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Abstract: In response to global warming, greenhouse gas (GHG) abatement has been one of the top
priorities of governments, and a large variety of environmental regulation policies have been imple-
mented in past decades. Using panel data from 27 OECD countries over the period of 2005–2012,
this study measures and compares the stringency level of command-and-control and market-based
environmental regulations. The differentiated impacts and indirect effects of environmental regula-
tions on GHG emissions are tested empirically. The results show that: (1) Both command-and-control
and market-based environmental regulations have effects on GHG abatement in OECD countries,
and there is a non-linear relationship between environmental regulations and GHG discharge, in
which stringent command-and-control environmental regulations and mild market-based regulation
policies are preferred; (2) Command-and-control environmental regulations reduce GHG emissions
by improving the technological level, rather than the energy consumption structure. In contrast,
market-based environmental regulations can promote GHG abatement through the intermediary
effects of both technological progress and the energy consumption structure. The findings provide
implications for OECD countries to further reduce GHG emissions.

Keywords: environmental regulations; command-and-control environmental regulations; market-
based environmental regulations; GHG emissions; OECD

1. Introduction

A continuously increasing amount of greenhouse gases (GHG) has been emitted due
to the development of global industrialization, resulting in a global crisis of climate change.
Based on the consensus of the risks of global warming, GHG abatement has been one
of the top priorities of worldwide governments. From the Kyoto Protocol in 1997 to the
Paris Agreement in 2015, considerable efforts have been made via international climate
negotiations to reduce carbon emissions and combat climate change. In the meantime,
governments have carried out various environmental regulation policies to achieve GHG
emissions reduction targets. Depending on the regulation mechanisms and constraints,
environmental regulation policies are generally divided into two types: command-and-
control environmental regulations and market-based environmental regulations [1–4].
Are both types of environmental regulations effective in reducing GHG, and what are
the specific indirect effects through which each type of environmental regulation affects
GHG abatement? Studying these issues is significant for the implementation of effective
environmental regulation policies to achieve the goal of GHG emissions reduction.

Command-and-control environmental regulations force polluters to control pollution
emissions on the strength of laws and regulations, including emissions standards, technical
standards, and compulsory measures, with relatively little flexibility [5–7]. The main
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feature associated with command-and-control policies is their coerciveness [8]. Under the
administration and supervision of government departments, polluting enterprises have to
control their pollution emissions to meet legal requirements, through production reduction
or production technology improvement. However, the polluting enterprises have no
additional incentives to further reduce pollution emissions if they do achieve the pollution
reduction target. In addition, due to information asymmetry, some enterprises may hide
their emissions information, or even discharge pollution illegally to avoid penalties [9].

Market-based environmental regulations refer to flexible instruments through which
regulatory information is reflected through market price [2,10], including environmental
taxation, emissions trading schemes, deposit return systems, etc. Market-based environ-
mental regulations are able to internalize a negative externality created by a polluting
producer. Unlike command-and-control environmental regulations, market-based envi-
ronmental regulations allow the producer to choose the extent to which this externality
is internalized. Market-based environmental regulations provide choices for polluters
to pay for the emissions or invest in pollution abatement. The polluters will choose to
reduce emissions unless the marginal cost of doing so is higher than emissions tax rates. In
addition, the polluters may consider the cost of pollution emissions in production decisions,
and have financial incentives to reduce emissions voluntarily [11].

Command-and-control and market-based environmental regulations have obvious
differences in regulation mode, compliance cost, supervision, and punishment measures.
Consequently, the two types of environmental regulations are believed to influence the
environment and economic performance differently [12]. Many scholars have discussed
the impact of command-and-control and market-based environmental regulations on
productivity [9,13], technology innovation [14], industry competitiveness [15], and so on.
However, few studies have investigated the effects of command-and-control and market-
based environmental regulations on GHG emissions and their indirect effects. In addition,
existing studies generally use a single indicator to measure environmental regulation. For
example, Tang et al. use the number of employees in the environmental protection system
as a proxy for command-and-control environmental regulations [11], and sewage charges
as a proxy for market-based environmental regulations. Different types of environmental
regulations usually include multiple policy instruments, and single indicators cannot
comprehensively reflect the real regulatory stringency.

Thus, to fill this gap, we researched the different impacts of command-and-control
and market-based environmental regulations on GHG emissions and their indirect effects,
based on panel data from OECD countries. First, we measured the stringency index of
both types of environmental regulations in OECD countries, and compared the indices
across years and countries, to analyze the level of environmental regulations in OECD
countries overall. Subsequently, the effects of command-and-control and market-based
environmental regulations on GHG emissions were tested empirically. Afterwards, the
indirect effects of each type of environmental regulation on GHG abatement were examined,
in which technological progress and energy consumption structure were the two mediating
variables considered.

