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Abstract
Emission trading system is a significant market-based environmental regulation tool worldwide. This study fills existing knowl-
edge gap on whether ETSs have “weak” and “strong” version of Porter hypothesis effects in China, by examining the effects of
the Chinese SO2 emission trading on corporate innovation and productivity. Using the micro-data of domestic-listed manufactur-
ing companies from 2004 to 2015, this study regarded China’s SO2 emission trading system as a quasi-natural experiment by
applying a difference-in-difference framework to eliminate endogenous problems. It was found that the SO2 emission trading
system significantly promoted corporate innovation but did not have a significant effect on corporate productivity. The cause
analysis showed that suboptimal institutional context and lack of corporate dynamic response led to the failure of strong Porter
hypothesis effect. In addition, small- and medium-sized enterprises and non-state-owned enterprises gained greater innovation
compensation effects of the emission trading system. This research believed that, the design, institutional context, and market
incentives of emission trading systems need to be improved from the top down, to achieve the dual goal of environmental
sustainability and economic growth.
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Introduction

Emission trading systems (ETSs) are market-based environ-
mental regulation tools worldwide, which are of great

significance for promoting cleaner production and sustainable
development. The first SO2 ETSwas implemented in the USA
in 1990, when the US Congress passed the Clean Air Act
Amendment (Schmalensee and Stavins 2013). With the accel-
eration of industrialization and economic growth, China’s en-
ergy consumption and SO2 emissions have become enormous
environmental challenges (Zeng et al. 2019; Tan et al. 2017),
and SO2 ETS was introduced in 2007 to reduce pollution and
help internalize the cost of public pollution control. In 2005,
total emissions reached 22.35 million tons, making China the
largest SO2 emitter worldwide at that time (Su et al. 2011). By
2016, China’s industrial SO2 emissions had fallen by 26%
compared with 2005 levels, and India surpassed China as
the country with the highest SO2 emissions (Li et al. 2017).
In the process of SO2 pollution control, China has implement-
ed a series of environmental policies (Streets and Waldhoff
2000; Hao et al. 2007; Zhang 2007; Schreifels et al. 2012;
Tian et al. 2013; Zhang et al. 2019). How does the implemen-
tation of SO2 ETS environmental policy affect the economy,
and specifically, what effect does it have on corporate innova-
tion and productivity? More importantly, through which
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micro-channels will SO2 ETS affect corporate innovation and
productivity? Unfortunately, few literatures have discussed
these. Questions have been raised if, in addition to reducing
air pollution, SO2 ETS can promote win-win situations for the
environment and the economy.

This study focuses on how SO2 ETSs affect corporate
innovation and total factor productivity, followed by
cause analysis and heterogeneity analysis. According to
the Porter hypothesis (PH) (Porter 1991; Porter and van
der Linde 1995), environmental regulations can generate
incentives for innovation and efficiency, which may help
increase the productivity of companies. Jaffe and Palmer
(1997) further referred to a “weak” PH, if environmental
regulations only lead to innovations, and a strong PH, if
environmental policies promote productivity improvements
in companies. China launched a pilot SO2 ETS program in
11 provinces (Fig. 1) in 2007; this study used the 2007 SO2

ETS pilot program as a quasi-natural experiment, to evalu-
ate whether the economic outcomes of ETSs in China cor-
respond to a weak or a strong version of the PH. For this
purpose, micro-economic data from China’s domestic-
listed companies from 2004 to 2015 were analyzed, using
a difference-in-difference (DID) method, to estimate the ef-
fects of the ETS on innovation and total factor productivity
of these companies. More importantly, the difference-in-
difference-in-difference (DDD)method was used to analyze
the causes of ETS effects. This is essential for optimizing
ETSs and improving the corporate competitiveness under
environmental regulation. Finally, the study explores prac-
tical challenges faced by ETSs, which can provide impor-
tant guidance for China and other countries to fully imple-
ment similar market-based mechanisms.

The marginal contribution of this study is as follows: First,
this study fills the gap in the research of micro-economic
effects of SO2 ETS environmental regulation. To our knowl-
edge, studies on emission trading are rare. Most of previous
studies did not distinguish among different tools of environ-
mental regulations. Instead, government environmental ex-
penditures (Li and Wu 2017; Hua et al. 2018; Huang 2018),
administrative measures, regulatory objectives (Davies et al.
2014; Chen et al. 2018; Shi and Xu 2018), environmental
subsidies (Schreifels et al. 2012; Liu et al. 2016), and com-
pound indicators (Zhao and Sun 2016; Albrizio et al. 2017)
were used to measure the effects of environmental regulation,
which is not conducive to observing the economic effects of
ETSs. Besides, most of the research on ETSs aimed to deter-
mine their environmental regulation effects at macroeconomic
level, such as among entire regions or industry sectors (Jiang
et al. 2016). Jiang et al. (2016) examined the differences in
SO2 emissions, emission reduction potentials, and abatement
costs between 32 regions of China. In addition, they analyzed
policy challenges, such as justice issues and proposed cost-
effective pollution control strategies at regional scales.

Second, we studied the relationship between the emission
trading system, innovation, and productivity, which is a retest
of the weak version and the strong version of PH in China. As
a market-based mechanism, ETSs provide businesses with
greater flexibility in implementing emission reduction strate-
gies (Albrizio et al. 2017). Because the implementation of
ETSs provides clear market price signals, and enterprises
can store surplus emission indicators for later use or paid sales
to obtain economic benefits, ETSs bring continuous dynamic
economic incentives for innovation and productivity improve-
ment of enterprises. Thus, ETSs not only enable enterprises to

Fig. 1 Provinces implementing
the SO2 ETS
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reduce pollution at the lowest cost but are also likely to pro-
mote innovation and productivity. Several studies have con-
firmed that environmental regulation can promote innovations
(Jaffe and Palmer 1997; Levinson and Taylor 2008; Botta and
Kozluk 2014; Ramanathan et al. 2017), but less is known
about the effects of ETSs on innovation and productivity in
companies. Our study attempted to answer the question of
whether the emission trading can achieve the weak version
and the strong version of PH effects and explore the practical
challenges it faces.

Third, compared with the existing literature, this
study solved the possible endogenous problems of ETS
policy to a greater extent and used a more scientific
method to measure the enterprise’s total factor produc-
tivity. First of all, the DID method used in this study
can effectively avoid the endogenous problems caused
by environmental regulations such as environmental pol-
lution expenditure, sewage charges, pollution reduction,
and other indicators (Cai et al. 2016); secondly, we use
DDD method to fully consider the causes of the insti-
tutional context and corporate dynamic responses to the
empirical results; thirdly, different from the previous lit-
erature using the simple indicators such as profit mar-
gin, ROA (Zhao and Sun 2016; Yuan et al. 2017; Qiu
et al. 2018) to test the strong version of PH, this article
uses the most forefront Levinsohn-Petrin’s (LP) semi-
parametric method (Levinsohn and Petrin 2003) to mea-
sure enterprise total factor productivity to test the strong
version of PH.

