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ABSTRACT
The impact of environmental regulations on industry performance is a current worldwide concern. There are
several different viewpoints on the effects of environmental regulations. Whether environmental regulations
could hamper industrial performance is worth to be assessed in China. We use panel data for six samples from
manufacturing industry in China from 1996 to 2011 in an empirical analysis of the impact of environmental regulations on industry performance. The results show that environmental regulations have a significant
positive relationship with productivity and have a certain role in promoting the performance of manufacturing
industries. This leads to a different conclusion from the general point of view, and the Porter Hypothesis is
verified to a certain degree.
Keywords: Environmental regulations, industry performance, manufacturing industry, panel data, Porter
Hypothesis.

1 INTRODUCTION
From 2000 to 2011, the economic growth rate in China remained above 8% and was 7.8% in 2012,
even under the shock of the financial crisis. However, rapid economic growth has caused serious
environmental issues that have affected the sustainable social and economic development of the
whole country. Since 1970s, China has formulated many environmental policies and regulations to
reduce the negative environmental impact of industry [1]. There is now a consensus that environmental regulations play an important role in controlling industrial pollution. A vital question is
whether they affect industrial performance and how to balance the relationships between environmental protection, economic development and industrial performance.
Worldwide research into the relationship between environmental regulations and industry performance dates back to the early 1970s and can be summarized in three different views: traditional,
modified, and uncertain views. According to the traditional view, implementation of environmental
regulations reduces industrial performance because the regulations inevitably lead to additional production costs and consequently increase the burden on enterprises. If the technical level is constant,
environmental regulations will inevitably lead to a reduction in productivity [2]. The empirical analysis by Lanoie et al. showed that the contemporaneous impact of environmental regulations on
productivity was opposite to the lagged impact [3]. Environmental regulations have a stronger influence on international industries. Stricter environmental policies to reduce emissions have stronger
negative effects on industry profits [4]. Empirical estimates by some researchers suggest that environmental regulations have a certain degree of negative impact on industry performance, confirming
the traditional view [5–8]. It cannot be denied that any marginal social benefit generated by such
regulations might outweigh the marginal private costs. However, under different circumstances, the
effects of environmental regulations on an efficient and greener economy can differ [9]. When measuring the effects of environmental regulation on productivity growth, emission reductions should be
taken into account [10].
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According to the modified view, properly designed environmental regulations can stimulate innovation in regulated enterprises, leading to identification cost savings that match or exceed the cost of
compliance with environmental regulations and thus boosting industrial performance. Enterprises
can also take the lead in adopting environmentally friendly measures, such as the development of
clean production technology and environmental product innovations. This can lead to first-mover
advantages over other companies. Results for the effect of environmental regulation on productivity
using manufacturing data from different countries support the modified view to varying degrees
[11–19]. More stringent enforcement of environmental regulations would help to improve productivity growth in China [20]. Environmental regulation has a positive but diminishing impact on
investment, especially for small industries. Innovation behavior seems to be mainly correlated with
the stringency of environmental policies [21–23].
Since the Porter Hypothesis was proposed, which considers that felicitous environmental regulations may bestir corporations to innovate, to reduce expenses and to improve the quality of products,
so environmental regulations will be good for the competitiveness of corporations, a number of studies [24] have tested the hypothesis and explored its validity. Subsequently, some researchers [25,26]
estimated the relationship between environmental regulations and industrial performance from different angles using econometrics. They generally found that analysis using either industry- or
plant-level data cannot provide evidence to support any of the views, and the impact of environmental regulation on industry performance is ambiguous. Empirical support from Romania showed that
environmental stringency does not affect either trade or its components [27]. Study of the CO2 emissions of 30 OECD countries in 1998–2002 showed that environmental regulations caused zero
opportunity costs in few countries [28]. An empirical analysis of a county of Jiangsu Province in
China showed that the positive effect of regulation on performance is not significant [29]. An empirical analysis of German manufacturing industry revealed neither an improvement nor a loss in
overall competitiveness [30]. Environmental regulation has important implications for economic
development but the impact varies at different development stages [31]. Investment in proactive
environmental management can contribute increased competitiveness [32]. The response of industrial firms in Egypt was limited [33].
Most studies on the effect of environmental regulation on industry performance have been done by