Unlike previous research, the contributions of this study include three aspects. Firstly,
we divided the environmental regulations of OECD countries into command-and-control
and market-based environmental regulations and measured each type of environmental
regulations with the environmental policy stringency (EPS) index. The proxy for the strin-
gency of environmental regulations generally used in the existing literature is a single
indicator, such as pollution abatement and control expenditures (PACE) [16] or pollu-
tion abatement fees (PAF) [17,18], but there are at least seven types of environmental
regulation instruments used in OECD countries, and each instrument covers several indi-
cators. Compared to a single indicator, the EPS index is a composite indicator covering
several policy tools, which can measure the environmental regulation intensity comprehen-
sively. Secondly, we compared the differentiated influences of command-and-control and
market-based environmental regulations on GHG emissions in OECD countries, in which
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non-linear impacts are considered. The result showed that both command-and-control and
market-based environmental regulations can significantly reduce GHG emissions, but strin-
gent command-and-control environmental regulations and mild market-based regulation
policies were more effective. Thirdly, we analyzed the intermediary mechanism of environ-
mental regulations affecting GHG abatement. Specifically, we used energy efficiency and
the share of renewable energy consumption to represent technological progress and the
energy consumption structure respectively. The results revealed that command-and-control
environmental regulations primarily promoted GHG abatement through improving tech-
nological progress, rather than the energy consumption structure, whereas market-based
environmental regulations could reduce GHG emissions through the intermediary effects
of both technological progress and the energy consumption structure.

The study is arranged as follows: Section 2 provides a review of the related litera-
ture on the effects of environmental regulations on economic and environmental issues
and the impacts of different types of environmental regulations; Section 3 measures the
command-and-control and market-based environmental regulations levels of OECD coun-
tries using the EPS index; Section 4 introduces the data and methodology; Section 5 is
composed of the empirical results by dynamic panel regressions and the intermediary
effects model; Section 6 provides a summary of the research findings and discusses relevant
policy implications.

2. Literature Review
2.1. The Effects of Environmental Regulations

Throughout the development of environmental economics, the effects of environmen-
tal regulations on economic and environmental performance have remained a controversial
research topic. The relevant research mainly focuses on five aspects: energy consumption,
technological innovation, productivity (efficiency), foreign direct investment (FDI) flow,
and pollution emissions.

Regarding the influence of environmental regulations on energy consumption, a
branch of studies has revealed that environmental regulations result in the cost effect and
the “Green Paradox” effect [19]. The cost effect means that the production cost of polluting
enterprises is increased by compliance with environmental regulation policies, thus the
energy input of production decisions is accordingly adjusted. The “Green Paradox” effect
indicates that the environmental policies of promoting renewable energy will accelerate
fossil fuel consumption in the short term and correspondingly result in more pollution
emissions [20,21]. Thus, the effects of environmental regulations on energy consumption
are mediated by both the cost effect and the “Green Paradox” effect, and therefore uncertain.

Regarding the impact of environmental regulations on technological innovation, the
existing literature draws different conclusions. Investment in R&D activities of enterprises
can be correspondingly cut down, due to the compliance cost effect brought by envi-
ronmental regulations [13]. However, other scholars believe that an appropriate level of
environmental regulations may generate an “innovative offset” effect, resulting in effective
resource allocation and technical progress of enterprises, which can weaken or eliminate
the compliance cost effect [22–24].

Some research has discussed the relationship between environmental regulations and
productivity. In terms of total factor productivity, numerous scholars reveal that environ-
mental regulations exert a negative effect on the productivity growth of firms by forcing
production factors to flow from the production end to the emission-reduction end [13,25].
However, some scholars have come to the opposite conclusion [26]. In the short term,
environmental regulations were found to enhance the green total factor productivity of the
manufacturing industry in China, but the influence was weakened in the long term [27]. In
terms of energy efficiency, some scholars have found that environmental regulations can
enhance energy efficiency [21]. The mandatory building design regulations implemented
by the Hong Kong government were beneficial for saving energy [28]. However, other
scholars found different results. The implementation of environmental licensing and ban
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policies in Denmark failed to accelerate energy efficiency [29]. Therefore, the effect of
environmental regulations on productivity is still controversial.

Some researchers claim that environmental regulations can alter the flow of inter-
national capital. Environmental standards are generally more stringent in developed
countries, which effectively increases the cost of production. To avoid the additional cost
of complying with these regulations, firms shift their production to developing countries
with fewer environmental restrictions [30,31]. The pollution haven hypothesis holds that
pollution-intense production activities tend to be transferred to countries with looser en-
vironmental standards, where compliance with environmental regulations in the form of
FDI is less costly. The pollution haven hypothesis states that there is a positive relationship
between FDI inflow and environmental degradation [32]. Inversely, the halo effect hy-
pothesis states that there is a negative relationship between FDI inflow and environmental
pollution [33,34]. As such, the impact of the inflow of foreign direct investment resulting
from looser environmental regulations on the environment is uncertain.

In addition, some research has paid attention to the impacts of environmental regula-
tions on pollution emissions, and the empirical results are still inconclusive. For instance,
Jin et al. found that environmental regulations were not beneficial for the reduction of
industrial wastewater emissions in China [35]. The opposite conclusion was found by Calel
and Dechezlepretre [36], who found that emissions trading schemes mitigate carbon emis-
sions in a cost-effective, low-carbon, and innovative way. An emissions trading scheme,
as one of the market-based policies, is believed not only to reduce carbon emissions effec-
tively but also to stimulate technological development of alternative energies. Emissions
trading schemes can provide a financial incentive for regulated firms to reduce emissions
intensity through production scale adjustment or production process improvement. Zhao
et al. conclude that environmental regulations significantly promoted the use of renewable
energy in industrial enterprises, which is beneficial for CO2 abatement [37]. Guo and
Chen contend that environmental regulations have an inverted U-shaped relationship with
CO2 emissions, and that the influence of environmental regulations may change from the
“Green Paradox” effect to the “Back-forced Reduction” effect when the environmental
regulation intensity becomes stronger [38].

