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China’'s development has been accompanied by serious corruption and
environmental pollution. Corruption is particularly prevalent in the energy
sector, where it can bring very substantial benefits. However, corruption in
the energy sector can lead to serious misallocation of energy, resulting in
wasteful and inefficient use of energy. With the rise of the anti-corruption
campaign, there is an urgent need to explore the impact of the anti-corruption
campaign (ACC) on energy efficiency (EE). This paper investigates whether and
how the ACC affects EE in China. Leveraging a staggered difference-in-
differences (DID) model, we estimate the causal effect of the ACC in China
on EE. Our results indicate that the ACC significantly improves EE, which is
robust to a battery of robustness tests, such as parallel trend test, placebo test,
excluding other policies, and substituting the explained variable. The positive
relationship is correlated to reducing rent-seeking behavior, promoting
innovation capacities, and upgrading industrial structure within a city. The
heterogeneous results suggest that the effect of the ACC on EE
improvement is more pronounced in big cities, cities located in the central,
cities with high fiscal expenditures and low R&D expenditures. The results of this
paper show that we must be tenacious in the anti-corruption campaign to
establish a clean government and increase energy efficiency in order to achieve
sustainable development.

KEYWORDS

anti-corruption campaign, energy efficiency, staggered DID, rent-seeking reducing,
innovation improving, structure upgrading

1 Introduction

Corruption is a critical concern around the world, especially for China, the largest
developing country in the world, as it generates lots of rent-seeking behavior, and impedes
the long-term economic growth and social justice (Aidt, 2016; Kong and Qin, 2021). Since
the 18th National Congress of the Communist Party of China (CPC) in 2012, President Xi
of China puts forward “Eight Rules” to regulate officials’ behavior and kicks off the anti-
corruption campaign (ACC). Unlike previous anti-corruption campaign, this one is
resolute and unprecedented in its intensity, inevitably having profound effects on all kinds
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of social activities. At present, much literature has studied the
relationship between the ACC and economic development and
environmental outcomes. However, given that China is the
largest energy consuming country in the world, whether and
how the ACC affects energy efficiency (EE) is rarely explored.
Along with the economic development, the massive energy
consumption also imposes a severe burden on the ecological
environment (Bao and Chen, 2017). According to statistics,
China’s carbon dioxide emissions account for nearly 30% of
the total global carbon dioxide emissions in 2020. China becomes
the world’s largest energy consumer and carbon dioxide emitter
(Yu, 2021). The 17th CPC National Congress points out that
people and nature should live in harmony, and accelerate the
construction of a resource-saving and environment-friendly
the
only green

society. Economic development needs to consider

ecological ~ environment protection, and
development is sustainable development. Therefore, it is
imperative to improve energy efficiency.

Corruption is especially prevalent in the energy sector.
Numerous enterprises cannot develop without energy, and
because the power to distribute energy is concentrated in
government officials, enterprises are likely to pay bribes to
government officials in order to obtain more energy, while
government officials are likely to benefit financially from
corruption. The impact of corruption on energy efficiency
might have twofold consequences. The “greasing the wheel”
that

overcome inefficient regulation and improve their operational

hypothesis  suggests corruption might help firms
efficiency. Using data set of 73 countries, Egger and Winner
(2005) find that corruption can be beneficial in administrative
efficiency. Pierre-Guillaume and Laurentand (2010) construct a
regression model using three measures of corruption and five
measures of other aspects of governance, and the results show
that corruption may be positively associated with efficiency in
countries where institutions are ineffective. Covering a
maximum of 43 countries over the 2003-2005 period, Dreher
and Gassebner (2011) reveal that corruption reduces the negative
impact of regulations on entrepreneurship in highly regulated
economics, and increase the efficiency of market entry for
entrepreneurial firms. For the energy efficiency of interest in
this paper, some small and new-emerging industries with
advanced energy techniques gain access to the market by
specific means. In this way, corruption may improve energy
efficiency. However, more studies show that the impact of
corruption is negative. Corruption allows firms to evade high
environmental taxes by obtaining government protection
through rent-seeking, which leads to a significant overall
reduction in eco-efficiency (Lopez and Mitra, 2000). Based on
the data from 2006 to 2016, Wang et al. (2020) find that
corruption can directly affect eco-efficiency and can also
reduce eco-efficiency by reducing economic efficiency (Wang
et al,, 2020). Corruption can exacerbate the misallocation of

resources (Yang et al., 2018). For places with a surplus of energy,
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corruption brings about wasteful and inefficient use of energy (Lu
et al,, 2021). The anti-corruption campaign makes it impossible
for companies with low production or high energy consumption
to bribe officials and establish political connections anymore, so
they must exit the market (Liu et al., 2021). The closure of these
companies reduces the inefficient use of energy, and thus
increases energy efficiency. Based on the above references, we
can conclude that the impact of the corruption or anti-corruption
on environment, operational efficiency and eco-efficiency is
likely to be twofold. However, basically no studies have
analyzed the impact of the anti-corruption campaign on
energy efficiency and through what channels it affects energy
efficiency. Furthermore, the existing literature is limited to
measuring anti-corruption using only a few indicators, which
does not allow for a comprehensive assessment of the impact of
anti-corruption. The direct and indirect effects of anti-corruption
on energy efficiency are complex, and it is not easy to assess the
impact of anti-corruption objectively and comprehensively on
energy efficiency, so we should further study and give some
suggestions.

