run and short-run dynamic ARDL coefficients

After verifying the likely cointegration, the next step is to check for the dynamic short-
run and long-run estimated effects simultaneously using the ARDL method. The results
of this estimation process are presented in Table 5. The results of the ARDL analysis
indicate that GDP has an upward (positive) impact on the LCF in both the short run and
the long run. Specifically, the result suggests that a 1% increase in GDP leads to a 0.328%
increase in the LCF in the long run, while holding other variables constant. In the short
run, GDP increases LCF, but the effect is not statistically significant. These suggest that
the positive effect of GDP on environmental sustainability is only significant in the long
run. The results further reveal that the squared term of GDP has a negative and significant
relationship with the LCF. This result shows that a 1% increase in the squared term of GDP
(GDPSq) would cause the LCF to significantly decline by 0.038%, holding other variables
constant. Given these results, the LCC hypothesis is not valid for the case of China.

Also, the results show that clean energy consumption exhibits a positive impact on the
LCF only in the long run. This implies that a 1% increase in clean energy stimulates the
LCF by 0.103% in the long term. Furthermore, an increase in natural resource usage is
adjudged to have exhibited a negative effect on the LCF. Particularly, a 1% increase in the
use of natural resources translates to a 0.027% decline in the LCF in the long run.

The dynamic ARDL method relies on model diagnostics for accuracy and reliability.
The diagnostic tests conducted on the dynamic ARDL models are presented in Table 6.
According to the results, the models exhibit no issues related to heteroscedasticity, serial
correlation, misspecification, or non-normality. This, therefore, indicates that the model
is well-specified and can be relied upon for accuracy in their predictions (Eweade et al.,
2022; Zhang et al., 2021).
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Table 6 Dynamic ARDL

diagnostic results Tests p-values
Breusch Godfrey Lagrange Multiplier 0.941
Breusch Pagan Godfrey 0.570
ARCH 0.613
Ramsey RESET 0.556
Jarque—Bera 0.483

20
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Fig.2 CUSUM and CUSUM of Squares tests. The red lines represent 5% significance level, while the blue
lines present CUSUM and CUSUM of Squares

Furthermore, the stability of the model is demonstrated in Fig. 2 through the presen-
tation of CUSUM and CUSUMSQ plots that fall within the 5% significance level. This
indicates that the model is stable and that its predictions can be relied upon. Additionally,
all diagnostic tests conducted on the dynamic ARDL model show that the estimates are
reliable and robust, which makes them suitable for policy decisions.

Once the short- and long-run effects of the LCF have been predicted, the next step is to
examine the response of the LCF to a counterfactual change in a single fundamental vari-
able. This analysis involves holding all other explanatory variables constant at a specific
point in time and observing how the LCF reacts to changes in the selected fundamental
variable. This step provides important insights into the sensitivity of the LCF to changes
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Fig.3 Indicates how + 1% counterfactual change in InGDP predicts InLCF. The predicted mean value of

the LCF is visualized by the dots. The grey to light blue vertical lines show the 0.25, 0.10, and 0.05 signifi-
cance levels. The number of simulations is 10,000
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Fig.4 Indicates how + 1% counterfactual change in InGDPSQ predicts InLCF. The predicted mean value of
the LCF is visualized by the dots. The grey to light blue vertical lines show the 0.25, 0.10, and 0.05 signifi-
cance levels. The number of simulations is 10,000
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Fig.5 Indicates how + 1% counterfactual change in InREC predicts InLCF. The predicted mean value of
the LCF is visualized by the dots. The grey to light blue vertical lines show the 0.25, 0.10, and 0.05 signifi-
cance levels. The number of simulations is 10,000
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Fig.6 Indicates how + 1% counterfactual change in InNR predicts InLCF. The predicted mean value of the
LCF is visualized by the dots. The grey to light blue vertical lines show the 0.25, 0.10, and 0.05 signifi-
cance levels. The number of simulations is 10,000
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in individual explanatory factors, which can be useful for making policy decisions. There-
fore, the plots in question illustrate how the LCF changes in response to a shock of + 1%
in the independent variable. Figures 3, 4, 5, and 6 reveal the dynamic ARDL simulation
plots. The y-axis shows the predicted mean values of the LCF with+ 1% change in each
of the fundamental variables. According to Figs. 3 and 4, a 1% positive shock to GDP
(GDPSq.) leads to a rise (fall) in the LCF, while a— 1% change in GDP (GDPSq.) increases
(decrease) in the LCF. This suggests that there is a positive relationship between GDP and
environmental quality, which is likely due to the composition and technique effects. As
production levels increase in China, environmental degradation tends to decrease. By this
finding, it negates the tenant of the LCC hypothesis which is characterized by the U-shape
relationship between income level and the LCF. Figures 4 and 5 demonstrate that while a
1% positive shock in clean energy consumption stimulates the LCF significantly, a 1% pos-
itive shock to natural resources leads to a decrease in the level of LCF. The predicted value
of the LCF following a negative shock is the reverse of the positive trend observed. This
supports the positive relationship between clean energy and LCF. Similarly, the negative
effect of a change in natural resources supports the results of the dynamic ARDL long-run
and short-run coefficients already discussed.

