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ABSTRACT
The goal of environmental regulation is to simultaneously achieve
a win–win situation of economic growth and environmental qual-
ity. Based on the Porter hypothesis and panel data from 2001 to
2011, this study conducts empirical research on the intensity of
environmental regulation and industrial green transformation in
China. The results indicate that environmental regulation can
effectively promote industrial green transformation by improving
green total factor productivity (G.T.F.P.). But there is no simple lin-
ear relationship between the two. And there is a threshold effect,
that is, the degree of influence of environmental regulation on
industrial green transformation can change with the change of
threshold value. Therefore, government policy should not focus
only on the environmental regulation intensity, which cannot effi-
ciently improve the G.T.F.P., or accelerate the green transition pro-
cess. Instead, government should adopt different environmental
policies in different industrial sectors.
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1. Introduction

It is a commonly held view that the rapid economic growth in China exacted at the
cost of environmental degradation (Li et al., 2018). According to Development
Research Center of the State Council, coal consumption in China reached 1.95 billion
tons in 2015, of which the industrial sector consumed about 80% (Yuan and Xie,
2014). Moreover, huge energy consumption led to serious environmental pollution.
As of 2015, China has emitted total about 10.6 billion tons of carbon dioxide (CO2),
which equals to 7.7 tons per capita, far exceeding the global average of 4.4 tons
(IEA, 2015).

In order to achieve the sustainable development of the economy, China is experi-
encing a strategic period of industrial transformation through the transition of trad-
itional industrial economy into a green-intensive development mode. However,
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because the environment quality is considered to be a public good and the existence
of environmental externalities, firms or businesses always pursue the maximised prof-
its by ignoring environmental impact if the government fails to impose mandatory
measures to internalise the spillover cost. Therefore, in order to achieve a win–win
solution of economic growth and improvement of environmental quality, the appro-
priate environmental regulations or policies should be introduced (Arrow et al., 1995;
Pontus & Karlson, 2002; Spangenberg, 2002). However, the impacts of environmental
regulation on the economic growth have been controversial. Undoubtedly, stricter
environmental regulations can effectively improve the environmental quality, but can
also hinder economic growth (Bhattarai & Hammig, 2001; Hettige et al., 2000;
Kanada et al., 2013; Tang et al., 2014).

Some scholars believed that firms allocated part of the capital to manage environ-
mental pollution in order to comply with environmental regulations, which led to the
cost increase and the weakening of the innovation and competition (Chintrakarn,
2008; Dension, 1981; Gollop & Roberts, 1983; Gray, 1987; Rassier & Earnhart, 2010).
Some empirical studies supported the above arguments. Jorgenson and Wilcoxen
(1990) found that the G.N.P. in the United States decreased by 2.59% from 1973 to
1985 compared with no environmental regulations by analysing the GNP data.
Barbera and McConnell (1990) conducted the empirical research by using the panel
data of the chemical industry and steel industry in the United States from 1960 to
1980. The results indicated that the environmental regulation dramatically hindered
the technological progress of the two industries. Jaffe and Palmer (1997) found that
environmental regulation had a negative impact on the production performance of a
firm, mainly due to the higher production factor prices and the increased investment
for environmental improvement. Greenstone et al. (2012) found that different types
of relationship existed between the environmental regulation for different pollutants
and the productivity. The productivity was negatively impacted by the environmental
regulations pertaining to ozone layer protection and particulate matter emissions,
while the relationship was not significant with the environmental regulations pertain-
ing to the emissions of sulfur dioxide (SO2). Overall, there was a significantly negative
correlation between the environmental regulation and the productivity. In a multi-
country study of the aquaculture industry, Abate et al. (2016) found that the industry
positively affected the GDP, but negatively correlated with the intensity of environ-
mental regulation by the each study country. Especially in the developed countries,
environmental regulations led to the lower economic growth.

