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China’s climate governance for carbon neutrality:
regulatory gaps and the ways forward
Shengqing Xu 1✉

The realisation of global carbon neutrality is crucial for combating climate change. As the

largest emitter, China declared to achieve carbon neutrality by 2060. However, substantial

changes in the energy structure are far from being achieved. Using time series data from

2001 to 2019 and the ARDL-ECM method, this paper explored the effectiveness of climate

policies in controlling China’s carbon emissions. The results show that economic and tech-

nical factors such as economic growth and energy structure are the determinants of carbon

emissions. A green paradox is shown since increasing climate policy density does not sig-

nificantly reduce carbon emissions. The main regulatory gaps in China’s climate governance

include weaknesses in the rule of law, lack of accountability, and insufficient arrangements for

equitable energy transitions. A binding legal system is necessary to realise absolute reduction

and secure carbon neutrality, especially one including specific climate change legislation,

binding reduction targets, and combining energy justice with regulatory efficiency.
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Introduction

W ith global carbon emissions remaining at a high level,
the CO2 concentration has reached above 420 ppm in
recent years (Steinthorsdottir et al., 2022), exceeding

the 400 and 350 ppm limits for controlling temperature rise under
2 and 1.5 °C, respectively. The persistence of CO2 concentration
at a high level brings climate emergency and necessitates carbon
neutrality (IPCC, 2022). As the largest carbon emitter, China’s
actions are critical for the success of climate change mitigation.
Although China has made significant progress in carbon intensity
reduction, absolute reduction has become more urgent (Menzies
et al., 2020).

Economic and technical factors such as economic growth,
energy structure, and energy intensity are widely acknowledged as
the main factors affecting carbon emission and intensity (Liu
et al., 2022). Policy is also a vital variable affecting carbon
emissions. Policies aiming at phasing out fossil fuels and pro-
moting renewable energies have been widely used (Schaffrin et al.,
2014). Current literature about climate change governance mainly
includes renewable energy, energy efficiency, carbon emissions
trading (Hübler et al., 2014; Yan et al., 2020), and collaborative
governance of greenhouse gases and other pollutants (Gu et al.,
2018; Mao et al., 2012). However, these measures are mainly
developed for sustainable economic growth and energy security
rather than combating climate change. After reviewing 30 years of
climate policies in China, Heggelund (2021) noted that the 2060
carbon neutrality goal will require highly ambitious policies. To
enhance the effectiveness of climate policies, China should
accelerate the process of climate change legislation (Zhang et al.,
2019).

As regulatory interference, climate policies are expected to
reverse the increasing trend of carbon emissions. However, well-
intended climate policies can have adverse consequences (Van
der Ploeg and Withagen, 2015). Climate policies may coexist with
increasing carbon emissions. This possibility is referred to as a
green paradox (Sinn, 2008). The possible reasons for the green
paradox are complex. First, carbon emissions may increase due to
carbon leakage caused by an imbalanced climate policy supply
among different jurisdictions (Nielsen et al., 2021). More fossil
fuel would be consumed in regions with less strict climate poli-
cies. Second, with anticipation of gradually strengthening carbon
regulation, enterprises may expand the production of fossil fuels
in the short run, and carbon emissions may increase corre-
spondingly (Cairns, 2014). Third, path dependency and institu-
tional inertia could also hinder the formulation and
implementation of climate policies. Existing technologies, insti-
tutions, and behavioural norms would constrain reduction rate
and magnitude. The inertia due to mutually reinforcing physical,
economic, and social constraints is called carbon lock-in (Seto
et al., 2016). Long-lived capital stocks (LLCS), such as infra-
structure and buildings, have significant and long-lasting impli-
cations for greenhouse gas emissions (Fisch-Romito et al., 2021).
Fourth, the quality and stringency of climate policies could
directly affect their effectiveness.

Scholars have recently stressed the importance of integrating
policy density (the number of policies) and policy intensity (the
quality of policies). For example, Schaffrin et al. (2015) identified
six policy-intensity measures (objectives, scope, integration,
budget, implementation, and monitoring) used to weigh national
policy instruments. Countries possessing effective climate policy
frameworks (such as Germany, Denmark, and the UK) usually
have a balance between policy intensity and policy density
(Lysack, 2021).

By contrast, studies also revealed the controversial features of
the green paradox. Some scholars confirmed the emission
reduction effect of climate policies. However, environmental

policy effects have apparent heterogeneity due to different reg-
ulatory efficiency, costs, preferences, penalties, and the scope of
application (Ribeiro and Kruglianskas 2015). In opposition to the
assumption of the green paradox, the anticipation effects could
reduce CO2 emissions because of vital divestment in coal power
plants (Bauer et al., 2018).