The content of the paper is organized as follows: the
second part is the policy background, literature review
and theoretical analysis; the third part covers the
methods, which is the empirical strategy, including
model setting, variable measurement and data process-
ing; the fourth part is the empirical result analysis, in-
cluding the analysis of the baseline estimation results
and robustness test; the fifth part is cause analysis; the
sixth part is heterogeneity analysis; and the last part is
research conclusion and policy implications.

Policy background, literature review,
and theoretical analysis

Policy background

In order to control pollution, the Chinese government has
implemented a series of environmental policies since the
1980s (Fig. 2). The Chinese government began to impose
charges on industrial waste water, gas emissions, and solid
waste in 1982. In 1988, the Air Pollution Prevention and
Control Act was implemented. In 1998, the State Council
approved the implementation of the “Two Control Zones”

policy, which delineates SO2 and acid rain control zones
and establishes targets for SO2 emissions. In this early
stage, the environmental policies of the Chinese govern-
ment mainly consisted in command-and-control regulations
and in a method referred to as “closing, stopping, merging,
and transferring” which forced enterprises to either achieve
environmental compliance or be shut down. This authori-
tarian approach may limit the motivation of enterprises and
minimizes the flexibility of pollution control measures. In
early 2000, the central government began to explore
market-based environmental mechanisms. In 2002, a limited
SO2 ETS was launched for the first time within the power
industry. In 2003, the “Regulations on the Collection and
Use of Sewage Charges” was implemented. In 2007, the
SO2 ETS pilot program was officially launched, including
the 11 provinces of Jiangsu, Tianjin, Zhejiang, Hebei,
Shanxi, Chongqing, Hubei, Shaanxi, Inner Mongolia,
Hunan, and Henan. It involved the steel, cement, glass,
chemical, mining, and other industries. In 2017, the SO2

ETS was extended to the entire country. In 2018, the sew-
age charge system was abolished, and instead, an environ-
mental protection tax was levied. Recently, ETSs have be-
come an important means of controlling pollution and
protecting the environment in China. Their introduction also
marked a shift from command and control to more market-
oriented mechanisms. Whereas the carbon ETS has only
been launched recently, the SO2 ETS has been implement-
ed in China for more than 10 years and can serve as a
model for studying this approach to control pollution.

The 11 pilot provinces have successively established
emission trading centers, operational emission markets,
and regulations. SO2 ETS has forced emitters to install
pollution control devices, change the fuel mix used by
the facilities, or reduce the scale of operations, in order
to achieve the goal of a cleaner and profitable produc-
tion. In 2014, the General Office of the State Council
issued the “Guide on Further Promoting the Pilot Work
of Paid Use and Transaction of Emission Permits” and
determined that the SO2 ETS will be rolled out nation-
wide in 2017. The SO2 ETS is implemented with the
cooperation of government institutions in administrative
hierarchies. To date, the ETS pilot has achieved remark-
able results. By 2012, all pilot areas had completed the
establishment of provincial or municipal emission trad-
ing centers, and several areas had introduced manage-
ment systems for emission trading. According to the
local emission trading centers, the amount of transac-
tions totaled nearly 4 billion yuan between 2007 and
2013. According to the China Environmental Statistics
Yearbook, SO2 emissions in the pilot provinces declined
significantly in 2007 (Fig. 3). Total SO2 emissions in
the 11 pilot provinces decreased by 32.2%, from 10.63
million tons in 2006 to 7.19 million tons in 2015.
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Literature review

Environmental regulation and corporate innovation

The literature on environmental regulation and corporate
innovation dates back to the early 1970s, while empiri-
cal research did not emerge until the mid-1990s. Some
scholars have studied from a static perspective and be-
lieved that environmental regulation increased the tax
burden and management costs of enterprises, reduced
the competitiveness of enterprises, and is not conducive
to corporate innovation (Jaffe and Stavins 1995);
However, Porter’s analysis from a dynamic perspective
found that designing a reasonable environmental regula-
tion policy can provide enterprises with information and
motivation for technological innovation, which will have

an “innovation compensation effect” in the long run,
increase the international competitiveness of their prod-
ucts, and thus achieve “win-win” between environmental
regulation and technological innovation (Porter and Van
der Linde 1995). The Porter hypothesis has attracted
widespread attention from scholars. Since then, scholars
have empirically tested it from different time dimen-
sions, econometric analysis methods and variable de-
sign, and most scholars believe that environmental reg-
ulation is conducive to technological innovation of en-
terprises (Ellerman et al. 2000; Keohane 2003; Carlson
and Hites 2004; Schmalensee and Stavins 2013).
Hamamoto (2006) and Yang et al. (2012) demonstrated
that environmental regulation can promote innovation in
manufacturing companies in Japan and Taiwan,
respectively.
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Charging system for excessive discharge

Exploration of SO2 Emission Trading Policy

SO2 emission trading policy pilot

SO2 emission trading policy
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Fig. 2 Timeline of environmental regulations in China

Fig. 3 SO2 emissions in ETS
provinces and non-ETS provinces
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Environmental regulation and corporate productivity

The relationship between environmental regulation and cor-
porate productivity has been controversial in academia.
According to neoclassical economics, environmental policies
increase the additional burden on enterprises, which will cause
resources to shift from traditional “production” uses to “pol-
lution control” uses (Gray 1987). Other scholars have come to
a similar conclusion. Barbera andMcConnell (1990) and Gray
and Shadbegian (2003) found that the impact of command-
and-control environmental regulation on the US manufactur-
ing industry’s total factor productivity was negative. Lanoie
et al. (2008) found that strict environmental regulations in
Quebec, Canada had a short-term negative impact on produc-
tivity. Against this, economists represented by Porter have
raised objections. Porter and Van der Linde (1995) proposed
through a case study that the influential Porter hypothesis that
strict and flexible environmental regulations can generate
higher productivity through innovation incentives, efficiency
improvements, and internal redistribution. The Porter
hypothesis is supported by many scholars. Testa et al. (2011)
confirmed that under the more flexible environmental regula-
tions in the EU’s construction industry, companies’ R&D in-
vestment has increased significantly, thereby increasing their
productivity. Franco and Marin (2017) found that environ-
mental taxes had a positive impact on the productivity of
European countries in the early 2000s. However, some evi-
dence from recent research shows that the effects of environ-
mental regulation on enterprise productivity have mostly been
not significant (Kozluk and Zipperer 2014; Cohen and Tubb
2015). Rubashkina et al. (2015) found that industrial produc-
tivity did not improve for 17 European manufacturing sectors,
although corporate patents increased. Albrizio et al. (2017)
studied the impact of environmental policy stringency in
OECD countries on industry and enterprise productivity
growth, and they found that environmental policies had a
short-term positive effect on companies with high production
efficiency, but that productivity declined for companies with
low initial efficiency.