It is undeniable that the environmental regulation inevitably increases the produc-
tion cost of a firm. However, in order to maximise the profits, a firm constantly pur-
sues and adopts new technology to lower the increased costs. Technological
innovation can not only overcome the law of diminishing marginal returns, but also
lead to technology diffusion among organisations and structural upgrading in the
industry, which can eventually promote economic growth and improve the environ-
mental quality simultaneously. Earlier studies about how environmental regulation
promoted technological innovation and productivity can be traced back to Hick
(1932), who proposed that an increase in the cost of certain factors led to innovation
of that factor. Porter and Linde (1995) further extended this research and proposed
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the Porter hypothesis that a reasonable environmental regulation policy can encour-
age firms to innovation, and technological innovation and efficiency can further
enhance the productivity and competitiveness of a firm, which eventually offset the
increase in costs caused by the environmental regulation. Following the Porter
hypothesis, many empirical studies provided evidences for the Porter hypothesis.
Lanjouw and Mody (1996) found that technological innovation had a certain time lag
with the implementation of environmental regulations, but there was a significantly
positive correlation between them. Van der Vlist (2007)’s study on the agricultural
sector in the Nederland and Jaraite and Maria (2012)’s study of the European public
utilities sector identified positive effects of stricter environmental regulations on tech-
nical efficiency. Using the enterprise-level data, the empirical studies of Lanoie et al.
(2011) and Jorge et al. (2015) indicated that there was a significantly positive relation-
ship between environmental regulation and corporate competitiveness.

However, not all empirical findings supported the Porter hypothesis. Fleishman
et al. (2009) found that the air pollution regulations had different effects in the power
industry in the United Sates, while the impact to different firms can be positive, nega-
tive, or not at all. Hamamoto (2006) revealed a positive impact on R&D spending in
the early stages of environmental regulation in Japan, but the impact on productivity
declined over time. Domazlicky and Weber (2004) determined that the environmental
regulation has no significant relationship with productivity growth for the chemical
industry in the United States. Alpay et al. (2002), through a comparative study of
food manufacturing in the United States and Mexico, found that the environmental
regulations in the United States did not significantly impact the profit of food manu-
facturing industry, but had a significantly negative impact on its productivity, while
the environmental regulations in Mexico had a positive impact of productivity and
negative impact on profitability.

Scholars in the study of the relevant issues in China generally agreed that more
stringent environmental regulations were conducive to the improvement of the indus-
trial economy and can speed up the process of the green industrial transition.
However, there was no simple linear relationship between the environmental regula-
tion and industrial growth. The effect of environmental regulation on the growth of
industrial economy had a threshold effect. The Porter Hypothesis can exist only when
the intensity of environmental regulations exceed a certain threshold (Li et al., 2013;
Li and Tao, 2012; Yuan and Xie, 2014).

The overall objective of this article is to examine the nonlinear relationship
between environmental regulation and the green transition of China’s industrial
development mode, and to empirically test the existence of the threshold effect, in
order to provide more reasonable environmental regulation policies for policymakers.

The contribution of this study is twofold. First, most of the existing literatures
adopted G.T.F.P. as a direct measurement of industrial green transformation and did
not determine the improvement of production mode. This study introduces the con-
tribution of G.T.F.P. to the industrial economic growth to measure the transform-
ation of industrial production mode, which is an improved approach to define the
contribution to the industrial green transformation of the productivity by traditional
production factors and green production factors and can accurately evaluate the
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process of industrial green transformation. Second, there is a threshold effect between
environmental regulation and industrial green transformation. Accurate calculation of
threshold can provide a foundation for the determination of the appropriate environ-
mental regulation intensity. Therefore, this article constructs a nonlinear relationship
between environmental regulation and industrial green transformation, and identifies
the thresholds for environmental regulation and industrial green transformation of
different sectors by adopting the panel threshold model.

2. Methodology

2.1. Calculation of green total factor productivity (G.T.F.P.)

Numerous studies have attempted to estimate G.T.F.P. in order to better characterise
the environmental footprint of industries. G.T.F.P. is an indicator of sustainability of
production processes. Unlike a regular T.F.P. measure, it accounts for undesirable
outputs, such as environmental pollutants. Higher or increasing G.T.F.P. value is an
indication that the technology in the production process or the system is in transition
to a more sustainable mode. Chung et al. (1997) estimated the G.T.F.P. by using a
directional distance function (D.D.F.) approach, while Fukuyama and Weber (2009)
extended the study in this area by adopting a directional slacks-based measure
(S.B.M.) to estimate the technical inefficiency through a data envelopment analysis
(D.E.A.) approach. This article combines the S.B.M. D.D.F. approach considering the
undesirable output and the Global Malmquist–Luenberger (G.M.L.) productivity
index approach (Fukuyama & Weber, 2009) to estimate the G.T.F.P. The detailed cal-
culation methods can be found in Li et al. (2018).

