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research reveals that environmental technical standards can propel manufacturing
enterprises to reduce pollution and increase productivity by following an incremental
path of technological transformation, thereby achieving a green transition. Moreover,
environmental technical standards indirectly promote green technology innovation in the
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1. Introduction

Since the beginning of the reform and opening-up period, China’s manufacturing industry has
made tremendous strides. The country’s global share of manufacturing value added experienced a
sharp increase, from less than 3% in 1990 to around 28% in 2018. Among the world’s 500 or so major
industrial products, China ranks first for about 220 of them in terms of manufacturing output. However,
the country’s overall manufacturing productivity is still significantly lower than that of developed
countries, and even lagging behind some emerging economies (Ding & Du, 2018). The extensive
development model of the traditional manufacturing industry, characterized by high pollution and
high energy consumption levels, has given rise to a range of environmental and resource problems.
According to some calculations (Fu et al., 2021), in the 18 years from 2000 to 2017, the energy
consumption of 28 sub-sectors of the manufacturing industry more than doubled, from consuming 600
million tons of standard coal equivalent in 2000 to nearly 2 billion tons in 2017. Concomitantly, carbon
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dioxide emissions increased by 2.36 times. The 14th Five-Year Plan for National Economic and Social
Development and the Long-Range Objectives for 2035, adopted in October 2020, put forward the goals
of “maintaining the basic stability of the proportion of the economy taken up by the manufacturing
industry” and “accelerating the green and low-carbon development.” What is at stake is how to
reconcile the two seemingly paradoxical development goals? In particular, in light of the requirement of
“implementing the strictest ecological and environmental protection system” as outlined in the report to
the 19th National Congress of the Communist Party of China (CPC), it is of increasing relevance to raise
two questions: How to realize a green transition' of the manufacturing industry accommodating both
emission reduction and efficiency improvement? And what is the effective path for the transition?

Among the existing research, many scholars have - from the perspective of the “Porter hypothesis”
— examined whether environmental regulations could induce coordinated development between
environmental protection and economic growth through technological innovation (Dechezleprétre et
al., 2019). For example, Lanoie and colleagues (2011) empirically examined the relationship between
environmental regulations, technological innovation, and economic performance drawing on the
survey data of 4,000 companies in seven industrialized countries. Their study showed that while strict
environmental regulations positively propelled companies to innovate in environmental technologies,
they generally hindered the economic performance of firms as the compensation for innovation
failed to offset the corresponding compliance costs. However, others had contrary findings. Based on
the panel data of 13 manufacturing sub-sectors in eight European countries from 2001 to 2007, the
empirical analysis of Franco and Marin (2017) found that environmental tax significantly promoted
technological innovation measured by the number of patents at the industry level, which further
improved industrial productivity. Their study hence concluded that green taxes in general have a positive
impact on productivity. In a similar vein, taking China’s pilot emission trading policy as an example,
Ren and colleagues (2019) found that these policies enabled the pilot areas to secure a “win-win” of
environmental protection and economic performance primarily through technological innovation. Deng
and others (2021) also concluded that the compensation reward of innovation was greater than the
compliance costs resulting from China’s “energy-saving and low-carbon” policies.

Besides technological innovation, technological transformation through updating production
equipment and absorbing advanced production technology has always been an important path for
advancing technological progress and productivity in China’s manufacturing industry (Shi & Li,
2019), and therefore it should also be a viable option for the green transition of enterprises driven
by environmental regulations (Perino & Requate, 2012), especially for firms with insufficient R&D
capacities (Shao et al., 2020). The study of Zhang and Lu (2018) showed that regulations on green
production impelled enterprises to meet cleaner production standards by deploying new pollution control
and production equipment, rather than through technological innovation. Similarly, taking the emission
reduction plan under the 11th Five-Year Plan as a case study, Fan et al. (2019) found that polluting
enterprises managed to meet stricter environmental regulations chiefly by increasing investment in
equipment for recycling and emission reduction. However, compared with the strand of literature
conforming to the Porter hypothesis, research concerning the effect of environmental regulations on
a green transition from the perspective of technological transformation is noticeably scant. Although
the studies of Zhang and Lyu (2018) and Fan ef al. (2019) did illustrate how companies adapted to
technological transformation, they failed to further analyze and verify the effect of technological

" According to the definition of the research group of the Institute of Industrial Economics of the Chinese Academy of Social Sciences (2011), “green
transition” is a process by which an industry moves towards the goals of using energy and resources more effectively, reducing pollutant emissions
and other environmental impacts, improving labor productivity, and enhancing sustainable development capabilities. The focus is on bringing out a
coordinated development between environmental protection and economic benefits. Drawing on this concept, this paper defines the green transition of
the manufacturing industry as a process by which manufacturing enterprises change their original production and operation methods to achieve both
emission reduction and efficiency enhancement.
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transformation on companies’ environmental and economic performance. Moreover, these analyses, by
and large, regarded technological transformation as a mere alternative to technological innovation while
falling short of accounting for their complementary relationship. In fact, when looking at the formation
conditions of technological innovation, technological transformation provides the essential market
demands for technological innovation, and the latter provides technical support for the former (Guo &
Peng, 2021).