China has issued many climate policies, resulting in increasing
policy density. However, the increasing trend of carbon emissions
is continuing. This contradiction implies a green paradox is likely
to exist in China. However, empirical evidence is needed to
confirm this hypothesis. The current literature about the rela-
tionship between environmental regulation and carbon emission
is controversial. On the one hand, some studies indicated the
emission reduction effect (Khan et al., 2019; Wang, 2020). On the
other hand, other studies presented a green paradox. For exam-
ple, Zhang et al. (2017) indicated that fiscal decentralisation
makes the environmental policy significantly promote carbon
emissions, leading to a green paradox. Wang et al. (2022) pointed
out that the emissions increment brought by the massive increase
in demand is greater than the emission reduction brought by
energy efficiency improvement.

Policy intensity could also contribute to the green paradox.
As the intensity of environmental regulation changes from
weak to strong, the impact changes from a green paradox to
emission reduction (Guo and Chen, 2018). Therefore, effective
climate policy requires integrated policy design and imple-
mentation with proper policy intensity. Policy intensity is clo-
sely related to using various policy instruments according to
good governance requirements. Addressing climate change
requires addressing complex interests and conflicts arising from
transformative changes (Dubash, 2021). Past literature has
widely discussed climate governance from polycentric and
multilevel governance perspectives (Heinen et al., 2022).
Schreurs (2017) noted that reversing carbon emissions growth
will depend significantly on the effectiveness of policy imple-
mentation at the local and regional levels. Westman and Broto
(2018) analysed China’s urban climate governance by exploring
150 climate initiatives in 15 cities. They suggested climate
partnerships can facilitate local climate actions by creating
access to resources like information, technology, and funding.
Wu et al. (2022) found a weak climate policy integration in
China’s local governments due to insufficient communications
between policy sectors, limited professional capacity, and
inefficient governance structures. Teng and Wang (2021)
examined China’s climate governance structure and suggested
that coordination mechanisms are ad hoc and cannot guarantee
that climate issues are always on the agenda.

The relationship between carbon emission and climate policies
could be discovered by combining theories about climate gov-
ernance and policy intensity. Have the policies significantly
reduced carbon emissions? Whether climate governance is suffi-
cient for achieving carbon neutrality? The two questions require a
systematic examination of China’s climate governance. Using the
ARDL-ECM model, this paper explores the effectiveness of
China’s climate policies from the perspective of policy density.
Then, regulatory gaps are identified by referring to the require-
ments of good governance and policy intensity. Section “Meth-
ods” describes the methods and data sources in this study. Section
“Results” shows the results of the ARDL-ECM model. Section
“Discussion: the regulatory gaps for carbon neutrality” identifies
the key issues and gaps that impede effective climate change
regulation and governance in China. In the section “Policy
implications for improving China’s climate governance”, policy
implications for the improvement of climate governance in China
are provided. Finally, some concluding remarks regarding climate
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governance and the remaining research gaps are outlined in the
section “Conclusion”.

Methods
ARDL-ECM model. To evaluate the effects of climate-related
policies, this study uses annual data to analyse the relationship
among carbon emissions, energy intensity, energy structure,
economic growth, and policy quantities from 2001 to 2019. The
data for the former four items have been collected from the China
Statistical Yearbook (National Bureau of Statistics of China, 2022)
and World Bank Open Data (2023). The quantity of policies is
collected from the Policy Database on the official website of
China’s State Council. The study uses the ARDL-ECM model to
estimate the coefficients of variables (see Fig. 1).

To eliminate possible heteroscedasticity, the data are converted to
their logarithmic form. The multicollinearity issue between variables
is checked by variance inflation factors (VIF). A VIF factor of below
10 suggests not-so-severe multicollinearity in the variables of a
specified model (O’Brien, 2007; Udayanganie and Charos, 2017;
Lee, 2019). The variable representing energy intensity is dropped
due to the multicollinearity issue (see Table 1).

Based on previous studies on carbon emissions, and consider-
ing the literature and data availability in China, the model is
specified as follows:

lnCEt ¼ β0 þ β1lnNFt þ β2lnPGDPt þ β3lnPGDP2t þ β4lnQt þ μt

ð1Þ
where LNPGDP2 is the natural logarithm of the squared per
capita GDP. β0 is a constant, and μt is the error term, whereas β1
to β4 are coefficients.

