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Abstract
This paper revisits the causal links between financial development, coal consumption, and CO2

emissions in P.R. China over the 1977–2017 period to validate the development of its natural

gas industry. It uses a Bootstrap ARDL bound test with structural breaks to establish stationarity,

short- and long-run dynamics, and causality of the series. The results show there are no long-run

relationships among these three variables, but a Granger causality test does indicate the presence

of both a two-way Granger causality between coal consumption and CO2 emissions, and a one-

way Granger causality running from financial development to both coal consumption and CO2

emissions. These results have important policy implications for the Chinese government’s efforts

to meet its commitment at the 75th UN General Assembly to achieve carbon neutrality. In that

context, the promotion of its natural gas industry, including carbon pricing mechanisms and tax-

ation schemes while enacting environmentally friendly energy abatement policies become a must.
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Introduction

Current world events have exacerbated the global energy crisis. Developed and develop-
ing countries have been forced to rethink their energy policies and to decarbonize and
comply with carbon dioxide (CO2) emission-reduction targets. Nowadays they reluc-
tantly accept that implementing energy-efficiency measures will require the co-existence
of coal power with natural gas before they phase them out and transition to renewable
sources of energy. Rising CO2 emissions are a major cause of global warming and
climate change has become a serious problem worldwide.1 The carbon footprint has
increased by an average of 1.81 parts per million (ppm) per year over the past 40
years, and the growth of CO2 emissions has accelerated from an average of 1.6 ppm
per year in the 1980s to 1.8 ppm per year in the 1990s, and to 2.2 ppm per year during
this decade.a The main human activity that produces CO2 is the combustion of fossil
fuels such as coal and oil, meaning that rising energy consumption is without doubt
one of the most important reasons for increased CO2 emissions.

Coal is a dominant component in the global energy mix, accounting for 27% of all
energy used worldwide and for 38% of electricity generation. It also plays a crucial
role in the iron and steel industries. However, concerns about air pollution and green-
house gas emissions cloud its future.2 Global coal consumption has risen by 25
million tons oil equivalent (mtoe) since 2013, driven largely by India, at 18 mtoe, fol-
lowed by P.R. China at 4 mtoe.b

P.R. China remains the largest consumer of coal worldwide to meet its rapidly
growing industrialization and urbanization processes. In 2014, it used approximately 4
billion tons of coal, a figure that represents more usage than the entire rest of the
world combined.3 P.R. China has relied heavily on coal to meet its demand for
energy, with coal comprising 59% of the energy mix in 2018.4 Burning of coal causes
approximately 70% of soot dust emissions as well as CO2 emissions and is considered
the main producer of smog due to the high emission coefficient of its pollutants.

Over the years, P.R. China has been labeled as one of the largest CO2 emission coun-
tries in the world to the extent that various Chinese cities have been forced to launch coal-
reduction measures such as “replace coal by low-carbon natural gas” and “replace coal
with electricity” to mitigate their severe contamination issues.5 Reinforcing these alterna-
tives, it has been suggested that an intensive usage of natural gas by firms can reduce CO2

as well as SO2 emissions at the city level.6 However, P.R. China has abundant coal
resources mainly concentrated in central and western areas, and making a transition
away from its current energy infrastructure will be challenging in the short term.7

Unsurprisingly, an energy transformation strategy for replacing natural gas with coal
framed under a long-term perspective of external dependence and national security is
still echoed by several government and non-government entities.8

Coal does indeed dominate P.R. China’s energy structure and recognizes that its sub-
stitution must be the first step to achieve carbon neutrality.9 In their view, the combination
of a resource tax would reduce coal consumption in the short term, while renewable
energy substitution investments would substitute coal production in the long term.
Conversely, a more pessimistic angle is presented after using a dynamic stochastic
general equilibrium model to examine the macroeconomic impact of intended carbon
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neutrality on the Chinese economy.10 Their plan of energy transition policies would begin
with the gradual retirement of fossil fuels leading to an inevitable distortion of prices and
a deceleration in the replacement of its inefficient production capacity.