This paper investigates the causal effect of the anti-
corruption campaign on energy efficiency, and plausible
mechanisms. We also study the heterogeneous impacts of the
anti-corruption campaign on energy efficiency in different cities.
In this paper, we study the ACC conducted by a central
inspection team led by the Central Commission for Discipline
Inspection (CCDI), and the ACC can be treated as an external
impact and a quasi-natural experiment. Based on the panel data
of 273 prefecture-level cities ranging from 2010 to 2018, we
construct the staggered DID because the time of launching the
ACC varies among provinces. Our econometric results show that
the ACC significantly improves EE by 4.5%. We find that the
ACC can improve EE by reducing rent-seeking behavior,
promoting innovation capacities, and upgrading industrial
structure. Finally, we also find that the effect of the ACC on
EE improvement is more profound in big cities, cities located in
the central, cities with high fiscal expenditures and low R&D
expenditures.

A critical challenge for the models and results is that
energy efficiency may be influenced by other determinants
that we do not observe. We address this issue in two ways.
First, we conduct a parallel trend test and demonstrate that the
treatment group and the control group have the same trend
prior to the ACC. Second, we also conduct a placebo test by
randomizing the start time of the ACC in each province and
These
treatments show that the ACC does not have a significant

conducting 500 fictitious treatments. fictitious
effect on EE. Our study passes the placebo test. These two tests
can show that the results of this paper are quite robust. In
addition, we also conduct two other robustness tests: 1) we
exclude the effect of policies such as the Carbon Emissions
Trading Scheme (CETS), and the Energy-consuming Right

Trading System (ERTS) on the regression results. 2) We
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introduce two other measures of EE to substitute the explained
variable. In all the above robustness tests, the ACC still
significantly improves EE.

The main contributions of this paper are as follows. First, we
investigate the impact of the ACC on EE at the prefecture-level
and find that the ACC can significantly increase EE. There is little
literature examining the impact of the anti-corruption on energy
efficiency. The existing literature closest to this research is Liu
etal. (2021). Compared to Liu et al. (2021), this paper provides a
more in-depth study of the impact of the anti-corruption on
energy efficiency. Liu et al. (2021) use the ratio of the number of
cases of corruption, bribery, and malfeasance to the number of
civil servants to present the degree of corruption, and currently,
there are many indices that portray corruption but none of them
can measure the full kinds of corruption (Knack, 2006). However,
this paper studies the effect of the anti-corruption campaign
conducted by a central inspection team on energy efficiency. The
core explanatory variable ACC in this paper is an external impact
and a quasi-natural experiment, which allows this paper to study
the impact of the anti-corruption more accurately, objectively,
and comprehensively on energy efficiency. In addition, the
method used in this paper is staggered DID, which can better
address issues such as endogeneity compared to the fixed effects
model in Liu et al. (2021). The result indicates that the ACC
increases EE by 4.5%, which is significant at 5% significance level.
Second, compared to Liu et al. (2021), this paper presents the
overall picture of the effects of the ACC on EE, including
plausible influencing channels and heterogeneous effects
among different cities. We find that the ACC can improve EE
by reducing rent-seeking behavior, promoting innovation
capacities, and upgrading industrial structure. The effect of
the ACC on EE improvement is more pronounced in big
cities, cities located in the central, cities with high fiscal
expenditures and low R&D expenditures. In the context of
carbon neutrality, our results have substantial practical
Third, that

technologies green

implications. previous  studies  show
(Murshed,  2020),
innovation (Sun et al, 2019), and technological innovation
(Pan et al, 2019; Chen M. et al., 2021), can contribute

significantly to improve EE. In addition, some objective

communication

factors such as energy poverty (Li W. et al, 2021) and factor
price distortions (Ouyang et al., 2018) have an essential impact
on EE. Regarding the influence of policies on EE, most scholars
study from environmental policies, such as energy intensity
constraint policy (Shao et al., 2019), environmental regulation
(Wu et al, 2020) and emissions trading system (ETS) (Li S. et al,,
2021). From a new perspective, this study illustrates that EE can
be affected not only by environmental policies but also by anti-
corruption policies. We expand on the factors that influence EE.
Fourth, most of the past research focuses on the impact of anti-
corruption on the economy and firms. Anti-corruption can
1999;
Drury et al., 2016). Anti-corruption makes firms’ investment

promote economic development (Ehrlich and Lui,
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choices more rational, discourages over-investment (Zhang et al.,
2019), and promotes firms’ innovation (Gan and Xu, 2019). Our
results contribute to the literature investigating the effects of anti-
corruption.

The remainder of the paper is organized as follows: Section 2
presents the background of China’s anti-corruption campaign.
Section 3 constructs the model, explains the model’s variables in
detail, and presents the data sources. Section 4 presents the
baseline regression results of the model and the robustness
tests. Section 5 is the analysis of the mechanism and
heterogeneity of the ACC on EE. Section 6 is some

conclusions and discussions.

2 Institutional background
2.1 Anti-corruption campaign in China

Over the past few decades, China’s rapid economic
development has been accompanied by an increasingly severe
corruption problem. Corruption can bring serious harm to
society, the economy, and the environment. Corruption
extends to all sectors of society, and the energy sector is
particularly affected by corruption. Energy-intensive industries
are considered the ones that need the most attention and are
most prone to corruption problems (Zhan, 2015). The main
reason for this is that the energy sector is prone to monopolistic
industries, bringing substantial economic benefits. Also, the
energy sector lacks a solid regulatory system (Chen X. et al,
2021), and government officials in China control the country’s
energy resources. Due to corruption, government officials can use
their power to influence the free flow of production factors,
which can exacerbate the resource mismatch problem (Aidt,
2016; Restuccia and Rogerson, 2017; Pailler, 2018). In conclusion,
corruption leads to the resource misallocation and energy
inefficiency (Wei and Li, 2017; Lu et al., 2021).