Research on ETS

The research on the effects of ETS is mainly based on devel-
oped countries, focusing on environmental performance, eco-
nomic performance, and technological innovation. On the one
hand, the research conclusions of some scholars support the
policy effect of ETS (Montgomery 1972; Ellerman et al. 2000;
Majumdar and Marcus 2001; Keohane 2003; Carlson and
Hites 2004; Goulder and Parry 2008; Schmalensee and
Stavins 2013). Schleich and Betz (2004) found through exper-
imental simulations that the emission permit trading system
has a positive impact on the emission reductions of small- and
medium-sized enterprises. Anderson et al. (2011) used an

empirical method to study the impact of EU emission trading
system (EU-ETS) on CO2 emission reduction in
manufacturing, and the results show that companies
participating in the emission trading framework have a
greater possibility of environmental innovation. Perman
et al. (2011) held that the ETS provides continuous and
dynamic economic incentives for technological innovation.
Schmalensee and Stavins (2013) found that the US SO2 ETS
reduced corporate compliance costs by 15–90%, in compari-
son with command-and-control policies. On the other hand,
some scholars believe that the effect of ETS is limited. Stavins
et al. (1998) argued that if market efficiency is low and
emission rights are not effectively allocated, the return of
ETSs will be lower than their marginal abatement costs.
Hoffmann (2007) conducted an empirical analysis of the
EU-ETS through a dynamic panel model. This study attempts
to decompose two reasons for emission reduction: one is the
emission reduction achieved by ETS, and the other is the
emission reduction achieved by the 2008 economic crisis.
The results show that what has played a greater role in
reducing emissions is the impact of the economic crisis.
Borghesi et al. (2015) found through the panel data of the
Italian manufacturing industry that the implementation of
EU-ETS has limited policy effects due to excessively loose
quotas.

Summarizing the above literature, it can be seen that the
existing research mainly focuses on the impact of ETSs on
corporate innovation or productivity in developed countries
and relatively little research on developing countries. In addi-
tion, the selection of ETS policy measurement and the endog-
enous issues between ETSs and innovation and productivity
are important reasons for the inconsistency of existing re-
search conclusions. Moreover, many existing studies predict
the effect of policies by constructing a mathematical model of
emissions trading, but mathematical models impose a lot of
assumptions and restrictions on the emission trading market.
In practice, it is difficult to use empirical data to verify the
models, and the literature on the impact of market-based en-
vironmental regulation on corporate innovation and total fac-
tor productivity at the micro-firm level is even scarcer. Based
on the above, this paper takes the 2007 ETS pilot policy as the
research object, and studies the impact of the emission trading
system on Chinese enterprises’ innovation and total factor
productivity, which is a retest of the weak Porter hypothesis
effect and the strong Porter hypothesis effect in China.

Theoretical analysis

According to Porter hypothesis, strict and flexible environ-
mental regulations will bring “innovation compensation” ef-
fects to enterprises, and may also increase productivity. As an
important market-based regulatory tool, China’s SO2 ETS is
based on clear market price signals. It can provide enterprises
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with greater flexibility in the process of reducing emissions
and enable enterprises to achieve pollution control at the low-
est cost. In the face of increasing environmental compliance
costs, companies seeking to maximize profits have more flex-
ibility to choose to increase innovation input and increase
productivity, and ultimately reduce or offset cost pressures
brought by government environmental regulations.

Firstly, analyzing the impact of China’s SO2 ETS on the
corporate innovation is a retest of the weak version of the PH.
Because innovation implies long-term investments and poten-
tially high risks, enterprise innovation depends on the level of
incentives that companies receive. The impact of China’s SO2

ETS on innovation is mainly reflected in the following as-
pects: First, compared with command-and-control environ-
mental regulations, the cost of achieving these environmental
goals through ETS is significantly reduced; second, under
ETSs, companies can save surplus pollutant permits for later
use or sell them to obtain economic benefits; third, the imple-
mentation of ETS provides enterprises with more market in-
formation for technological improvements, thus reducing un-
certainties associated with technological innovation.
Therefore, SO2 emission trading system is conducive to cor-
porate innovation, and we propose hypothesis 1:

Hypothesis 1: ETS has a positive effect on corporate
innovation.

Secondly, examining the impact of China’s SO2 ETS on the
corporate productivity is a retest of the strong version of the PH,
which is harder to achieve, because it involves more difficult
processes. Porter and van der Linde (1995) identified two condi-
tions necessary for the existence of positive impacts of environ-
mental regulations on corporate productivity: (1) rigor and flex-
ibility of environmental regulation policies; and (2) dynamic re-
sponse of regulated enterprises. Thus, innovation will actively
drive productivity growth only under strict and flexible environ-
mental regulations. Moreover, as far as the enterprise itself is
concerned, in addition to innovation achievements, compliance
costs and resource allocation efficiency will also affect produc-
tivity under environmental regulations. As China’s ETS imple-
mentation still faces problems, such as operative difficulties, im-
mature markets, and high transaction costs during the pilot peri-
od, it is considered that in its initial stage of implementation, the
impact of ETS on the enterprise productivity may not be signif-
icant. Therefore, we propose hypothesis 2:

Hypothesis 2: The ETS does not have significant effect on
corporate productivity.

Methods

Modeling framework

The impact of China’s SO2 ETS on the competitiveness of
enterprises, that is, ETS influence on innovation and total

factor productivity, was analyzed by comparing differences
between ETS pilot provinces and non-pilot provinces before
and after 2007, using a DID model:

Innovationit ¼ β0 þ β1ETSi*Postt þ X itΦþ μi þ λt

þ εit ð1Þ
TFPit ¼ β0 þ β1ETSi*Postt þ X itΦþ μi þ λt þ εit ð2Þ

In models (1) and (2), Innovationit and TFPit represent in-
novation and total factor productivity of the enterprise i in the
year t, respectively. ETSi denotes, if a company i is located in
one of the 2007 SO2 ETS pilot provinces, and belongs to the
SO2 emitting industry sectors, such as chemical, petrochemi-
cal, steel, nonferrous, pharmaceutical, paper, metallurgy, ce-
ment, or glass industries, among others. In this case, ETSi is
equal to 1; otherwise, it is 0; Postt indicates the time after
policy implementation. For years after 2007, the value of
Postt is 1; otherwise, it is 0. The coefficient β1 represents the
impact of the SO2 ETS on enterprise innovation or total factor
productivity; μi is a fixed, inherent effect of each enterprise
that does not change with time; λt is an annual fixed effect,
which represents factors that affect all enterprises, such as
macroeconomic indicators; Xit is a set of control variables,
including enterprise size (lnEmployeesit), fixed-asset ratio
(Fixedassetit), enterprise age (Ageit), enterprise ownership
(Ownerit), asset-liability ratio (Leverageit), fiscal decentraliza-
tion (Fiscaldecenit) of the province, environmental legislation
(Legislationit), and environmental enforcement (lnCasesit).
Lastly, εit is an error term. Considering that the variables in
the model may present heteroscedasticity and sequence
correlation, the method proposed by Bertrand et al. (2004)
was used to cluster the standard errors at the enterprise level.