P.R. China has witnessed a steady increase in its energy usage for which it is paying a
heavy environmental price. Maintaining rapid economic growth while simultaneously
mitigating climate change has been a daunting task. For instance, trade liberalization pol-
icies undertaken by P.R. China to join the World Trade Organization dramatically accel-
erated CO2 emissions.8 Under this scenario they suggested export diversification policies
and clean energy production infrastructures to achieve carbon neutrality. Nevertheless, as
the largest developing economy, P.R. China still faces great challenges in controlling its
energy consumption and CO2 emissions on the premise of ensuring sustainable economic
development.11 In fact, it is currently confronted with a serious tradeoff—addressing
climate change to the scrutiny of the international community and enacting environmen-
tal protection policies, at the same time as reenacting its booming pre-COVID economy.

This rapid economic growth has been accompanied by unavoidable socio-economic
forces and transportation development, both of which have led to increased energy use
and worsening air pollution.12 Interestingly, Figure 1 shows that while P.R. China’s
coal consumption has grown continually since 1965, coal’s share of total energy con-
sumption has declined, signaling that P.R. China may be adjusting its energy

Figure 1. Coal consumption and proportion of energy consumption accounted for by coal. Data

source: National Bureau of Statistics of China. China Statistical Yearbook-2019. http://www.stats.

gov.cn/tjsj/ndsj/2019/indexch.htm.
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consumption pattern in some way. The Chinese government and industry are indeed
embracing less polluting and more efficient sources of energy in the decades to come.
Chiefly within this transition is the high efficiency presented by natural gas to meet a
domestic demand that annually grows in the 8%–10% range to reach about 6500×108 m3

by 2035 and whose CO2 emissions are almost half than those of coal under equal calorific
value.7,13 The rationale for a comprehensive shift in sources of energy is compounded by
the fact that the relationship between natural gas consumption and aggregate income has
been well established. While the latter was found to drive economic growth for P.R.
China a bidirectional causality has been corroborated in Germany and Japan.14,15

However, lukewarm progress was realized among Chinese governmental agencies as
the 13th Five-Year Plan (2016–2020) unfolded.c Accordingly, theoretical and practical
approaches were applied in P.R. China to measure the benefits and costs of pursuing
carbon neutrality capability.16 Despite convincing results, they recommended quantita-
tive studies to better evaluate the correlation of its realization path between and within
industries. In turn, more flexible renewable and non-renewable sources of energy and
longer-term infrastructure strategies must be implemented to secure a clean energy mix
transformation aimed at its goal to attain peak CO2 emissions by 2030 and achieve
carbon neutrality by 2060.

Given the current pressure to reduce CO2 emissions and the trend toward cleaner
sources of energy, P.R. China is making strides to improve environmental quality
across regions and provinces.17 Carbon emissions are not only influenced by energy con-
sumption, but other sources have also an effect on emission intensity during periods of
economic growth. Recent literature on the emissions-energy-growth nexus has found
financial development to be a key determinant in driving the demand for energy in devel-
oping economies.18 Nowadays, the Chinese financial sector, which is comprised of public
and private banks, insurance companies, and other financial institutions, has begun to
factor climate change and global warming into their analytical frameworks. This is
accomplished as part of the financial sector’s role in regulating the economy, by exerting
tighter control on loans to high-polluting and high-energy-consuming enterprises.

In September 2015, the P.R. China’s State Council issued the “Overall Plan for the
Reform of the Ecological Civilization System” which proposed a strategy for building
a green financial apparatus. “Green finance” was then identified as the explicit integration
of benefits, costs, and risks related to environmental conditions into daily banking opera-
tions. It factored in the potential environmental consequences of investment decisions and
focused on the ecological aspects of financial activities and environmental pollution
control to meet CO2 reduction targets. In other words, it dealt with financial resources
flowing into sustainable development projects and initiatives, environmental products,
and policies that encourage the investment in climate mitigation technologies consistent
with a more sustainable economy.b Subsequently, the 13th Five-Year Plan,d stated the
need to establish a green financial system, develop green credit and green bonds, and
promote a successful green development fund to transition to a lower-carbon Chinese
economy.

Understanding the causal relationship between financial development, coal consump-
tion, and CO2 emissions is important to Chinese policymakers to enable them to make
appropriate decisions regarding sources of energy that address carbon neutrality. This
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topic is novel despite the fact there is literature on the emissions-energy-growth nexus in
developing countries with a focus on the influence of CO2 emissions. However, there are
few empirical studies on the impact of financial development on CO2 emissions and coal
consumption in P.R. China. The purpose of this paper is to investigate the cointegration
and causality relationships among financial development, coal consumption, and CO2

emissions in P.R. China for the 1977–2017 period using the newly developed
Bootstrap bound test with structural breaks.