Although the previous anti-corruption campaigns repeatedly
criticized the country’s grave corruption issues and attempted to
address them, the benefits of such efforts were little, and high
government officials were seldom affected (Zhou et al., 2020;
Kong and Qin, 2021). Since the 18th CPC National Congress, Xi
Jinping has placed a high priority on the punishment of
corruption. Unlike previous transient and uncritical anti-
corruption campaigns, this one is resolute and thorough (Xu
and Yano, 2017). After the 18th CPC National Congress, a
central inspection team led by Wang Qishan goes deep into
the provinces to carry out the anti-corruption campaign. In 2012,
officials at all levels in Guangdong and Sichuan provinces are first
investigated, marking the full-scale launch of the anti-corruption
campaign. Over the next 3 years, investigations are launched in
the remaining 29 provinces. The campaign is conducted in secret,
and the investigated provinces are unaware of the inspection
team’s plans until they announce its findings. At March 2018,
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FIGURE 1
Impacting mechanism of the ACC.

China establishes the National Supervisory Commission, which
is the highest-level anti-corruption body rich in Chinese
characteristics.

2.2 The influence of the ACC on EE

The anti-corruption campaign eliminates firms’ opportunity
to build illegal political and commercial ties via rent-seeking,
allowing for a more reasonable and effective use of energy.
China’s fast economic expansion and industrialization result
in increasing environmental pollution, and as a result, we are
very concerned about energy efficiency. The ACC will help
improve EE in three ways as follows.

First, the anti-corruption campaign can reduce rent-seeking
behavior. Since the establishment of the National Energy
Administration in 2010, a total of two directors, two deputy
directors, and eight divisional officials have been investigated by
the CCDI for corruption. Many officials at different levels in China’s
energy sector are removed from their posts as the ACC proceeds
(Liu et al,, 2021). The ACC eliminates rent-seeking opportunities,
restoring fair market competition and a more rational resource
allocation such as energy allocation (Guo et al., 2021). Because of the
ACC, government officials can no longer seek benefits through their
power and are more likely to allocate energy to businesses based on
production efficiency and energy efficiency. Firms with low output
and high energy consumption cannot receive government support
and must exit the market. As a result, the ACC leads to a more
rational energy allocation and increases energy efficiency.

Second, the anti-corruption campaign can promote innovation
capacities. When corruption is prevalent, the society fills with all kinds
of power deals, allowing social resources to flow into a few
unscrupulous people. However, with the ACC, the social resources
are distributed more fairly and reasonably. Many high-tech industries
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and young entrepreneurs can receive government support and
concessions. The government supports and concessions contribute
to capital inflow into these enterprises. Thus, the enterprises can invest
more on research and development (R&D). As a result, the ACC in
China, to some extent, promotes innovation in firms (Xu and Yano,
2017). With the improvement of innovation capacities, more and
more green technologies are used in production and life, greatly
reducing the carbon dioxide emissions and other pollutants (Wurlod
and Noailly, 2018). All above can show that promoting innovation
can promote energy efficiency (Fisher-Vanden et al,, 2004; Lin and
Moubarak, 2014).

Third,
industrial structure. The ACC makes many monopolies no

the anti-corruption campaign can upgrade

longer sheltered by the government, and brings more and
more companies new opportunities for development and
promotes industrial transformation and upgrading. The
secondary industry, which tends to be some processing and
manufacturing industries, has the higher consumption and
more serious waste of energy. The ACC protects the

development of  modern high-tech industries,
transportation, service industries and social security, and
facilitates the industrial structure upgrading from

secondary industry to tertiary industry. Sun and Yuan
(2015) find that cities with more manufacturing industries
have poorer environments, while cities with more service
industries have higher environmental quality and higher
the
transformed more from the secondary industry to the

energy efficiency. When industrial ~structure is
tertiary industry, there will be a corresponding reduction in
energy consumption and waste, thus improving energy
(Ang, 1994). Consequently, the

structure rationalization and upgrading substantially reduce

efficiency industrial

carbon emissions and improve energy efficiency (Li et al,
2017). Based on the analysis above, the impacting mechanism
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TABLE 1 The launching time of the ACC in each province.

Province Year of Province
investigation
Sichuan 2012 Shandong
Guangdong 2012 Hebei
Jiangxi 2013 Shanxi
Guangxi 2013 Liaoning
Jiangsu 2013 Henan
Inner Mongolia 2013 Qinghai
Guizhou 2013 Heilongjiang
Hunan 2013 Tianjin
Anhui 2013 Hainan
Hubei 2013 Shanxi
Yunnan 2014

of the anti-corruption campaign on energy efficiency is shown
in Figure 1.

3 Variables and identification strategy
3.1 Variables

3.1.1 Energy efficiency

Energy efficiency (EE) works as the explained variable in
our empirical strategy. Some scholars measure EE using data
envelopment analysis (DEA) or stochastic frontier analysis
(SFA) (Ouyang et al,, 2018). However, both DEA and SFA
also have their disadvantages, like relying heavily on data and
a small sample size. In this paper, we start from the
macroeconomic implications, and extend the method of
Renshaw (1981) and Patterson (1996) for measuring EE as
follows:

EE; = Yit/ECit (1)

iand tindex i-th city and ¢-th year, respectively. Y}, represents
regional GDP of i-th city in ¢-th year. EC;, represents total energy
consumption of gas, oil, and electricity. Since different energy
usage have different units, we transform the physical amounts of
each energy usage into standard coal consumption by
multiplying the coefficient of standard coal of each energy usage.'