Notably, although domestic literature assessing environmental policy effects abounds, the focus has
been on environmental regulations based on the traditional total-capacity controlling method or market
incentives. These studies have primarily examined the “two control areas” (SO, control area and acid
rain control area) (Shi et al., 2017), the reduction emission plan under the 11th Five-Year Plan (National
Plan for Controlling the Total Emissions of Major Pollutants during the 11th Five-Year Plan Period)
(Fang et al., 2020) and “ten atmospheric regulations” (Air Pollution Prevention and Control Action
Plan) (Luo & Li, 2018), as well as the pricing mechanisms for pollutant discharge (Guo et al., 2019),
and pilot emission trading schemes (Tu & Chen, 2015). They have largely left out those environmental
regulations based on technical standards, which have been widely referenced in industrial production
and transportation. Moreover, only a small portion of the existing empirical studies used pollution data
at the enterprise level (Chen et al., 2020; Chen, 2020), but the majority used regional or industry-level
pollution data (Lin & Tan, 2019; Shao et al., 2019; Cai et al., 2020), which may fall short of capturing
the mechanism of influence of environmental regulations at the micro level.

In view of the above, from the perspective of technological transformation and drawing upon
data reflecting enterprises’ pollution emissions at the micro level, this paper aims to theoretically and
empirically examine the policy effect of environmental regulations in the form of technical standards
on the green transition of Chinese manufacturing enterprises, as well as investigate the mechanism of
influence. To be more specific, we first bring environmental technical standards in the model framework
of Xepapadeas and de Zeeuw (1999), and theoretically investigate the mechanism through which this
type of environmental regulation affects manufacturing enterprises in terms of emission reduction
and productivity improvement. We then empirically test the theoretical analysis by constructing a
difference-in-differences (DID) model based on the policy effect of China’s first implementation
plan of cleaner production standards in 2003. Empirical data draw upon two databases during the
period of 1998 - 2006, namely the Chinese Industrial Enterprises database and the Chinese Industrial
Pollution Sources from Major Monitored Enterprises databases. Finally, we draw the conclusion that
under the rigid pressure of environmental technical standards, manufacturing enterprises opt for a
more incremental path of technological transformation to achieve a “win-win” of pollution reduction
and productivity improvement. This policy effect is more pronounced for enterprises with a greater
demand for technological transformation and stronger financing capacities. Moreover, the technological
transformation needs of the regulated enterprises can prompt green technology innovation in the
upstream equipment manufacturing enterprises.

Our research contributes to the literature in three aspects: (1) Distinct from the technological
innovation mechanism mainstreamed by the Porter hypothesis, this paper reveals an incremental
path of technological transformation manufacturing enterprises take to comply with environmental
regulations; that is, while strengthening end-of-pipe treatment, enterprises accelerate the investment in
replacing traditional, backward equipment with more advanced and environmentally friendly ones in
their production - a process we define as “capital renewal.” And through capital renewal, enterprises
can improve the utilization efficiency of energy and resources and optimize the energy consumption
structure, thereby achieving a green transition. This perspective has important policy implications
for promoting a high-quality development in China’s manufacturing industry. (2) In the context
of environmental regulations, this paper expands the analytical scope of the Porter hypothesis by
investigating the impact of technological transformation of downstream industries on stimulating green
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technology innovation in upstream industries. (3) Combining microscopic theoretical models with the
rarely used databases of Chinese Industrial Pollution Sources from Major Monitored Enterprises, this
paper complements the existing research on environmental policy assessments by examining the policy
effect and mechanism of influence of environmental technical standards at a micro-level.

The remainder of this paper is structured as follows: The second section is about theoretical
analysis, the third section is on empirical design, the fourth section reports the benchmark regression
results, the fifth section is about mechanism testing, the sixth section is on heterogeneity analysis, and
the concluding section summarizes the results and proposes some policy suggestions.

2. Theoretical Analysis

2.1 Model Construction

Building on the model proposed by Xepapadeas and de Zeeuw (1999), this research introduces a
manufacturing enterprise that uses machines of different ages for production. The age of the machine
is a€[0,k], where 4 is the longest lifespan of the machine. v(a) and s(a) represent respectively the
output and pollution emission of the machine at the age of a. As machines wear off, their performance
and efficiency decrease, and newer machines are often designed with more advanced production and
environmental protection technologies. Therefore, it can be assumed that the older the machine is, the
lower the production output and the larger the emission output, that is, v(a) < 0, s'(a) > 0. x(¢, ) is the
company’s stock of machines at the age of a in year ¢, and the total output of the company in year ¢ is:

O(O=lsv(a)x(1, a)da (D

Assuming that there is a trading market for machines of different ages (a € [0,4]), b(«) is the market
price of machines at the age of a. In general, older machines consume more energy and fossil fuels
during operation, and their working efficiency decreases with time. In addition, the serving age a of an
old machine is closer to its time of obsoletion 4. In other words, the service life of an old machine is
shorter, rendering its market price lower. On this premise, we set the price of a machine as a decreasing
function of its age, i.e. b'(a) < 0. At the same time, for the simplicity of the analysis, we assume that
the capital factor market is perfectly competitive, meaning that the price of a machine is not influenced
by the demand of a single manufacturing firm, but is purely dependent on the age variable. u(¢,a) is the
number of machines of age o purchased (u(z,a) > 0) or sold (u(z,a) < 0) in year ¢, and the total cost (or
total revenue) of the company from trading machines in year ¢ is:

T(t,0)=b(o)u(t, 0)+51u’(t,2) )
Where, the first item on the right side of the equation is the direct purchase cost of machines, and the
second item reflects the adjustment cost of buying and selling the machines, including transaction,
installation, debugging, etc.

