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Abstract: The coal consumption constraint policy (CCCP) serves a crucial role in the maintenance of
environmental and economic sustainability for China. However, it is debatable whether the CCCP
reduces emissions and energy intensity. The present study explores the impact and realization
pathways of the CCCP on energy and emissions intensity at the city level from 2005 to 2019 using
a time-varying difference-in-differences (DID) and structural equation model (SEM) approach. We
find that the CCCP can control emissions and energy intensity synergistically. Particularly, the CCCP
has significantly reduced SO, and CO, emission intensity and energy intensity by 0.1283%, 0.0747%,
and 0.2493%, respectively. Moreover, the CCCP can effectively reduce emissions intensity through
industrial restructuring, and technology advancement is the only effective way to reduce energy
intensity. The study provides some valuable suggestions to enable the control of coal consumption.

Keywords: coal consumption constraint policy; emissions intensity; energy intensity

1. Introduction

As the largest producer and consumer of coal in the world, China’s rapid economic
growth has been supported by its coal-based energy structure [1,2]. Since 2011, China has
consumed more coal than the rest of the world combined [3]. Coal has facilitated China’s
economic prosperity, but it also offers enormous obstacles to the country’s long-term
development, such as air pollution and climate change [4,5]. In response to environmental
challenges, China has made controlling coal consumption a top priority and has put in
place a number of policies over the past few years. In 2011, China introduced the “Energy
Conservation and Emission Reduction Work Plan”, which proposes to put into practice the
coal consumption constraint policy (CCCP) in the pilot city. In 2016, China launched an
additional CCCP, “Notice on Coal Consumption Reduction and Substitution”, expanding
the range of CCCP pilot cities in 2011. As a succession of coal consumption constraint
policies has been carried out for over a decade, there is an immediate need to quantify
the policies’ effects. However, studies on the effect of the CCCP have primarily examined
the effect of various policies from the single perspective of pollution, carbon, and coal
consumption reduction, without an in-depth interpretation of the co-control effect of the
CCCP and its implementation efficiency, and ignoring the systematic nature and continuity
of the CCCP. In addition, the path to policy reform and optimization remains obscure.

As a typical command-and-control policy, the impact of the CCCP has fueled debates.
It is widely accepted that coal control strategies are essential for improving air quality [5].
However, how the CCCP affects CO, emissions, economics, and energy intensity is still
debatable. Some scholars predicted that the CCCP would inevitably reduce social welfare
and economic development, but could help control pollution emissions, such as SO,, NOy,
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PM, 5, and CO, [6,7]. Some researchers, on the other hand, believe that the CCCP, a non-
market-driven policy, is technically infeasible and that it not only allows for a significant
increase in economic costs, but also leads to an increase in pollution emissions [2,8]. As for
the effect of the CCCP on energy intensity, Shi and Li found that coal-to-gas policies have a
negative but insignificant effect on energy intensity in the Jing-Jin-Ji region [9]. Guo et al.
also support this opinion; they found that the CCCP fails to reduce the energy intensity
based on 289 cities in China [2]. Conversely, Ji et al. noted that the CCCP has significantly
promoted the share of electricity consumption [10], which would decrease China’s energy
intensity [11]. Scholars have realized that the city is often regarded as the most appropriate
level for evaluating the effect of the CCCP under China’s administrative structure [2,8].
However, most relevant studies focusing on cities only cover a few large cities due to the
scarcity of city-level data that cannot be generalized to most Chinese cities [12,13]. To the
best of our knowledge, Guo et al. is the only study that evaluated the effect of the CCCP
based on data from 289 cities [2]. However, the total energy consumption data on the city
level that they used was estimated based on provincial data, which was not accurate, and
they did not give a specific estimation method. In addition, they only focused on the effects
of the CCCP introduced in 2011 and ignored the effects of the CCCP that continued to be
launched in 2016, resulting in incomprehensible results.

In terms of the achieved path of the CCCP impact, extensive research has shown that,
because of the substitution effect from coal to natural gas and electricity [14], the CCCP can
optimize energy structure and then reduce SO,, NOy, and CO; emissions [12,15]. However,
Guo et al. argued that the CCCP, as command-and-control environmental regulations,
mainly reduced CO, emissions by improving technology levels [2]. To the best of our
knowledge, there is no study that comprehensively investigates the specific mechanism of
the CCCP effect.

In this study, we provide an evaluation of the impact of CCCP on CO, emissions
intensity, air pollution emissions intensity, and energy intensity based on realistic data
from policy-consecutive perspectives. Furthermore, we also employ the structural equation
model (SEM) model to track the specific realization path of CCCP affecting CO, emissions,
air pollution, and energy intensity.

The main contributions of this paper are as follows.