The study adds new empirical evidence to the ongoing debate in many aspects. Unlike
traditional Auto Regressive Distributed Lag (ARDL) bounds tests, the Bootstrap ARDL
method is primarily used to test the validity of the cointegration status of the variables.
Subsequently, a Granger causality test can be applied to find out the directionality of their
long-term cointegration relationship. The Bootstrap ARDL method does not need to distin-
guish independent variables from dependent variables, so it can be used for two-way verifi-
cation, such as x → y or y → x. In addition, the Bootstrap ARDL method generates critical
values to test degradation in the ARDLmodel. There were two degenerate cases without coin-
tegration relationships suggested in which only one degenerate case was tested by its critical
value.19 Their method not only solved the endogenous problem, but also allowed the identi-
fication of degradation cases, therefore eliminating the possibility of uncertain inference.

This study is organized as follows: Section 2 reviews the literature. Section 3 describes
the data used, presents the traditional ARDL model and introduces the new Bootstrap
ARDL bound test. Section 4 discusses the empirical results, which are followed by the
conclusions and policy implications in Section 5.

Literature review

Research undertaken in both developed and developing countries has debated whether
the relationship between economic growth and the environment matches the
Environmental Kuznets Curve (EKC) hypothesis, which states that although economic
growth initially causes environmental degradation, environmental problems improve
once a certain level of development is reached.20,21 Recent studies of the relationship
between economic growth and environmental degradation using more advanced econo-
metric methods have yielded widely different conclusions.22,23 A case in point is the
application of the D2C algorithm used in Machine Learning to verify the predictive
causal linkages among solar and wind energy production, coal consumption, and eco-
nomic growth by keeping CO2 emissions at a desired target.24 Alternative methodologies
based on panel unit root tests with both sharp and smooth breaks have also been used to
examine the stationarity of natural gas consumption for the G7 countries. The intent has
been to identify the presence of structural breaks and discriminate between the various
temporal shocks to the demand for energy to formulate better environmental policies.25

Other variables, including financial ones, that could potentially impact the demand for
energy have been suggested.26 More recently, other scholars adapted the EKC model
to include variables such as financial development, innovation, foreign direct investment,
and urbanization to reach more powerful explanations.27–30

Research on the relationship between financial development and CO2 emissions sug-
gests that financial development may lead to environmental degradation.31 It has also
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been proposed that financial development leads to economic growth, creating an
increased demand for energy, which in turn results in more industrial pollution and envir-
onmental disasters.32 In addition, financial development makes loans available, triggering
greater household consumption and hence elevating CO2 emissions.33 For example,
higher financial ratios such as stock market capitalization to GDP, stock market value
traded to GDP, and stock market turnover increase the demand for energy in emerging
economies.34 Greenhouse gas emission targets may also be more difficult to meet if
they are formulated without considering the impact of financial development on the
demand for energy. The influence of financial development on CO2 emissions in P.R.
China underscored that financial development acted as an important driver for increasing
CO2 emissions, a factor that should be considered when CO2 emissions are projected.35 A
study of the Indian economy revealed that financial development promoted greater CO2

emissions over the long term, implying that financial development accelerated environ-
mental degradation.36

However, other scholars have shown that financial development may drive techno-
logical progress and bank credit and policymaking for reducing CO2 emissions and envir-
onmental pollutants.37–39 Case in point is that countries with highly developed financial
systems are less likely to pollute due to their more innovative environmental programs for
carbon trading.40 Financial development helps to reduce environmental degradation
through more energy-efficient production processes.38 Policies aimed at increasing finan-
cial openness and liberalization attract higher levels of R&D-related foreign direct invest-
ment, which could moderate environmental degradation.41

Along those lines, the banking system could itself encourage investment in
energy-efficient technologies by offering low-interest rates and including carbon-related
conditions in their financial products, such as electric business vehicles and real estate
loans.36 The determinants of environmental degradation for 26 African countries from
1985 to 2011, after political regimes were accounted for, indicated that financial devel-
opment was a significant determinant of environmental degradation.31 Alternatively,
the link between CO2 emissions, financial development, energy consumption, and eco-
nomic growth suggested that an efficient financial sector exerts a dynamic role in redu-
cing CO2 emissions.42

In light of P.R. China’s ongoing financial development, coupled with dual pressures
from domestic environmental deterioration and international climate treaties, scholars
have studied its relationship between financial development and the environment.31