Time series analysis requires performing the unit root test to
check whether the collected data are stationary to avoid false
regressions. This research uses the augmented Dickey–Fuller
(ADF), PP and KPSS unit root tests to observe the order of
integration. However, it is suggested that such tests may
incorrectly indicate the existence of a unit root when the series
is stationary around a one-time structural break (Zivot and
Andrews, 1992). Perron (1989) noted that potential structural
breaks can affect the statistical results of unit root and
cointegration tests. Structural breaks may mislead unit root tests
to accept the existence of unit root when in fact it is stationary
(Perron and Vogelsang, 1992; Zivot and Andrews, 1992).
Ignorance of structural breaks can distort the power of tests
and lead to deceptive conclusions. After identifying the structural
break, a dummy variable will be introduced, taking the value of 0
before the structural break and 1 after the structural break.
Compared to other cointegrations, the ARDL method permits the
use of variables that become stationary at I(0) or I(1) (Pesaran et
al., 2001).

After confirming the long-run equilibrium among the
variables, the short-run and long-run coefficients are estimated
by the ARDL-ECM model. The ARDL bounds test considering
structural break is applied here using the following specified
model:

ΔlnCEt ¼ β0 þ ∑
p

i¼1
βiΔlnCEt�i þþ ∑

q1

j¼0
θ1jΔlnNFt�j þ ∑

q2

j¼0
θ2jΔlnPGDPt�j

þ ∑
q3

j¼0
θ3jΔlnPGDP2t�j þ ∑

q4

j¼0
θ4jΔlnQt�j þ φ1lnCEt�1 þ φ2lnNFt�1

þφ3lnPGDPt�1 þ φ4lnPGDP2t�1 þ φ5lnQt�1 þ φ6DUþ μt

ð2Þ
where Δ is the first difference operator. p, q1–q4 are the optimal
lag lengths. βi, θ1j to θ4j represent the short-run dynamics. φ1 to
φ6 indicate a long-run relationship.

DU is the dummy variable for the structural break. If there
exists a structural break in the data, DU will be 0 if data was
collected before the breakpoint, and “DU” will be 1 if data was
collected after the structural break.

According to Pesaran et al. (2001), cointegration is present in
the model if the estimated value of F-statistics is more than the
upper bound value. If a cointegration is established, then the
following unrestricted ECM is estimated:

ΔlnCEt ¼ β0 þ ∑
p

i¼1
βiΔlnCEt�i þ ∑

q1

j¼0
θ1jΔlnNFt�j þ ∑

q2

j¼0
θ2jΔlnPGDPt�j

þ ∑
q3

j¼0
θ3jΔlnPGDP2t�j þ ∑

q4

j¼0
θ4jΔlnQt�j þ θ5DUþ φECMt�1 þ μt

ð3Þ
where ECM is the error-correction term in the model, which is
the OLS disturbance term series from the long-run cointegration
regression.

Fig. 1 The methodology framework of ARDL-ECM model. Source: Author’s
own elaboration (2023).

Table 1 VIF tests for multicollinearity.

Variables VIF VIF

LNEI 67.61305
LNNF 34.0239 4.515796
LNPGDP 17.63608 8.112655
LNQ 3.055662 3.041127
Mean 30.5822 5.2232

LNCE, LNEI, LNNF, LNPGDP, and LNQ are the natural logarithms of carbon emission, energy
intensity, non-fossil energy share in total energy consumption, per capita gross domestic
product (GDP) and the quantity of carbon emission policies.
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Results
Unit root test. This study employs the Augmented Dickey–Fuller
(ADF) and Phillips–Perron (PP) stationarity tests to determine
the order of integration. In addition, the study adopts the
Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test to resolve con-
tradictions (if found) between the ADF and the PP. The results of
the ADF, PP, and KPSS tests in Table 2 demonstrate that all
variables are stationary at level I(0) or the first difference I(1).

The corresponding time of the structural break for each
variable is shown in Table 3.

It can be observed that the breakpoint unit root test results of
LNQ and LNPGDP2 contradict the results of KPSS tests. The
inclusion of structural breaks indicates that the two variables may
be non-stationary at the level. However, no variable is I(2). Thus,
these tests suggest using the ARDL model.

Cointegration analysis. The ARDL bounds test is applied to
determine if there is a cointegration relationship between the
variables in the model. The results of the ARDL bounds test are
presented in Table 4.

According to Table 4. The value of the computed F-statistic is
8.0371, higher than the upper bound critical value at the 1%

significance level. It can be concluded that there is a long-run
cointegrating relationship between the variables.

Table 5 reports the Akaike information criterion (AIC) values
of different ARDL models. The ARDL model with the most
negative AIC value is selected for further analysis. From Table 5,
Model 1 has the most negative value of AIC; therefore, ARDL (2,
0, 0, 0, 0) is the most suitable model.