1 Due to availability of data, we use the energy usage from three primary
sources as the amount of energy consumption. In fact, electricity
usage also reflects coal consumption, as most of them comes from
thermal power. The coefficient of gas to standard coal is 1.2143 kg
standard coal per kilogram. The coefficient of oil to standard coal is
1.4286 kg standard coal per kilogram. The coefficient of electricity to
standard coal is 0.1229 kg standard coal per kilowatt-hour.
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Year of Province Year of

investigation investigation

2014 Chonggqing 2014

2014 Ningxia 2015

2014 Shanghai 2015

2014 Fujian 2015

2014 Zhejiang 2015

2014 Jilin 2015

2014 Gansu 2015

2014 Tibet 2015

2014 Beijing 2015

2014 Xinjiang 2015
TABLE 2 Descriptive statistics.
Variables Obs Mean Std Min Max
ACC 2,629 0.648 0.478 0 1
patent 2,366 4,262 9,522 11 139,739
lenergy_efficiency 2,629 -6.441 0.662 -7.749 -5.246
urban 2,629 0.376 0.154 0.146 0.728
pgdp 2,629 4.245 2267 1.416 9.599
pgdp2 2,629 23.15 24.80 2.004 92.14
second_prop 2,629 1.277 0.490 0.514 2.398
Ipop 2,629 5.874 0.602 3.980 6.781
open 2,629 0.259 0.434 0.00381 1.979
edu 2,629 1.673 0.816 0.693 3.664

3.1.2 Anti-corruption campaign

Anti-corruption campaign (ACC) works as the explanatory
variable in our empirical strategy. First, the definitions of
corruption and anti-corruption variable might be diverse in
empirical strategies. For example, the corruption perception index
(COR) and the incidence of corruption are used as a measure of
corruption in a country (Duan et al, 2018; Ozturk et al, 2019).
Additionally, some scholars use the number of corruption cases
investigated as the measure of anti-corruption (Zhou et al, 2020).
However, these kinds of measurement might encounter an
endogenous problem as anti-corruption usually happens in those
highly corrupting cities. Instead, increasing scholars generate a
dummy variable to measure ACC (Zhang et al, 2019). In this
paper, we use the province-specific shocks as a measurement of
ACC. As shown in background, the anti-corruption investigation is
conducted in secret, and the investigated provinces are not aware of
the inspection team’s plans until the survey results are released,
satisfying the exogenous requirement (Kong and Qin, 2021).
Following Kong and Qin (2021), we generate the variable ACC
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according to their investigation year. That is, the ACC takes value one
after a province is investigated and zero otherwise. And cities within a
province have the same value. Table 1 shows the investigated years of
each province in China.

3.1.3 Covariates

Energy efficiency may be affected by other factors except for the
anti-corruption campaign. Therefore, we need to include a collection
of prefecture-level variables to control these influences. In this paper,
based on the results of previous studies, these variables include: 1)
Economic development (pgdp), defined as natural logarithm of the
GDP per capita in each city (Hu and Wang, 2006). Additionally,
according to the Environmental Kuznets Curve (EKC), various phases
of economic growth may have varying effects on EE (Dinda, 2004). As
a result, we incorporate the quadratic form (pgdp2) to account for
economic development. 2) Industrial structure (second_prop), defined
as the proportion of the added value of the secondary industry to gross
regional product (Wei et al,, 2009). 3) Population size (million people)
(Ipop), defined as natural logarithm of total population of each city
(Chen et al, 2018). 4) Urbanization rate (urban), defined as the
proportion of the non-farm payrolls to the total employment
(Moshiri, 2020). 5) Foreign direct investment (open), measured by
natural logarithm of the share of foreign investment in GDP (Yan
et al, 2019). 6) Education level (edu), measured by the number of
college students per 1,000 people (Mills and Schleich, 2012).

3.2 Data source

The main data source is Statistical Yearbook of Chinese
Cities, with a period ranging from 2010 to 2018. Patent data
Intellectual
aggregated at the
Descriptive statistics of these variables are shown in

come from China National Property

Administration, prefecture level.
Table 2. All variables denoted by nominal value are

converted into the constant price of year 2010.

3.3 Empirical strategy

Since the ACC is carried out in batches, we employ a
staggered DID to estimate its effect on EE of prefecture-level
cities. The identification strategy is constructed as follows:

InEE; = B, + B, - ACCyy + 0'X;, + p, + trend, + & (2)

iand t denote i-th city and t-th year, respectively. ACCis the
core variable studied in this paper. We are concerned about the
point estimate f3;. The positive sign of 3, indicates the anti-
corruption campaign in China contributes to improving energy
efficiency, whereas the negative sign means the anti-corruption
campaign impedes energy efficiency. X, represents a vector of
control variables, and 0 is the corresponding coefficients. y;

Frontiers in Environmental Science

06

10.3389/fenvs.2022.1002578

TABLE 3 Baseline results.

Variables (1) (2)
lenergy_efficiency lenergy_efficiency
ACC 0.043** 0.044**
(0.021) (0.020)
pgdp 03164+
(0.055)
pgdp2 —0.015%**
(0.004)
second_prop -0.022
(0.048)
Ipop 0.215
(0.280)
urban -0.099
(0.257)
open 0.056
(0.036)
edu —-0.082
(0.091)
Constant —6.361*** —8.272%%
(0.019) (1.730)
City Fixed effects Yes Yes
Time Trend effects Yes Yes
Observations 2,620 2,620
R-squared 0.852 0.867
F 12.49 8.676

Note: Robust standard errors in parentheses are clustered at the city-level. **p < 0.01,
**p < 0.05, *p < 0.1

captures city-level fixed effects. trend, controls time trend
effects.

4 Empirical results and analysis
4.1 Baseline results

The results of the baseline regression are shown in Table 3.
The data in this paper are interpolated and complemented. If
there is no data for the prefecture-level city corresponding to a
variable, the sample is deleted. Table 3 assesses the underlying
effect of the ACC on EE in 273 cities based on balanced panel
data, controlling for fixed effects. And Table Al is based on
unbalanced data. Column (1-2) of Table 3 show that the ACC
contributes to increasing EE whether includes the covariates or
not. Specifically, after controlling the covariates, the result
indicates that the ACC increases EE by 4.5% (e****"), which is
significant at 5% significance level. In summary, the anti-
corruption campaign can significantly

improve energy

efficiency. Thus, our results suggest that when the anti-
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corruption campaign is implemented, the government regulates
the energy sector more tightly and there are fewer incidents of
corruption in the energy sector, blocking the collusion between
business and government in the energy sector. The energy sector
can allocate energy resources more rationally and efficiently,
forcing highly polluting and energy-consuming enterprises to
transition to clean energy and promoting the development of
high-tech and energy-efficient enterprises, thus improving
energy efficiency.