Investigating the impact of financial development on environmental pollution in P.R.
China from 1953 to 2006, it was claimed that financial development has decreased envir-
onmental pollution.39 Using regional panel data from 1997 to 2011, the relationship
between financial development and CO2 emissions showed that financial development
reduced CO2 emissions in the most developed Chinese provinces but increased CO2

emissions in less developed ones.43

Over time, various econometric methods have been applied to examine the
finance-energy-CO2 emissions nexus. For instance, the relationship between financial
development and energy consumption in the European Union after applying the
system GMM method suggested that income growth increases energy consumption.44

Furthermore, a spatial econometric model has been used to re-examine the effect of
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financial development on CO2 emissions based on panel data from 97 countries over the
period 2000–2014.45

An alternative econometric method is the ARDL bound testing approach of cointegra-
tion. Its early applications paid particular attention to the small sample properties and sim-
ultaneity bias embedded in the relationship between economic growth, CO2 emissions,
and energy use for Armenia, Azerbaijan, Georgia, and Turkey.46 Subsequently, the
applied macro-econometric literature also suggested that time-series calculations may
contain potential structural breaks which, if not identified, may result in large estimation
errors.30 Therefore, they utilized a structural break unit root test prior to an ARDL model
to test the long-run equilibrium relationship between financial development, innovation,
energy demand, and CO2 emissions between 1980 and 2014 in Brazil. The effect of GDP
growth, coal consumption, financial advancement, and trade openness on CO2 discharges
were evaluated in India between 1971 and 2017.47 The results show that coal consump-
tion raised CO2 emissions substantially while the financial development boosted the
environmental quality.

The ARDL method has the advantage of solving endogeneity problems and eliminat-
ing the possibility of inconclusive inference.19 Meanwhile, linear equation models are
more robust in time series analyses than non-linear relationship techniques such as
STIRPAT which have been used recently.28 An increasing number of studies began
using the Bootstrap technique and causality based on the ARDL model.47,48 This
study, therefore, uses the newly developed Bootstrap ARDL method with structural
breaks to revisit co-integration and causality among financial development, coal con-
sumption, and CO2 emissions in P.R. China in order to provide sound empirical evidence
for policymakers. After confirming that all of the underlying series are stationary and
adjusted with structural breakpoints, the results of the ARDL bound test approach with
the Bootstrap technique confirm the long-run cointegration and short-run Granger test
between the variables.

Data and methodology

Data

This study examines the causal links among financial development, coal consumption
and CO2 emissions in P.R. China using a newly developed Bootstrap ARDL model
over the 1977–2017 period. According to previous studies, broad money, domestic
credit provided by the banking sector, domestic credit to the private sector (all measured
in % of GDP), stock traded at market value, and stock market turnover are typical finan-
cial development indicators.34,49,50 Unlike developed countries where the capital market
prevails, the stock market in P.R. China does not accurately reveal the development of its
financial system. We selected “domestic credit to the private sector” because it is the most
commonly banking-related variable used as a proxy for financial development.36

Domestic credit to the private sector refers to resources provided by financial corpora-
tions, via loans, purchases of non-equity securities, trade credits, and other accounts
receivable that establish a claim for repayment. It accurately represents the role of finan-
cial intermediaries in channeling funds to private stakeholders. Data on CO2 emissions
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and coal consumption were retrieved from the BP Statistical Review of World Energy
(2020).3 Table 1 shows the descriptive statistics of the variables used. The skewness coef-
ficients for FDM, LCO2, and LCOC were all positive and their values small, indicating
that these three variables were slightly but not significantly long-tailed from right to left.
As far as kurtosis, all three variables showed peaks well below 3. The low P-values of the
Jarque–Bera test suggested that the data were not normally distributed.

Methodology

The ARDL bound test has undergone several improvements since first developed it.51

Recently, other applied Bootstrap techniques to the ARDL have added a few advan-
tages.19 The first is that there is evidence that the endogeneity problem has only minor
effects on the size and power properties of the ARDL bound testing framework using
the asymptotic critical values from Monte Carlo simulations. If the resampling pro-
cedure is applied appropriately, the Bootstrap test performs better than the asymptotic
test in the ARDL bound test based on size and power properties. Second, the
Bootstrap ARDL procedure has the additional advantage of eliminating the possibil-
ity of inconclusive inferences. Finally, the ARDL testing framework was extended for
alternative degenerate cases using critical values offered by the Bootstrap proced-
ure.19 Consequently, the proposed Bootstrap ARDL bound test provides a better
insight into the cointegration status of a time series.