The framework and methods of this study is as follows
(Fig. 4). In order to further validate the estimation results of
model (1), a robustness test was conducted. The robustness
analysis evaluates assumptions on common trends and ten-
dencies between ETS pilot and non-pilot enterprises, using
the DID model estimates after propensity score matching
(PSM-DID), and testing alternative variables of innovation
and total factor productivity. The analysis of the robustness
test results are described in “Robustness test.” Moreover, we
use DDD model to explore the causes of results, and also
analyze the heterogeneity of effects in the following parts.

Data sources and processing

This study selected manufacturing enterprises from China’s
domestic listed companies for the period 2004 to 2015 as a
sample. The study period and companies were selected based
on the following criteria: (1) The selected period was 2004 to
2015, because the SO2 EST policy pilot started in 2007. (2)
Although industries with SO2 emissions include mining,

Environ Sci Pollut Res (2020) 27:21604–21620 21609



manufacturing, and energy, the sampled companies were all
from the manufacturing sector to ensure that the calculation of
the TFP was based on a unified production function. This
study used LP semi-parameters to calculate TFP.
Considering that the mining industry’s production processes
rely primarily on natural resources, the TFP of enterprises in
mining industry cannot be characterized by a Cobb-Douglas
production function. In addition, existing methods for TFP
analysis do not apply to companies in mining, petroleum
and other industries (Brandt et al. 2012; Hsieh and Klenow
2009). Also, considering that the 2007 ETS pilot program
stipulated that the emission licenses for the power industry
can only be traded internally, this sector has been excluded.
Data from 29 manufacturing industries were included in the
study. The data were further processed as follows: (1) samples
with missing variables were deleted, resulting in a final sam-
ple size of 11,336 enterprise-year observations. (2) Deflators
using 2004 as a base year have been applied to all actual
values for variables in the sample, and the deflators were taken
from the China Statistical Yearbook. (3) All the continuous
variables were winsorized. The company data were taken
from the CSMAR database (http://www.gtarsc.com). The
provincial data of the control variables came from the China
Statistical Yearbook.

Explanatory variables measurement

The explanatory variables in this study were corporate inno-
vation (Innovationit) and total factor productivity (TFPit). The
variable Innovationit is represented by the logarithm of the
number of patents. TFPit is calculated by the LP semi-
parametric method. The LP semi-parameter method estab-
lishes parameters for the relationships between the industrial
added value, labor, and capital. Figures 5 and 6 compare the

trends of Innovationit and TFPit before and after the SO2 ETS
pilot program was implemented. In Fig. 5, the average level of
enterprise innovation in the ETS pilot area was lower than the
average level in non-pilot areas before 2007, but it gradually
exceeded the level of non-pilot areas from 2007. However, in
Fig. 6, the average TFP of enterprises in the EST pilot area has
been lower than the average TFP of non-pilot areas before
2012. These preliminary results indicate that the SO2 ETS
program seemed to promote enterprise innovation, but did
not significantly improve enterprise TFP.

Control variables measurement

The control variables in this study represented inherent char-
acteristics of the companies, macroeconomic indicators, and
the institutional context. Individual characteristics of compa-
nies included the lnEmployeesit, Fixedassetit, Ageit, Ownerit,
and Leverageit. Macro-environmental and institutional

SO2 emission trading
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Fig. 4 The framework and methods
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conditions were measured by Fiscaldecenit, the marketization
index (Marketizationit), Legislationit, and lnCasesit in the
provinces. These variables were calculated as follows:

Fiscaldecenit ¼ provincial per capita fiscal expenditure=

provincial per capita fiscal expenditureþ central per capita fiscal expenditureð Þ

ð3Þ

Marketizationitwas calculated following Fan (2016), as the
marketization index of each province, Legislationit was mea-
sured by the logarithm of the number of environmental regu-
lations passed in each province during a given year, and
lnCasesit used the logarithm of the number of environmental
sanctions imposed within each province.

In addition, in the robustness test, cause analysis, and het-
erogeneity analysis, we used carbon emission trading policy
dummy variable (Cpoliyit), water rights trading policy dummy
variable (Wpolicyit), the logarithm of enterprise invention pat-
ents (lnInventionit), book value-to-market ratio (BMit), return
on assets (ROAit), operating costs (Costit), and investment
level (Investit). Descriptive statistics for all variables are
shown in Table 1.

Results and discussion

Baseline estimations

The regression results for the relationships between all explan-
atory variables and enterprise innovation and TFP are shown
in Table 2. Column (1) gives the DID estimation results of the
effect of ETS on enterprise innovation, based on ordinary least
squares (OLS) regression and after controlling for time, prov-
ince, and industry-fixed effects (FE). The model coefficient
for the effect of the interaction ETSi × Posti on enterprise
innovation is positive and significant at the 5% level, indicat-
ing that the increase in enterprise innovation was greater in the

areas that implemented the ETS. Column (2) considers the
influence of individual characteristics of enterprises using a
FE model. The coefficient for the effect of the interaction term
ETSi × Posti on enterprise innovation is again positive and
significant on the 1% level, which further demonstrates that
the SO2 ETS had a significant role in promoting enterprise
innovation.