4.2 Robustness tests

In this section, we test the underlying assumptions that need
to be satisfied by the model we construct. We conduct a parallel
trend test, a placebo test, excluding other policies, replacing the
explained variable, and other robustness test respectively, further
demonstrating that the findings of this paper are robust and
trustworthy.

4.2.1 Parallel trend test

One prerequisite requirement for using the staggered DID
model is that the treatment group and the control group have the
same trend before the policy is implemented. Based on the
models of Beck et al. (2010) and Serfling (2016), we conduct
an event study to investigate the dynamic effects of the ACC on
EE. The parallel trend test model is constructed as follows:

5 6
INEE;, = B, + Y B_,before)” + Y B, Afters + u, +trend, + &,

b=1 a=1

®3)

i represents the city, t represents time, y; is individual fixed
effects, trend, is time trend effects, and ¢;, is residuals. I choose t as
the base period in the parallel trend test. Be fore;” and A fter;®
are all dummy variables. Be fore;? (b =1, ..., 5) takes value one
in the b-th year before i-th city launching anti-corruption
campaign and otherwise zero. Similarly, After}® (a =1, ...,
6) takes value one in the a-th year after i-th city launching anti-
corruption campaign and otherwise zero. If the parallel trend
hypothesis holds, the coefficients of ., should be insignificant
different from zero, and the coefficients of f,, should be
significant (Yang et al., 2021). The results of the parallel trend
test are shown in Figure 2. The results show that S, is
insignificantly different from zero and f., is significant. So, it
can be stated that the trend of the treatment group and the
control group is the same before the ACC. The model passes the
parallel trend test.

4.2.2 Placebo test

Although the calculated coefficient indicates that the ACC
enhances EE, it might be an occasional result determined by
other ignored factors. To address this worry, following Jia et al.
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(2022) and Chen and Lin (2021), we use the placebo test to ensure
that the ACC actually enhances EE rather than an occasional
result. Concretely, we randomly select the time of anti-corruption
campaign in each province to work as the “fictious treatment”
group, and repeat the baseline regression by 500 times. Due to the
fictitious nature of the produced treatment groups, the point
estimate prior to the DID variable should be mainly zero. We plot
the regression coefficient results of these 500 fictitious treatments
as a probability density plot, as shown in Figure 3. As seen in the
figure, the calculated point estimates for the fictitious treatment
groups are generally zero, suggesting that the fictitious treatment
groups have no substantial promotion impact on EE. In the
baseline result, the true coefficient of the ACC variable is 0.044,
much over the 5% threshold criterion for the estimated fictitious
coefficients. Thus, the ACC’s improvement of EE is quite robust
and not an occasional result.

4.2.3 Excluding other policies

Furthermore, the empirical results’ correctness and statistical
significance may be challenged by other policies that can
Carbon
Energy-

influence energy efficiency. We find that the
(CETY), the
consuming Right Trading System (ERTS) might influence our

Emissions Trading Scheme and
regression results. The CETS was first launched in 2013 in
Beijing, Shanghai, Shenzhen, Tianjin, Chongqing, Hubei, and
Guangdong provinces to explore market-based environmental
regulation to reduce pollution emissions. The ERTS was first
carried out in 2016 in Zhejiang, Fujian, Henan, and Sichuan
provinces, aiming to solve the increasingly severe energy crisis
and environmental problems. We exclude these highly possible
affected cities and use subsamples to perform staggered DID
regression. Column (1) of Table 4 illustrates the effect of the ACC
on EE following the elimination of CETS’s pilot cities. Column
(2) shows the estimated result after dropping ERTS’s pilot cities.
Column (3) presents the result eliminating all possible affected
cities by the two policies. We find that regardless of whether we
exclude the effect of a single policy or all policies, the ACC
continues to significantly improve EE, demonstrating the
robustness of our results.

4.2.4 Substituting the explained variable

An increase in energy efficiency means that more output is
produced per unit of energy (Patterson, 1996). We consider
alternative measures of energy efficiency. The original energy
efficiency is measured in terms of GDP output per unit of energy.
Considering that energy consumption mainly comes from the
secondary sector, we replace the GDP output with the value
added of the secondary sector and the results are shown in
column (1) of Table 5. At the same time, from the perspective of
urban population, we consider the population that can be served
per unit of energy and define energy efficiency as the ratio of
population to energy consumption, and the results are shown in
column (2). We can conclude that the ACC significantly
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TABLE 4 Excluding other policies.

Variables (1)
lenergy_efficiency
ACC 0.037*
(0.019)
pgdp 0353+
(0.060)
pgdp2 -0.019%**
(0.004)
second_prop -0.047
(0.051)
lpop 0.227
(0.277)
urban -0.048
(0.243)
open 0.056
(0.039)
edu -0.113
(0.105)
Constant -8.3220%¢
(1.725)
City fixed effects Yes
Time trend effects Yes
Observations 2,290
R-squared 0.871
F 8.934

10.3389/fenvs.2022.1002578

2 ®3)

lenergy_efficiency lenergy_efficiency

0.049** 0.045*
(0.025) (0.025)
0.293*+* 0.343*
(0.060) (0.067)
—0.013%* —0.017***
(0.004) (0.005)
~0.005 ~0.049
(0.061) (0.066)
0.222 0.229
(0.296) (0.288)
-0.297 -0.247
(0.311) (0.294)
0.094* 0.107**
(0.048) (0.054)
-0.115 -0.162
(0.102) (0.122)
—8.162%** —8.151%*
(1.830) (1.796)
Yes Yes

Yes Yes

2,080 1,750
0.866 0.871
8.352 8.557

Note: Robust standard errors in parentheses are clustered at the city-level. ***p < 0.01, **p < 0.05, *p < 0.1.

improves EE whichever way we measure EE, which shows the
robustness of our results.