(1) The CCCP policy announced in 2016 is a continuation and addition to the policy
introduced in 2011; evaluating those two policies separately is inappropriate. How-
ever, existing studies focus only on a specific policy in a limited number of big cities.
As far as policy relevance and integrity are concerned, this study uses time-varying
difference-in-differences (DID) to examine the synergistic effects of those two consec-
utive CCCP in 73 cities across the country. Comprehensive analysis reveals a broader
and more accurate picture of the effects of the CCCP.

(2)  Unlike previous studies that mainly explored the environmental and economic im-
pacts of the CCCP separately, this study estimates the impacts of CCCP from the
intensity perspective, including greenhouse gas (GHG) intensity, pollution emission
intensity, and energy intensity, which helps us to effectively embody the efficiency of
the policy implementation.

(3) For the very first time, an SEM model is introduced to more precisely identify the
mechanisms of the CCCP affecting GHG intensity, pollution emission intensity, and
energy intensity. This can help policymakers further formulate effective policy in-
struments of the CCCP to balance reducing coal consumption with other desirable
environmental effects.

2. Literature Review
2.1. The Effects of CCCP

There are a large number of published studies describing the effects of coal consump-
tion constraint policies. From an economic perspective, the consequences of the CCCP are
unfavorable. Li and Yao demonstrated that the CCCP contributed to energy conservation
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and carbon emission reduction, but with a loss of economic efficiency [16]. Furthermore, full
compliance with the CCCP would lead to a significant gap between supply and demand,
resulting in a substantial increase in coal prices and economic costs [8]. Different policy
tools of the CCCP have very different effects on the macroeconomic system. However,
no matter which policy tool is used, the CCCP will always decrease social welfare [6].
The CCCP was enacted primarily to improve air quality [17]; consequently, whether or
not it has improved air quality remains an intriguing and significant scholarly question.
Zhang et al. use Shandong province as a case study to analyze the strategy on China’s
CCCP; they conclude that the PM; 5 concentration will decrease in 2020 based on the
province’s planned scenario [17]. Chen and Chen focused on “2 + 26 cities” and predicted
the environmental effect of the CCCP in the building sector. The results showed that the
policy could cause an increase in natural gas and electricity consumption, which could help
reduce SO, and NOy emissions, and it is helpful for some underdeveloped areas to achieve
the goal of low carbon faster [18]. Ji et al. used Jiangsu province as a case study to evaluate
the impact of CCCP. They found that a stricter target for the CCCP would promote energy
structure adjustment, curb pollution, and protect traditional energy resources [10].
Compared with the analysis of the CCCP effect from an aggregate perspective, emis-
sion intensity and energy intensity have more research value because they are binding
indicators for local government evaluation in China. However, there is a relatively small
body of literature that evaluates the CCCP from an intensity perspective. Zhang et al.
revealed that, with the planned scenario of Shandong, the province’s energy consumption
intensity and CO, emission intensity will reduce, even more than the goals set by the
central government for Shandong [17]. Conversely, some empirical studies do not support
this opinion. Shi and Li have taken the Jing-Jin-Ji region as their study subject and point out
that coal-to-power and coal-to-gas policies have an insignificant negative effect on energy
intensity [9]. Guo et al. expanded the study’s scope to 289 cities across the country [2].
They found that the CCCP had unexpectedly increased China’s energy intensity. Only with
the help of supportive policies could the CCCP have a negative effect on energy intensity.

2.2. Determinants of GHG Emission Intensity, Pollutant Emission Intensity, and Energy Intensity

This paper examines the impact of the CCCP in terms of three aspects, namely GHG
intensity, pollutant emission intensity, and energy intensity. However, there are many other
factors that influence these three indices as well.

Air pollutant emissions are relevant to economic development, industrial structure,
technological innovation [19], population [20], foreign direct investment [21], and energy
structure [22]. GHG emissions are related to economic growth [23], foreign direct invest-
ment [24], energy structure [25], industrial structure [26], population [27], and technological
innovation [28].

A constant decline in energy intensity shows that a country’s economic activities
are moving toward a more ecological and sustainable mode [29]. A number of studies
have examined the determinations of energy intensity and accepted that technological
progress and Gross Domestic Product (GDP) per capita are the most crucial factors in
improving energy intensity [30-32]. With the progress of economic globalization, research
has shown that technology spillovers from foreign direct investment also affect energy
intensity [33]. Wu and Ding and Chen and Lee found that secondary industries consume
more energy than other industries, and as industrialization continues, energy intensity also
increases [28,34]. Moreover, the impact of population on energy intensity is ambiguous: as
an energy consumer, a large population would increase total energy consumption, but as a
labor force, it would significantly increase GDP [35].

3. The Mechanism of CCCP Affecting Emissions and Energy Intensity

China’s emissions are primarily caused by the production process energy consumption.
According to the CCCP issued by the government, three measures are implemented by the
government to reduce coal consumption (as shown in Figure 1).
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Figure 1. Mechanisms by which the coal consumption constraint policy (CCCP) affects energy and
emissions intensity.