Table 6 reports the long-run and short-run coefficients of the
ARDL-ECM model. The long-run coefficient of LNNF is
−0.2406, which is significant at the 1% level. This means that
more renewable energy has brought considerable carbon emission
reduction. Renewable energy is mainly used to meet new energy
demand in China (Xu, 2021). This has prevented the carbon
emissions that might be emitted. The long-run coefficients of
GDP per capita and GDP per capita squared are 2.6627 and
−0.1032, respectively, and they are both significant at the 1%
level. This implies the existence of the EKC hypothesis for CO2

emissions in China (Sun et al., 2021). The economic growth first
increased CO2 emission but later reduced it. During the sample
period, economic growth was the main reason for China’s
growing emissions. According to China’s time series data of
carbon emission, the speed of emission expansion is reducing,
and this trend implies a gradual carbon peaking progress. The
long-run coefficient of LNQ is 0.0038, but it is not significant
even at the 10% level. Like the impact of energy structure change,
the increasing carbon control policies haven’t brought an absolute
reduction. This also verifies the assumption that policy density
alone is insufficient for carbon emission reduction.

In the short run, the increase in carbon emission is affected by
the incremental emission in the last year. The coefficient of
D(LNCE(−1)) is 0.3051 and significant at the 1% level. This
means the inertia effect of carbon emission. The coefficient of DU
is −0.0201, significant at the 1% level, and this means that after
2008, the expansion of carbon emission has decelerated
significantly than before. The reason for this deceleration may
be that the economic growth speed of China continued to
decrease after the 2008 financial crisis during the sampling
period. The ECM value shows the speed of adjustment from
short-run to long-run equilibrium (Ayalew, 2013). ECM(−1) has
a value of −0.6717, which is statistically significant at the 1%
level. This coefficient suggests that when CO2 emissions are above
or below the equilibrium level, it will be adjusted by almost
67.17% within the first year.

Table 2 Unit root test results.

Variable ADF PP KPSS Order of
integration

LNCE −5.4622***
(0.0004)

5.4622***
(0.0004)

0.1425
(0.1460)

I(0)

LNCI −4.3313**
(0.0167)

−1.9986
(0.5631)

0.1401
(0.1460)

I(0)

LNEI −3.6156***
(0.0013)

−2.6981***
(0.0100)

0.4166
(0.4630)

I(0)

LNNF −3.3895*
(0.0861)

−0.1832
(0.1460)

0.3950
(0.4630)

I(1)

DLNNF −6.4246***
(0.0004)

−6.4246***
(0.0004)

0.3589
(0.1460)

LNQ −3.3994*
(0.0868)

−9.0544***
(0.0000)

0.0871
(0.1460)

I(0)

LNPGDP −6.8882***
(0.0012)

−2.4943
(0.1330)

0.4356
(0.4630)

I(0)

LNPGDP2 −7.3495***
(0.0007)

−1.8086
(0.3646)

0.1242
(0.1460)

I(0)

***, ** and * indicate significance at the level 1%, 5% and 10%, respectively; variable stationarity
is determined at the 5% significance level. The optimal lag for the ADF test is selected based on
the SIC criteria. For the PP test, the spectral estimation method selected for fixing the truncation
lag is the Bartlett kernel, and for the bandwidth it is the Newey–West method. For the KPSS test,
the spectral estimation method chosen is the Parzen Kernel, and for bandwidth is the
Newey–West method. Asymptotic critical values at the 5% significant level are in the
parentheses. Because the null hypothesis for KPSS reads that the series is stationary, the null
hypothesis is rejected if the test statistic is higher than the critical value at the 5% significance
level.

Table 3 Breakpoint unit root test results.

Variables T Year of break Result

LNCE −4.8522** 2008 Stationary
LNCI −6.6515*** 2009 Stationary
LNNF −1.9945 2011 Non-stationary
DLNNF −7.4046*** 2007 Stationary
LNQ −3.1511 2010 Non-stationary
DLNQ −7.2146*** 2014 Stationary
LNPGDP −4.5770** 2006 Stationary
LNPGDP2 −4.1850 2006 Non-stationary
DLNPGDP2 −4.7541** 2010 Stationary

*** and ** indicate significance at the level 1% and 5%, respectively.

Table 4 Results from the ARDL bounds test.

Test statistic Value Significance level
(%)

I(0) I(1)

F-statistic 8.0371*** 10 1.9 3.01
k 4 5 2.26 3.48

2.50 2.62 3.9
1 3.07 4.44

*** indicates significance at the level 1%; I(0) shows the lower critical bound value, and I(1)
represents the upper critical bound value.

Table 5 Selection of the ARDL model (top five models).