In conclusion, the studies on the effects of environmental regulations on energy
consumption, technological innovation, productivity (efficiency), foreign direct investment
(FDI) flow, and pollution emissions have not reached a consensus.

2.2. Different Types of Environmental Regulations

In past research on environmental regulations, a small part of the literature focuses on
the specific type of regulation policies. Different environmental regulations are designed
and implemented to address different environmental problems [39]. Thus, the impacts of
different types of environmental regulations are believed to be significantly different [9].
In general, environmental regulations are usually classified into command-and-control
environmental regulations and market-based environmental regulations.

Regarding command-and-control environmental regulations, Zhao et al. applied
a structural equation model to explore the impacts of command-and-control regulation
policies, including emissions standards, fines, supervision, environmental assessment
systems, and production technology standards [12]. The findings displayed that command-
and-control environmental regulations can significantly enhance technological innovation.
Du et al. discovered that by imposing emissions cap policies, governments could effectively
encourage enterprises to adopt low-carbon production modes [40]. Further, Du et al. found
that emissions cap policies could also significantly control the total amount of carbon
emissions of enterprises [41].

As for market-based environmental regulations, Cui et al. examined the cost-saving
effect of emissions trading schemes in China, which could reduce the CO2 emissions of
industrial enterprises [42]. The cost-saving effect in the central region was weaker than in
the eastern and western regions. Zhao et al. empirically investigated the impacts of market-
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based regulation policies on productivity and CO2 emissions, considering tax credits, CDM,
and emissions trading systems [43]. Market-based environmental regulations were found
to have a remarkable influence on efficiency improvement and CO2 abatement. Xie et al.
revealed that market-based environmental regulations measured by pollutant discharge
fees were productivity growth-friendly [9]. Market-based environmental regulations are
supposed to have high flexibility in emissions control, by allowing the polluters to select
either the timing of the adjustment or the most suitable technology solution [13].

Moreover, several studies have compared the effects of the two types of environmental
regulations, but the research conclusions are still conflicting. Some research held that, in
comparison with command-and-control environmental regulations, market-based envi-
ronmental regulation policies had the best environmental protection effect and were most
widely used [44]. Market-based environmental regulations are believed to be superior
in the reduction of production cost and the promotion of energy-saving technologies to
command-and-control environmental regulations [45]. However, other studies concluded
that command-and-control environmental regulations are irreplaceable, since the effec-
tive implementation of market-based environmental regulations depends on both a good
institutional environment and the characteristics of pollutants [46].

To sum up, the existing literature has fully discussed the effects of environmental
regulations from the perspective of energy consumption, technological innovation, and
productivity. Although the effects of environmental regulations on environmental perfor-
mance have been studied, there is still a lack of research on GHG emissions, except for
research on the EKC curve. In particular, the differentiated impacts and indirect effects
of command-and-control and market-based environmental regulations need to be further
discussed. Moreover, the existing research usually uses a single indicator or multiple
indicators to measure the stringency of environmental regulations. These indicators cannot
comprehensively reflect the real level of environmental regulation policies. Therefore,
this study measures command-and-control and market-based environmental regulations
with the environmental policy stringency (EPS) index and tries to explore the impacts and
indirect effects of each type of environmental regulation on GHG emissions using panel
data from OECD countries.

3. Command-and-Control and Market-Based Environmental Regulations in
OECD Countries

Based on the environmental policy stringency (EPS) index of OECD countries pro-
posed by Botta and Kozluk [47], we measured the stringency of command-and-control
and market-based environmental regulations respectively. The advantage of the EPS index
is the integration of various policies into one index, which is comparable across years
and countries. Compared to other available measures of different types of environmental
regulations, the credibility of the EPS index of OECD countries’ command-and-control and
market-based environmental regulation stringency has been confirmed [47,48].

The construction of the EPS index contains two main steps: (i) selection and scoring of
single instruments and (ii) aggregation of the information. The instruments included in
the analysis were selected to cover, as broadly as possible, both command-and-control and
market-based environmental policies. The scoring procedure is based on the comparison
of the stringency of each instrument against the distribution of values for the same type
of instrument across countries and time. The aggregation procedure followed a two-step
approach. First, the instrument-specific indicators (e.g., taxes on SOx, NOx, and CO2) were
aggregated into mid-level indicators according to their type (e.g., environmental taxes).
Second, the obtained mid-level indicators were grouped into the two broad categories of
command-and-control and market-based instruments.

Specifically, 15 indicators of regulation policies were classified into command-and-
control and market-based environmental regulations to score the stringency. Regulations
directed at other pollutants were also included, due to the potential substitution effects on
energy consumption and GHG abatement. Command-and-control environmental regula-
tions incorporated emissions standards and government R&D expenditure on renewable
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energy. Market-based environmental regulations included four aspects: taxes, emissions
trading schemes, feed-in tariffs, and deposit refund schemes. All the detailed indicators
and their weights that form the composite index are shown in Table 1.

Table 1. The indicators used in the composite index.

Command-and-Control
Environmental Regulations

Market-Based
Environmental Regulations

Instruments Standards
(0.5)

R&D
(0.5)

Taxes
(0.25)

Emissions
trading
schemes

(0.25)

Feed-in
Tariffs
(0.25)

DRS
(0.25)

Indicators

Emissions
Limit:
Nox
SOx
PMx

Sulfur content
Limit (Diesel)

Government
R&D expenditure

on renewable
energy

CO2
NOx
SOx

Diesel

CO2 certificate
Green

(renewable energy)
certificate

White
(Energy

efficiency)
certificate

Solar
Wind

Deposit
& Refund
Scheme:
waste

Patent reflects t. Note: The numbers in parentheses represent the weights.