2.2. Dynamics of production mode of industrial sectors

Implementation of the production technology in this study uses Solow’s Cobb Douglas
functional form by including energy consumption as a third input (Solow, 1957):

Yit ¼ AitK
a
itL

b
itE

c
it (1)

where, Yit , Ait , Kit , Lit , and Eit represent gross industrial output, G.T.F.P. (accounting
for undesirable outputs), capital input, labour input, and energy input, respectively.
By taking the logarithms and time differentiating, the equation above can be trans-
formed into:

1 ¼ gAit

gYit

þ agKit

gYit

þ bgLit
gYit

þ cgEit
gYit

(2)

The right hand side of the equation above represents the contribution of G.T.F.P.,
capital investment, labour input, and energy consumption, respectively to the rate of
total industrial economic growth. Let ATYit represent the contribution of G.T.F.P. to
industrial economic growth in sector i at time period t and can be express as:
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ATYit � gAit

gYit

¼ 1þ agKit

gAit

þ bgLit
gAit

þ cgEit
gAit

� ��1

(3)

Based on Equation (3), the magnitude of ATYit directly depends on the relative
contributions of G.T.F.P. and the other factors of production. When gAit > 0, and
agKit þ bgLit þ cgEit > 0, if gAit > agKit þ bgLit þ cgEit ) 0 <

agKitþbgLitþcgEit
gAit

< 1 ) 0:5
< ATYit < 1, it indicates that the growth rate of G.T.F.P. is greater than the weighted
average growth rate of all other factors of production and the growth of this industry
trends to be green-intensive. If gAit < agKit þ bgLit þ cgEit ) agKitþbgLitþcgEit

gAit
> 1 ) 0

< ATYit < 0:5, it indicates that the growth rate of G.T.F.P. is less than the weighted
average growth rate of all other factors of production and the growth of this industry
trends to be extensive. If ATYit ¼ 0:5, it indicates that the growth rate of G.T.F.P. is
equal to the weighted average growth rate of all other factors of production and this
industry is defined as intermediate.

In the empirical estimations presented in the next section, the time trend of ATYit

values for each industrial sector is used to classify all sectors into three different
groups to reflect their production modes: green-intensive, intermediate, and extensive.
A hierarchical clustering procedure is performed by using S.T.A.T.A. Version 14 to
group all industrial sectors into three clusters.

2.3. The panel threshold model of environment regulation

The ultimate goal of environmental regulation is to achieve a win–win situation of eco-
nomic growth and environmental quality simultaneously. Therefore, government envir-
onmental policy needs flexibility by combining the different mechanisms to achieve the
optimal environmental regulation intensity on the basis of the actual production situ-
ation of the firms and the overall economic situation. Hence, this article selects indus-
trial waste-water discharge compliance rate, industrial sulfur dioxide removal rate, and
industrial solid waste comprehensive utilisation rate to build a proxy that serves as the
composite index of China’s industrial environmental regulatory strength:

ERit ¼ 1
3

X3

j¼1

EijtP
Eijt

=
QitP
Qit

� Eijt�min Ejtð Þ½ �
max Ejtð Þ�min Ejtð Þ½ � (4)

Meanwhile, the panel threshold model of environmental regulation and green tran-
sition of industrial economic growth is built based on the following equation:

ATYit ¼ a0 þ a1ERit � I ERit � c1ð Þ þ a2ERit � I c1<ERit � c2ð Þ þ :::
þanþ1ERit � I ERit � cnð Þ þ b1lnRIVit þ b2lnLPit þ b3lnEPit þ eit

(5)

where, i represents the individual sector, j represents the environmental pollution
indicator, and t represents time. Eijt is the discharge of environmental pollution j in
sector i at time period t, and

P
Eijt is the total environmental pollution discharge of all

sectors at time period t. Oit represents the industrial output value of sector i at time
period t, and

P
Qit is the gross industrial output value of all sectors at time period t.