Model LogL AIC BIC Specification

1 47.7617 −4.7955 −4.4524 ARDL (2, 0, 0, 0, 0)
2 48.9370 −4.8161 −4.4240 ARDL (2, 0, 1, 0, 0)
3 48.8509 −4.8060 −4.4139 ARDL (2, 0, 0, 1, 0)
4 50.1607 −4.8424 −4.4013 ARDL (2, 0, 1, 1, 0)
5 48.4797 −4.7623 −4.3702 ARDL (2, 0, 0, 0, 1)
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Diagnostic tests. Diagnostic tests for serial autocorrelation, het-
eroskedasticity, and normality of the residual are undertaken for
the model’s robustness. The study applied the Jarque–Bera test,
the Breusch–Godfrey serial correlation test, the
Breusch–Pagan–Godfrey heteroskedasticity test, and the Ramsey
RESET test to check the reliability of the estimates and the
CUSUM and CUSUM of squares plots to test the overall stability
of the ARDL model. The results show that the model accepts the
null hypothesis of no autocorrelation, homoscedasticity, and
normal distribution (see Table 7).

Figures 2 and 3 show that the CUSUM and CUSUM of squares
statistics are within the critical bounds of the 5% significance
levels, indicating that the model is stable.

Sensitivity analysis. This section presents a sensitivity analysis to
see whether the choice of model/methodology alters the baseline
findings. For this purpose, two approaches are applied: (1) this
study estimates the ARDL-ECM model using LNCI (logarithm of
carbon intensity) instead of LNCE and (2) this study uses FMOLS
and DOLS methods.

In exploring driving factors of LNCI, the variables LNPGDP,
LNNF, LNQ, and the dummy variable for the year of break DU
are used. Considering that carbon emission intensity decreases
during the sample period while the GDP per capita continues to
increase, only the linear correlation between LNCI and LNPGDP
is included to reflect the relationship between economic growth
and carbon intensity (Zhang et al., 2014). The findings from the
ARDL-ECM model using LNCI as a dependent variable are
presented in Table 8.

The long-run findings from the ARDL-ECM model indicate
that economic growth and the percentage of non-fossil energy
help reduce carbon intensity. The coefficients of LNPGDP and
LNNF are −0.8793 and −1.0092, both significant at the 1% level.
An increase of 1% of GDP per capita and non-fossil energy share
may accompany a 0.8793% and 1.0092% decrease in carbon
emission intensity, respectively. The coefficient of LNQ is 0.0584,
but it is not significant at the 5% level. Just like the influence of
policies in reducing carbon emissions, climate policies have not
significantly reduced carbon intensity.

In the short run, energy structure may be the main factor
affecting carbon intensity. The coefficient of D(LNNF) is
−0.3363, which is significant at the 1% level. This means that
an increase in incremental non-fossil energy share may bring a
0.3363% decrease in incremental carbon intensity. Therefore,
pursuing faster non-fossil energy development may accelerate the
reduction of energy intensity. The estimated ECM(−1) value is
−0.5036 and statistically significant at the 1% level. It indicates
that the short-term disequilibrium among the variables may be
corrected quickly by their long-term cointegration relationship in
the previous period.

The robustness of the coefficients, in the long run, can be
achieved by Fully Modified OLS and Dynamic OLS. The beauty

Table 6 The long run and short run coefficients.

Variable Coefficient Std. error t-statistic Prob.

Long run relations LNNF −0.2406*** 0.0445 −5.4125 0.0003
LNPGDP 2.6627*** 0.0231 115.3661 0.0000
LNPGDP2 −0.1032*** 0.0029 −35.4387 0.0000
LNQ 0.0038 0.0181 0.2071 0.8401

Short run relations D(LNCE(−1)) 0.3051*** 0.0945 3.2276 0.0091
DU −0.0201*** 0.0057 −3.5027 0.0057
ECM(-1) −0.6717*** 0.0896 −7.5006 0.0000

*** indicates significance at the level 1%. “DU” is 0 before 2008 and 1 from 2008.

Table 7 Diagnostic test.

Test statistics Statistics p-value Interpretation

Jarque–Bera 1.5094 0.4702 Normal distribution
Breusch–Godfrey serial
correlation LM test, F-
statistic

2.5506 0.1390 No serial correlation

Heteroscedasticity test:
Breusch–Pagan–Godfrey,
F-Statistic

1.3736 0.3214 No heteroskedasticity

Fig. 2 Cumulative sum of recursive residuals. Source: Author construction
(2023).

Fig. 3 Cumulative sum of squares of recursive residuals. Source: Author
construction (2023).
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of the DOLS and FMOLS estimators is that they are free from
endogeneity issues, small sample size bias and serial correlation
(Ahmad and Du, 2017). For LNNF, LNPGDP and LNPGDP2, the
results from DOLS and FMOLS are consistent with the ARDL
results in terms of sign and significance (see Table 9). Although
the sign of LNQ in the ARDL-ECM model is different from those
in the DOLS and FMOLS Models, they are all not significant at
the 5% level. Therefore, increasing policy quantity has no
significant effect on emission reduction. The results confirm that
the initial ARDL model is robust to statistical biases.