Restructuring industry. Under the constraints of the CCCP, the government prioritizes
the elimination of backward industries with high energy consumption and pollution, con-
tributing more capital and labor to fostering green industries with low energy consumption
and emission levels. With the assistance of industrial restructuring, energy consumption,
emissions, and energy intensity will undoubtedly decrease.

Advancing Technology. To attain stable and low energy consumption and sustainable
development, the government will, on the one hand, increase research funds to strengthen
internal technology; on the other hand, they will upgrade technology by introducing
external resources, such as the importation of advanced energy-saving and environmen-
tal protection technologies, achieving qualitative changes in energy use efficiency, and
decreasing emission intensity.

Optimizing energy structure. First, encouraging industries to use clean energy sources,
such as electricity and natural gas, to compensate for the decrease in coal consumption.
Due to the energy substitution effect, changing the energy structure from coal-based to
diverse energy sources will have an effect on energy and emission intensity. In addition,
the government’s clean coal subsidy policy encourages industries to begin coal-based
operations. For instance, substituting clean and high-quality coal for low-quality coal in the
production process can have a substantial impact on total energy intensity and emission
intensity as well.

In conclusion, under the constraints of the CCCP, the government will implement
three primary strategies to reduce the intensity of emissions and energy consumption:
industrial restructuring, technological advancement, and energy structure optimization.

4. Methodology
4.1. Empirical Strategy

The DID method was first introduced to the field of economics by Ashenfelter [36],
and it has since evolved. In recent years, academics have begun to evaluate policy effects
using this method [2,9,37]. The CCCP, introduced in 2011 and its pilot range expanded in
2016, is expected to reduce emissions and energy intensity. Such a progressively piloted
policy can be regarded as a natural experiment, allowing us to employ a time-varying DID
method to assess the effect of the policy. The DID can effectively control the air quality
trends shared by both treatment and control groups, thereby assisting in the resolution of
the endogeneity issue. Specifically, in this study, the differences in emissions and energy
intensity between cities following the implementation of the CCCP policy are derived
from three sources: time effects, attribute differences, and policy effects. The time effect
is the change in emissions and energy intensity over time, even in cities without CCCP.
The attribute effect is the change in emissions and energy intensity owing to different city
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characteristics. The DID method identifies the net effect of policy treatment by measuring
policy shocks through differences in both group and time dimensions.

Following Beck et al. [38], we set pilot cities as the treatment group and others as the
control group to evaluate the impact of the CCCP implementation at the city level. The
baseline regressions model was set up as follows:

Ingso2;; = Bo + P1Djt + 01lnpgdpit + O2industry;: + O3lnpop;: + O4lnteci+ OsInfdiy + Ogcoal_cit + 1 + ve + € (1)

Ingco2;; = B’y + B'1Dy; + 0’1 Inpgdp;; + 0'sindustry;; + 0'3lnpop;; + 04Intecy; + 0'sInfdiy; + 0'gcoal_cyy + 1 + vt + €'t (2)

toconsum_g;; = B”o + B”1 Dy + 0”1 Inpgdpy; + 0”sindustry;; + 0”3lnpop;; + 0”7 glntecy+ 0" 5Infdis + 0”gcoal_cje + 1'i + vt + €’ (3)

where Dj; = treated; x period;, treatment city: treated; = 1, control city: treated; = 0;
period; = 1 after a city has implemented CCCP; otherwise, period; = 0. i and t denote
cities and years, respectively. To control potential heteroskedasticity, some variables were
generated in natural logarithmic form. Ingso2 is a logarithmic form of SO, emission
intensity; Ingco2 represents a logarithmic form of CO, emission intensity; toconsum_g
denotes energy intensity that depends on Inpgdp (logarithmic form of GDP per capita),
industry (secondary industry output value), Infd; (logarithmic form of foreign direct
investment), coal_c (coal consumption in total energy consumption), Inpop (logarithmic
form of population), and Intec (logarithmic form of technological progress). The variable of
interest is Dy;, D'y, D", three dummy variables that take the value of 1 in the years after
city i implemented CCCP and 0 otherwise. The coefficients 1, p’1, "1 are the parameters
to be estimated, representing the net effect of CCCP. A positive and significant one indicates
that the CCCP has a positive effect on the intensity of SO, emissions, CO, emissions, and
energy; otherwise, it has a negative effect. w;, 1';, 1”’; and v, v't, vt are vectors of city
and year dummy variables that account for city and year fixed effects. &;;, €y, ¢”;; are the
random disturbance terms.

To further understand the specific implementation path of the policy, we also employ
the path analysis to explore the mechanisms by which the CCCP affects CO, emissions
intensity, SO, emissions intensity, and energy intensity. Mediation is a typical function of
path analysis, which implies that a variable can influence an outcome both directly and
indirectly through another variable [39]. Conversely, the traditional multiple mediation
model, a regression analysis based on the causality test proposed by Baron and Kenny [40],
is less efficient in estimating mediation effects [41]. The Sobel test used in regression
analysis assumes that a*b obeys a normal distribution, whereas mediation effects often
do not meet the requirement, resulting in test results being relatively unreliable [42,43].
The SEM, which was developed as path analysis [44], is a powerful multivariate technique
used increasingly in academic studies to test and assess multivariate causal relationships; it
can address the limitations of the aforementioned methods. It is the best framework for
mediated effects analysis because it can estimate all model parameters simultaneously [45].
Therefore, we explore the specific pathways through which CCCP works by building
SEM models.