ATYit is the contribution rate of G.T.F.P. to industrial economic growth in sector i at
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time period t, and is used as the major measure of the degree of green transition of the
industrial economy. ERit stands for the intensity of environmental regulation as well as
the threshold variable. Ið�Þ is the indicator function, and c is the threshold value.
RIVit, LPit, and EPit are three control variables and represent the share of industrial
added value by industrial GDP, full labour productivity, and energy productivity,
respectively, in which labour productivity is the ratio of industrial added value divided
by the total industrial population, and energy productivity is the ratio of industrial
added value by the total energy consumption. eit is the random disturbance term.

3. Data sources and variable description

Data for this study were obtained for the 2001–2011 period from China Statistical
Yearbook, China Industrial Economics Statistical Yearbook, China Energy Statistical
Yearbook, and China Environmental Statistical Yearbook. In order to ensure consist-
ency and completeness of the data, ‘other mining industry’, ‘handicrafts and other
products’, and ‘waste resources and waste materials processing industry’ were
removed from the data set prior to the estimation due to the large amount of missing
data associated with those sectors. The remaining 36 industrial sectors were used to
calculate the G.T.F.P. of China’s industrial economy. The selection of indicators and
data sources of input and output in the G.T.F.P. measurement are as follows.

For the input variables, in addition to the two traditional production factors of
capital and labour, this article follows the practice of relevant empirical research
(Cao, 2008; Chen, 2015; Chen & Golley, 2014; Krugman, 2006; Li & Lin, 2015;
Picazo-Tadeo and Prior, 2009; Wang et al., 2010, 2018; Watanabe & Tanaka, 2007;
Zhou & Ang, 2008) by incorporating energy as a proxy variable for natural resources.
For the input variable of capital, this article refers to Li et al. (2013) and selects the
annual average balance of net fixed assets of the sub-industry as the approximate esti-
mate of the capital stock, and converts data to the constant 1991 price with the fixed
asset investment price index. For the input variable of labour, given the difficulty in
measuring and obtaining the labour-quality data, the annual average number of
employees in the sub-industry is used. The total energy consumption index of the
sub-industry was obtained as a measurement of energy input.

The output variables include desirable outputs and undesirable outputs. For the
desirable output variable, the gross value of industrial output was used after adjusting
by the producer price index. For the undesirable output variable, most of the existing
literatures used one or more pollutant emission indicator(s) directly into the produc-
tion accounting process (Cao, 2008; Chen, 2015; Chen & Golley, 2014; Krugman,
2006; Li & Lin, 2015; Picazo-Tadeo and Prior, 2009; Wang et al., 2010, 2018;
Watanabe & Tanaka, 2007; Zhou & Ang, 2008). The choices of indicators in these pre-
vious studies were subjective and did not reflect the difference in the exact impact of
different pollutant emissions on economic growth. Therefore, this study follows the
entropy method by combining data from industrial wastewater, waste gas, solid waste,
and industrial carbon dioxide to construct a comprehensive environmental pollution
index (Li et al., 2018). Since carbon dioxide data is not available from the existing sta-
tistics, this study estimates industrial carbon emissions by using the Intergovernmental

ECONOMIC RESEARCH-EKONOMSKA ISTRA�ZIVANJA 3133



Panel on Climate Change’s Greenhouse Gas Inventory Guide (IPCC, 2017) based on
the following equation:

Ct ¼
X3

v¼1
Cvt ¼

X3

v¼1
Evt�NCVv�CEFv�COFv� 4412 (6)

where, Ct represents the industrial carbon dioxide emissions; Evt stands for the total
consumption of industrial coal industrial crude oil, and industrial natural gas by sec-
tor; NVCv is the average low calorific value of the three energy sources; and CEFv
represents the carbon emission coefficient. Referring to the previous studies (Energy
Foundation, 2017; Li et al., 2013), this study adopts the following carbon emission
coefficients in tons of carbon equivalent (tce): 2.64t CO2/tce for coal, 2.08t CO2/tce
for crude oil, and 1.63t CO2/tce for natural gas, respectively. COFv represents the car-
bon oxidation factor, which is 0.99 for coal, and 1.00 for both crude oil and natural
gas. The molecular weights of carbon dioxide (44) and carbon (12) are applied here
to convert to CO2 equivalence. The descriptive statistics of major variables can be
found in Table 1.