The data of specific regulation policies covered 28 OECD countries for the period
1990–2015. However, there are severe missing data in most countries after 2012 and the
EPS index of Slovenia is missing from 1990 to 2007. In addition, as the Kyoto Protocol
came into effect on 16 February 2005, we chose the year 2005 as the starting year of the
sample. Therefore, referring to Wang et al. and Feng et al., this study used panel data from
27 OECD countries over the period 2005–2012, which is publicly available from OECD.Stat.
The calculated EPS indexes of both types of environmental regulations ranged from 0 to 6,
with higher numbers meaning more stringent environmental regulations [18,49].

Since the measurement of environmental regulations is comparable across countries,
the trends of command-and-control and market-based environmental regulations in 2005
and 2012 are shown in Figures 1 and 2 respectively. In terms of command-and-control
environmental regulations, the average value of OECD countries in 2012 (3.81) was greater
than that in 2005 (2.74), indicating that the level of command-and-control environmental
regulations in OECD countries became more stringent. Most OECD countries developed
more stringent regulations, of which the United States experienced the highest increase in
command-and-control environmental regulations, from 0.93 in 2005 to 1.58 in 2012, while
a few countries, including Spain and Greece, had less stringent command-and-control
environmental regulations in 2012 than in 2005.

Similarly, the average value of the market-based environmental regulations of OECD
countries in 2012 (1.85) was greater than that in 2005 (1.63). The maximum value was
2.79 (Portugal and Spain) and the minimum value was 0.08 (Mexico) in 2005, whereas
the maximum value reached 3.33 (United Kingdom) and the minimum value became
0 (Mexico) in 2012. Countries including the United Kingdom, Australia, Canada, and
Japan experienced a huge increase, while an apparent reduction can be seen in countries
including Spain, Austria, Korea, Germany, and Portugal, which reflects a significant policy
preference in OECD countries.

Comparison of the two types of environmental regulations in each country in 2012 is
shown in Figure 3. The average value of command-and-control environmental regulation
EPS (3.81) was higher than that of market-based environmental regulation EPS (1.85).
Both types of environmental regulations were more stringent than the average level in the
countries of Denmark, Netherlands, Australia, Japan, France, Switzerland, etc. All these
countries run relatively stronger welfare programs compared to the other OECD members.
By comparison, both of the two types of environmental regulations were less stringent than
the average level in countries including Belgium, Ireland, Portugal, Spain, and Turkey. It is
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worth noting that the market-based EPS index was lower than the command-and-control
EPS index in every OECD country from 2005 to 2012.
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4. Data and Methodology
4.1. Data and Sample Selection

We used panel data from 27 OECD countries over the period of 2005–2012 obtained
from OECD.Stat, omitting Chile, Estonia, Iceland, Ireland, Israel, Latvia, Luxembourg,
New Zealand, and Slovenia due to data unavailability. There are two reasons for choosing
the OECD countries as the study sample. On one hand, OECD countries are globally
representative since these countries make up a large part of the world economy. On the
other hand, OECD countries have played an important role in accelerating sustainable
development over the last 20 years, particularly in making efforts towards GHG abatement.
Exploring the different types of environmental regulations on GHG emissions of OECD
countries provides important evidence and references for other countries.

4.2. Methodology
4.2.1. Benchmark Regression Model

First, the effects of command-and-control and market-based environmental regula-
tions on GHG emissions (GHGi,t) were estimated separately. The empirical regression
models were as follows:

GHGi,t = α0 + α1GHGi,t−1 + α2CEPSi,t−1 + α4Xi,t + εi,t (1)

GHGi,t = β0 + β1GHGi,t−1 + β2MEPSi,t−1 + β4Xi,t + εi,t (2)

Considering the influence of lagged GHG emissions, the lagged dependent variable
GHGi,t−1 is included as an independent variable. As GHG emissions behaviors lag behind
the implementation of environmental regulations, the environmental regulation variable
is the exogenous variable [24]. In order to reflect the lag effect, the lagged EPS index is
treated as the independent variable. CEPSi,t−1 and MEPSi,t−1 represent command-and-
control and market-based EPS index of OECD country i in time t − 1. In addition, the
lagging treatment of environmental regulations can eliminate the simultaneity bias between
GHG emissions and environmental regulations, which may be caused by the existence
of a bidirectional causality relationship. Xi,t is a vector of the control variables. εi,t and
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εi,t are the disturbance terms. The disturbance terms are assumed to be independently
identically distributed.

4.2.2. Intermediary Effect Test

Subsequently, we investigated the indirect effects of environmental regulations on
GHG emissions through intermediary effects. Environmental regulations mainly influ-
ence environmental performance through technological progress and the improvement
of energy consumption structure [50]. As the main source of GHG emissions is fossil fuel
consumption (mainly coal, oil, and natural gas), we used energy efficiency and the share of
renewable energy consumption to represent technological progress and improvement of
the energy consumption structure respectively [51].