4.2. Data

This study examines the impact of CCCP on CO; emissions intensity, air pollution
intensity, and energy intensity by covering 73 cities in China over the period from 2005
to 2019. Table A1 reported the list of cities in the Appendix A. The data are from China
National Knowledge Infrastructure (CNKI, http:/ /data.cnki.net (accessed on 31 July 2022)).
Cities with missing data for consecutive years were removed and the number of cities was
finally set to 73. The variables description and descriptive statistics of the variables are
shown in Table 1.
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Table 1. Variable list.
Symbol Variable Unit Mean Standard Deviation (S.D)
g502 Sulphur dioxide emissions from industrial Tones/CNY 0.004294 0.0066496
sector per unit of output value
gc02 Carbon dioxide emissions from industrial Tones/CNY 0.000475 0.000684
sector per unit of output value
toconsum_g The proportion of energy consumption to N/A 1.128609 1.558941
output value
pgdp GDP per capita CNY/people 73,465.87 66,010.77
industry The proportion of secondary industry in % 47.97304 9367037
total output value
pop Total population at the end of the year Million 440.9437 440.9437
tec The proportion pf scientific e.xpendlture in N/A 0.0226534 0.0182364
local fiscal expenditure
. The proportion of actual amount of Million USD/ten
fdi foreign capital used in the year of GDP thousand CNY 00042736 0.0034741
coal_c The proportion of coal consumption in N/A 0.6634836 02435611

total energy consumption

4.2.1. Explained Variables

The three explained variables in this paper are SO, emission intensity, CO, emission

intensity, and energy intensity.

)
@)
®)

50, emission intensity (gso2): we take the SO, emission per unit of GDP to measure
this variable.

CO;, emission intensity (gs02): we use the CO, emission per unit of GDP to suggest
this variable. The measurement of CO, emissions is shown in Appendix B.

Energy intensity (toconsum_g): consistent with existing studies, we use energy con-
sumption per unit of GDP. As for energy consumption, firstly, we collected original
data on 24 energy types (raw coal, finely washed coal, other washed coal, briquette,
other coal products (pulverized coal, coal water slurry), coke, crude oil, fuel oil, gaso-
line, diesel oil, general kerosene, refinery thousand gas, liquefied natural gas, liquefied
petroleum gas, naphtha, other petroleum products, natural gas, blast furnace gas,
converter gas, coke oven gas, other gas, heat, electricity) from the urban statistical
yearbooks. Then, all 24 types of energy data are converted to standard coal and
added together, which is total energy consumption. Additionally, coal consumption is
calculated using the 12 coal energies (raw coal, washed coal, other washed coal, coal
products, coke, other coking products, coke oven gas, blast furnace gas, converter
gas, producer gas, other coal gas) of the industry, which is uniformly converted to
standard coal and summed up.

4.2.2. Explanatory Variable: Policy Variable

The policy variable was CCCP, measured by setting time and between-group dummy

variables. The implementation of the CCCP was progress into two phases, namely “Energy
Conservation and Emission Reduction Work Plan” in 2011 and “Notice on Coal Consump-
tion Reduction and Substitution” in 2016. The policy variable was denoted by Dj; in our
time-varying DID model, as shown above.

4.2.3. Control Variables

The following control variables have been selected for this paper based on previous

research: industrial structure (industry), GDP per capita (pgdp), population (pop), foreign
direct investment (fdi), energy structure (coal_c), and technological progress (tec).
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4.2.4. Mediator Variables

According to the mechanism we analyzed above, adjusting industrial structure, pro-
moting technological progress, and optimizing energy structure are three essential measures
for industries to reduce coal energy consumption, solve pollution problems and achieve
balanced ecological development. Therefore, we select industrial structure (industry),
energy structure (coal_c), and technological progress (tec) as mediating variables to further
test specific implementation path of the policy.

5. Results and Discussion
5.1. Effects of the CCCP

In this study, we control the city-fixed effects and time-fixed effects and use a time-
varying DID model to evaluate the effects of the CCCP. The results are shown in Table 2.
We find that the CCCP can reduce the intensity of CO; and SO, emissions, as well as energy
intensity significantly.

Table 2. Estimation results of the effects of CCCP.