4. Empirical results and analysis

4.1. Empirical analysis of G.T.F.P. in china’s industrial economy

Results of the empirical estimations of the G.M.L. indices for the 36 industrial sectors
are presented in Table 2, where Column 1 displays the industrial sector, columns 2,
3, and 4 are the G.T.F.P., efficiency index, and technical progress index, respectively.
Recall that G.T.F.P. is the product of the efficiency index and the technical progress
index. However, the numbers in the table represent averages across the 11-year study
period. Hence, the data in column 2 is not the product of the corresponding numbers
in columns 3 and 4. Column 5 shows the contribution of G.T.F.P. to the rate of total
industrial economic growth. And column 6 indicates the degree of regulation inten-
sity in different sectors.

The results in Table 2 are organised in three separate sections: green-intensive
group, intermediate group, and extensive group. The last row shows average values
across all industrial sectors, which indicates that overall, China’s industrial economy
experienced a slightly increase in G.T.F.P., with an average annual value of about 6%
per year ([1.06–1]�100%). The corresponding average annual growth rates of techno-
logical progress and technical efficiency are 4% and 3%, respectively, indicating that
both sources of growth contributed significantly to the improvement in China’s

Table 1. The descriptive statistics of major variables in 2001–2011.
Average Median Max Min STD

Gross value of industrial output (bil. RMB) 8,763 4,455 82,243 112 11,391
Industrial wastewater discharge (10,000MT) 55,739 86,909 44,597 298 20,109
Industrial exhaust emissions (bil. m3) 9,512 1,053 202,906 7 1,053
Industrial solid waste discharge (10,000MT) 4,266 315 69,085 2 9,630
Industrial CO2 emissions (bil. MT) 14,700,000 10,439,287 33,100,000 298,419 4,380,000
Capital (bil. RMB) 1,524 765 20,140 61 2,421
Labour (10,000) 201 132 820 13 167
Energy (10,000MT of standard coal) 4,725 1,350 58,897 88 8,843
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industrial G.T.F.P. These findings demonstrate that China’s industrial sector moved
slowly towards greener production systems in 2001–2011 with technological progress
being a more important driving force (57%) than efficiency gains (43%). However,

Table 2. Empirical results of G.T.F.P. and green transition of China’s industrial economy
in 2001–2011.

Industrial Sectors GTFP
Efficiency
Change

Technological
Progress

Green
Contribution

Regulation
intensity

Green-Intensive group
Petroleum and natural

gas extraction
1.12 0.98 1.07 49.11% 0.15

Food processing 1.03 1.01 1.02 16.13% 0.26
Food manufacturing 1.03 1.01 1.02 78.97% 0.23
Beverage manufacturing 1.07 1.03 1.03 7.76% 0.40
Tobacco processing 1.07 1.00 1.07 74.39% 0.06
Textile industry 1.04 1.06 1.04 80.13% 0.45
Stationery, educ, and sports goods 1.00 1.00 1.00 �13.27% 0.02
Medical and

pharmaceutical products
1.02 1.00 1.02 13.94% 0.27

Chemical fibers 1.04 1.00 1.04 62.20% 0.65
Plastics products 1.02 0.97 1.09 34.28% 0.03
Metal products 1.03 1.00 1.03 96.72% 0.09
Electronic and telecom. equipment 1.05 1.00 1.05 92.77% 0.03
Electric power, steam, hot water 1.19 1.14 1.07 73.87% 1.45
Tap water production and supply 1.05 1.00 1.05 59.09% 1.24
Intermediate group
Nonmetal minerals

mining/processing
1.01 1.10 0.96 45.36% 0.98

Garment and other fiber products 1.03 0.99 1.09 42.58% 0.07
Furniture manufacturing 1.009 1.00 1.01 �1.50% 0.03
Raw chemical materials

and products
1.04 1.01 1.03 19.83% 0.72

Nonmetal mineral products 1.07 1.03 1.04 �13.27% 0.54
Smelting/pressing of ferrous metals 1.13 1.11 1.07 12.73% 0.68
Instruments, meters, etc. 1.04 1.00 1.04 45.53% 0.05
Extensive group
Coal mining and processing 1.15 1.01 1.04 44.26% 4.68
Ferrous metals mining

and processing
0.94 0.95 1.04 35.04% 0.54

Nonferrous metals mining
and processing

1.03 1.13 1.00 36.82% 2.85

Leather, furs, down;
related products

1.07 1.06 1.04 �16.99% 0.11

Timber, bamboo, cane, and etc. 1.02 1.03 1.05 15.64% 0.06
Papermaking and paper products 1.17 1.09 1.03 11.40% 1.99
Printing and record pressing 1.07 1.02 1.03 19.02% 0.06
Petroleum proc. and