On the basis of the model proposed by [52], we constructed the intermediary effect
model as follows:

Wi,t = γ0 + γ1Wi,t−1 + γ2CEPSi,t−1 + γ3Xi,t + ϑi,t (3)

Wi,t = δ0 + δ1Wi,t−1 + δ2MEPSi,t−1 + δ3Xi,t + σi,t (4)

GHGi,t = θ0 + θ1GHGi,t−1 + θ2CEPSi,t−1 + θ3Wi,t + θ4Xi,t + µi,t (5)

GHGi,t = ϕ0 + ϕ1GHGi,t−1 + ϕ2MEPSi,t−1 + ϕ3Wi,t + ϕ4Xi,t + τi,t (6)

where Wi,t represents the mediating variables. ϑi,t, σi,t, µi,t and τi,t are the disturbance
terms. The disturbance terms are assumed to be independently identically distributed.
Similarly, we used the dynamic panel regression method.

Combined with Equations (1) and (2), the mediating effect model could test whether
different types of environmental regulation can affect GHG emissions reduction through
mediating variables Wi,t [53]. For example, for the command-and-control environmental
regulations, the process consists of four steps: Firstly, examine the significance of the
coefficient α2. If the estimated coefficient α2 is significant, an intermediary effect may
exist, and continue the process. Secondly, examine the significance of the coefficient γ2
and θ3. If both of the estimated coefficients are significant, an intermediary effect exists;
continue the process. If there is at least one estimated coefficient that is not significant,
then conduct the Sobel test in the fourth step. Thirdly, determine the type of intermediary
effect. If the estimated coefficient θ2 is not significant, it indicates a complete intermediary
effect; regulations can affect GHG emissions only through the mediating variable. If θ2 is
significant, it reflects a partial intermediary effect; regulations can affect GHG emissions
partly through the mediating variable. Fourthly, conduct the Sobel test. The Sobel test is a
method to verify whether an intermediary effect is significant [54]. The statistical value of
the test is

Z = γ2θ3/
√

γ2
2S2

θ3
+ θ2

3S2
γ2

, (7)

where Sγ2 and Sθ3 are the standard deviations of γ2 and θ3 respectively. If the statistical
value is significant, the intermediary effect exists. Otherwise, the intermediary effect does
not exist. Based on the existing literature, 0.97 was treated as the critical value of the Sobel
test [55].

4.3. Variables

The dependent variable (GHG) is GHG emissions (metric tons) per capita of each
OECD country, which was obtained from OECD.Stat.

The independent variables are the stringency level of command-and-control environ-
mental regulations (CEPS) and market-based environmental regulations (MEPS), which
were measured by the EPS index.

The mediating variables Wi,t contain energy efficiency and renewable energy con-
sumption. (1) Energy efficiency (EE): We used the economic output of per unit energy
consumption, in constant 2000 USD, to measure energy efficiency as the level of techno-
logical progress. (2) Renewable energy consumption (REC): We used the proportion of
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renewable energy in the total final energy consumption to present the energy consumption
structure. The data of renewable energy consumption and % of total final energy con-
sumption were obtained from the World Bank. The indirect effects of the two mediating
variables were examined separately.

Referring to Yin et al. and Wang et al., we added several control variables including
GDP per capita, industry share, and export share (see Table 2), which are all main factors
influencing changes in GHG emissions [24,56]. Specifically, GDP is the real gross domestic
product per capita (constant 2000 USD), IS is the industrial value added (% of GDP), and
ES is the exports of goods and services (% of GDP). Table 3 summarizes the descriptive
statistics of the variables used in the regression.

Table 2. Variables’ definitions and specifications.

Type Variable Notation Specification

Dependent variable GHG emissions GHG GHG emissions (metric tons) per capita

Independent variables Command-and-control
environmental regulations CEPS The command-and-control environmental

policy stringency index
Market-based

environmental regulations MEPS The market-based
environmental policy stringency index

Mediating
variables

Technological progress: Energy
efficiency EE The economic output of per unit energy

consumption, in constant 2000 US$
Energy consumption structure:

Renewable energy consumption REC The proportion of renewable energy in total
final energy consumption

Control
variables Economic development GDP The real gross domestic product per capita, in

constant 2000 US$
Industrial value added IS The industrial value added (% of GDP)

Export scale ES The exports of goods and services (% of GDP)

Table 3. Descriptive statistics of the variables.

Variable Unit Mean Min Max Std.dev

GHG in metric tons per capita 11.463 4.9 25.86 4.846
CEPS - 3.277 1.25 5.5 0.981
MEPS - 1.841 0 3.983 0.760

EE US dollar per 000 tons of oil equivalent 24.534 6.911 223.032 38.764
REC % 14.796 0.873 58.592 13.266
GDP 10,000 US dollar per capita 3.945 1.627 6.304 1.174

IS % 25.860 13.682 40.268 5.374
ES % 99.928 1.748 765.691 154.864

5. Empirical Results
5.1. The Impacts of Command-and-Control and Market-Based Environmental Regulations

The system GMM method was applied to estimate the dynamic panel model of
Equations (1) and (2), which can solve the endogeneity problem effectively by involving
lagged terms of regressors as instrument variables. For each regression, we examined
the specification of the equation with the Arellano–Bond test for first and second order
autocorrelations and verified that there was no second order autocorrelation in the residuals
of the specification. Moreover, the Hansen test of over-identifying restrictions provided no
evidence to reject the validity of the instruments (p value > 0.05). The estimated results of
the influence of the command-and-control and market-based environmental regulations
are listed in Tables 4 and 5 respectively. As expected, the estimated coefficients of lagged
GHG were significantly positive.
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Table 4. The estimated results of command-and-control environmental regulations.