Lngso2 Lngco2 Toconsum_g
D —0.1283 ** —0.0747 * —0.2493 **
(—2.2283) (—1.7183) (—2.0735)
Inpgdp —0.6909 *** —0.8116 *** —0.4622 *
(—4.3276) (—6.7058) (—1.8887)
industry 0.0122 ** 0.0119 *** —0.0196
—2.2196 —2.8816 (—1.5973)
Inpop —1.6557 *** —0.8276 ** 0.7567
(—3.8338) (—2.0245) —1.4118
Intec —0.0104 —0.0466 —0.2061 **
(—0.2037) (—1.1212) (—2.4355)
Infdi —0.0853 *** —0.0076 —0.0708
(—3.1015) (—0.4092) (—1.5524)
coal_c —0.2412 0.4925 * 0.4498
(—1.5949) —1.8374 —-1.0179
Intercept 10.5287 *** 4.4165 0.9128
city yes yes yes
year yes yes yes
N 992 1026 1030
r2_a 0.9266 0.9203 0.7402

Note: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. City and year represent time fixed effects and
individual fixed effects.

The CCCP has a negative effect on emissions, which can help China to maintain
the sustainability of the environment. These results are in line with those of previous
studies [5,12,14,15]. In detail, the CCCP has decreased SO, intensity by 0.1283% and
CO, emission intensity by 0.0747%, indicating that the CCCP, which was designed to
reduce air pollution, can synergistically control CO, emissions. There are two possible
explanations for the synergistic control effect. First, fossil fuel combustion is a significant
cause of air pollution and an important anthropogenic source of GHG. Therefore, limiting
coal consumption, which is the primary energy source in China, can simultaneously
reduce CO; and air pollutant emissions, leading to co-control effects for the climate and
the air quality. Second, research shows that the two different types of environmental
problems—air pollution and GHG—are mostly caused by the same patterns of energy
production and consumption. This means that the same steps can be taken to reduce both
types of pollution.

The effect of the policy on energy intensity is negative and significant, indicating that
the implementation of the CCCP significantly reduces energy intensity by 0.249%. These
results differ from Guo’s [2] estimate of energy intensity, but they are broadly consistent
with earlier [10] findings. This disparity could be attributed to the fact that Guo et al. [2]
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only assessed the impact of the first phase of the CCCP in 2011. However, China also
introduced the second phase of policy in 2016, which increased the force of implementation
and expanded the range of policy cities. Regarding the CCCP as a whole series policy, our
study supplements Guo’s research, whose evaluation was insufficient. Moreover, we can
also see that technological progress and economic development are the most critical factors
in reducing energy intensity, which is consistent with Guo et al. [46].

5.2. Robustness Test

The time-varying DID method is based on a series of assumptions. Our model still
needs a variety of tests to ensure the robustness of the results.

5.2.1. Parallel Trend Hypothesis Test: Event Study

Before building the DID, it is necessary to determine whether the parallel trend
hypothesis is supported. In this research, an event study is used to test the parallel
trend hypothesis and analyse the policy’s dynamic impact. The following equations
are established:

Ings02it = £°¢o1B—Di - + BDit + 801 BrDirer + AXit + 1 + Ve + &it )
Ingco2it = 2° 1B _<Dit_r + B'Dit + Z8o1 B 4eDiper + N X + Wi + Y+ (5)

toconsum_gj = X°1B”—«Dj ¢« + B"Dit + Z8021 B+ Direr + A Xit + 175 + ¥t + €75t (6)

The CCCP has been implemented since 2011; therefore, we take 2011 as the base year.
B—+ denotes the impact in period T before the policy treatment, and (3. denotes the impact
in period T after the treatment. Xj; is the control variable, including pgdp, industry, pop,
tec, fdi, and coal_c; 3 denotes the impact of the current treatment period, so D;; takes the
value of 1 when the year is the treatment period, otherwise it takes the value of 0. If f_-,
B’ _+, B”_ are not significant, the parallel trend hypothesis is valid; p;, p';, p”; and v, v's,
v”t are vectors of city and year dummy variables that account for city and year fixed effects.
Eit, £rit, €1y are the random disturbance terms.

The test results are shown in Figure 2, and we can illustrate two key points: Firstly,
the coefficients of the dummy variables D;; for the 4 years prior to the CCCP are not
significantly different from 0, with SO, emission intensity, CO, emission intensity, and
energy intensity showing no trends prior to the policy, suggesting that the parallel trend
assumption is satisfied. Secondly, the values of 3, B/, " are significantly less than 0 after
the implementation of the CCCP and show decreasing trends, implying that the CCCP has
a negative effect on SO, emission intensity, CO, emission intensity, and energy intensity. It
is notable that in the regression results for energy intensity (as shown in Figure 2a—c), 3”
starts to show a significant downward trend in the third year after the implementation of
the CCCP, suggesting that the impact of the CCCP on energy intensity is lagged. This is
likely because most of the change in energy intensity is caused by technological progress
and economic growth, which do not happen overnight but take time and political power to
build up.