Columns (3) and (4) use OLS and FEmodels to analyze the
effects of the SO2 ETS on enterprise TFP. Column (3) shows
the DID estimate result of how ETS affects enterprise TFP
growth, based on OLS after controlling for time, province,
and industry FE. The coefficient for the effect of the interac-
tion term ETSi × Posti on enterprise TFP growth is not statis-
tically significant, indicating that the ETS implemented in
2007 did not improve enterprise TFP significantly. Column
(4) gives the regression result based on the FE model. The
coefficient for the effect of the interaction term ETSi × Posti
on enterprise TFP is again not statistically significant, and the

Table 1 Summary statistics

Variable No. of observations Mean SD Min Max

Policy variables

ETS 11,336 0.41 0.49 0 1

Post 11,336 0.67 0.48 0 1

Cpolicy 11,336 0.21 0.30 0 1

Wpolicy 11,336 0.18 0.21 0 1

Key outcome variables

TFP 11,336 5.41 0.66 3.65 7.06

Innovation 8456 1.71 1.72 0 6.21

ln(Invention) 8456 0.65 1.03 0 8.59

BM 11,336 0.95 0.73 0.07 6.87

ROA 11,336 7.11 5.11 0.51 27.73

Cost 11,336 76.83 13.84 26.35 97.14

Invest 11,336 6.05 5.84 −5.62 26.36

Firm-level variables

ln(Employees) 11,336 7.72 1.19 4.77 10.69

Fixedasset 11,336 29.45 15.31 2.37 66.38

ln(Subsidy) 11,336 9.33 7.74 0 19.27

Leverage 11,336 3.12 3.85 1.21 26.44

Age 11,336 7.78 4.19 1 17

Owner 11,336 0.56 0.52 0 1

Size 11,336 0.77 0.47 0 1

ln(Sales) 11,336 21.14 1.54 17.92 24.78

ln(Asset) 11,336 20.31 1.33 16.36 23.87

ln(Midinput) 11,336 20.75 1.45 17.57 24.83

Institutional context variables

Fiscaldecen 11,336 0.53 0.12 0.32 0.86

ln(Cases) 11,336 7.94 1.16 4.12 9.95

Legislation 11,336 2.52 2.94 0 23

Marketization 11,336 7.45 1.95 2.33 11.75

Fig. 6 Trend of corporate TFP
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finding is consistent with the result from column (3) which
indicates that the regression results are robust.

Interpreting the economic meaning of these findings a model
coefficient of 0.422 in column (2) indicates an increase of 42.2%
in the level of enterprise innovation, as measured by the logarithm
of the number of patents, which demonstrates that ETS can trigger
innovation. The innovation offset effects from market-oriented

environmental regulation can be divided into product compensa-
tion and process compensation (Porter and van der Linde 1995).
However, the current innovation effects did not convert to higher
TFP. The estimates in columns (3) and (4) show that the ETS pilot
program did not promote the enterprise TFP and thus has not
achieved an outcome consistent with the strong PH. Overall, the
SO2 ETS pilot program had effects on companies that are

Table 2 Baseline estimation results

Dependent variables Innovation TFP

(1) (2) (3) (4)

ETS × post 0.248** (0.114) 0.422*** (0.110) 0.052 (0.045) 0.069 (0.040)

ln(employees) 0.502*** (0.039) 0.177*** (0.032) 0.255*** (0.012) 0.090*** (0.017)

Fixed asset − 0.012*** (0.002) 0.012 (0.014) − 0.014* (0.007) 0.037*** (0.005)

Age − 0.012* (0.007) 0.220** (0.091) 0.015*** (0.002) 0.038 (0.035)

Owner 0.052 (0.051) (0.167) 0.242 0.057*** (0.018) 0.024 (0.017)

ln(Subsidy) 0.044*** (0.009) 0.010** (0.005) 0.011*** (0.003) − 0.009 (0.016)

Leverage − 0.041 (0.052) − 0.067 (0.161) − 0.014*** (0.002) − 0.010*** (0.001)
ln(Cases) 0.036 (0.030) 0.020 (0.024) 0.014*** (0.004) 0.032*** (0.005)

Legislation 0.042** (0.019) 0.023* (0.013) 0.017** (0.007) 0.078 (0.058)

Fiscal decentralization − 0.135 (0.842) − 0.535** (0.248) − 0.687* (0.417) − 0.207*** (0.046)
Marketization 0.072** (0.035) 0.084 (0.278) 0.013*** (0.003) 0.046* (0.027)

Constant 1.845*** (0.315) 0.231 (0.537) 3.782*** (0.279) 4.015*** (0.206)

Year-fixed effect Yes Yes Yes Yes

Province-fixed effect Yes No Yes No

Industry-fixed effect Yes No Yes No

Company-fixed effect Yes Yes Yes Yes

Observations 8456 8456 11,336 11,336

R-squared 0.383 0.591 0.489 0.265

No. of clusters 1424 1424 1717 1717

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01

Fig. 7 Time trend of effect on
corporate innovation
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consistent with the weak PH but not with the strong PH. One
possible explanation is that there are problemswith the institutional
environment for policy implementation and the dynamic response
of the company itself, and the causes of thus two aspects are further
analyzed in “Effects based on different ownerships of corporation”
and “Effects based on different sizes of corporationS2.”

Robustness test

Time trend test

The premise of the consistency of DID estimation results is
that the treatment group and the control group meet the time
trend assumption, that is, before policy intervention, the trend
of the outcome variables in the treatment group and the
control group is consistent. This study uses the event study
approach proposed by Jacobson et al. (1993) to conduct a time
trend test by building the following models:

Innovationit ¼ ∑
2015

j¼2004
βtETSi � γt þ X itΒþ λp þ μc

þ ηt þ εit ð4Þ

TFPit ¼ ∑
2015

j¼2004
βtETSi � γt þ X itΒþ λp þ μc þ ηt þ εit ð5Þ

where, with 2004 as the base year, βt represents a series of
coefficient estimates for 2004–2015, and the other variables
have the samemeaning as the variables inmodel (1). Figures 7
and 8 show time trend of effect on corporate innovation and
TFP, respectively, by plotting the estimated coefficient βt.
From two figures, it can be seen that βt was not significant
from 2004 to 2006, indicating that there is no obvious differ-
ence between the treat group and the control group before the
implementation of ETS policy, and they meet the parallel
trend assumption.

PSM-DID method test

In order to overcome systematic differences in enterprise in-
novation and TFP trends between the ETS pilot areas and non-
pilot areas, and to reduce the inherent bias of DID method
estimation, this paper uses the PSM-DID method to further
validate the initial estimation results. To achieve this, a Logit
regression was performed on the matching variables, using a
dummy variable ETSi for ETS implementation, to obtain the
propensity score value. Following a previous work (Bernard
and Okubo 2016), the present study used the enterprise scale
(lnAssetit), Ageit, financing constraints (Leverageit), and
Fixedassetit as matching variables. Secondly, based on the
above matching variables and propensity scores, the compa-
nies in ETS pilot areas and non-pilot areas will be matched
1:1, and finally, the matching samples will be retained.

Columns (1) and (2) of Table 3 report the results of the
PSM-DID robustness test. The dependent variable in column
(1) is corporate innovation (Innovationit). The coefficient of
the interaction ETSi × Postt is positive and significant at a 1%
level, showing that the ETS had a significant positive effect on
enterprise innovation in the ETS pilot areas after matching,
which is consistent with the results of the baseline analysis
presented above. The dependent variable in column (2) is
enterprise TFP and the coefficient of ETSi × Postt is not sta-
tistically significant, indicating that the ETS did not have a
significant effect on TFP, which is also consistent with the
results of the baseline regression. In conclusion, this study
demonstrates that that the ETS pilot program in China has
improved enterprise innovation but did not promote the
growth of TFP, which supports the initial hypotheses.