Variables Model 1 Model 2 Model 3 Model 4

GHGt − 1
0.9203 ***
(0.0111)

0.9226 ***
(0.0096)

0.9103 ***
(.0051)

0.9208 ***
(0.0188)

CEPSt − 1
−0.0533 ***

(0.0184)
−0.0228 *
(0.0127)

0.2726 ***
(0.0594)

2.0995 ***
(0.3741)

CEPSt − 1
2 −0.0446 ***

(0.0081)
−0.2938 ***

(0.0456)

GDP 0.0047
(0.0491)

−0.1932 *
(0.1076)

IS 0.0389 ***
(0.0065)

0.0860 ***
(0.0104)

ES −0.0002 ***
(0.0001)

0.0002
(0.0002)

Constant 0.8735 ***
(0.1867)

−0.2538
(0.2129)

0.4409 ***
(0.1172)

−4.2521 ***
(0.6313)

Diagnostic tests Statistic p Statistic p Statistic p Statistic p

AR(1)test −3.64 0.000 −3.60 0.000 −3.65 0.000 −3.46 0.001
AR(2)test −0.24 0.811 −0.29 0.770 −0.21 0.835 −0.11 0.913
Hasen test 26.50 0.741 21.69 0.865 26.31 0.391 23.93 0.732

Note: *, **, and *** denote that the coefficients are significant at the 10%, 5%, and 1% levels, separately. Standard
errors are presented in parentheses.

Table 5. The estimated results of market-based environmental regulations.

Variables Model 5 Model 6 Model 7 Model 8

GHGt − 1
0.9515 ***
(0.0027)

0.9853 ***
(0.0030)

0.9604 ***
(0.0015)

0.9920 ***
(0.0093)

MEPSt − 1
−0.0566 ***

(0.0042)
−0.0219 **

(0.0091)
−1.1903 ***

(0.1535)
−0.7042 ***

(0.2254)

MEPSt − 1
2 0.3437 ***

(0.0457)
0.2091 ***
(0.0638)

GDP −0.1053 ***
(0.0216)

−0.1040 ***
(0.0307)

IS 0.0162 ***
(0.0022)

0.0175 ***
(0.0038)

ES −0.0011 ***
(0.0001)

−0.0009 ***
(0.0002)

Constant 0.4487 ***
(0.0343)

0.1048
(0.1527)

1.0728 ***
(0.1153)

0.4000
(0.3361)

Diagnostic tests Statistic p Statistic p Statistic p Statistic p

AR(1)test −3.64 0.000 −3.66 0.000 −3.48 0.001 −3.61 0.000
AR(2)test −0.36 0.717 −0.20 0.843 −0.35 0.725 −0.19 0.846
Hasen test 26.60 0.323 22.26 0.445 24.64 0.369 23.95 0.295

Note: *, **, and *** denote that the coefficients are significant at the 10%, 5%, and 1% levels, separately. Standard
errors are presented in parentheses.

In models 1 and 2, the estimated coefficients of command-and-control environmental
regulations were significantly negative, implying that command-and-control environmen-
tal regulations reduce GHG emissions. Command-and-control environmental regulations
force the polluting enterprises to reduce GHG emissions by setting a series of emissions
standards with severe penalties for violations. Thus, the emissions cost brought by the
command-and-control environmental regulations is higher than the emissions abatement
cost for enterprises. Enterprises consequently take actions to reduce GHG emissions in
production. In addition, government expenditure on R&D activities of renewable energy
is beneficial for clean energy consumption and carbon abatement. To examine the non-
linear relationship between command-and-control environmental regulations and GHG
emissions, an additional square of the command-and-control regulation EPS is included in
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models 3 and 4. The impact of command-and-control environmental regulations presented
an inverted U-shape, reflecting that only when the stringency of environmental regulations
exceeds a certain level would command-and-control regulations take effect on GHG abate-
ment. When the stringency of command-and-control environmental regulations is above a
certain level, the compliance cost becomes higher to stimulate emissions control measures.

In model 5 and 6, the estimated coefficients of market-based environmental regula-
tions were significantly negative, implying that market-based environmental regulations
also effectively promote GHG abatement. Paying environmental taxes for GHG discharge
or trading with emissions rights brings in compliance costs and financial incentives for pol-
luting enterprises. Consequently, enterprises have motivations to reduce GHG emissions
voluntarily, to pay less for discharge, or to sell the emissions rights for cost compensation.
Furthermore, a square of the market-based regulation EPS is included in models 7 and
8. The market-based regulations had a U-shaped impact on GHG emissions, indicating
that mild market-based regulations can promote GHG abatement. Compared to command-
and-control environmental regulations, stringent market-based environmental regulations
require a perfect market environment, and the regulatory way leads to the relative mildness
of market-based regulations. Therefore, the estimated results of non-linear impacts imply
that stringent command-and-control and mild market-based environmental regulations
are preferred. This is possibly the reason why the command-and-control EPS index was
greater than the market-based EPS index in every OECD country.

Regarding the control variables, the coefficients of GDP were significantly negative,
which means that countries with high levels of economic development have realized indus-
trialization with fewer GHG emissions. The estimated coefficient of IS was significantly
positive, implying that countries with heavy industry have a more serious problem of GHG
emissions in the industrialization process, while ES was negatively associated with GHG
emissions, meaning that exports do not lead to massive GHG emissions.