5.2.2. Placebo Test
(1) Re-grouping analysis

Even though control variables and city fixed effects have been added to the baseline
regressions to account for the effect of non-time-varying city characteristics on the quality
of city development, there may still be some unobserved variables that affect our results.
Therefore, we randomly select several virtual experimental groups in the sample and
regress them consistent with our basic regression to provide robustness assurance for the
original findings. Specifically, we conducted 1000 samplings among 73 cities. For each
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sampling, 40 cities were chosen randomly as a “pseudo-experimental group,” and one year
was chosen randomly as the policy time for each pseudo-experimental group, and then it
would generate an incorrect estimate of 3. The process is then repeated 1000 times, and
the distribution of the 1000 incorrect B is plotted, as shown in Figure 3. It can be seen that
the estimated coefficients of the virtual dummy policies (incorrect (3) are mostly around
0, and the p-values of most of the estimates are greater than 0.1 (not significant at the 10%
level). Moreover, the true coefficients of the policies (vertical dashed lines other than 0) are
all significant outliers. This represents that the virtual CCCP pilot cities had no significant
effect in these 1000 samples, and our estimates are unlikely to have been obtained by chance.
Therefore, our results obtained above are reliable.

(a) Parallel trend hypothesis test of Ingso2 (b) Parallel trend hypothesis test of Ingco2
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Figure 2. Parallel trend hypothesis test.

5 5 3'
Q4 O 4 51
=3 = ol
© © 3 ]
> 2 > 5
O 1 o 4 11 A
0 e : L .57
-0 -0 -0 : ' ' 03 02 -0 ' ‘ ‘ O R E— : ; : - . .
0.3 -0.2 8.1 ﬂ:0 ) 0.t1 0.2 0.3 -0.2 C0.1 ffo . 0.1? 0.2 04-02 0 02 04 06 08
‘— kdensity of estimates °p val \— kdensity of estimates- p val |— kdensity of estimates - p valug|
(a) Placebo test of Ingso2 (b) Placebo test of Ingco2 (c) Placebo test of toconsum_g

Figure 3. Placebo test (Notes: The X-axis indicates the magnitude of the estimated coefficients of the
“pseudo-policy dummy variables” and the Y-axis indicates the magnitude of the density values and
p-values).

(2) Counterfactual Analysis

The basic idea of the counterfactual test is to observe the effect of a policy by artificially
setting the timing of the policy and then observing the effect of the policy. Following some
previous studies [47,48], we retest the robustness of the results by varying the timing of
the CCCP pilot. We assume that the CCCP was implemented two (three) years ahead of
the actual schedule. In other words, we assumed that the first phase of the CCCP proposal
was implemented in 2008/2009; and that the second phase of the CCCP, which means
pilot cities, was expanded in 2013/2014. D_2/D_3 is constructed as the virtual policy
effects. If the CCCP implemented at the virtual time still has a significant effect on SO,
emission intensity, CO, emission intensity, and energy intensity, then we can conclude that
the previously obtained results are not robust. Otherwise, the previously derived results
are robust.

From Table 3, it can be seen that the coefficients of the effects of virtual policy
(D_2/D_3) are insignificant. This indicates that the effect of the artificial CCCP on SO,
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emission intensity, CO, emission intensity, and energy intensity is insignificant, supporting
the randomization of policy implementation hypothesis. Therefore, the previously obtained
results are robust and reliable.

Table 3. Estimation results of the robustness tests.

Lngso2 Lngco2 Toconsum_g Lngso2 Lngco2 Toconsum_g
D_2 —0.0941 —0.0701 —0.0416
(—1.6029) (—1.5137) (—0.3607)
D_3 —0.0844 —0.0479 0.0380
(—1.3439) (—0.9361) (0.3229)
Inpgdp —0.6673 ***  —0.8094 *** —0.3294 —0.6534 ***  —0.7912 *** —0.2804
(—4.1203) (—6.7011) (—1.3835) (—4.0681) (—6.5723) (—1.1499)
industry 0.0129 ** 0.0121 *** —0.0166 0.0131 ** 0.0124 *** —0.0158
(2.3602) (2.9812) (—1.3676) (2.4051) (3.0756) (—1.3208)
Inpop —1.6677 ***  —0.8401 ** 0.7645 —1.6671***  —0.8369 ** 0.7870
(—3.8721) (—2.0501) (1.4305) (—3.8690) (—2.0450) (1.4698)
Intec —0.0139 —0.0468 —0.2325 *** —0.0163 —0.0502 —0.2429 ***
(—0.2682) (—1.1126) (—2.6855) (—0.3137) (—1.1978) (—2.7677)
Infdi —0.0847 *** —0.0081 —0.0640 —0.0841 *** —0.0071 —0.0604
(—3.0787) (—0.4376) (—1.4122) (—3.0546) (—0.3796) (—1.3397)
coal_c —0.2413 0.4885 * 0.4847 —0.2293 0.4992 * 0.5005
(—1.6269) (1.8240) (1.0935) (—1.5492) (1.8623) (1.1235)
Intercept ~ 10.3020 *** 4.4608 —-0.8777 10.1231 *** 4.2057 —1.6543
(2.7321) (1.4621) (—0.1667) (2.6912) (1.3874) (—0.3105)
N 992 1026 1030 992 1026 1030
r2_a 0.9263 0.9202 0.7386 0.9263 0.9201 0.7386

Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

5.3. Mechanism Test of CCCP

In this study, the SEM model is employed to further explore the specific realization
path of CCCP implementation to reduce CO, and SO, emission intensity and energy
intensity, and to shed light on the effective initiatives China should focus on in the future.
Due to the nonlinear distributional properties of the mediation effects, a nonparametric
bootstrapping method is used in this paper to adjust the estimation bias [41].