foreign researchers. In China, research on the impact of environmental regulations started rather late,
and most scholars have focused on how environmental regulations impact industrial competitiveness
and technological innovation. Empirical studies on the relationship between environmental regulation
and industry performance are still rather scarce. Therefore, the objective of this study was to examine
the effect of environmental regulation on industrial performance from an empirical viewpoint, which
may contribute to evaluating the effect of implementing environmental regulation policies in China
and thus provide a reference for improving and enhancing environmental regulations.
The remainder of the paper is organized as follows. Section 2 describes the methods and data used
in our empirical analysis of the effect of environmental regulation on industrial performance. Section 3 describes progress and presents results of the empirical analysis. Section 4 draws conclusions.
2 EMPIRICAL STUDY
2.1 Sample industry selection, relevant variables, and data
Since 2003, secondary industries in China have been divided into four major categories: mining
(B type), manufacturing (C type), electricity, gas and water production and supply (D type), and the
building trade (E type). The manufacturing sector includes up to 43 different activities. We select the
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following six major industries in the manufacturing sector as sample industries: manufacture of
paper and paper products; processing of petroleum and coking; manufacture of raw chemical materials and chemical products; manufacture of non-metallic mineral products; smelting and pressing of
ferrous metals; and smelting and pressing of non-ferrous metals. These six industries consumed
1.59 billion tons of standard coal in 2011 accounting for 74.6% of the total energy consumption by
manufacturing industries in 2001 and 79.2% in 2011, which represents approximately 45.6% of the
total energy use in China. These six activities are not only high-consumption industries but are also
the most polluting industries. They are energy-intensive and an important source of emissions in
manufacturing industry. In 2007, the total discharge of industrial wastewater by these six industries
reached 10.507 billion tons, representing approximately 58.0% of total manufacturing emissions,
and SO2 emissions accounted for 84.0% of the manufacturing total. Therefore, our sample industries
represent the most energy-intensive manufacturing industries in China.
We used panel data in a fixed effect model to analyze the effect of environmental regulation on
industry performance, so industry performance is clearly the dependent variable. Conventionally,
industry performance in manufacturing is assessed by measuring the profit ratio of sales (Pro) and
overall labor productivity (LP). We selected environmental regulation intensity (ERI) as the variable reflecting environmental regulation. ERI can be operationalized in numerous ways, including
pollution abatement expenditure or costs, pollution charges, and environmental management. In
many studies, pollution abatement costs are used as the ERI, because many enterprises faced with
strict environmental regulations spend more on pollution abatement strategies to reduce pollution.
Pollution abatement costs can better reflect the ERI of an industry, which will be enhanced with
stricter environmental regulations. Therefore, we chose the running costs for pollution treatment
to measure environmental regulations. According to Zhao [34], ERI is the ratio of pollution abatement costs to industrial output multiplied by 1000. We selected industrial scale (SIZE) and market
concentration (CR) as control variables. According to studies of the relationship between industrial scale and profitability in China, we hypothesized that industrial scale may affect the profit
margin and productivity of an industry. According to the theory of industrial organization, market
concentration is one of the main factors affecting industrial performance. A large number of
empirical studies to determine the relationship between market concentration and industrial performance have been undertaken worldwide. Therefore, we chose industrial scale and market
concentration as control variables to avoid bias. Annual industrial output is used to measure industrial scale, and the four-firm concentration ratio in the industry (CR4) is taken as a measure of
market concentration.
Owing to sample limitations, we used large industrial enterprises for the period 1996–2011 for
regression analyses. Industrial enterprises above a designated size account for the main industrial
enterprises in China. Meanwhile, owing to the data acquired are the overall data of industry, we
assumed that the attitudes and acceptance levels of all industrial enterprises on environmental regulation are the same. According to data from the Second National Economic Census in 2009, although
large industrial enterprises accounted for only 22.4% of all industrial enterprises up to 2008, their
outputs accounted for more than 90% of all industrial outputs. Moreover, manufacturing industry
accounts for 86.8% of the main business income of industrial enterprises. Therefore, large industrial
enterprises in the manufacturing sector can better reflect the basic situation for all enterprises in the
sector. As shown in Table 1, census data on Pro, LP, industrial output, and CR were taken from the
China Industrial Economy Statistical Yearbook compiled by the National Bureau of Statistics, some
of which were obtained by calculation. Data on environmental regulation were taken from the China
Environment Yearbook. Since the government only began to collect data on pollution abatement
expenses by industry in 1996, data on pollution control costs were taken as annual industry-specific
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Table 1: Descriptive statistics for the variables.
Variable

Observations

Mean

Standard deviation

Max.

Min.