On this premise, now consider that the government imposes a mandatory environmental technical
standard, forcing the manufacturing company to install filtering equipment with a pollution treatment
capacity not lower than 6 (6€(0, 1]) on each machine in operation. The larger ¢J is, the higher the
requirement for pollution treatment, and the stricter the imposed environmental technical standard.
The market price of each filter equipment is %52, which is positively related to its pollution treatment
capacity. This means that the marginal abatement cost of the manufacturing firm increases (Ulph, 1996).

The total pollutant discharge of the manufacturing enterprise is:

S()=[ts(a)(1-0)x(a, t)da 3)
This number depends not only on the production scale of the company, that is, the number of

machines in operation, but also on the pollutant discharge of each machine, which is negatively
correlated to the pollution treatment capacity of the filtration equipment.
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When the output price p is known, the manufacturing firm chooses to buy or sell machines of
different ages at different points of time to maximize its profits. At this point, the objective function is
presented as’:

f f {[pv(a) — —62]x(t a) — [b(@)u(t,a) += uz(t )]} dadt 4

{u(f a0
ax(t,a) ax(t a) 6x(t,o:) ax(ta)
S.t.—; +u(t,a), 5w T Ton = u(t,a) ®)
x(0,0) =0, x(t,a) =0 (6)

The above is a linear partial differential equation which sketches out how to arrive at an infinite

horizon optimal control with transition dynamics (Carlson et al., 1991), where, x(¢, @) is the state
ax(t,a)
at

variable. Constraint (5) shows that the changing rate of the stock of machines of a given age « is

equal to the reduced stock % of machines of that age with time and the number of newly purchased
machines of that age u(z, a). Constraint (6) means that the number of machines of any age at any point
in time is non-negative, and the manufacturing firm does not possess the most advanced machines at the
beginning of the period.

By solving the Hamilton equation,’ the objective function of the aforementioned how to arrive at an
optimal control at the steady state level can be revised as follows:

axm = [{[pr(a) — L6%)x(@) - [b(@u(@) +3u*(@)]}da e

stx=u(a), x(0)=0, x(a) 20 ®)

At the steady state level, the average machine age g, pollution emission intensity € and average
machine productivity level f are respectively recorded as:

{u(a)}

f ax(a)da v(a)x(a)da
&= f x(a)da ’ >, S=2 fo x(a)da ©)

Equation (9) includes the core indicators of this paper. The average age of machines g reflects
the age structure of the company’s fixed capital used for production and operation. The smaller the
variable g is, the newer the fixed capital - meaning that the company uses relatively modern production
equipment. Therefore, g can be used to measure the degree of the company’s capital renewal. Pollution
emission intensity @ is the pollution emission per unit output. The lower the variable 6 is, the greener the
company’s industrial production activities. Since the model only considers the capital factor, f reflects
the average productivity level of the company.

2.2 Model Analysis

For the simplicity of analysis and calculation, following the strategy of Xepapadeas and de Zeeuw
(1999), this paper sees the above equations as linear, and further normalizes a machine’s maximum
lifespan / and the price factor of the filtering equipment y to 1. As such, this paper assumes the below:

v(io)=a(l—a), s(a)=sa, b(a)=b(1—a)
s.t.0<b<1, 0<a<l, s>0, a€[0, 1] (10)

It should be noted that the output price p in the preceding analysis is assumed to be exogenous;

in the following analysis, this condition needs to be relaxed, i.e. the price needs to be endogenous.

* To simplify the analysis, this paper assumes that the discount factor is 0, and it does not consider the running cost of the machines. It should
be noted that taking the machine running cost into account would merely increase the complexity of calculation and analysis but not change the main
findings of this paper.

* The comprehensive calculation process will be provided upon request from the authors.
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Again, following the analysis of Xepapadeas and de Zeeuw (1999), we assume that there are two
manufacturing enterprises that operate in different administrative regions but compete in the same
industry or market,’ and firm R is regulated by environmental technical standards, and firm U not. In
reality, due to decentralization in the environmental regime and unbalanced development among regions,
manufacturing enterprises located in different regions are often affected by environmental policies with
different regulatory forces. For example, the 2013 air pollution control policies imposed much stricter
requirements on companies in the Beijing-Tianjin-Hebei, Yangtze River Delta, and Pearl River Delta
regions. In this sense, the two companies in the model can also be understood as two types of companies
that are subject to environmental regulations of different enforcement degrees. The market demand
function can be simplified as:
p=p—0"-0" (1D

In Equation (11), for the sake of convenience, this paper normalizes the potential purchasing power
p of the product market to 1° (Xu et al., 2016). We then calculate the average machine age g”, pollution
emission intensity 0 and productivity f* of firm R which is regulated by environmental technical
standards. Further, we explore the first-order partial derivatives® of the above variables concerning
environmental technical standards ¢, and arrive at the below:

R R
x<0, %<0; %
Based on the above analysis, this paper contends that driven by environmental technical regulations,
manufacturing enterprises can simultaneously reduce pollution emission intensity while improving
productivity. The key to improving productivity lies in capital renewal, and to reducing pollution
emission intensity lies in both end-of-pipe treatment and capital renewal. On the one hand, propelled by
environmental technical standards, manufacturing enterprises must install pollution filtration facilities
with a certain processing capacity to reduce pollution emission per unit of output. On the other hand,
to compensate the additional costs incurred from non-productive end-of-pipe treatment, companies
tend to reduce their production scale and decrease the stock of machines on the production line. Old
machinery and equipment are more susceptible to cost changes due to lower production efficiency,
and their stock level tend to decline more rapidly compared with the new ones. As a result, enterprises
tend to deploy new machinery and equipment, that is, they invest newer fixed capital in production and
operation. Newer machines further enable firms to reduce pollution emission intensity while increasing
the average productivity level. In short, environmental technical standards drive the green transition of
manufacturing enterprises by promoting technological transformation in pollution control and production
processes, which leads to emission reduction and efficiency improvement.
A typical case buttressing the above analysis is the transformation of China’s paper industry. For
a long time, the production scale of the paper industry was small, and the production technologies and
equipment were backward (Chen, 2009). Many small paper mills relied on imported obsolete pulp and
paper equipment for production, which resulted in serious water pollution problems. Following the State
Council’s National Total Pollutant Emission Control Plan during the 11" Five-Year Plan Period issued
in 2006, which stressed to “vigorously promote cleaner production in key industries such as power
generation, metallurgy, building materials, chemical industry, paper-making, textile printing and dyeing,
and food and brewery,” and the release of corresponding industry standards for cleaner production,
China’s paper industry eliminated more than 10 million tons of outdated production capacity and shut
down more than 2,000 companies with high energy consumption and pollution levels in the period of

>0

* The number of enterprises will not change the main findings of this paper, but only increase the computational complexity. Therefore, only two
enterprises are considered.

* In reality, when social productivity and residents’ income level improve, the purchasing potential of the product market often expands.

® The corresponding calculation process and numerical simulation will be provided upon request from the authors.
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the 11" Five-Year Plan. The discharge of chemical oxygen demand (a main indicator of wastewater
pollutants) dropped from around 1.6 million tons in 2005 to about 950,000 tons in 2010, a decrease of
more than 40%. The emission intensity of chemical oxygen demand plummeted from 0.07 ton/10,000
yuan to 0.02 ton/10,000 yuan, a decrease of more than 70%. At the same time, the paper industry
accelerated the pace of industrial restructuring and technological transformation, with investment in
technological transformation of equipment reaching more than 5 billion yuan. According to the data
from the National Bureau of Statistics, from 2006 to 2009, the overall investment in the papermaking
and paper products industry totaled 372.9 billion yuan and registered an average annual growth rate of
over 20%.

3. Empirical Design

3.1 Sample Grouping and Difference-in-Differences Model Construction

Considering that cleaner production standards (CPS) exert high environmental technical
requirements on enterprises in the concerned industries,” they are a type of environmental policy based
on technical standards as explicated in the above analysis. Hence, in the empirical analysis, we purport
to verify the theoretical analysis results by taking the first implementation of the CPS in 2003 and
evaluating the effect of the policy shock. Concretely, building on the empirical framework of Jiang and
Lu (2018), Chen and Wan (2019), we construct a fixed-effect difference-in-differences (DID) model to
quantitatively evaluate the environmental and economic performance of CPS, as well as examine the
green transition of manufacturing enterprises regulated by environmental technical standards from the
dimensions of emission reduction and efficiency improvement. The benchmark regression equation is set
as follows:

emission;= a0+ﬂ1didlt+0‘Xvit+lui+yind4+/1jt+git (12)
tp,= oo+ did, +0X, yind4+/1/t+git (13)

Where, the subscript i represents the enterprise, and emission; and TFP; are the emission intensity
and total factor productivity of firm 7, respectively. Pollution emission intensity mainly includes chemical
oxygen demand (cod) and industrial sulfur dioxide emission (SO,) per unit of gross output value. Total
factor productivity #fp,, and #fp,, are calculated based on the methods of Olley and Pakes (1996) and
Levinsohn and Petrin (2003), respectively. y; is the firm fixed effect to control for firm characteristics that
do not change with time, and 4, is the two-digit industry-year fixed effect to control for the exogenous
shocks at the two-digit industry level over time. Considering that more than a quarter of the firms in the
sample period moved across industries at the four-digit industry level, the regression also adds the four-
digit industry fixed effect y,,.. ¢, i1s a random disturbance item. Standard errors in the regression are
clustered to the four-digit industry level.

In selecting the control variables X, we reference to the practice of Long and Wan (2017) and
control for firm characteristics including the age of the firm (age), exports ratio (export), state-owned
background (soe), size of the firm (size), subsidy (subsidy), and the asset-liability situation (debt_ratio).
Further, the Herfindahl index (khi,,,) which reflects the degree of market competition in the industry is
controlled in the regression to reduce the potential interference of the market structure at the four-digit
industry level on the estimated results.