coking products
1.12 1.09 1.06 28.13% 0.67

Rubber products 1.02 1.00 1.02 12.73% 0.16
Smelting/pressing of

Nonferrous Metals
1.05 1.02 1.03 0.94% 0.50

Ordinary machinery manufacturing 1.08 1.06 1.03 16.25% 0.06
Special purpose equipment

manufacturing
1.04 1.01 1.03 7.55% 0.07

Transportation equipment
manufacturing

1.08 1.06 1.03 15.56% 0.04

Electric equipment and machinery 1.06 1.04 1.03 8.84% 0.02
Gas production and supply 1.06 1.00 1.06 17.71% 0.20
Sector Average 1.06 1.03 1.04 31.38%

Notes: a. Green transition rate is the contribution of G.T.F.P. to the rate of industrial economic growth.
b. Some sectors are shown to have negative green contribution rate, which can be due to a reduction in green con-
tribution, or due to the decreased investment in capital, labour and energy compared with previous time period.
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given the modest average annual growth rate of G.T.F.P., the degree of green transi-
tion of China’s industrial economy deserves further study.

It can be seen in Table 2 that a positive growth rate of G.T.F.P. for all industrial sectors,
except the ferrous metal mining sector, which has an average annual decrease of 6%
([0.94� 1]�100%). There are a few sectors with higher G.T.F.P., such as coal mining and
processing, petroleum and natural gas extraction, papermaking and paper products, pet-
roleum proc. and coking products, smelting and pressing of ferrous metals, and electric
power, steam, hot water. A few other sectors have relatively smaller but positive G.T.F.P.
growth rates, such as furniture manufacturing, and stationery, education, and sports
goods with 0.93% and 0.04%, respectively. Unlike some of the existing literatures, this
study discovered that the higher the growth rate of G.T.F.P. associated with traditional
pollution-intensive sectors, the lower the green production efficiency is, while the lower
the growth rate of G.T.F.P. associated more with light industrial sectors.

There is anecdotal evidence in support of these results. In recent years, China are
facing more international and domestic pressure to improve the environmental qual-
ity. Frequent pollution incidents further show the increasing constraints of resources
and the environment on the sustainable development of China’s industrial economy.
Therefore, the Chinese government has accelerated the pace of industrial green transi-
tion, that is, transition to greener technologies. The heavy industrial sectors have
become the preferred target to reform due to their environmentally pollution-inten-
sive characteristics. Through the introduction of high-tech processes, policy changes,
structural upgrades, and other reforms, heavy industrial sectors, such as coal mining
and processing, have shown a potential of improvement towards the production fron-
tier. On the contrary, sectors such as electronic and telecommunication equipment,
which are very close to the best production frontier, have relatively limited room for
improvement, which result in a lower growth rate of G.T.F.P.

4.2. Empirical analysis on green transition of China’s industrial economy

The results in Table 2 also show that the average annual contribution of G.T.F.P. to
the industrial growth from 2001 to 2011 is 31.4%, indicating that China’s rapid indus-
trial growth largely relies on the massive investment of traditional resources with an
extensive development mode. The contribution of G.T.F.P. to industrial economic
growth varies widely among sectors. Consequently, a hierarchical clustering analysis
is performed to divide the 36 sectors into three major groups based on the dynamics
of the contribution of G.T.F.P., namely, green-intensive group, intermediate group,
and extensive group.

The sectors clustered into the green-intensive group are high-tech industries, such
as electronic and telecommunications equipment, and these sectors with certain
technological innovation advantages and producing high proportions of value-added
products. Other sectors in the green-intensive group are clean sectors with relatively
low energy consumption and environmental pollution, such as stationery, education,
and sports goods. The average contribution of G.T.F.P. to the rate of China’s indus-
trial economic growth in the green-intensive group is 53.9%, revealing an environ-
mentally friendly development mode in this group. Furthermore, it is worthy of note
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that the average value of G.T.F.P. itself in the green-intensive group is relatively high
at 7.2%, which implies that as the green transition process of the industrial economy
continues to accelerate and these green-intensive sectors will continue to play an
important role through both technological progress and improvements of efficiency
to enhance the contribution of G.T.F.P. to China’s industrial economic growth.