4.5 Discussion of findings

The results for this study provide valuable insights into how the fundamentals influence the
LCEF, both in the short run and in the long run. Particularly, the coefficients of our models
are useful in predicting the response of environmental quality to changes in the various
exogenous factors considered in the analysis. As shown in the results, the effect of GDP
on the LCF is positive but only statistically significant in the long run. These findings have
important implications for policymaking, as they simply suggest that policies aimed at
promoting economic expansion may also have long-run decreasing effects on environment
disasters. These findings also suggest that China has achieved appreciable income level
high enough that can stimulate environmental sustainability. Therefore, policymakers can
prevent scale effects by promoting economic growth through enhancing knowledge-based
and technological-based productivities. These findings are consistent with Caglar and
Askin (2023) and Kartal et al. (2023) who also found positive effect of economic growth
on the level of LCF.

It is important to note, therefore, that the relationship between GDP and environmental
sustainability is complex and may depend on a range of other factors, such as the
composition of the economy, the level of clean energy utilization, and the level of natural
resources available for use (see Balcilar et al., 2023b; Adebayo & Samour, 2023). The fact
that the positive impact of GDP on the level of LCF is stronger and only significant in the
long run compared to the short run suggests that the benefits of economic expansion in
terms of a sustainable environment may take time to materialize fully. This may be due
to a range of factors, such as the time needed for environmental policies and technologies
to take effect, or the time needed for changes in economic structure to occur as noted by
Rehman et al., (2023). It is also possible that environmental degradation in a country is
stronger in the long run than in the short run, depending on the specific circumstances.
This might be caused by factors hindering the positive effects of economic growth on the
LCEF, such as ineffective environmental regulations or inefficient production processes. This
result concurs with Chang and Wang (2010) and Akhayere et al. (2023). The variations
in the output might be due to the techniques utilized, observations adopted, and the
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Fig.7 Summary of the results
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response variable analysed. Based on the coefficients obtained through the ARDL method,
it can be concluded that the LCC hypothesis is not applicable to China. This means that
the relationship between economic growth and environmental quality does not follow the
U-shaped curve predicted by the LCC hypothesis. These results correspond with the results
of Alola et al. (2023) and Pata et al. (2023a) but are contradictory to the findings of Dogan
and Pata (2022), Huang et al. (2023), and Pata and Kartal (2023).

Also, our study unfolds that clean energy expansion has a positive relationship with
LCF only in the long run. This means that expansion of renewable energy consumption
enhances environmental sustainability only after some times, i.e. long run. The plausible
explanation for this result may be traceable to the fact that China, over the years, has
introduced several development plans to transit renewable energy paths. These plans are
anchored on stimulating renewable energy sources, including hydropower, solar, and wind
to make their consumption not only available but affordable for all. At present, renewable
energy accounts for about 14.95% of the total primary energy consumption mix in China
as of 2021. Therefore, this result is consistent with Usman (2022, 2023) who found that an
increase in clean energy is positively associated with environmental quality. This result is
contrary to Pata and Kartal (2023) who observed an insignificant effect of clean energy in
the long term in South Korea.

Furthermore, the results that natural resource use has a negative effect on LCF
is only significant in the long run. This, therefore, implies that in the short run, the
extraction of natural resources leading to natural resource depletion may not have effect
on environmental degradation. However, the environmental effect of natural resource
extraction is only noticeable in the long run through a decrease in the level of LCF of power
plants and other energy facilities. Therefore, this result is consistent with Li et al. (2022)
where it is discovered that increasing the use of natural resources triggers environmental
damage in the Southeast Asian Economies. This is also echoed in the work of Wang et al.
(2019) and Badeeb et al. (2020) that natural resource extraction bolsters environmental
damage. On the contrary, our finding is inconsistent with Adebayo and Samour (2023) who
show that natural resource rent promotes environmental quality.