Discussion: the regulatory gaps for carbon neutrality
The empirical analysis of this study finds that carbon emissions
are mainly affected by economic and technical factors. Climate
policies in China have not significantly changed the increasing
carbon emissions trend. A green paradox may exist due to defects
in policy supply, especially the lack of policy intensity. Instead of
providing specific measures to incentivise renewable develop-
ment, emission control and energy efficiency improvement, an
integrated design of climate governance is necessary for
improving policy intensity. Climate governance literature has
revealed that the rule of law, accountability, and energy justice are
crucial to effective governance (Barendrecht, 2011).

The rule of law. The rule of law is an essential requirement of
good governance (Yu, 2018). Scholars have demonstrated the
significant positive role that strategic framework legislation can
play in improving climate policy integration and coherence. For
example, the Climate Change Act (CCA) is a key contributing
factor to the UK’s substantial emissions reductions, notably by
helping to accelerate electricity sector decarbonisation (Gransaull
et al., 2023).

The international climate architecture is moving towards a
nationally determined contribution (NDC) system. Promises
regarding emissions are not credible unless the targets and the
corresponding measures are provided by law (Eskander et al.,
2021). Additional domestic legislation may be required to achieve
global climate objectives (Fankhauser et al., 2015). National

legislation is crucial because it makes an international agreement
more likely and meaningful (Townshend et al., 2013). Climate
legislation is harder to reverse than strategy or policy (Dubash,
2020; Iacobuta et al., 2018). Binding legal measures help solve the
tragedy of the commons, climate market failure, and climate crisis
(Tvarnø, 2020). In addition, specific laws on climate change are
more effective than sectoral policies with multiple objectives and
a narrower scope (Moore, 2012).

However, China’s approach to climate policy reflects a
governance system driven more by executive orders than acts of
parliament. Legislation and policies directly related to climate
change are mainly soft regulations. In terms of controlling
greenhouse gases, China can only carry out indirect control
according to paragraph 2 of Article 2 of the Atmospheric
Pollution Prevention Law through coordinated management of
air pollutants and greenhouse gases. This is only an abstract
provision, and more detailed institutions for their coordination
are absent. Despite China’s rapid growth in generation from
renewables, output from coal-fired power plants has increased by
330 TWh, or nearly 7%, between 2019 and 2021 (IEA, 2021),
presenting a deepening carbon lock-in due to the essential
economic role played by the coal industry (Stutzer et al., 2021).

The accountability. Pledges on emissions are not credible unless
the targets and related measures are stipulated by law (Eskander
et al., 2021). Many countries, such as Britain, France, Denmark,
and Germany, have mandated emission reduction or carbon
neutrality targets as legal targets. The UK is the first country to
adopt national legislation for long-term, legally binding GHG
emission reduction targets.

However, China mainly sets emission reduction targets or
energy structure transformation targets in policies and plans
(Neuweg and Averchenkova, 2017). In 2021, the National
Development and Reform Committee (NDRC) declared a
“1+N” framework for carbon peak and neutrality. “1” refers to
Opinions on Completely, Accurately, and Comprehensively
Implementing the New Development Concept and Promoting
Carbon Peak and Neutralisation. “N” includes the 2021 Action
Plan for Carbon Peak Before 2030 and other vital industrial
policies, including energy, industry, transportation, and urban
and rural construction.

Compared with the statutory targets, the policy-dominated
approach is weaker in force, accountability and social impacts.
Whether the targets can be achieved is not a matter of law but a
matter of political performance. Such targets constitute only
political statements intending to reduce emissions (Minnerop,
2020). However, legislation for binding climate targets is
challenging due to concerns about economic growth or conflicts
of interest. It is suggested that four factors are essential in
explaining this: the economy, scepticism about climate science,

Table 8 The long run and short run coefficients with LNCI as the dependent variable.

Variable Coefficient Std. error t-statistic Prob.

Long run relations LNPGDP −0.8793* 0.4539 −1.9375 0.0887
LNNF −1.0092** 0.3151 −3.2033 0.0125
LNQ 0.0584 0.0708 0.8251 0.4332

Short run relations D(LNPGDP) 0.0082 0.1203 0.0684 0.9471
D(LNNF) −0.3363*** 0.0711 −4.7328 0.0015
D(LNQ) 0.0099 0.0078 1.2772 0.2373
DU 0.1095*** 0.0243 4.4967 0.0020
ECM(-1) −0.5036*** 0.0866 −5.8145 0.0004
C 5.1381*** 0.8864 5.7964 0.0004

***, ** and * indicate significance at the level 1%, 5% and 10%, respectively. “DU” is 0 before 2009 and 1 from 2009.

Table 9 Results from dynamic OLS and fully modified OLS.