The extensive group includes resource-intensive sectors associated with serious
environmental pollution emissions. The average contribution of G.T.F.P. to the rate
of industrial economic growth in this group is 19.6%, which demonstrates that the
sectors in this group still depend heavily on the massive investment of traditional
resources, such as capital, labour, and energy, instead of G.T.F.P. Leather-, furs-,
down-related products even have negative G.T.F.P. growth rate of 5.6%. Therefore,
this high-energy consumption, high-volume resource, and high-pollution production
mode has slowed down the green transition process of China’s industrial economy.

The intermediate cluster consists primarily of traditional industrial sectors, and the
contribution of G.T.F.P. to industrial economic growth is 21.5%. The value of
G.T.F.P. among these sectors varies with 45.5% in instruments, meters, etc., and
�13.1% for nonmetal mineral products. The range of green contribution rates among
sectors reveals the uncertainty of green transition exists in this group.

Overall, China’s industrial economy still maintains the extensive development
mode in the current economic development period, in which economic growth
largely depends on massive investment of capital, labour, energy, and other traditional
resources, and G.T.F.P. has not yet become the main factor of driving economic
growth. As land and labour costs are rising sharply in recent years, coupled with the
challenge of an aging population, the industrial sector would face an unsustainable
future, if the industrial economic growth is unable to transition from extensive to
green-intensive development mode.

4.3. Empirical analysis of threshold panel model on environmental regulation
and green transition of China’s industrial economy

Figure 1 depicts the trend of environmental regulation intensity by three clusters of
industrial sectors from 2001 to 2011, which can be seen that the intensity of environmen-
tal regulation decreased significantly from 2004 to 2006, followed by a fluctuating upward
trend. From the grouping results, the average intensity of environmental regulation in
the extensive group is higher than the other two groups, which can be explained by the
fact that the government takes corresponding environmental regulation measurements,
generating corresponding intensity based on various production and pollution character-
istics of different sectors. Therefore, it is necessary to test the threshold effect of environ-
mental regulation of three groups, discover the relationship between environmental
regulation and green transition of each group, and identify their unique threshold values.
The parameter estimation results of grouping threshold mode are presented in Table 3.

In the green-intensive group, there is one threshold value of 0.03 based on the
empirical results. Based on the significance level of coefficient, it can be found that
environmental regulation can effectively promote the green transition of China’s
industrial economy when the environmental regulation intensity is greater than 0.03.
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According to the sample, most of the sectors have reached the turning point, where
environmental regulation can effectively improve the environmental quality as well as
economic growth. At the same time, government needs to strengthen current envir-
onmental regulation to accelerate the green transition process in the stationery, edu-
cation, and sports goods.

There are two threshold values of 0.51 and 0.92 in the intermediate group, demon-
strating the non-linear relationship between environmental regulation intensity and
green transition of China’s industrial economy. And the results indicate that only
when the intensity of environmental regulation is between 0.51 and 0.92, strengthen-
ing environmental regulation can effectively promote the green transition pace. When
the environmental regulation intensity is higher than 0.92, Further strengthening the
environmental regulation can negatively affect the green transition. Therefore, for
some sectors, such as mining and processing of nonmetal ores with the environmen-
tal regulation intensity of 0.98, the government should develop more flexible environ-
mental regulation mechanism as well as reduce its current environmental regulation

Table 3. Parameter estimation results of grouping threshold panel data model.
All Sectors Green-Intensive Group Intermediate Group Extensive Group

No. Of Threshold 1 1 2 1
Threshold Value(s) 1.01 0.03 0.51, 0.92 1.04
a0 3.91 (1.50) 2.68 (0.52) 7.97 (1.57) �0.01 (�0.01)
a1 1.15 (3.07)��� 49.72 (2.10) �4.83 (�4.79) 0.85 (6.69)���
a2 0.11 (1.91)��� 0.12 (0.57)� 2.72 (5.14)��� 0.10 (9.81)���
a3 N/A N/A �1.03 (1.84)� N/A
b1 �0.81 (�2.20)�� �1.84 (�2.96)�� �0.34 (�0.53) �0.19 (�1.11)
b2 �0.15 (�0.73) 0.33 (0.62) �0.54 (�1.38) 0.02 (0.31)
b3 0.10 (1.04) 0.05 (0.21) 0.11 (0.37) �0.07 (1.88)�
Notes: T values are in the brackets. ���, ��, and � indicate at 1%, 5%, and 10% significance level. respectively.