Table 4 shows the results of the intermediary effects of CO, emission intensity. The
confidence interval (BC and P interval 95%) of the direct effect contains 0, indicating that
the effect of CCCP on CO; intensity is a fully mediated effect. As shown in Table 4, the
coefficient of the mediated effect of industrial structure is —2.629%, and the confidence in-
terval does not contain 0, denoting that industrial restructuring is an important mechanism
for CCCP to reduce CO; intensity. In contrast, the confidence intervals of technological
progress and energy structure both contain 0, representing that CCCP does not effectively
reduce CO, intensity by technological progress and energy structure optimization.

Similarly, Table 5 shows the results of the intermediary effects of SO, emission intensity,
which is partially mediated. Furthermore, the CCCP can reduce SO, emission intensity
by industry structure adjustment, whereas it does not effectively reduce SO, emission
intensity by industrial structure adjustment and energy structure optimization. Table 6
shows the estimation results of the indirect effects of energy intensity are presented, which
is a fully mediated effect. We can see that the CCCP was able to effectively reduce energy
intensity through increased technological progress in industrial production, caused by
the innovation compensation effect promoted by the command-and-control policy of the
government. At the same time, it cannot be effective in reducing energy intensity through
industry structure adjustment and energy structure optimization.
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Table 4. The indirect effects of CO, emission intensity.
Bootstrap
Observed Coefficient
Bias Std. Err. [95% Conf. Interval]

direct_effect —0.0747 0.0007 0.0470 —0.1726 0.0157 P)
—0.1726 0.0157 (BC)

industry structure —0.0263 0.0000 0.0113 —0.0490 —0.0043 P)
—0.0507 —0.0060 (BC)

technological progress —0.0122 0.0014 0.0112 —0.0330 0.0129 P)
—0.0357 0.0090 (BC)

energy structure —0.0192 —0.0001 0.0135 —0.0518 0.0026 P)
—0.0548 0.0007 (BC)

total_effect —0.1324 0.0019 0.0479 —0.2292 —0.0415 P)
—0.2297 —0.0424 (BC)

Note: If the 95% confidence interval excludes zero, it means that the mediator is statistically significant at the 5%
level, otherwise it is not significant.

Table 5. The indirect effects of SO, emission intensity.

Bootstrap
Observed Coefficient
Bias Std. Err. [95% Conf. Interval]

direct_effect —0.1283 —0.0018 0.0585 —0.2342 —0.0134 P)
—0.2303 —0.0059 (BC)

industry structure —0.0271 —0.0005 0.0130 —0.0525 —0.0037 P)
—0.0525 —0.0040 (BC)

Technological progress —0.0027 0.0009 0.0137 —0.0295 0.0242 P)
—0.0312 0.0227 (BC)

energy structure 0.0094 0.0000 0.0075 —0.0009 0.0269 P)
—0.0001 0.0317 (BC)

total_effect —0.1487 —0.0014 0.0572 —0.2571 —0.0358 P)
—0.2525 —0.0299 (BC)

Table 6. The indirect effects of energy intensity.

Bootstrap
Observed Coefficient
Bias Std. Err. [95% Conf. Interval]

direct_effect —0.2493 —0.0113 0.1355 —0.5453 0.0025 P)
—0.5333 0.0138 (BC)

industry structure 0.0434 0.0031 0.0318 —0.0121 0.1160 P)
—0.0206 0.1116 (BC)

Technological progress —0.0539 —0.0004 0.0241 —0.1047 —0.0101 P)
—0.1081 —0.0120 (BC)

energy structure —0.0175 —0.0019 0.0208 —0.0638 0.0141 P)
—0.0703 0.0132 (BC)

total_effect —0.2774 —0.0104 0.1276 —0.5667 —0.0413 P)
—0.5515 —0.0202 (BC)

Our finding shows that restructuring industry is the only effective way for CCCP
to reduce CO, and SO, emissions intensity. On the one hand, CCCP is a command-and-
control policy, which means the government can use non-market tools to achieve the goal
of coal reduction. Closing the backward factory is an important and representative action
for China. China has set a strict ratio for getting rid of backward production capacity and
forced more than 1000 backward coal mines to close. As the backward industry closes, the
industry restructures immediately, which means coal-induced emissions will be reduced
as well.