The relationship between foreign direct investment, renewable energy consumption,
and economic growth has been examined for seven Middle Eastern and North African
countries between 1980–2017.52 Using the ARDL test developed by McNown et al.
he uncovered a cointegration relationship between economic growth, FDI inflows, and
renewable energy consumption in all countries except Turkey and Iran when real GDP
was used as the dependent variable. Similar results were observed across countries
when FDI inflows were considered as the dependent variable. Incidentally, ARDL coin-
tegration tests were also used to analyze the dynamic causal relationship between foreign
direct investment, gross domestic product, and trade openness for five South Asian

Table 1. Descriptive statistics.

Variables FDM LCO2 LCOC

Mean 0.972655 8.166194 6.629499
Min 0.497408 7.165144 5.551292
Max 1.568202 9.130494 7.585318
Std. Dev 0.305803 0.663622 0.666587
Skewness 0.115105 0.180700 0.106491
Kurtosis 2.136275 1.659441 1.714054
Jarque–Bera 1.364990 3.293167 2.902490
Probability 0.505355 0.192707 0.234278

FDM: Financial development (domestic credit to the private sector % of GDP); LCO2: logarithm of CO2

emissions; LCOC: logarithm of coal consumption.
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countries between 1975 and 2016.53 They found that trade openness was significantly
associated with economic growth in India, Bangladesh, and Sri Lanka, and that trade
openness expansion was critical for the economic expansion in these countries. The
results showed that for all countries but Bangladesh, there was a long-term cointegration
when FDI was held as the dependent variable.

Selection of unit root test. The Bootstrap ARDL bound test uses the principle of self-
regression and multiple loop calibrations to approximate the time-series data to the
results that need to be verified. Before applying the Bootstrap ARDL bound test, it is
necessary to know whether the data are stationary. The Bootstrap ARDL bound test
does not require the restrictive assumption that all series are integrated in the same
order, thus allowing for the inclusion of both I (0) and I (1) time series in a long-run rela-
tionship. However, the presence of I (2) variables results in an invalid FPSS statistic.51

Therefore, the next steps were to run conventional unit root tests, such as the Phillips
and Perron (PP), and the Augmented Dickey-Fuller (ADF), which offers a better station-
ary, in addition to the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) which is also widely
used in confirming stationary among variables.

ARDL bounds test. The ARDL bound test has a time series of mixed integration sequences
that can be defined as:

Δyt = c+ αyt−1 + βxt−1 +
∑p−1

i−1

γΔyt−i +
∑p−1

i=1

δΔxt−i +
∑q

j=1

φDt,j + εt (1)

where i and j are the indicators of the lag period, i= 1, 2,…, k ; j= 1, 2,…, k; t represents
time t= 1, 2,…, T. The yt in the equation is the independent variable; xt is the dependent
variable; Dt,j is a dummy variable. The parameters αi, βi are the coefficient values of the
independent variable yi and the dependent variable xi.

In the case of an exogenous weak regression, in the long run, these regression factors
are not affected by the independent variables. The model neither precludes the existence
of cointegration between regressions nor assumes that there is no dependent variable to
the regression.

Bootstrap ARDL bound test. The time series Bootstrap ARDL bound test method applies
three variables:

yt = a+
∑k

i=1

αiyt−i +
∑k

i=1

βixt−i +
∑k

i=1

γizt−i +
∑l

j=1

ψ jDt,j + μt (2)

The error term is μt, so Equation (2) can be rewritten and expanded as:
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Δyt = a+ γyt−1 + θxt−1 + φzt−1 +
∑k−1

i=1

ρiΔyt−i

+
∑k−1

i=1

ωΔxt−i +
∑k−1

i=1

τΔzt−i +
∑l

j=1

δjDt,j + εt

(3)

Here γ = Σk
i=1αi − 1; θ = Σk

i=1βi; φ = Σk
i=1γi; and other parameters are the function

values of the original parameters in Equation (2).
It has been proposed to add the original ARDL model to a lag period for independent

variables where the null hypothesis is γ= 0.19 Doing so creates more complete conditions
for testing the cointegration relationship.51 The Bootstrap ARDL bound tests the cointe-
gration relationship by relying on the following assumptions:

H0:γ = θ = φ = 0; H0:γ = 0; H0:θ = 0; H0:φ = 0 (4)

If there is a cointegration relationship between the independent variable and the depend-
ent variable, the above three virtual hypotheses will simultaneously be rejected, and the
dependent variable and the independent variable will have stable linear coincidences.
This model can test the short-term causal relationship between variables. When there
is no cointegration relationship between the independent variable and the dependent vari-
able, the causal relationship between x and y can be further tested. The Granger causality
test is used to verify whether ω= 0.