The summary of the results is presented in Fig. 7. Accordingly, GDP has a positive rela-
tionship with LCF while its squared term has a negative effect. This shows that the LCC
hypothesis is invalid in the case of China. The effect of clean energy is positive while that
of natural resources is negative.
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5 Conclusion and policy recommendations

The high levels of environmental degradation arising from the accumulation of CO, and
other greenhouse gases have posed a serious challenge in China over the past three decades.
The use of energy from fossil fuels is the major cause of this problem. Essentially, every
nation requires energy to foster economic growth, hence reducing energy consumption
can have adverse effects on economic expansion. In this research, we explore not just
the transition towards adopting clean energy but also the influence of natural resources
on the environment in China within the framework of the LCC hypothesis. Employing
the dynamic ARDL simulations as our analytical tool, our results reveal that economic
expansion is although positively associated with the LCF, but its squared term degrades
the LCF. This confirms that the LCC hypothesis is not valid for China. The implication
of this result is that economic expansion is environmentally conscious and friendly, hence
China is at the path of environmental sustainability. The results furthermore reveal that
clean energy expansion promotes environmental sustainability by stimulating the level of
LCF. However, an increase in natural resource extraction lowers the level of environmental
sustainability by decreasing the amount of LCF. The impacts of economic expansion, clean
energy expansion, and natural resources are stronger and only significant in the long run.
This suggests that the environmental benefits of economic expansion and clean energy
expansion may take time to be witnessed in China. Similarly, the deteriorating effect of
natural resource extraction may also take a long time to materialize.

Based on these findings, a couple of policy recommendations for mitigating
environmental problems confronting China could be drawn:

Given that the expansion of clean energy has a long-run beneficial effect on the
environment through an increase in LCF, we therefore recommend that China should
invest tremendously in green energy-related technologies without necessarily ditching
economic growth to put the country in the path of environmental sustainability. In other
words, expanding clean energy, may not necessarily require slowing economic growth to
achieve environmental sustainability; instead, China should pursue both economic growth
and environmental sustainability concurrently—capitalizing on the positive association
between economic growth expansion and the LCF. This approach aligns with the idea that
a growing economy can coexist with eco-friendly practices—fostering more harmonious
balance between economic prosperity and environmental protection as emphasized by
Balcilar et al. (2023b). Therefore, as a way to attract tremendous investments in green
energy, government and policymakers should set clear targets and deploy necessary
incentive mechanisms such as encouraging public—private partnerships in green energy
investment, tax credits and tax holidays for investment in green energy, subsidies, etc.
All these will help expedite actions towards achieving the targeted level of green energy
investments over time.

While attracting investments in clean energy, it is also our recommendation that special
consideration should be given to clean energy sources such as hydropower, wind, and solar
because of their availability in China. The 14th Five-Year Development Plan launched
in 2021 by Chinese government is a step towards attracting green energy as it liberalizes
the economy by shifting it towards consumption-driven growth and providing conducive
environment for market forces to play a vital role in resource allocations. Basically, if
emphasis is placed on stimulating clean energy sources commonly available in the country,
it will help lowering not only the costs of such energy but also making it accessible and
sustainable.
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Also, the long-run positive impact of GDP on LCF in China is an indication that
income growth could possibly promote environmental sustainability in China in the long
run possibly due to shifting of policy directives towards knowledge and technology-based
innovations. Thus, policymakers in China should formulate a comprehensive policy
framework that promotes economic growth and at the same time protect the environment.
In such a scenario, government and policymakers should increase expenditures on
renewable energy technologies, implement more stringent environmental regulations, and
promoting sustainable patterns of consumption and production. All these can be achieved
by strengthening carbon pricing policy which compels polluters to pay for every ton of
carbon and other greenhouse gases coughed into the atmosphere.

Furthermore, the fact that natural resource extraction poses a deteriorating effect on the
LCF suggests that the use of natural resources lowers the quality of the environment. For
this reason, we recommend the need to avoid overuse of the available natural resources
and ensure that natural resources are efficiently used in China. To do this, the government
and its managers should draw policies to reduce the rapid growth of population. Also, the
extraction of natural resources such as coal and other pollution-based resources should be
reduced in China. For example, the coal-fired power plants in China emit over 40% of their
carbon dioxide, sulphur dioxide, nitrogen oxides, and particulate matter, which have serious
environmental and health consequences. If coal and other non-renewable natural resources
are required to meet the demand for raw materials needed for production and consumption,
such natural resources should be efficiently used in order to reduce environmental
consequences. To this extent, we further suggest that renewable energy education should
be incorporated into educational programs that prepare citizens for a greater future.

Finally, like any other study, this research is faced with some limitations. One of such
limitations is the fact that our study is focused on only China, which is a large emerging
market economy. Because of the peculiar problems of different economies, future studies
should employ panel data and categorize countries into clusters based on their incomes.
By so doing, will provide more insights that will help policymakers achieve environmental
policy targets. Moreover, the dynamic ARDL simulations approach employed in this study
uses only the mid-point observations in the distribution. To capture the effect of clean
energy expansion and natural resource extractions on the entire distribution of the LCF,
future studies should consider methodologies that help assess how these variables affect
the LCF on the tails of the distribution. This will provide a better understanding of the
subject matter.
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