Variable FMOLS DOLS

LNNF −0.4348*** 0.0000 −0.4000*** 0.0000
LNPGDP 2.6388*** 0.0000 2.6394*** 0.0000
LNPGDP2 −0.0964*** 0.0000 −0.0973*** 0.0000
LNQ −0.0046 0.7408 −0.0027 0.8755
DU −0.0636** 0.0104 −0.0605** 0.0434
C −0.4348*** 0.0000 −0.4000*** 0.0000

*** and ** indicate significance at the 1% and 5% levels.
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hegemonic drives and a quest for distributive justice
(Nwankwo, 2019).

The energy justice issues. From the perspective of governance,
energy justice has significant instrumental values. This is because
perceptions of fairness lead social actors to be more willing to
accept sacrifices, and perceptions of inequity generate social
resistance and make policy implementation more difficult
(Meadowcroft, 2009). Climate change can potentially exacerbate
societal inequalities in income distribution and access to resour-
ces and options. A growing body of research reveals that climate
change governance strategies can produce or reproduce (un)just
decision-making processes and result in an (in)equitable dis-
tribution of climate change risks and resources (Romero-Lankao
et al., 2018).

Energy justice should be an inherent component of climate
legislation (Barton and Campion, 2019). The normative dimen-
sions of energy justice (distributive, procedural and recognition)
provide a framework for transition legislation (Jenkins et al.,
2016). Since climate change requires a green energy transition,
climate legislation is necessary for a Pareto improvement in the
energy transition. Distributive justice is related to the cost and
burden share of energy transition. Mitigation measures should
not aggravate the disadvantages of the poverty or marginal
groups. Procedural justice requires inclusive and democratic
energy decisions. Although environmental authoritarianism has
proven more capable of responding to China’s complex political
and ecological pressures (Beeson, 2010), effective public
participation is necessary for the sustainability and justice of
related institutions (Engels, 2018). A polycentric approach is
indispensable to building a shared narrative for fostering the
trust and social acceptance of ambitious climate goals (Gillard
et al., 2017). Failures of procedural justice can result in
discrimination and marginalisation (Sovacool and Dworkin,
2015). Environmental objectives are achieved at a high socio-
economic cost and impose unfair burdens on disadvantaged
communities (Lo, 2020).

China’s energy justice issues are mainly manifested in two
aspects. First, the mandatory energy reform in some areas fails to
consider the cost of energy use for low-income groups. Measures
for pollution prevention have hindered some small businesses
from obtaining income and affected the satisfaction of energy
demand for livelihoods. Governance through social movements
in China has been criticised since it may break the rule of law
during implementation. To implement coal burning control,
some local governments have adopted administrative coercive
measures to punish residents who violate the ban on coal
utilisation. However, article 36 of the Atmospheric Pollution
Prevention Law of China only provides that governments at all
levels should encourage residents to burn high-quality coal and
clean coal and promote the utilisation of energy-saving and
environment-friendly stoves.

Second, from the regional development perspective, fossil fuels
such as coal are significant to industrial development, involving
considerable revenue and employment. Therefore, energy transi-
tion means significant industrial changes and the social costs will
seriously affect the fairness of the social benefits and risk
allocation. The fossil energy industry is estimated to lose
approximately 710,000 jobs in 2035, including 450,000 jobs in
coal mining and washing and 260,000 jobs in the coal power
industry due to energy transition (Zhang et al., 2021).

Energy legislation shall follow technical and economic
efficiency principles and security, sustainability, and equity
(Natorski and Solorio, 2023). Creating energy transition laws
and policies that advance equity and principles of environmental

justice is essential for an equitable, sustainable, and just transition
(Kennedy, 2022).

Policy implications for improving China’s climate governance
Environmental authoritarianism in China has stimulated the
booming of climate-related policies at both the central and local
levels. However, economic considerations always overtake long-
term climate goals and low-carbon investment (Lockwood, 2013).
Achieving carbon neutrality requires a high level of policy density
and intensity. Combined with the requirements of good govern-
ance and experiences of other jurisdictions, China can improve
climate policy intensity from the perspectives of the rule of law,
accountability and energy transition equity.

Establish a comprehensive climate legislation system. Com-
prehensive and detailed climate legislation is needed to secure
carbon neutrality. China can improve climate change legislation
by accelerating the formulation and modification of specific cli-
mate and energy laws. The legislation of Climate Change
Addressing Law and Energy Law has lasted for around ten years.
However, the adoption of the two comprehensive laws remains
uncertain. Without mandatory and integrated rules, the rule of
law in climate governance is far from achieved. Moreover,
existing laws, such as the Renewable Energy Promotion Law,
must be modified to meet carbon neutrality requirements. More
mandatory provisions should be formulated. In addition, since
psychological distance impedes climate mitigation actions
(Spence et al., 2012), the confirmation of CO2 as a pollutant by
law can urge people to reduce emissions. Relatively mature
institutions, including pollution taxes, can also be directly adap-
ted to carbon emissions.