A cointegration among yt, xt, and zt leads to rejection of all following three null
hypotheses:

• F-test (denoted as F1) for all error correction terms: H0:γ= θ=φ= 0 for H1: Any γ,
θ, φ ≠ 0;

• t test for the lag dependent variable (denoted as t): H0:γ= 0 for H1:γ ≠ 0;
• F test for the lag independent variable (denoted as F2): H0:θ=φ= 0 for H1:θ or φ

= 0.

Degenerate case 1 occurs when F1 and t for the lag-dependent variable are significant, but
F2 is not significant. In this case, the joint importance of the error correction term is due
only to the lag of the dependent variable.

Conversely, degenerate case 2 occurs when the F1 and F2 tests for the lag-dependent
variable are significant, but the t-test for the lag-dependent variable is not significant. This
produces the same situation as case 1: the joint importance of the error correction term is
due only to the lag of the dependent variable.

The Bootstrap ARDL bound test allows us to better understand the cointegration state
of the series in the model, and we used the Monte Carlo simulation for the size and power
characteristics of the endogenous problem frame. The asymptotic threshold of the simu-
lation has only a small effect; if the resampling process is applied properly, the
pilot-to-test ratio is determined, and the asymptotic check in the ARDL check based
on the size and power characteristics performs better. The possibility of inference is
uncertain. It can also describe the extension of the validation framework in the case of
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alternative degradation, as well as the threshold generated by the Bootstrap ARDL bound
test. Since the Bootstrap ARDL bound test is based on the Granger causality test, the dir-
ection of the short-term causal relationship will be determined by the standard Granger
causality test. If y is due to a variable, no agreement is found between y and x. The
Granger causality test of x → y should thus only include the hysteresis difference of x.
That is, using Equation (3) above, we test whether ω> 0; if there is a cointegration rela-
tionship between the variables, then this means the relevant variables and independent
variables form a fixed linear combination. The hysteresis term can be considered as I
(0), and the Granger causality test of x → y should include the hysteresis difference of
x and the hysteresis level of x, that is, whether θ> 0 and ω= 0.

Results and discussion

The Bootstrap ARDL bound test performs better than alternative multivariate cointegra-
tion procedures when small samples are involved.54 It does not require the restrictive
assumption that all series are integrated in the same order, allowing for the inclusion
of both I (0) and I (1), but not I (2), time series in a long-run relationship. In addition,
it provides flexibility and avoids potential “pretest bias” when specifying a long-run
model based on I (1) variables only.51

Results from the unit root test

As mentioned earlier, we ran conventional unit root tests, whose results appear in Tables
2 and 3. According to the ADF, PP, and KPSS unit root tests are shown in Table 2, the
financial development in domestic credit to the private sector percentage of GDP (FDM),
logarithm of CO2 emissions (LCO2) and logarithm of coal consumption (LCOC) are all I
(1) or less. To improve the deficiency of the univariate unit root test and for robustness
check, we made use of the ZA unit root test with one structural break.55 Table 3 shows the
results of ZA unit root tests. A break at a point in the intercept and/or the slope of the trend
function is permitted. Stationarity of variables employed in level and first differences are
both already reported in Table 3. According to these results, all the variables are I (1) or
less, which is consistent with the premise of the Bootstrap ARDL bound test.

Results from bootstrap ARDL bound test–cointegration test

Since both financial development and coal consumption are integrated as I (1) and CO2

emissions is I (0), we continued using the Bootstrap ARDL bound test approach to coin-
tegrate the relationships among financial development, coal consumption, and CO2 emis-
sions. If the dependent variable is static, the new Bootstrap ARDL bound test for
degenerate case 1 prevents an incorrect inference and, therefore, does not cointegrate
with the other two series. Table 4 displays the estimation and testing of Equation (3)
using the Bootstrap ARDL bound test. Each ARDL equation passes all diagnostic tests
for autocorrelation, non-normality, and heteroscedasticity. These lag lengths were deter-
mined using the AIC, F1*, F2*, and t* refers to a critical value of 0.10 significance level.
Table 4 reports the F statistics obtained from applying the Bootstrap ARDL approach
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with structural breaks. They provide an insufficient amount of evidence in favor of a coin-
tegrating relationship between financial development, coal consumption, and CO2 emis-
sions. However, causality patterns are identified in the short run.