Ln Proi,t
Ln LPi,t
Ln ERIi,t
Ln SIZEi,t
Ln CRi,t

126
126
126
126
126

3.450
12.230
1.754
8.679
4.192

0.359
0.705
0.308
0.752
0.619

2.987
14.642
2.761
11.266
5.114

0.526
9.741
0.503
7.027
1.520

Source: China Statistical Yearbook, China Industrial Economy Statistical Yearbook, China
Environment Yearbook.
running costs for wastewater and air pollution treatment from the China Environment Yearbook for
1997–2011.
2.2 Abbreviations used
The abbreviations used in this paper were defined hereinafter.
Pro refers to the profit ratio of sales of manufacturing industries. LP is the abbreviation of labor
productivity, which reflects the production and economic efficiency of labor input of a company.
ERI, SIZE, and CR are the abbreviations of the environmental regulation intensity, industrial scale,
and market concentration, respectively.
2.3 Models
We used an econometric model [35] to test the sign of the relationship between environmental regulation and manufacturing performance. We performed an analysis of the regression of performance
against regulation using panel data in a fixed effects model. The reduced form of the regression
model is:
Yi ,t = a + b Xi ,t + g Ri ,t + e

(1)

where i denotes industry and t refers to time. Yi,t is the performance indicator for industry i in year t,
a is a constant, Xi ,t is a vector of control variables that influence industry performance, Ri ,t is a measure of the stringency of environmental regulation, b and g are coefficients for Xi ,t and Ri ,t, and e is an
error term.
Based on eqn (1), we can test the effect of environmental regulation on performance according to
two models, which are set as eqns (2) and (3). To avoid non-stationarity, we take the logarithm of the
variable in the models.
An empirical test of the relationship between stricter environmental regulation and productivity
uses the following reduced form equation in our productivity test model:
LnLPi,t = a0 + a1 ln ERI i,t + a2 ln SIZE i,t + a3 ln CR i,t + ai,t

(2)

To examine the relationship between stricter environmental regulation and profit, we use the following equation to estimate our profit test model:
Ln Pr o i,t = b0 + b1 ln ERI i,t + b2 ln SIZE i,t + b3 ln CR i,t + bi,t

(3)
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where LnLPi t and LnPr oi,t are the dependent variables; ERI i ,t, SIZEi ,t, and CRi ,t are explanatory variables; LPi ,t is the overall labor productivity, reflecting the efficiency of economic operations in
manufacturing industry; Pr oi ,t is the profit margin, which is a proxy for profit levels in manufacturing industry; ERI i ,t is the environmental regulation index; SIZEi ,t is the industrial output showing the
scale of the manufacturing industry; and CRi ,t is the market concentration denoting industrial characteristics. a 0 and b 0 are constants, a1, a2, a3, b 1, b 2, and b 3 are coefficients for the explanatory
variables, and ai,t and b i ,t are residual error terms.
3 RESULTS AND DISCUSSION
We used Eviews 6.0 to estimate the fixed-effect model. The regression results based on eqns (2) and
(3) are presented in Table 2.
The analysis of the fixed effects model show that the results provide evidence to support that the
productivity test model has a high degree of goodness of fit statistic that is 0.977, indicating environmental regulation, industrial scale, market concentration could explain 96% of the overall labor
productivity. The value of DW is 1.986, close to 2. Therefore, there exists no correlation, and model
set is reasonable. The profit test model has a lower degree of goodness of fit statistic, lower F-test
statistic, and DW value is 1.604 deviated from 2; this indicates that the there may be auto-correlation
phenomena, and the model cannot be explained well.
The results of the regressions support views that there is a positive relationship between environmental regulation and industrial productivity growth. According to the results of the regression on
eqn (2), the coefficient for environmental regulation variable is positive and significant at 1% level.
The coefficient is 0.403, indicating that when environmental regulation is stricter by 1%, industry
productivity will increase by 0.403%. The results of the regression on eqn (3) show that the effect of

Table 2: Test results for the relationship between environmental regulation and industrial performance.
Ln LP

Ln Pro

Variable

Coefficient

SE

Constant
Ln ERI
Ln SIZE
Ln CR
R2
AD-R2
F-test
DW

2.371*** (5.931)
0.403*** (4.873)
1.004*** (37.21)
−0.187* (−2.295)
0.977
0.969
259.463
1.986

0.396
0.065
0.032
0.091

Coefficient
2.913*** (4.220)
0.090 (0.744)
−0.042 (−0.819)
−0.096 (−0.722)
0.673
0.498
11.743
1.604