What is surprising is that China invests large amounts of financial support to help
enterprise and households replace coal with other clean energy, but the adjusted energy
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structure still fails to reduce emissions intensity significantly. Scholars give explanations
from different perspectives. Shi et al. [8] noted that due to technological and financial
barriers, the CCCP could not reduce emissions through coal replacement. Shao et al. [49]
conclude that, as a command-and-control policy, encouraging the replacement of coal with
other clean energy is likely to lead to a loss of resource allocation efficiency. The loss of
efficiency in coal resource allocation may lead to an increase in total energy consumption,
which is not significantly beneficial to emission intensity.

Advancing technology is an essential key to ultra-low emissions [50], but it fails to
significantly assist the CCCP in reducing SO, and CO; emission intensity. The result is
likely to be related to the limitations of non-market policy. Command-and-control policies
have always been strict and inflexible, which frequently loses sight of industries’ varying
pollution control capabilities [51,52]. On the one hand, it is difficult to motivate enterprises
to continually develop new emission reduction technology. On the other hand, in order
to comply with stringent regulatory requirements, certain businesses must buy pollution
treatment equipment rapidly, which will swiftly increase costs and may even lead to a
decline in inventive activity [53]. As a result, as a command-and-control strategy, the
CCCP finds it difficult to upgrade technology in order to reduce emissions significantly.
These findings are consistent with recent research, indicating that as command-and-control
environmental regulation is strengthened, excessive environmental thresholds result in
enterprise resistance, which increases the difficulty of pollutant treatment and dampens
innovative zeal [54]. In contrast, energy intensity, which China values more, can only be
decreased through technical advancement. The results reflect those of previous research,
which also found that technological progress is a significant factor in energy intensity [55,56].
Mandatory initiatives, such as reforming industrial and energy structures, have not lowered
energy intensity significantly.

6. Conclusions and Policy Implementations

China began limiting coal consumption in pilot cities in 2011 in an effort to promote
sustainable economic development. Additionally, in 2016, China implemented the extra
coal capacity cutting strategy, which added the provinces of Liaoning and Henan to the
CCCP pilot zones established in 2011. Based on the continuity of such a policy, we used a
time-varying DID model with special panel data from 73 Chinese cities from 2005 to 2019 to
determine the co-control of these two continuing CCCP policies on SO, emission intensity,
CO, emission intensity, and energy intensity. Then, based on the results of time-varying
DID, we used the SEM model to further explore the mechanism by which the CCCP affects
emissions intensity and energy intensity.

Our finding identified that the CCCP has the co-benefits of reducing emissions inten-
sity and optimizing energy use efficiency. As expected, CCCP has a synergistic control
effect in reducing emissions and energy intensity. We find that the CCCP can control
emissions and energy intensity synergistically. Particularly, the CCCP has significantly
reduced SO, and CO; emission intensity and energy intensity by 0.1283%, 0.0747%, and
0.2493%, respectively. Another important finding is that CCCP, as a command-and-control
policy, is more effective at curbing emissions intensity by industrial restructuring than by
progressing technology and optimizing the energy structure.

The above findings have significant policy implications. Firstly, the government
should make an effort to coordinate the various issues involved, and take steps to avoid
“one cut fits all” measures and reduce the cost of policy compliance for the institutions.
Second, diverse and market-oriented methods should be adopted to adjust the industrial
structure. Finally, greater efforts are needed to ensure sustainable innovation.

Our research has some limitations. This study uses data from the industrial sector only.
The limited data may lead to an underestimation of the effect of CCCP. Although we are
shifting our eye contact from a few major cities in the north to 73 cities across the country,
this cannot be applied to all Chinese cities. Therefore, we should consider a broader range
of cities in future research.
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Appendix A

Table A1. The list of 73 cities.

CCCP Pilot Cities in 2011 New Added Pilot Cities in 2016 Cities without CCCP

Tianjin, Beijing, Tangshan, Shijiazhuang, Baotou, Chengdu, Fuzhou, Guiyang,

Handan, Jinan, Jining, Weifang, Qingdao, Guilin, Harbin, Haikou, Hohhot,
Zhongshan, Foshan, Guangzhou, Huizhou, Jincheng, Jingzhou, Kunming, Nanchang,

Jiangmen, Shenzhen, Zhangqing, Zhuhai, Nanyang, Dalian, Shenyang, Nanning, Xiamen, Shangrao, Shuozhou,
Shanghai, Nanjing, Nantong, Taizhou, Hefei, Zhengzhou Siping, Taiyuan, Urumgji, Xi’an, Xianning,
Jiaxing, Ningbo, Sugian, Changzhou, Wuxi, Xianyang, Xinzhou, Xinyu, Yangquan,

Wenzhou, Huzhou, Yancheng, Shaoxing, Suzhou, Yichang, Yinchuan, Yulin, Changchun,
Lianyungang, Jinhua, Zhenjiang, Maanshan Changsha, Changzhi, Chongqing, Zunyi
Appendix B
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