Results for Granger causality test

Based on the results from the ARDL cointegration test, we further tested the Granger
causality among financial development, coal consumption, and CO2 emissions.
Table 5 presents the Granger causality test results based on the Bootstrap ARDL
bound test. There is a bidirectional causality between coal consumption and CO2 emis-
sions as well as a positive unidirectional causality running from financial development
to coal consumption, and a negative unidirectional causality running from financial
development to CO2 emissions. Coal consumption and CO2 emissions have a mutually
reinforcing effect, which is consistent with coal consumption being an important explana-
tory factor for increased CO2 emissions. In the short run, the study finds evidence to
support a one-way Granger causality from financial development to CO2 emissions.
As an economy develops, so will its financial system and the whole demand for coal
will not decrease, industrial upgrades and technological innovation will contribute to
reduced CO2 emissions.

Conclusion and policy implications

We re-examined the causality relationships among financial development, coal consump-
tion, and CO2 emissions in P.R. China by applying the newly developed Bootstrap
ARDL bound test to data from 1977 to 2017. Empirical results do not indicate a
long-run relationship among these three variables. Instead, the Granger causality test
shows a two-way Granger causality between coal consumption and CO2 emissions and
a one-way Granger causality running from financial development to both coal consump-
tion and CO2 emissions. The positive and negative values for the coefficient of causality
suggest that a reduction in CO2 emissions can be achieved even while coal consumption

Table 2. Univariate unite root tests.

Variables At level

At first different

ADF PP KPSS ADF PP KPSS

FDM −2.5569(1) −2.5569(0) 1.3876(2)*** −3.6724(2)
***

−5.7712(3)*** 0.0583(3)

LCO2 −3.3398(1)
*

−1.8665(3) 1.0987(3)*** −1.9755(0)
**

−2.0677(2)** 0.0959(3)

LCOC −3.5622(2) −1.0848(0) 1.4213(2)*** −3.1311(2)
**

−2.0609(0)** 0.0892(3)

Asterisks ***, **, * indicate the significance levels at 1%, 5%, and 10%, respectively. The numbers in parentheses

represent the lag period.
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remains high as long as P.R. China’s economy continues to bloom. The financial system
has indeed an opportunity to drive lower CO2 emissions through bank loans targeting
green credit and industrial upgrades. More importantly, however, is the breakthrough
offered by the natural gas industry to become the most reliable low-carbon and non-
carbon energy source to reduce CO2 emissions.

This paper suggests important policy implications for pushing the natural gas industry
to champion P.R. China’s agenda for reaching carbon neutrality. First, the Chinese gov-
ernment should improve financial development and make rational use of the financial
markets under carbon neutrality. When formulating environmental policies, the
Chinese government must recognize that financial development and reduction in CO2

emissions are not mutually exclusive. In fact, greater financing of innovative green
lending products and lower financial development costs can play an active role in
helping businesses seeking to decarbonize key production activities and processes to
improve the effectiveness of investments in climate-friendly power plants and reduce
P.R. China’s dependence on coal. Secondly, the innovation of financial products
should be promoted to upgrade products and services for the natural gas industry.
Carbon pricing should be actively supported and domestic carbon trading markets
should be gradually developed. Banks must also increase the financing of research and
development of innovative technological approaches along with supporting its enabling
infrastructure and capacity building to reduce energy-associated costs. Finally, P.R.
China should continue to strictly control the “two high and one left” industries, vigor-
ously promote solar, wind and nuclear energies and accelerate the development of the
natural gas market under stringent carbon neutrality conditions.

This study contributes to the growing literature that aims to discourage the production
and consumption of coal and promote the development of clean sources of energy to
achieve carbon neutrality in P.R. China. First, it provides empirical evidence of the
role played by financial development in relation to coal consumption and CO2 emissions.
It explores their co-integration and causality through the newly developed Bootstrap
ARDL bound test with structural breaks. Unlike prior studies that overlooked these inter-
actions, this study establishes the stationarity of financial development, coal consump-
tion, and CO2 emissions to provide insights into their short- and long-run dynamics.