SE
0.513
0.109
0.053
0.147

Equation estimates
LnLPi, t = 2.371 + 0.403 × ln ERI i, t + 1.004 × ln SIZE i, t − 0.187 × ln CR i, t
LnPRO i, t = 2.913 + 0.090 × ln ERI i, t − 0.042 × ln SIZE i, t − 0.096 × ln CR i, t
Note: 1. ***, **, * denote statistical significance at the 1%, 5%, 10% level, respectively; 2. The values in parentheses are t estimates.
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environmental regulations on the profit margin is not obvious, although the coefficient of environmental regulation variable is positive and insignificant. Hence, the results show that environmental
regulations may have facilitation effect and increase the productivity, and therefore improve industrial performance.
The industrial scale would be conductive to industrial productivity. The coefficient for industrialscale variable is positive and significant at 1% significance level, which indicates that industrial-scale
increases by 1%, correspondingly productivity would increase by 1.004%. The coefficient for the
industrial scale is negative and insignificant, and its impact on the profit margins will not be considered.
There is a significant negative impact of market concentration on industry productivity. When
market concentration increases by 1%, the overall labor productivity decreases by 0.187%. This
shows that the high market concentration reduces the company’s effective competition within the
industry, which is not conducive to industrial productivity. However, the impact of market concentration on profit margins is not significant.
According to the results of the regression on eqn (2), these six industries are equally affected by
environmental regulation, industry size, and market concentration, but the intercept between individual equations are different, reflecting individual effects of the six industries, that is, the production
rates of the six industries are quite different. The manufacture of paper and paper product, processing of petroleum and coking, and smelting and pressing non-ferrous metals are the three industries
having maximum productivity.
It can be seen that environmental regulations can in fact improve the industry performance of
manufacturing industry to a certain extent, which is a contrary viewpoint to the traditional views of
‘environmental regulation will inevitably reduce industry performance’. Traditional views argues
that regulation will led to a decline in industrial performance by means of increasing production
costs and crowding out productive investment. The present study supports the Porter Hypothesis.
There are a couple of reasons why our empirical results may not be interpreted as support for the
traditional views. First, the environmental regulations policies are becoming more rational made by
Chinese government, which encourage enterprises to engage in technological innovation. Enterprises take positive measures to manage environments and improve the production craft or product
design, to reduce production costs that can make up the cost of environmental regulations, to win
innovation compensation, and then promote industry performance. Secondly, the energy utilization
efficiency is low in China’s manufacturing industry, and environmental regulations can make readjustment of internal allocation of resources, promoting energy efficiency. Simultaneously,
environmental regulations will eliminate a number of outdated equipments and inefficient enterprises, and impel firms to strengthen management of the production process in pursuit of higher
production efficiency and lower costs, and finally, improve industrial performance; thirdly, with an
increase in requirements for environment protection, the ecologically friendly products already
approbated by the vast number of consumers gradually. To meet consumer needs, and profit from the
market competition, enterprises have enthusiasm and initiative to promote clean production. Therefore, the impact of environmental regulation on environmental-friendly enterprises is little. What’s
more, building a reputation as an Earth-friendly corporation can achieve a win–win situation for
both industrial performance growth and environmental improvement.
4 CONCLUSIONS AND SUGGESTIONS
We examined the effect of the stringency of environmental regulations on industry performance
using panel data for six typical Chinese manufacturing industries from 1996 to 2011. We found a
significant positive relationship between environmental regulations and productivity. If the ERI is
increased by 1%, industrial productivity will increase by 0.403%, so environmental regulations have
a positive impact on the performance of Chinese manufacturing industries.
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With the expediting of industrialization, industrial pollution is becoming an increasingly serious
problem and environmental regulations are being strengthened. To guarantee that environmental
regulation policies generate the desired results and do not have a negative impact on industry performance, we present the following recommendations to assure stable economic growth and improve
the ecological environment.
Environmental legislation be improved and these laws should be strictly enforced. Although environmental legislation in China remains a work in progress, there are still many problems. The
legislation still does not provide strong support for environmental management in terms of integration and manipulation of systems. The legislation should be reformed to quickly resolve the lack of
dependable laws and strict enforcement for environmental protection. Our empirical analysis
revealed that environmental regulation has a positive impact on industry performance, so appropriate
environmental regulation can both enhance industrial performance and protect the environment from
any effects of the manufacturing industry.
Marketing of environmental protection in China is necessary. Under a market economy, economic
means are more effective than legal and administrative means. Environmental regulation should be
enforced through a market economic system based on sustained prices for environmental resources,
green taxes, fines for pollution discharges, and an emission trading system. This should motivate
enterprises to increase environmental protection through R&D investment and explore technology
for controlling environmental pollution. The specific circumstances of each industry should also be
taken into account to select appropriate environmental policy instruments.
Regulated enterprises should actively engage in technological innovation to meet environmental
standards and protection targets and gain the economic benefits identified in the Porter Hypothesis.
Enterprise is the main contributor to environmental pollution and ecological destruction. Therefore,
the government should regulate enterprise to reduce environmental damage. Enterprises should
regard environmental regulation as an opportunity to gain an advantage through innovation rather
than a factor that adversely affects performance. Firms can engage in circular economics by implementing technological innovation and cleaner production that will both provide environmental
benefits and contribute to enhanced productivity.
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