5.2. The Indirect Effects of Command-and-Control Environmental Regulations

To investigate the indirect effects of command-and-control environmental regulations,
Equations (3) and (5) were estimated by the system GMM method. The estimation results
are shown in Table 6. Models 9 and 10 are the results of the intermediary effects of
energy efficiency. The estimated coefficient of CEPSt−1 in model 9 was significantly
positive, and the estimated coefficient of EE in model 10 was significantly negative. This
means that command-and-control environmental regulations can reduce GHG emissions
by promoting energy efficiency. The innovation offset effect stimulated by command-and-
control environmental regulations was stronger than the compliance cost effect, thereby
improving the technological level. Polluting enterprises were forced to improve production
technology by the administrative controls, to reduce GHG emissions through less energy
consumption [7,57].

Models 11 and 12 are the results of the intermediary effects of renewable energy
consumption. Both the estimated coefficients of CEPSt−1 in model 11 and REC in model
12 were significantly negative, meaning that the implementation of command-and-control
environmental regulations promoted a proportion of fossil fuels consumption, rather than
renewable energy, which was not conducive to GHG abatement. There appear to be two
main reasons for that. On one hand, the technological progress brought by command-
and-control environmental regulations aims at improving production efficiency, instead of
the production process. The adjustment of the energy structure and production process
implies additional costs for enterprises. On the other hand, the “Green Paradox” explains
that against the background of promoting renewable energy development by governments,
fossil fuel suppliers will increase output and correspondingly decrease energy price with
the expectation of a future energy market. Consequently, industrial enterprises are more
likely to increase their consumption ratio of fossil fuels.
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Table 6. The indirect effects of command-and-control regulations.

Variables
Model 9 Model 10 Model 11 Model 12

EE GHG REC GHG

GHGt − 1
0.9639 ***
(0.0057)

0.9687 ***
(0.0053)

CEPSt − 1
1.3121 ***
(0.0458)

−0.0852 ***
(0.0205)

−0.1286 **
(0.0634)

−0.0878 ***
(0.0165)

EEt − 1
1.0224 ***
(0.0014)

EE −0.0024 ***
(0.0009)

RECt − 1
0.9044 ***
(0.0140)

REC −0.0034 **
(0.0014)

GDPpc
−1.1172 ***

(0.0899)
−0.0255
(0.0610)

−1.2417 ***
(0.1697)

−0.0065
(0.0203)

IS 0.1249 ***
(0.0148)

−0.0114
(0.0101)

−0.3844 ***
(0.0320)

0.0178 ***
(0.0017)

ES −0.0150 ***
(0.0005)

−0.0003 **
(0.0001)

0.0104 ***
(0.0026)

−0.0002 ***
(0.0001)

Constant −1.9584 ***
(0.2619)

0.9562 ***
(0.2590)

16.3247 ***
(1.3331)

0.0684
(0.1305)

Diagnostic tests Statistic p Statistic p Statistic p Statistic p

AR(1)test −3.62 0.000 −3.64 0.000 −2.73 0.006 −3.66 0.000
AR(2)test −0.50 0.615 −0.21 0.835 −1.27 0.203 −0.25 0.805
Hasen test 24.91 0.683 22.63 0.996 21.18 0.853 24.73 0.310

Note: *, **, and *** denote that the coefficients are significant at the 10%, 5%, and 1% levels, separately. Standard
errors are presented in parentheses.

Hence, the implementation of command-and-control environmental regulations in
OECD countries showed effects on GHG abatement directly and had positive effects with
a relatively stringent level. Indirectly, command-and-control environmental regulations
reduced GHG emissions by improving energy efficiency. For OECD countries, the relatively
stringent command-and-control regulations stimulated technological progress in industrial
production but were not effective in energy replacement. The impacts and indirect effects
of command-and-control environmental regulations are displayed in Figure 4.
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5.3. The Indirect Effects of Market-Based Environmental Regulations

Similarly, Equations (4) and (6) were estimated and the estimation results of the indirect
effects of market-based environmental regulations are presented in Table 7. Models 13 and
14 are the results of the intermediary effects of energy efficiency. The estimated coefficient
of MEPSt−1 in model 13 was significantly positive, while the estimated coefficient of EE in
model 14 was not significant. Since only one of the two coefficients was significant, the Sobel
test was conducted. The absolute value of Z-statistics in the Sobel test (−1.0) was higher
than the critical value (|Z| > 0.97), indicating that intermediary effects exist. Market-based
environmental regulations could effectively reduce GHG emissions through increased
energy efficiency and technological progress in industrial production, which was caused
by the innovation offset effect stimulated by market-based regulations. Enterprises were
inspired to invest in technological innovation by the financial incentives of market-based
environmental regulations, such as emissions trading schemes and environmental taxes.

Table 7. The indirect effects of market-based regulations.