Alternative variables test

In order to further validate the robustness of the initial results, we
used lninventionit as a substitute for innovation, andBMit, as well
as ROAit, as substitute variables for enterprise competitiveness.
The DID regression results of the substitute variables are shown
in columns (3), (4), and (5) of Table 3. The explanatory
variable (lninventionit) in column (3) is the logarithm of the num-
ber of invention patents. As the invention patent is the most
technical category among patents, it represents a good indicator
for the quality of enterprise innovation. The coefficient of ETSi ×
Postt in column (3) is positive and significant at the 10% level.
This further demonstrates that ETSs can stimulate enterprise in-
novation. The explanatory variables in columns (4) and (5) are
BMit and ROAit, respectively, which are important indicators for
evaluating performance and competitiveness of companies.
None of the coefficients of ETSi × Postt in columns (4) and (5)
are statistically significant, indicating that the ETS did not signif-
icantly improve corporate competitiveness during the study
period.

Interference of other policies

Another problem with the baseline DID estimation strategy is
that in addition to the SO2 emission trading pilot policy, there
may be other policies that affect the corporate innovation and
total factor productivity in the pilot and non-pilot regions,
thereby making the estimates biased. The policies most likely
to interfere with the baseline estimation results are the pilot
policy on carbon emission trading in Beijing, Shanghai,
Tianjin, Chongqing, Shenzhen, Hubei, and Guangdong in
2011, and pilot policy on water rights trading in Ningxia,
Jiangxi, Hubei, Inner Mongolia, Henan, Gansu, and
Guangdong in 2014. This article incorporates these two poli-
cies as dummy variables into the baseline DID model and
builds a new model as follows:
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Y it ¼ β0 þ β1ETSi*Postt þ Cpolicyit þWpolicyit

þ X itΦþ μi þ λt þ εit ð6Þ

where Yit is either the Innovationit or TFPit and Cpolicyit rep-
resents the dummy variable of the carbon emission trading
pilot policy. When the company i is located in the carbon
emission pilot city and ti ≥ 2011, the value of Cpolicyit is 1.
Otherwise, it is 0. Wpolicyit represents the dummy variable of
the water rights trading pilot policy. When the company i is
located in the water rights trading pilot city and t ≥ 2014, the
value of Wpolicyit is 1. Otherwise, it is 0. Other variables are
consistent with the variables in the benchmark model. In model
(6), the impact of carbon emission trading policies and water
rights trading pilot policies on corporate innovation and produc-
tivity is separated, and β1 is the net effect of SO2 emission trading
policies. Table 4 reports the estimation results of model (6). The
results are basically consistent with the estimation results of the
baseline model, indicating that the pilot policy of SO2 emission

trading has significantly promoted the innovation of enterprises
without significantly affecting the total factor productivity.

Causes analysis

The results show that China’s SO2 ETS promoted corporate
innovation but not improve corporate productivity. Why can
the innovation compensation effect of the ETS not translate
into higher productivity? We will examine the macro-
institutional context and the dynamic response of enterprises
as follows, to explore why the effects of China’s ETS are only
consistent with a weak version of the PH but not a strong
version of the PH.

Suboptimal institutional context

The implementation of SO2 ETS requires a systematic effort,
because the implementation process is complex, and the

Table 3 Robustness test results

Dependent variable Method

PSM-DID Alternative variables test

Innovation (1) TFP (2) Ln(Invention) (3) BM (4) ROA (5)

ETS × post 0.291*** (0.059) 0.0430 (0.386) 0.237* (0.139) − 0.073 (0.047) 0.581 (0.371)

Constant 0.896*** (0.329) 0.054** (0.027) − 0.218* (0.116) − 0.787*** (0.298) 6.288*** (0.173)

Control variables Yes Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes Yes

Company-fixed effect Yes Yes Yes Yes Yes

Observations 6174 9002 6174 9002 9002

R-squared 0.465 0.323 0.412 0.337 0.382

No. of clusters 992 898 1102 1717 1717

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01

Fig. 8 Time trend of effect on
corporate TFP
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operation is difficult. The effectiveness of ETS implementa-
tion is closely related to the functioning of local institutions.
The institutional environment includes the degree of decen-
tralization, environmental law enforcement, and marketiza-
tion. China has a vast territory, and institutional environments
vary strongly among the ETS pilot provinces. This study used
a DDD model that includes the institutional environment:
Y it ¼ δ0 þ δ1ETSi*Postt*Contextit þ δ2ETSi*Postt þ δ3ETSi*Contextit
þδ4Contextit*Postt þ δ5ContVarsit−1 þ μi þ λt þ εit

ð7Þ
where the institutional environment (Contextit-1) is represent-
ed by the degree of Fiscaldecenit of a given province,
lnCasesit, Marketizationit, and the other variables are used in
the model (1).

The effects of the institutional variables on the outcomes of
ETS implementation are shown in Table 5. Columns (1) and
(2) show that the coefficients of the interaction term ETSi ×
Postt × Fiscaldecenit are not significant, indicating that the
micro-economic effects of the implementation of ETS were
not affected by the degree of decentralization. Columns (3)
and (4) show that the coefficients of the interaction term
ETSi × Postt × ln(Cases)it are positive and significant at the
1 and 5% levels, respectively, indicating that local environ-
mental law enforcement had a positive impact on enterprise
innovation and TFP. It should be noted that under stringent
environmental enforcement, the ETS not only promoted cor-
porate innovation but also led to increased TFP. Columns (5)
and (6) show that the coefficients of ETSi × Postt ×
Marketizationit are positive and significant at 5 and 10%

Table 4 Results with interference
of other policies Dependent variables Innovation TFP

(1) (2) (3) (4)

ETS × post 0.197* (0.102) 0.349*** (0.124) 0.034 (0.048) 0.042 (0.065)

Cpolicy 0.099*** (0.032) 0.104** (0.048) 0.010 (0.062) − 0.005 (0.016)

Wpolicy 0.065 (0.066) 0.067* (0.036) − 0.018 (0.013) − 0.021 (0.033)

Control variables Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Province-fixed effect Yes No Yes No

Industry-fixed effect Yes No Yes No

Company-fixed effect Yes Yes Yes Yes

Observations 8456 8456 11,336 11,336

R-squared 0.432 0.511 0.503 0.308

No. of clusters 1424 1424 1717 1717

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01

Table 5 Cause of institutional context

Dependent variable Innovation (1) TFP (2) Innovation (3) TFP (4) Innovation (5) TFP (6)