5 Further analysis
5.1 Mechanism analysis

In this section, we delve into the mechanisms of the effect of
the ACC on EE. According to Section 2.2, we discuss the impact
mechanism of the ACC on EE from three perspectives: reducing
rent-seeking behavior, promoting innovation capacities, and
which help further to
understand the improvement effect of the ACC on EE.

upgrading industrial ~structure,

5.1.1 Reducing rent-seeking behavior

Rent-seeking behavior refers to seeking economic rents and
using government policies to profit without being productive, and
is involved in many corruption cases (Zhang et al., 2019). The
prepaid card is a critical indicator of rent-seeking behavior (Kong
and Qin, 2021). Prepaid cards are issued by merchants such as
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shopping malls and restaurants, and the purchase of prepaid cards
does not require the registration of personal information.
Therefore, corrupt officials are not easily detected by the
government when they use prepaid cards. The use of prepaid
cards in local shopping malls and supermarkets can reflect local
rent-seeking behavior. Also, one of the most critical features of
prepaid cards is that they lead to an increase in deferred revenue.
We determine the scope of the survey within 50 listed companies,
and collect their annual deferred revenue data. Additionally, we
regularize the deferred revenue data to annual city data, and define
the deferred revenue as the variable defer. Following Kong and Qin
(2021), we define the rent-seeking behavior as followings:

Ideferred = In(defer + 1) (4)

As shown in Column (1) of Table 6, the ACC help reduce
rent-seeking behavior by 22.3% (1°°**%), which is significant at
the 5% significance level. At the same time, we also examine the
differential impacts of anti-corruption campaign influences on
energy efficiency in local cities with different severity of rent-
seeking problems. Since 2011 is the eve of the anti-corruption
campaign, we use the median deferred revenue in 2011 as a
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TABLE 5 Substituting the explained variable.

Variables (1) (2)
lenergy_efficiencyl lenergy_efficiency2
ACC 0.061* 0.048**
(0.023) (0.022)
pgdp 0433+ ~0.048
(0.066) (0.057)
pgdp2 ~0.021%4* 0.003
(0.005) (0.004)
second_prop 0.255%%* —0.138%*
(0.058) (0.052)
Ipop 0.262 0.845%%
(0.338) (0.169)
urban -0.148 -0.005
(0.276) (0.238)
open 0.099** 0.087**
(0.045) (0.040)
edu —-0.080 -0.109
(0.108) (0.101)
Constant —9.898*** —2.662**
(2.069) (1.132)
City fixed effects Yes Yes
Time trend effects Yes Yes
Observations 2,620 2,620
R-squared 0.848 0.931
F 12.71 40.67

Note: Robust standard errors in parentheses are clustered at the city-level. **p < 0.01,
**p < 0.05, *p < 0.1

benchmark to divide the cities into a low rent-seeking group
[Column (2) of Table 6] and a high rent-seeking group
[Column (3) of Table 6]. From the results, we can conclude
that the ACC in low rent-seeking cities does not significantly
improve EE, while the ACC in high rent-seeking cities improves
EE significantly. Reducing rent-seeking behavior facilitates the
restoration of fair market competition, so that companies with
high energy consumption and low production capacity must exit
the market. Energy is more rationally allocated and less energy is
wasted, leading to improving energy efficiency (Li et al., 2020). In
addition, reducing rent-seeking behavior allows companies to
their
productivity, thus increasing energy efficiency (Guo et al.,, 2021).

focus more on improving core technology and

5.1.2 Innovation effect

Innovation has a dual purpose of fostering economic growth and
mitigating negative environmental externalities, thus improving
energy efficiency (Zhao et al, 2021). First, we use the logarithm of
municipal government’s scientific and technology expenditure as a
proportion of GDP (lfech_ex) to measure the city’s innovation
capability. The more the government spends on science and
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technology, the more innovative the city will be. Column (1) of
Table 7 shows that the ACC significantly improves the municipal
government’s scientific and technology expenditure as a proportion of
GDP. Second, we use the logarithm of the number of a city’s patent >
applications and final approvals to measure the city’s innovation
capability (He and Tian, 2013). The more the invention patents are,
the stronger the innovation (Liu and Lin, 2019). The Column (2) of
Table 7 shows that the ACC increases patents by 11% (e”'**"), which
is significant at the 1% significance level. In addition, we also examine
the impact of the ACC on the number of patents in the next year.
Column (3) shows that the ACC has a significant effect on increasing
the number of patents within the next year. As a result, the ACC
significantly increases the city’s innovation capacity. Innovative
technologies are increasingly used in production and life, reducing
the cost and consumption of energy extraction and transportation,
reducing emissions of pollution, and improving energy efficiency
(Fisher-Vanden et al.,, 2004; Wurlod and Noailly, 2018).

5.1.3 Structure effect

Additionally, the industrial structure has a considerable impact
on energy efficiency (Ang, 1994). We use the ratio of secondary to
tertiary industry to represent the industrial structure. Column (4)
of Table 7 shows that the ACC reduces the ratio by 2%, which is
significant at the 1% significance level. The secondary industry is
mostly composed of conventional industries, which cause
enormous quantities of energy consumption and pollution
emissions (Yoon and Nadvi, 2018). The tertiary sector, with its
higher concentration of high-tech and low-pollution enterprises, is
more ecologically benign in comparison (Sun and Yuan, 2015).
Thus, upgrading industrial structure often entails a reduction in
the share of secondary industry and an increase in the share of
tertiary industry (Cao et al,, 2021). The result reveals that the ACC
achieves the structure effect, thereby reducing energy consumption
and waste, and improving energy efficiency.