Figure 1. Trend of environmental regulation intensity by clusters of industrial sectors from 2001
to 2011.
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intensity to promote the green transition of this sector. For other sectors, like gar-
ment and other fiber products; furniture manufacturing; and instruments, meters, etc.
the government should continue to strengthen environmental regulation until it
breaks the threshold value, in order to more effectively promote the industrial
green transition.

For the extensive group, there is one threshold value of 1.04 and a direct correl-
ation relationship between environmental regulation and green transition. The envir-
onmental regulation effect is greater when the intensity is lower than 1.04. Therefore,
government can lower the environmental regulation intensity while enriching the
environmental regulation mechanism in some sectors, such as coal mining and proc-
essing; nonferrous metals mining and processing; papermaking and paper products in
order to better promote the green production as well as reduce the environmental
pollution. As expected, the energy productivity and green transition in the extensive
group are negatively correlated, which reveals that the sectors in extensive group gen-
erally have high-energy consumption, high-pollution and high-output characteristics.
Therefore, the extensive production mode is not conductive to the green transition of
China’s industrial economy.

5. Conclusions and policy implications

The current development of the industrial economy in China is facing a dilemma
when encountering the challenges of rapid economic growth and better environmen-
tal quality. A solution for green transition in achieving sustainable economic growth
requires the government to make reasonable environmental regulations to encourage
firms to continuously improve the contribution of G.T.F.P. to the economic growth.

This article combines S.B.M. D.D.F. and G.M.L. production index to calculate the
G.T.F.P. in the industrial economy in China with the consideration of energy con-
sumption and environmental pollution. Furthermore, the contribution of G.T.F.P. to
industrial economic growth is used as the major measurement of the degree of green
transition of the industrial economy and is further divided into three groups based
on the dynamics of green transition. Based on these results, this article constructs the
threshold panel data model of environmental regulation and green transition of the
industrial economy and identifies their nonlinear relationship.

The results show that G.T.F.P. increases at an annual rate of 5.7% during the
2001–2011 study period and contributes an average of 31.4% to the industrial eco-
nomic growth. This finding indicates that the current economic growth mode still
relies mainly on massive investment of traditional resources, while the extensive
development mode has not been effectively adopted. In the empirical analysis of the
panel threshold model, the results show that environmental regulation can effectively
promote the green transformation of the industrial growth, and the Porter hypothesis
can be appropriate applied in the industrial sector in China. There is no simply linear
relationship between the intensity of environmental regulation and green transition of
industrial economy. When the environmental regulation intensity is less than the
threshold value of 1.01, an increase in environmental regulation is more conducive to
the industrial green transformation. When the environmental regulation intensity is
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greater than the threshold of 1.01, an increase in environmental regulation would
negatively affect the green technology innovation and G.T.F.P. The regression results
of the green-intensive group show that only when the environmental regulation
intensity is higher than the threshold of 0.03, the improvement of environmental
regulation intensity has a significant positive impact on the industrial green trans-
formation. There are two thresholds for the intermediate group. When the environ-
mental regulation intensity is between 0.51 and 0.92, the improvement of
environmental regulation intensity can significantly promote the industrial green
transformation. When the environmental regulation intensity exceeds 0.92, continue
to improve the environmental regulation intensity will have a significant negative
impact on the green transformation. There is only one threshold (1.04) in the exten-
sive group. When the environmental regulation intensity larger or smaller than this
threshold, environmental regulation has a significant positive impact on industrial
green transformation. When the environmental regulation intensity is smaller than
1.04, the positive impact of environmental regulation on industrial green transform-
ation is more intense.

Therefore, government policy should not focus only on the environmental regula-
tion intensity, which cannot efficiently improve the G.T.F.P., or accelerate the green
transition process. Instead, government should adopt different environmental policies
in different industrial sectors. Especially, the policymakers in China need to gradually
change the process of environmental regulation from the traditional command-con-
trol to market-driven, and continuously develop more market-friendly environmental
regulations to provide incentive for the firms to continue green production technol-
ogy innovation and improve G.T.F.P., which can eventually achieve the improvement
of environmental quality and economic growth simultaneously.
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