The DID variable did, is the core independent variable. The key to constructing this variable lies
in appropriately grouping samples to identify policy implementation differences at the firm level.
This paper sets did,,=1 when the four-digit industry to which firm 7 belongs implements CPS in year ¢

7 The institutional background of cleaner production standards will be provided upon request from the authors.
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otherwise, did,=0. In defining the samples for the treatment group and the observation period, this paper
has the following considerations: (1) It has to be noted that there may be sample selection problems due
to market withdrawal of some enterprises during the CPS implementation,” as well as problems with
policy expectations considering that the CPS examined in this paper were implemented successively, that
is, the policies implemented in the first year (2003) were more compelling than those implemented in the
subsequent years.” (2) This paper mainly examines large-scale, capital-intensive enterprises, this means
even if the enterprise intends to exit the market, it will take them some time to deal with fixed assets
such as production equipment and workshops. Based on these considerations, this paper sets the sample
observation period till 2006, and the samples for the treatment group consist of enterprises in three four-
digit industries'’ which implemented CPS for the first time in 2003. The observation period after the CPS
implementation is only 3 years, making the probability of exit within this period rather low. Therefore,
the DID variable did,, = treat, x post. Other advantages of ending the observation period in 2006 include
evading possible interferences of other events and policies, such as the subsequent financial crisis and
the 11th Five-Year Plan to eliminate outdated production capacity, as well as avoiding problems such as
the poor quality of industrial and enterprise data and the lack of key indicators in the subsequent years."

3.2 Data Sources and Processing

The basic data used for the regression in this paper are from the 1998-2006 Chinese Industrial
Enterprises database and the Chinese Industrial Pollution Sources from Major Monitored Enterprises
database, as well as the patent database of the China Intellectual Property Office published by He et
al. (2018). Among them, the Chinese Industrial Pollution Sources from Major Monitored Enterprises
database covers enterprises in the “Environmental Statistical Report System” of the Ministry of
Ecology and Environment, which is the most comprehensive and reliable micro-environment database
in China (Wang et al., 2020). Since the 1980s, the Ministry of Ecology and Environment (Ministry
of Environmental Protection before 2018) has been carrying out regular surveys nationwide on
major industrial pollution producers whose pollutant emissions accounted for more than 85% of the
total annual emissions in each region (Zhang et al., 2018). The database records the details of the
polluting enterprises’ energy and resource consumption such as coal, oil, natural gas and water, and the
discharge of industrial waste gas and wastewater (e.g. sulfur dioxide, nitrogen oxides, soot, chemical
oxygen demand and ammonia nitrogen), as well as the amount of investment in treatment facilities.
This database has been the very basis for the calculation and compilation of environmental statistical
indicators in the China Statistical Yearbook on Environment and China City Statistical Yearbook, but it
only caught the attention of academia very recently.

We matched the first two databases based on corporate codes, and for the outliers, we performed a
second matching based on enterprise names + administrative codes. As there was a change in national
economic industry code in 2002, we aligned the four-digit industry codes from 1998 to 2002 with

* For example, some companies may be unwilling or unable to implement CPS due to cost and other reasons and may withdraw from the respective
market. In other words, enterprises that remain in the market after implementing CPS may have higher productivity and lower pollution emission
intensity to start with.

’ In contrast, CPS released and implemented after 2013 are more likely to have the policy expectation effect, that is, prior to the implementation,
enterprises may already be informed and make decisions accordingly, such as adjusting production capacity, changing to another industry or retreating
from the market.

' They are petroleum refining industry (2511), coking industry (2520) and tanning industry (pig leather) (1910). China issued 8 CPS on October 1,
2016 and 2 more on December 1, 2006, but since these policies took place in the second half of the year, leaving companies little time to respond in the
same year. Therefore, for these companies, did, is always set to 0 (Long & Wan, 2017). Also, the implementation of CPS relies on the supervision and
guidance of local governments, which need some time to prepare. Hence, the above consideration is reasonable. This paper also omitted this part of the
sample in regression and found that it did not affect the estimated results.

"' The valid data for the core mechanism variables of this paper, i.e. productive and non-productive fixed asset investment (mjfix and nfix) end in
2006.
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subsequent editions. In terms of data processing, referencing to the methods of Brandt ef al. (2012) and
Nie et al. (2012), we performed cross-identifications on the same enterprise based on information such
as the corporate code, enterprise name, legal representative, phone number and zip code. We deleted
those companies with less than 8 employees, and those whose net value of current assets or fixed assets
was greater than the total assets, whose accumulated depreciation was less than the current depreciation,
whose asset-liability ratio was less than 0, whose founding year was greater than the statistical year, and
whose salary, value-added tax, and financial expenses were negative. In addition, we omitted those with
missing key indicators such as paid-in capital, founding year, export delivery value, sales value, number
of employees, fixed assets, subsidy income, total assets, and total liabilities.

In addition, considering that within the same observation period, the National Development and
Reform Commission issued a similar cleaner production evaluation index system in some industries, to
avoid the interference of this policy, we further removed the enterprises in the four-digit industries that
implemented this index system within the observation period. Finally, this paper restricted the sample to
manufacturing enterprises, resulting in a total of 215,812 observations from 1998 to 2006."

4. Benchmark Regression Results

4.1 Analyzing the Benchmark Regression Results

The benchmark regression results are shown in Table 1. Columns (1) and (2) report the impact
of the CPS implementation on the emission intensity of chemical oxygen demand and sulfur dioxide
of manufacturing enterprises, and show that the estimated coefficients of the DID variable did are
significantly negative. Columns (3) and (4) report the regression results on total factor productivity, and
show that the estimated coefficients of did are significantly positive. In general, the implementation of
CPS was conducive to restraining the pollution emission intensity of manufacturing enterprises while
improving their productivity levels. Compared with the manufacturing enterprises that did not implement
CPS in the same industry, those that implemented on average reduced the emission intensity of chemical
oxygen demand and sulfur dioxide by 1.8445 and 0.3176 units respectively. In other words, for every 1,000
yuan of total output value created, 1.8445 kilograms of chemical oxygen demand and 0.3176 kilograms
of sulfur dioxide were reduced in those companies; meanwhile, total factor productivity increased by
26.55% to 29.81%, respectively. These findings provide preliminary evidence for the assumptions in the
theoretical analysis.