ETS × post × Fiscaldecen − 0.155 (0.289) − 0.081 (0.237)

ETS × post × ln(Cases) 0.152*** (0.015) 0.003** (0.001)

ETS × post × marketization 0.171** (0.077) 0.086* (0.046)

Constant 0.426 (0.818) 0.421** (0.179) − 0.294*** (0.039) 0.303*** (0.061) − 0.437* (0.253) 0.078*** (0.022)

Control variables Yes Yes Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes Yes Yes

Company-fixed effect Yes Yes Yes Yes Yes Yes

Observations 8456 11,336 8456 11,336 8456 11,336

R-squared 0.311 0.172 0.323 0.179 0.318 0.174

No. of clusters 1424 1717 1424 1717 1420 1717

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01
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levels, respectively, indicating that the degree of marketization
positively influenced the microeconomic effects of the ETS.
When the degree of marketization of an enterprise is high,
both the weak and the strong versions of the Porter effect
can be achieved, although the strong version of Porter effect
is not obvious.

The analysis of these impact mechanisms showed that ETS
as a market-based environmental regulation tool, was not af-
fected by the degree of local decentralization, but was clearly
affected by environmental law enforcement and marketiza-
tion. Conversely it can be concluded that weaker environmen-
tal regulation enforcement and inefficient markets were the
main factors restricting ETSs from producing a strong version
of the PH. Currently, ETS implementation is not matched by
stringent environmental enforcement, and thus external pres-
sures on enterprises to reduce emissions are weak. In addition,
current methods for the allocation of emission rights are not
perfect, transaction rules are inefficient, and monitoring capa-
bilities are deficient. Excessive transaction costs may also re-
duce internal motivation for companies to reduce emissions.
As a result, inefficient markets undercut the functioning of the
ETS.

Lack of dynamic response

Under the ETS, companies incur additional costs to improve
technology and purchase desulfurization equipment. On the
other hand, measures, such as reducing product packaging or
increasing recycling may help to reduce costs. In this study,
the main Costit was selected as the explanatory variable.
Columns (1) and (2) in Table 6 report the results of OLS and
FE regression, respectively, and the coefficient of ETSi × Postt
was not statistically significant, showing that the ETS had
little impact on cost. This finding indicates that ETSs not only
controls SO2 emissions but can also enable enterprises to off-
set costs by replacing by improving production processes.

The effect of ETSs on resource allocation is another impor-
tant factor to consider. Limited emission rights exert economic
pressure on enterprises. Based on long-term economic consid-
erations, enterprises will aim to reallocate production factors
to reduce pollution and inefficient production processes.
Investments into efficient resource allocation will affect the
productivity of enterprises. We used the resource allocation
efficiency Investit as the explanatory variable, according to
the capital allocation efficiency model proposed by Wurgler
(2000). This method was modified to serve as an “investment-
investment opportunity” sensitivity model, in order to exam-
ine whether ETSs will affect enterprise resource allocation:

Investit ¼ φ0 þ φ1ETSi*Postt*Roait−1 þ φ2ETSi*Postt þ φ3ETSi*Roait−1
þφ4Roait−1*Postt þ φ5ContVarsit−1 þ μi þ λt þ εit

ð8Þ

where Investit is the current investment level of the enterprise,

expressed as:

ðpurchase of fixed; intangible; and other long−term assets−disposal of fixed assets; intangible

; and other long−term assetsÞ=end−of−period total assets

ð9Þ

ROAit denotes enterprise investment opportunities,
expressed by the return on assets of the first period, and other
variables and control variables are consistent with model (1).
The coefficient ϕ1 denotes the impact of the ETS pilot pro-
gram on corporate investment efficiency. If ϕ1 is negative and
statistically significant, it indicates that the ETS reduces the
sensitivity of companies to investment opportunities, which
means that the ETS reduces investment efficiency and thus
the efficiency of resource allocation. A positive value for ϕ1,
on the contrary, indicates that the ETS pilot program has im-
proved the efficiency of enterprise investments.

The results of model (8) are shown in columns (3) and (4)
of Table 6. It can be seen that the coefficients of the interaction
term ETSi × Postt × ROAit after DDD estimation are negative
and significant at a 1% level. This shows that after the intro-
duction of the 2007 ETS pilot program, the resource allocation
efficiency of the pilot corporations was significantly lower
than that of the non-pilot corporations. This may be due to
the lack of information on marginal abatement costs in the
early stages of the ETS pilot, or a lack of regulatory compli-
ance of government authorities, which could have distorted or
limited the response of companies to environmental regula-
tions. The coordination between the two increases system
costs, which makes it difficult for companies to adjust re-
source allocation during ETS implementation. These difficul-
ties in turn may adversely affect TFP growth of an enterprise.

The analysis of dynamic response of enterprises showed
that the ETS had an effect of “innovation offsets”, which
means that it did not significantly increase production costs
of companies. However, ETS had a negative impact on re-
source allocation efficiency of companies. Regulated compa-
nies lacked a dynamic response, and it was not possible to
optimize their resource allocation level in a short period of
time. For this reason, the ETS only improved enterprise inno-
vation and inhibited enterprise productivity growth.

Heterogeneity analysis

Effects based on different ownerships of corporation

Different types of company ownership lead to different
government-enterprise relationships. For example, they have
different levels of negotiation power regarding ETSs, which
influence the effects of environmental regulation on these
companies. Columns (1) and (2) in Table 7 show the different
policy effects enterprise innovation (Innovationit) regarding
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state-owned and non-state-owned enterprises. The coeffi-
cients of ETSi × Postt for state- and non-state-owned enter-
prises are both positive and significant at 1% level. However,
the coefficient of non-state-owned enterprises is higher by
0.303 in comparison with state-owned companies, indicating
that the effect of the ETS on promoting innovation is 30.3%
higher for non-state-owned enterprises. In columns (3) and (4)
of Table 7, the explanatory variable is TFP. The coefficient for
the interaction term of ETSi × Postt was significantly negative
for state-owned enterprises. This result indicates that the inno-
vation offset effect was stronger for non-state-owned enter-
prises. Therefore, state-owned enterprise TFP growth has
been suppressed, and their competitiveness has not improved
faster compared with non-state enterprises. When local gov-
ernments implement ETSs, there is a game process between
them and local enterprises. State-owned enterprises have clos-
er relations to the government, and thus they have stronger
negotiating power. Therefore, the environmental control of

state-owned enterprises is less stringent, which may decrease
the incentive to implement innovations.