Table 3. Zivot and andrew unit root tests.

Variables

At level At first difference

Intercept (lag)
(Break year)

Trend and Intercept
(lag)
(Break year)

Intercept(lag)
(Break year)

Trend and Intercept
(lag)
(Break year)

FDM −3.588(0)2004 −4.752(0)2005 −6.508(1)2009*** −6.489(1)2004***
LCO2 −5.321(1)2003** −4.101(1)2003 −4.188(2)2002 −6.196(2)2002***
LCOC −4.592(2)2003* −4.772(2)2009 −4.441(2)2002 −6.138(2)2002***

Asterisks ***, **, * indicate the significance levels at 1%, 5%, and 10%, respectively. The numbers in parentheses

represent the optimal lag length for Z-A test.
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Second, it enriches the growing discussion of an optimal energy mix by offering a ration-
ale for Chinese government officials to strengthen their assortment of financial policy
instruments. Lastly, it advances the literature on the driving factors of CO2 emissions
in the context of the natural gas industry.

Finally, our research does carry some limitations. One of them is the need to under-
score the underlying causes of financial development and coal consumption on CO2 emis-
sions as well as financial development and CO2 emissions on coal consumption. Having a
better grasp of their moderating impacts will certainly provide more insights at the time of
formulating and implementing sound environmental policies. These unsolved issues need
further scrutiny in future research.
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Table 5. Results for granger causality test based on Bootstrap ARDL bound test.

FDM equation LCO2 equation LCOC equation

F- statistics (P value) (sign) F- statistics (P value) (sign) F- statistics (P value) (sign)

FDM / 21.75206***/[0.0001](–) 19.85648***/[0.0001](+)
LCO2 1.420195/[0.2613](+) / 17.14140***/[0.0000](+)
LCOC 2.140070/[0.1229](+) 22.45822***/[0.0000](+) /

Asterisks ***, **, * indicate the significance levels at 1%, 5%, and 10%, respectively. Direction is indicated by (+)
or (–). The number in square brackets is the characterization factor of the p-value. Non-cointegration and its

causality test only involve lag variables.
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Notes

a. Earth System Research Laboratory, Global Monitoring Division, Trends in Atmospheric
Carbon Dioxide, https://www.esrl.noaa.gov/gmd/ccgg/trends/global.html

(ppm is the ratio of the number of greenhouse gas molecules to the total number of mole-
cules of dry air as parts per million)

b. “Coal Consumption” at https://www.bp.com/en/global/corporate/energy-economics/statistical-
review-of-world-energy/coal.html#coal-consumption

c. See the whole content from http://www.gov.cn/xinwen/2016-03/17/content_5054992.htm
d. See “Introduction to green finance” at https://www.thegef.org
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Appendix-The diagnostic tests for the ARDL

We used diagnostic statistics to confirm the credibility and correctness of the ARDL
model. There were four different verification methods, including the ARCH test,
Jarque–Bera test, Ramsey RESET test, and Breusch–Godfrey serial correlation LM
test. The results of the ARCH and Breusch–Godfrey LM test results showed that there
is no evidence of heteroscedasticity and serial correlation. The Jarque and Bera test
showed that the ARDL model is normally distributed. The Ramsey RESET test
showed that the representation of the ARDL model in its current form is appropriate.
In addition, the probability values for all these tests were higher than 0.05. Therefore,
all test results are accepted. Figure A1 shows the lines for CUSUM falling within the
5% significance boundary level. We used dummy variables to test the CUSUM square
test and the result was found to be stable at the 5% significance level (see Figure A2).
These diagnostic results confirmed the ARDL model was both reliable and stable.

Table A1. Results of diagnostic tests.

Test tape Test Value Df P value

ARCH test χ2 test 2.6781 df (2) 0.2621
Jarque–Bera Test F test 3.2932 0.1927
Ramsey RESET test F test 4.7221 df (1,37) 0.1361
Breusch–Godfrey Serial Correlation LM Test χ2 test 2.9926 df (2) 0.2240

Source: Authors’ calculation.
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Figure A1. Stability check of the CUSUM test. Plot of the cumulative sum of recursive residuals.

Figure A2. Stability check of the CUSUM test. Plot of the cumulative sum of squares of recursive

residuals.
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