Variables
Model 13 Model 14 Model 15 Model 16

EE GHG REC GHG

GHGt − 1
0.9690 ***
(0.0032)

0.9696 ***
(0.0033)

MEPSt − 1
0.9221 ***
(0.0865)

−0.0906 ***
(0.0144)

0.5643 ***
(0.0676)

−0.0775 ***
(0.0140)

EEt−1
1.0115 ***
(0.0007)

EE −0.0005
(0.0004)

RECt−1
0.8953 ***
(0.0202)

REC −0.0033 **
(0.0015)

GDP −0.5797 ***
(0.0841)

−0.0207 **
(0.0103)

−1.4789 ***
(0.1654)

−0.0371 ***
(0.0132)

IS 0.0339 ***
(0.0099)

0.0112 ***
(0.0018)

−0.3605 ***
(0.0513)

0.0147 ***
(0.0010)

ES −0.0122 ***
(0.0003)

−0.0004 ***
(0.00003)

0.0073 **
(0.0033)

−0.0004 ***
(0.00002)

Constant 0.9009 ***
(0.2825)

0.1465 **
(0.0700)

15.4325 ***
(1.9817)

0.1245
(0.0825)

Diagnostic tests Statistic p Statistic p Statistic p Statistic p

AR(1)test −3.64 0.000 −3.65 0.000 −2.82 0.005 −3.65 0.000
AR(2)test −0.51 0.613 −0.43 0.667 −1.36 0.175 −0.39 0.693
Hasen test 25.25 0.665 21.56 0.486 19.68 0.903 21.88 0.467

Note: *, **, and *** denote that the coefficients are significant at the 10%, 5%, and 1% levels, separately. Standard
errors are presented in parentheses.

Models 15 and 16 show the results of the intermediary effects of renewable energy
consumption. The estimated coefficient of MEPSt−1 in model 15 was significantly positive
and the estimated coefficient of REC in model 16 was significantly negative, which indi-
cates that the market-based environmental regulations could promote GHG abatement by
increasing the consumption of renewable energy. Motivated by the financial benefits from
GHG abatement, the polluting enterprises reduced emissions by all means. Along with
technological progress, the improvement of the energy consumption structure through
increasing renewable energy consumption could also achieve the goal of GHG abatement
in industrial production.

Therefore, the implementation of mild market-based environmental regulations in
OECD countries not only reduced GHG emissions directly but also had indirect impacts
through both the mechanisms of energy efficiency and renewable energy consumption
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(See Figure 5). Compared to command-and-control regulations, market-based regula-
tions were relatively mild in OECD countries and more flexible with financial incen-
tives. Consequently, polluting enterprises were inspired to reduce GHG emissions by all
means, despite the additional cost of technological innovation and energy substitution in
industrial production.
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6. Conclusions and Implications

Under the threat of climate change, a series of environmental regulation policies have
been implemented to reduce GHG emissions. Existing studies have discussed the effects of
environmental regulations on economic and environmental performance. As one of the
most influential organizations all around the world, OECD countries have played a key
role in green growth over the past few decades. However, research is still insufficient on the
impacts and specific mechanism of environmental regulations on GHG emissions in OECD
countries, especially considering the differentiated impacts between command-and-control
regulations and market-based regulations.

Employing panel data from 27 OECD countries over the period of 2005–2012, this
study investigated the differentiated impacts of environmental regulations on GHG emis-
sions and explored the intermediary effects of technological progress and energy consump-
tion structure. Specifically, we divided environmental regulations into command-and-
control and market-based environmental regulations and measured the stringency indices
of each type of regulation, based on Botta’s and Kozluk’s approach [47]. With an increasing
trend of environmental regulation levels in OECD countries, the command-and-control
EPS index was greater than the market-based EPS index in each country. Based on the
system GMM method, the direct impacts and indirect effects of command-and-control and
market-based environmental regulations were investigated in empirical research. The main
findings and conclusions are as follows:

First, both the command-and-control and market-based environmental regulations
showed effects on GHG abatement in OECD countries, and there existed a non-linear
relationship between environmental regulations and GHG emissions, in which stringent
command-and-control and mild market-based environmental regulations were preferred.
Second, command-and-control environmental regulations promoted GHG abatement
through improving technological progress, rather than the energy consumption struc-
ture. Command-and-control regulations adopt mandatory measures and stimulate the
innovation offset effect, which eliminates the compliance cost effect and promotes techno-
logical progress. Third, the implementation of market-based environmental regulations
reduced GHG emissions through both the intermediary effects of technological progress
and the energy consumption structure. Motivated by the financial incentives of market-
based environmental regulations, not only technological progress in improving energy
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efficiency but also structural change in increasing renewable energy consumption was
achieved in industrial production.

These findings suggest that market-based environmental regulations can be considered
a Pareto improvement over command-and-control environmental regulations. Command-
and-control environmental regulations can make rapid and measurable improvements
in environmental performance, but they have higher requirements for government su-
pervision and higher cost of implementation. In contrast, market-based environmental
regulations give firms many options, inspiring polluters to reduce emissions levels. How-
ever, there are also some limitations to market-based environmental regulations. When
the market system is imperfect, the market-based environmental regulations are unable
to work effectively. In addition, there is a time lag in the response of regulated firms to
market-based environmental regulations, and it takes time for market-based environmental
regulations to take effect.

On account of the results of this study, relevant policy recommendations for OECD
countries are proposed. Firstly, various environmental regulation policies of one coun-
try need to be well-designed and combined to achieve GHG emissions reduction. Both
command-and-control and market-based environmental regulations should be promoted,
since both types of environmental regulations are effective means to reduce GHG emissions.
A reasonable stringency level of the command-and-control and market-based environmen-
tal regulations is required. Comparatively, it is preferred to implement more stringent
command-and-control regulations and milder market-based regulations. Secondly, some
supporting measures to stimulate renewable energy consumption in industrial enter-
prises are necessary. Although both types of environmental regulations can stimulate
the innovation offset effects, command-and-control environmental regulations increase
fossil fuel consumption rather than renewable energy consumption due to the “Green
Paradox”. To optimize the energy consumption structure of the industrial sector, energy
policies on renewable energy industry development and fossil fuel restriction should be
further advocated.
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