Formulate binding emission reduction targets. A good climate
law contains statutory targets, assigns clear duties and responsi-
bilities, and clarifies the long-term direction of travel (Fankhauser
et al., 2018). These obligations are outcome duties that ensure the
achievement of a specified outcome (Reid, 2012; Schapper, 2020).
The German Climate Protection Act sets long-term reduction
targets, including reducing total GHGs by at least 55% compared
to the 1990 level by 2030 and realising carbon neutrality by 2050.

However, setting the climate targets in legislation is insufficient
for the government to fulfil the responsibility. Binding targets to
reduce GHG emissions instead of rhetorical promises are more
important (Harris et al., 2013). The guarantee mechanisms are
indispensable. Although there are no sanctions regarding the
targets, various compliance mechanisms are necessary to secure
their achievement, including government procurement and
investment, industrial emissions caps, carbon budget manage-
ment, annual target reviews, and contingency plans for unmet
targets (Averchenkova et al., 2021). For example, regarding the
carbon neutrality target by 2050, the Constitutional Court in
Germany has ruled that the German government should set more
precise targets for reducing greenhouse emissions, and the
statutory provisions are insufficient to ensure the realisation of
carbon neutrality in time. It should be noted that the
implementation of binding climate targets requires systemic
measures. It is suggested that the correct use of flexibility,
together with the proper application of monitoring and enforce-
ment measures, is necessary to secure the pursued outcome
(Peeters and Athanasiadou, 2020).

Combine energy justice with regulation efficiency. To promote
energy justice, climate change legislation should incorporate
considerations of social differences. Interest differences and
divergences are potential causes of conflicts (Singleton et al., 2021).
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A more inclusive transition is critical for the sustainability of
mitigation or adaptation measures. It is suggested that climate
policy mixes must ensure a just transition to achieve public sup-
port (Andresen et al., 2021). Climate change legislation should
balance multiple social, economic, and environmental targets to
secure the durable and stable implementation of related measures.
For example, the 2020 Denmark Climate Act provides that the
realisation of Denmark’s climate targets must consider sustainable
business development, competitiveness, sound public finances and
employment and maintain a strong welfare society where cohesion
and social balance are secured (Gregersen and Johnson, 2021).

Lower-income households spend more on emission-intensive
products such as heat and power (Buchholz et al., 2019). They are
less able to switch to lower emission-intensive substitutes. Groups
lacking access to clean energy should be allowed to use traditional
energy sources. However, the government should take measures to
provide clean energy, prohibit the adoption of compulsory measures
to punish the use of conventional energy, and secure residents’ basic
energy needs for livelihood. Shutting down coal-fired power plants or
coal mines will create economic hardship for workers and local
governments, and subsidies for new industries should be provided by
the central government (Carley and Konisky, 2020).

In addition, decarbonisation in industries should consider the
economic influence and carbon footprints of different sectors to
realise regulation efficiency. The input–output analysis combined
with carbon footprints can provide a primary direction for
designing a cost-effective and flexible decarbonisation approach.
Specifically, sectors with above-average emissions linkages but
below-average production linkages, such as transport and mining,
should be constrained first by limiting the scale or levying carbon
taxes. For industries with above-average emissions and produc-
tion linkages, such as metal processing and production, electricity,
and chemical fibre, a progressive transition approach is necessary,
as the stability of these industries is vital for economic security
and social stability (Chang and Han, 2020).

Conclusions
Achieving carbon neutrality has become a priority for China. How-
ever, a green paradox still exists. The increase in climate policies has
not changed the carbon emission trend. The weakness of policies is
one of the reasons for the green paradox. Policy quantity is insuffi-
cient for policy effectiveness. More efforts are needed to improve
policy intensity. Developments in climate governance theories pro-
vide valuable references for strengthening China’s climate regulation.
Political commitment needs to be confirmed by legislation to ensure
its stability, compulsion, and accountability. This will provide reliable
legal expectations and guarantees regarding some critical response
measures. Since time has become the decisive factor in climate
change, climate legislation should be more direct, systematic, and
comprehensive, combined with energy justice. Then, climate change
governance will be more target-oriented, through which different
interests can be negotiated and coordinated.

Moreover, the actual considerations of the government regarding
carbon quota allocation and the impacts of different reduction paths
still need to be further analysed. Legislations cannot guarantee the
effectiveness of implementation. Addressing climate change is a
systematic and long-term project. Special climate legislation will
face new problems and contradictions during implementation, and
settling them once and for all is difficult. Therefore, a dynamic
policy and legislation response mechanism is needed.

Data availability
All data generated or analysed during this study are included in
this published article and its supplementary information files.
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