The above regression results demonstrate that the implementation of CPS can promote the green
transition of manufacturing enterprises from two dimensions: Emission reduction and efficiency
enhancement. We argue that this policy effect is realized mainly because implementing CPS can
effectively bolster the enthusiasm of manufacturing enterprises for energy conservation and emission
reduction. In addition to stimulating end-of-pipe treatment, CPS as a type of environmental technical
regulation can incentivize enterprises to prevent pollution at the front end, not only through cleaner
production processes, but also by using greener energy and making greener products. We postulate
that driven by the environmental regulations, manufacturing companies may begin to re-examine their
production processes, and look for ways to turn waste into secondary materials, reduce disposal costs and
improve resource utilization. In this process, enterprises may accelerate capital renewal, that is, replacing
old equipment of high energy consumption and high pollution levels with new equipment, thereby
improving energy efficiency and optimizing energy utilization structure. However, this hypothesis needs
to be tested empirically.

" The descriptive statistics of the main variables used in the regression of this paper will be provided upon request from the authors.
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Table 1: Benchmark Regression Analysis

cod SO tfp, t
Variable 2 b L
1) (2) 3) 4)
did -1.8445™ -0.3176™ 0.2355™" 0.2609™
(0.0298) (0.0584) (0.0110) (0.0144)
soe 0.0427 0.1679™ -0.0619™" -0.0370"™"
(0.0418) (0.0602) 0.0121) (0.0132)
ize -0.1093™ -0.2473" -0.2297™ 0.0219
) (0.0399) (0.0329) (0.0189) (0.0194)
oe 0.0151 -0.0027 0.0041 0.0307™
& (0.0413) (0.0183) (0.0048) (0.0055)
export -0.2042" -0.2684™ 0.0359 0.0823™"
P (0.1095) (0.0832) (0.0254) (0.0258)
cubsid -0.0558" -0.0942" 0.0193" 0.04017"
subsiay (0.0270) (0.0429) (0.0100) (0.0104)
Jdebt vatio 0.1046 0.2970"" -0.2633™ -0.2786™"
- (0.0667) (0.0671) (0.0206) (0.0229)
hhi 0.0027 0.0008 -0.0023 -0.0037"
Find (0.0060) (0.0073) (0.0015) (0.0017)
Enterprise-fixed effect Yes Yes Yes Yes
Four-digit industry-fixed effect Yes Yes Yes Yes
Two-digit industry-year fixed effect Yes Yes Yes Yes
Observation value 187,399 188,332 188,670 188,670
Adjusted R? 0.6988 0.5951 0.6676 0.7421

Note: In parentheses are robust standard errors clustered to four-digit industries. *, ** and *** denote significance at 10%, 5% and
1%, respectively. The firm fixed effects, four-digit industry fixed effects, and four-digit industry-year fixed effects are uniformly
added to the regression. This applies to the following tables.

Source: Authors’ calculation.

4.2 Dynamic Effect Test

To examine the dynamic processing effect of the implementation of CPS over time and further
verify the hypothesis of parallel trend of the DID model, this paper draws on the event study method
proposed by Jacobson et al. (1993) for regression analysis. The models are set as follows:

. k=3 k
emission; = ot X5 - ODuHOX, 0+ Vinas T T & (14)

ipi= 060"‘2 f?—s k=1 5,(1),-[;—0—9)(”—%/11—% yind4+/1jt +e&; (15)

Where, the dummy variable D} indicates firm 7 in year ¢ is in the kth year before/after the
implementation of CPS in its industry. f; be the year in which CPS was implemented in this four-digit
industry to which firm i belongs. If t—f,=k, then D=1, otherwise it is 0. Where k = -5, -4, -3, -2, 0, 1,
2, 3. The regression equations (14) and (15) omitted the dummy variables when k= -1. Therefore, {J,}
captures the results of the treatment group and the control group before and after the implementation of CPS.

Table 2 reports the dynamic effect of the implementation of CPS on the pollution emission intensity
and productivity of the enterprises. Before the implementation, there was hardly any difference between
the enterprises in the treatment group and the control group in terms of pollution emission intensity and
productivity at the statistical level of 5%. But there was clearly a divergence in the dependent variables
after the implementation of CPS. Compared with the enterprises in the control group, the pollution
emission intensity of the enterprises in the treatment group decreased significantly while the productivity
increased after the implementation of CPS, and the effect of the policy became more pronounced over
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Table 2: Dynamic Effect Test