Effects based on different sizes of corporation

Different sizes in companies will lead to differences in param-
eters, such as innovation capabilities, tax contributions, and
management efficiency. Generally, larger enterprises can in-
vestment more in innovation, have higher management effi-
ciencies, and deliver more tax revenues to local governments.
Therefore, if enterprises of different sizes are subjected to SO2

ETSs, they also exhibit heterogeneity. In columns (1) and (2)
of Table 8, the explanatory variable is technology
innovations (Innovationit). The coefficients of ETSi × Postt
for large and small-to-medium-sized enterprises were both
positive and significant at the 1% level. However, the coeffi-
cient of small-to-medium enterprises (SMEs) was higher by
0.146, indicating that the effect of the ETS on promoting

Table 6 Cause of dynamic
response of corporation Dependent variables Cost Invest (resource allocation efficiency)

(1) (2) (3) (4)

ETS × post × ROA − 0.198*** (0.071) − 0.262*** (0.079)
ETS × post 0.212 (0.285) 0.260 (0.249) 0.328* (0.193) 0.329 (0.207)

Constant 1.857** (0.856) 1.950** (0.848) 0.410*** (0.057) 0.303*** (0.061)

Control variables Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Province-fixed effect Yes No Yes No

Industry-fixed effect Yes No Yes No

Company-fixed effect No Yes No Yes

Observations 11,336 11,336 10,384 10,384

R-squared 0.322 0.315 0.285 0.238

No. of clusters 1717 1717 1426 1426

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01

Table 7 Estimation results based
on different ownerships Dependent variables Innovation TFP

Ownership SOE (1) Non-SOE (2) SOE (3) Non-SOE (4)

ETS × post 0.213*** (0.050) 0.516*** (0.113) − 0.080* (0.043) 0.017 (0.043)

Constant − 0.779 (0.928) 0.562 (0.808) 4.488*** (0.337) 3.682*** (0.313)

Control variables Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Individual-fixed effect Yes Yes Yes Yes

Observations 3201 5255 4550 6783

R-squared 0.626 0.561 0.194 0.143

No. of clusters 414 1010 526 1191

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01
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innovation is 14.6% higher for SMEs. In columns (3) and (4)
of Table 8, the explanatory variable is enterprise TFP. Only the
coefficient of ETSi × Postt for SMEs is statistically significant,
and the value is negative, indicating that there are certain
obstacles for SMEs. These results show that SMEs are more
responsive to market-based environmental mechanisms. It ap-
pears that smaller businesses are investing heavily in innova-
tion, in order to remain competitive in the market. When
converting innovation to higher productivity, possibly because
resource allocation efficiency of SMEs is lower than that of
larger companies, their TFP may become more inhibited by
environmental regulations than that of large enterprises.

Conclusions and policy implications

ETSs are market-based environmental regulation tools, which
are of great significance for promoting cleaner production and
sustainable development. This study fills existing knowledge
gap that whether ETSs have weak and strong version of Porter
hypothesis effects in China. This study examined the effects of
the Chinese SO2 ETS pilot program, launched in 2007, on
corporate innovation and TFP. Based on the DIDmethod, data
of China’s domestic listed manufacturing companies from
2004 to 2015 were analyzed. It was found that: (1) the SO2

ETS significantly promoted corporate innovation, but did not
have a significant effect on corporate productivity.
Consequently, the effects of the ETS on companies
corresponded to a weak version of the PH, instead of a strong
version; (2) the suboptimal institutional context and lack of
corporate dynamic response lead to the failure of strong PH
effect. The microeconomic effects of ETS were positively
influenced by local environmental law enforcement and mar-
ketization, but such institutional context is not good in China.
For corporations, their resource allocation efficiency was re-
strained under ETS policy, so the innovation offset did not
transform into higher TFP growth; and (3) the effects of

ETS are heterogeneous among different corporations. Based
on corporate ownership and size, the heterogeneity analysis
results showed that small- and medium-sized enterprises and
non-state-owned enterprises gain greater innovation offsets
effects.

Based on these results, it can be concluded that it is neces-
sary to improve system design, institutional context, and trad-
ing market incentives from the top down, in order to achieve
the dual goals of cleaner production and economic growth,
consistent with a strong version of the PH. The following
recommendations can be derived from this study:

First, the design of the ETS needs to be further improved.
Specifically, reasonable trading rules and guidelines for the
allocation of initial emission rights need to be formulated.
Methods for verifying compliance with emission targets have
to be stipulated clearly in the regulations. The ETS system
design should consider the heterogeneity caused by enterprise
ownership. In addition to creating fair conditions for private
and small-to-medium-sized enterprises, it could be considered
to increase pressure on state-owned enterprises by applying
more stringent quota and supervision mechanisms.

Second, it is important to actively create an institutional
context and market structures in which the ETS can function
effectively. Although stringent legislation has been promul-
gated to ensure the continuity and stability of emission trading
policies, the frequency of monitoring pollution sources needs
to be increased, to ensure the collection of accurate informa-
tion. Cases of non-compliance with ETS rules should receive
attention in the media. In addition, sanctions need to be im-
plemented rigorously and local governance needs to be
strengthened. Air pollution performance evaluation mecha-
nisms and emission transactions must be transparent. Finally,
the implementation of all ETS processes should be included in
the performance evaluations of government agencies to pre-
vent local administrations from protecting polluting
enterprises.

Table 8 Estimation results based
on different size Dependent variable Innovation TFP

Size Large enterprise (1) SME (2) Large enterprise (3) SME (4)

ETS × post 0.275*** (0.0507) 0.421*** (0.130) 0.005 (0.031) − 0.157** (0.071)
Constant − 0.640 (0.669) 1.362 (1.216) 4.513*** (0.207) 4.021*** (0.447)

Control variables Yes Yes Yes Yes

Year-fixed effect Yes Yes Yes Yes

Individual-fixed effect Yes Yes Yes Yes

Observations 6329 2127 8286 3047

R-squared 0.597 0.508 0.160 0.112

No. of clusters 889 535 1085 632

Robust standard errors are reported in parentheses

*p < 0.1; **p < 0.05; ***p < 0.01
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Furthermore, it is essential to cultivate a market, which is
based on reasonable and standardized emission permits.
Trading rules also need to be standardized to encourage com-
panies to participate extensively. Fiscal and tax incentives,
such as easing income taxes on corporate emission trading
will motivate transactions, and accelerate the development of
a functioning trading market. An open platform for regional
emission trading would help to expand the scope of transac-
tions and encourage more companies to carry out transactions.
Increased availability of Information on emission trade and
trading opportunities can help to achieve optimal allocation
of resources.

Ultimately, the formulation of quotas is an important aspect
of the design of ETSs, which determines the effectiveness of
policy implementation. Future research should address the
micro-economic effects of different quotas on enterprises in
order to maximize environmental and economic benefits from
ETS.
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