5.2 Heterogeneity analysis

The impact of the ACC on EE can vary from city to city due to
resource allocation, and geographic location, etc. According to the
previously constructed model, it does not show the differences
among these cities. In this paper, we divide cities into several
groups with equal number of cities according to population scale,
geographic location, fiscal expenditure, and R&D expenditure. We
generate corresponding Dummy; variables (i = 0, 1, 2, Dummy; =
0 or 1) based on different characteristics of cities. The generated

2 There are three main kinds of patents: invention patent, utility model
patent, and design patent. Considering that the design patent involves
limited technological advances, only the logarithm of invention
patents plus utility model patents plus one is taken as the patent
variable.
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TABLE 6 Reducing rent-seeking behavior.

Variables (1)
Ideferred
ACC —0.252**
(0.124)
pgdp -0.174
(0.455)
pgdp2 0.038
(0.035)
second_prop -0.534
(0.334)
lpop 2.220
(1.554)
urban 3.614**
(1.830)
open 0.034
(0.129)
edu -0.027
(0.506)
Constant —-11.200
(9.476)
City fixed effects Yes
Time trend effects Yes
Observations 2,620
R-squared 0.906
F 1.898

10.3389/fenvs.2022.1002578

@) ®3)

lenergy_efficiency lenergy_efficiency

Note: Robust standard errors in parentheses are clustered at the city-level. ***p < 0.01, **p < 0.05, *p < 0.1.

Dummy; variables are multiplied with the original ACC variable, and
we put them into the model of the baseline regression. In addition, to
avoid the dummy variable trap, we delete the ACC term in columns
(1-4) in Table 8 (Li S. et al., 2021; Shi et al., 2021). This part explores
the heterogeneous effects of the ACC on EE in different cities. We
construct the following model for the heterogeneity analysis:

InEE; = B, + 3, - ACC;; x Dummy, + 3, - ACC;; x Dummy,

+ B, - ACCyy x Dummy; + 0'X;, + y; + trend, + &,
(5)

5.2.1 Size and location

The population size and geographic location of a city also
have a significant impact on corruption and energy efficiency
(Elliott et al., 2013; Saiz and Simonsohn, 2013; Chen et al., 2018).
First, according to the population size * of urban areas, we divide

3 Big cities are defined as those with a population of more than three
million urban residents, and small and medium cities are other cities.
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0.027 0.067**
(0.029) (0.029)
0.388** 0.240%**
(0.081) (0.071)
—0.022*** —0.009*
(0.006) (0.005)
-0.024 -0.034
(0.064) (0.070)
0.499 —-0.036
(0.439) (0.253)
0.297 —-0.631
(0.295) (0.410)
0.041 0.076
(0.053) (0.050)
—-0.054 -0.113
(0.133) (0.118)
—10.086*** —6.453***
(2.728) (1.561)
Yes Yes
Yes Yes
1,310 1,310
0.861 0.875
5.102 4.705
TABLE 7 Innovation effect and structure effect.
Variables (1) 2) 3) (4)
Itech_ex Lpatent F.lpatent second_prop
ACC 0.105** 0.104** 0.058*** -0.020***
(0.047) (0.020) (0.016) (0.006)
Covariates Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes
Time trend effects  Yes Yes Yes Yes
Observations 2,610 2,358 2,096 2,620
R-squared 0.955 0.976 0.979 0.892
F 9.011 305.4 2452 13.63

Note: Robust standard errors in parentheses are clustered at the province-level. ***p <
0.01, **p < 0.05, *p < 0.1.

cities into two groups: small and medium, and big. Column (1)
shows that the effect of the ACC on EE improvement is
significant in cities of big population size, whereas it is less
pronounced in small and medium cities. Intuitively, the bigger
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TABLE 8 Heterogeneous effects.

Variables 1) 2)
lenergy_efficiency
Small&MediumxACC 0.007
(0.034)
BigxACC 0.071*
(0.024)
EastxACC -0.033
(0.031)
CentralxACC 0.094*%*
(0.031)
WestxACC 0.080*
(0.046)
Low FiscalxACC
High FiscalxACC
Low R&DxACC
High R&DxACC
City fixed effects Yes Yes
Time trend effects Yes Yes
Observations 2,620 2,620
R-squared 0.868 0.869
F 7.902 7.285

lenergy_efficiency

10.3389/fenvs.2022.1002578

(€) (4)

lenergy_efficiency lenergy_efficiency

0.017
(0.027)
0.076***
(0.026)
0.069**
(0.030)
0.020
(0.027)
Yes Yes
Yes Yes
2,620 2,610
0.868 0.867
7.930 7.975

Note: Robust standard errors in parentheses are clustered at the province-level. ***p < 0.01, **p < 0.05, *p < 0.1.

the city, the worse the corruption problem is likely to be. And the
stronger the anti-corruption campaign is likely to be in the bigger
cities. Second, according to geographical locations, we divide the
cities into three groups: eastern, central, and western regions *. As
can be seen from Column (2), the effect on EE improvement is
significant in central and western cities, whereas it is more
pronounced in central cities. The central and western regions
are more polluted than the eastern regions, and there is more
space for energy efficiency improvements. Additionally, the
central regions have a higher concentration of high-tech firms
concerned with environmental preservation than the western
regions, which is more conducive to energy efficiency
improvements.