Variable cod 0 Yo L
ey (2) 3) (4)
D 0.6619° -0.0444 0.0007 -0.0120
(0.3782) (0.2001) (0.0397) (0.0476)
D 0.3911 0.0766 0.0196 0.0008
(0.2882) (0.1561) (0.0438) (0.0438)
= 0.3187 0.0361 0.0003 -0.0212
(0.2321) (0.1350) (0.0365) (0.0360)
D2 0.0612 -0.0280 -0.0452" -0.0478"
(0.1341) (0.0650) (0.0253) (0.0233)
oo -1.1650™ -0.2242" 0.1688™ 0.1904™"
(0.1658) (0.0946) (0.0253) (0.0264)
D -1.8644™ -0.3050™" 0.2073" 0.2056™
(0.1794) (0.1083) 0.0275) (0.0291)
D? -1.9360™" -0.3953"" 0.2254™" 0.2626""
(0.1740) (0.1011) (0.0304) (0.0312)
D -2.0126™ -0.4820™" 0.3748"" 0.3848""
(0.1726) (0.0993) (0.0307) (0.0319)
Observation value 187,399 188,332 188,670 188,670
Adjusted R? 0.6990 0.5951 0.6676 0.7421

Source: Authors’ calculations.

time. In short, the above results support the hypothesis of parallel trend of the DID model.

4.3 Robustness Test

In order to test the robustness of the benchmark regression results, this paper proceeds with the
following'’: (1) Replace the dependent variables; (2) omit companies that change across industries; (3)
control the impact of tariffs at the industry level; (4) exclude companies that joined or exited the industry
shortly before/after the CPS implementation; (5) change the measurement method of pollution emission
intensity; (6) control for the time trend of pollution emission intensity at the industry level; (7) control
for the linear time trend of the treatment group; (8) use the observation samples from 1998 to 2012; (9)
use the propensity score matching-based DID (PSM-DID) estimates; and (10) take the industries that
issued CPS at a later stage as the control group. After taking these measures, we found that the estimated
coefficient signs and significance levels of the DID variables remained generally unchanged, which
further supports the robustness of the benchmark regression results.

5. Mechanism Examination

The previous theoretical analysis suggests that pressured by strict environmental technical standards,
manufacturing enterprises opt for technological transformation on the production side to achieve a green
transition. To be specific, they will, on the one hand, increase investment in non-productive end-of-pipe
treatment (e.g. installing pollution filtration equipment), and on the other hand, introduce more advanced
and environmentally friendly machinery and equipment in the production process. In other words, they
will speed up the pace of productive capital renewal to reduce pollution emission intensity and increase
production efficiency. To this end, we further examine the impact of the implementation of CPS on the

" The detailed robustness test results and analysis will be provided upon request from the authors.
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Table 3: Impact of CPS Implementation on Enterprises’ End-of-pipe Treatment Performance

airequip S0,equip aircap so,cap waterequip watercap
Variable
(O] @ 3 “ ® 6
did 0.1085™ 0.0162"" 1.0337" 0.0292" -0.0189" 1.5573"
(0.0089) (0.0054) (0.0200) (0.0136) (0.0078) (0.1154)
Observation value 185,294 118,090 128,160 117,840 184,632 184,707
Adjusted R’ 0.7631 0.6836 0.7221 0.6050 0.7543 0.7917

Source: Authors’ calculations.

end-of-life treatment and capital renewal of manufacturing enterprises.

5.1 End-of-Pipe Treatment

In order to test the mechanism of end-of-pipe treatment, this paper examines the impact of the
implementation of CPS on the enterprises’ investment in waste gas and wastewater treatment facilities.
The corresponding regression results are reported in Table 3. Columns (1) and (2) show that after the
implementation of CPS, the number of facilities to treat industrial waste gas (airequip) and sulfur
dioxide (so,equip) experienced an increase of 11.46% and 1.63%, respectively. When focusing on the
treatment capacity of the facilities, the hourly treatment capacity of industrial waste gas and sulfur
dioxide (aircap and so,cap) increased by 181.14% and 2.96%, respectively. Columns (5) and (6)
show that the implementation of CPS significantly increased enterprises’ daily treatment capacity of
industrial wastewater (watercap) but reduced their investment in treatment facilities (waterequip). The
above regression results suggest that driven by strict environmental technical standards, manufacturing
enterprises have significantly increased investment in end-of-pipe treatment, and they seemed to opt for
using more technologically advanced pollution control facilities instead of merely increasing the number
of facilities. Overall, the above results testify the mechanism of end-of-pipe treatment.

5.2 Capital Renewal

To test the mechanism of capital renewal, we replace the dependent variables in the benchmark
regression model with various indicators that reflect an enterprise’s capital renewal situation, including
investment, depreciation, capital productivity and pollution production intensity. The corresponding
regression results are shown in Table 4 and Table 5.

(1) Investment, depreciation, and capital productivity. Columns (1)-(3) of Table 4 report the
regression results on investment indicators. Clearly, the total investment in fixed assets (inv) of the
treated enterprises increased significantly after implementing CPS. When further dividing the total
investment in fixed assets into investment for production and operation purposes and for non-production
and non-operation purposes (mfix and nfix), we found that CPS mainly stimulated investment for the
former purposes, which had an overage increase of 16.53%. The regression results in Column (4)
show that after the implementation of CPS, the depreciation (depre) of the enterprises in the same year
increased by 34.19%. The regression results in Column (5) show that when the depreciation rate is
used as a proxy variable for capital renewal, the implementation of CPS accelerated the depreciation
rate (depre_,,,) by 1.8083%, further supporting the theoretical assumption that environmental technical
standards help accelerate capital renewal of manufacturing enterprises. The regression results in Column
(6) show that after implementing CPS, the capital productivity (keffiency) of the treated enterprises
increased significantly, with an average growth of about 2.78%.