4 Eastern regions include: Hebei, Liaoning, Jiangsu, Zhejiang, Fujian,
Guangdong, Shandong, Hainan province; Central regions include:
Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan, Hubei, Hunan
province; Western regions include: Inner Mongolia, Guangxi,
Sichuan, Guizhou, Yunnan, Xizang, Shanxi, Gansu, Qinghai, Ningxia
and Xinjiang, Tibet province.

Frontiers in Environmental Science

12

5.2.2 Fiscal expenditure and R&D expenditure
We category the cities according to their fiscal conditions, since
fiscal expenditure and R&D expenditure are critical for business
growth (Arrow, 1971; Xu and Yang, 2022). We chose fiscal
expenditures in 2011, before the anti-corruption campaign, as the
benchmark and divide the cities into two equal parts according to the
median fiscal expenditures. Similarly, we divide the cities into two
equal parts using the ratio of R&D expenditures to fiscal expenditures.
Column (3)-4) of Table 8 indicate that the improvement effect of the
ACC on EE is more pronounced in cities with high fiscal expenditures
and low R&D expenditures. After the anti-corruption campaign, the
cities with low R&D investment in the past significantly increase their
R&D expenditures, which leads to the ACC improving EE more
significantly in the cities with low R&D expenditures. Increased R&D
expenditures may boost firms’ capital investment in R&D activities,
which promotes the creation of more low-carbon, environmentally
friendly, and green advanced technologies, thus enhancing
enterprises’ innovative potential and energy efficiency (Cheng
et al, 2020; Farmer, 2022; Haider and Mishra, 2021; Zhang and
Jin, 2021). In addition, fiscal expenditures provide the necessary
conditions for greater improvements in energy efficiency. As a
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result, the ACC has a considerable beneficial influence on EE, both
statistically and economically, in cities with strong fiscal support.

6 Conclusions and discussions

In this paper, we construct a staggered DID model to explore the
impact of the anti-corruption campaign on energy efficiency in China
by using the panel data of 273 prefecture-level cities from 2010 to
2018. Our conclusions are as follows: 1) The baseline estimated results
show that the ACC significantly improve EE by 4.5%. And the
baseline findings are sufficiently robust when subjected to parallel
trend test, placebo test, excluding other policies, and substituting the
explained variable. As a result, the ACC in China not only combats
corruption and upholds social justice, but also contributes significantly
to energy efficiency and sustainable development. 2) Underlying
mechanism reveals that the ACC can improve EE by reducing
rent-seeking behavior, promoting innovation capacities, and
upgrading industrial structure. 3) As for the heterogeneous effect
of the ACC on EE, the improvement effect on EE is more pronounced
in big cities, cities located in the central, cities with high fiscal
expenditures and low R&D expenditures.

Over the past years, China’s development has been accompanied
by serious corruption and high pollution emissions. China stresses the
need to unswervingly promote the fight against corruption and
continuously achieve the strategic goal of not daring to corrupt,
not being able to corrupt and not wanting to corrupt. At the same
time, China is under tremendous pressure to achieve a carbon peak by
2030 and carbon neutrality by 2060 (Shi et al., 2022). Under these
multiple pressures, our results show that China must be tenacious in
the anti-corruption campaign, which will not only contribute to a
clean government, but also to energy efficiency for sustainable
development. The anti-corruption campaign prevents government
officials from gaining benefits by establishing ties with businesses,
leaving officials to advance and gain benefits by allocating resources
such as energy more rationally and regulating businesses more closely
to improve their own performance, all of which is conducive to
improving energy efficiency. While carrying out the anti-corruption
campaign, the government should speed up the upgrading of the
industrial structure and the construction of the innovation system.
The government should advocate for a tough crackdown on energy-
intensive industries that benefit from government protection obtained
via bribes, and increase fiscal support for new energy, big data, high-
tech and other clean industries. Additionally, the government should
vigorously promote business innovation, increase the proportion of
knowledge-intensive service industries, and fully use the “Porter
Hypothesis” innovation compensation effect (Ambec et al,, 2013).
This study may enlighten developing countries about the need of
reducing environmental pollution, improving energy efficiency, and
achieving carbon neutrality by encouraging the anti-corruption
campaign.
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Although this paper is the first to investigate the impact of the
anti-corruption campaign conducted by a central inspection team led
by the CCDI on energy efficiency at prefecture-level cities, it has
several limitations. Due to the limitation of data availability, this paper
only uses prefecture-level city data from 2010 to 2018. With latest
anti-corruption campaigns and latest available data, scholars can
further investigate the long-term effects or time-varying effects of
anti-corruption campaigns on energy efficiency. In addition, this
paper only focuses on the impact of the anti-corruption campaign
on energy efficiency, when in fact we could pay more attention to the
impact of the anti-campaign on other sustainability indicators, such as
decarbonization efficiency (Zhang et al., 2022), etc. This can give us a
more comprehensive understanding of the significance of the anti-
corruption campaign on sustainable development. At the same time,
future scholars can also focus on key emission sectors, such as the
building sector (Xiang et al, 2022), and can explore the different
impacts of the anti-corruption campaign on energy saving and
emission reduction in different industries.
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Appendix

TABLE A1l Baseline results based on the unbalanced panel.

Variables 1) (2)

lenergy_efficiency lenergy_efficiency

ACC 0.044** 0.045**
(0.021) (0.020)
pgdp 0.316**
(0.055)
pgdp2 -0.015%**
(0.004)
second_prop -0.022
(0.048)
Ipop 0.215
(0.280)
urban -0.099
(0.257)
open 0.056
(0.036)
edu -0.082
(0.091)
Constant -6.354*** -8.272%%*
(0.019) (1.731)
City Fixed effects Yes Yes
Time Trend effects Yes Yes
Observations 2,760 2,620
R-squared 0.848 0.867
F 14.63 8.676

Note: Robust standard errors in parentheses are clustered at the city-level. **p < 0.01,
**p < 0.05,*p < 0.1
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