(2) Pollution production intensity. Table 5 reports the impact on the intensity of wastewater and
major air pollutants produced by the companies. Compared with pollution emission intensity, the
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Table 4: Impact of CPS Implementation on Investment Behavior of Enterprises

inv mfix nfix depre depre._,,,. keffiency
Variable
1 @) 3) “ (5) (6)
did 0.5122™ 0.1530™ 0.1154 0.2941" 1.8083™ 0.0274™
(0.0245) (0.0204) (0.0949) (0.0107) (0.0541) (0.0016)
Observation value 122,317 90,492 38,050 180,036 193,721 188,813
Adjusted R’ 0.7243 0.6803 0.4485 0.8161 0.2737 0.9970

Source: Authors’ calculations.

Table S: Impact of CPS Implementation on Enterprises’ Pollution Production Intensity

pcod pandan S0, psoot pdust
Variable
@D 2 3) 4) (%)
did -2.5025™" -0.0074™ -0.3917™ -0.6936™" 0.5167
(0.2291) (0.0025) (0.0786) (0.1332) (0.4288)
Observation value 179,814 117,358 176,603 181,744 174,775
Adjusted R? 0.6889 0.4762 0.5946 0.4465 0.7243

Source: Authors’ calculations.

change in pollution production intensity reflects the emission of the manufacturing enterprise during the
production process, which is directly related to its production technology, but hardly affected by end-
of-pipe treatment. Therefore, examining this indicator can reveal the impact of capital renewal while
avoiding the interference of the end-of-pipe treatment mechanism. The regression results in Columns
(1) and (2) show that the implementation of CPS was associated with reduced production intensity of
chemical oxygen demand and ammonia nitrogen (pcod and pandan), with a decrease by 2.5025 and 0.0074
units, respectively. Furthermore, the production intensity of sulfur dioxide and soot (pso, and psoot) of
the enterprises in the treatment group decreased significantly, except that of dust (pdust). The results
are consistent with the changes in the emission intensity of each pollutant as shown in the benchmark
regression and robustness tests.

In general, after implementing CPS, manufacturing enterprises accelerated their investment and
depreciation, and purchased more advanced and environmentally friendly production equipment.
Compared with the companies which were not influenced by the CPS policies, they experienced a higher
level of capital productivity and a lower level of pollution production per unit of output value. This result
supports the mechanism of capital renewal.

5.3 Utilization Efficiency and Structure of Energy and Resources

In the theoretical model, for the simplicity of the analysis, we did not consider the utilization of
energy resources in the production process. However, in practice, fossil fuels such as coal, oil and natural
gas and water resources are important inputs for production, and their utilization efficiency directly
affects the level of productivity. Research has suggested that a company’s energy efficiency and structure
are closely related to its pollution emission level (Shi & Li, 2020). To this end, we further examine the
impact of the implementation of CPS on the utilization efficiency and structure of energy and resources
in manufacturing enterprises. The corresponding regression results are shown in Table 6.
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Columns (1)-(3) of Table 6 report the impact of the implementation of CPS on enterprises’ fossil
energy consumption intensity. Column (1) shows that the estimated coefficient of the overall fossil
energy consumption intensity (energy)'” is significantly negative. Given that coal is the most important
fossil energy input in China’s industrial sector, Column (2) further reports the impact on the total coal
consumption intensity (coal) and shows that the regression coefficient is still negative, albeit at a weaker
level of significance. When focusing on the consumption intensity of fuel coal mainly used as boiler
fuel (f.,.,), the estimated coefficient of the DID variable is significant at the level of 1%. The estimated
coefficient for freshwater consumption intensity (f,,,.,) shown in Column (4) is also significantly
negative. The above results suggest that the implementation of CPS significantly improved the utilization
efficiency of fossil energy and water resources in manufacturing enterprises.

Columns (5) and (6) report the impact of CPS on the utilization structure of energy and resources
in manufacturing enterprises. In terms of energy utilization structure, due to the lack of data concerning
the utilization of new energy, this paper measured the utilization rate of clean energy by calculating
the proportion of relatively clean natural gas (clean) in the total fossil energy consumption (Han et
al., 2020). In terms of water utilization structure, this paper used the proportion of recycled water
consumption (recycled) in the total industrial water consumption to measure the water recycling rate of
the enterprise. The estimated coefficient of the clean energy utilization rate as shown in Column (5) is
significantly positive, so is the recycled water rate as shown in Column (6), indicating that CPS not only
propelled manufacturing enterprises to improve the utilization efficiency of energy and resources, but
also drove them to use cleaner energy and increase the resource recycling rate.

In short, the above regression results suggest that pressured by strict environmental technical
standards, manufacturing enterprises have the propensity to increase investment in end-of-pipe treatment
and capital renewal, while also optimizing the utilization efficiency and structure of energy and
resources. Although the latter result has not been captured in the above theoretical analysis, this does
not nullify the theoretical analysis results. When manufacturing enterprises accelerate capital renewal,
that is, purchase more advanced and environmentally friendly production, they often concurrently
improve the utilization efficiency and optimize the utilization structure of energy and resources, given
that the input level and the type of energy and resources used in the industrial production process
largely depend on the production equipment. In other words, we can conclude that due to environmental

Table 6: Impact of CPS Implementation on Utilization Efficiency and Structure of Energy and Resources

Utilization efficiency of energy and resources Utilization structure of energy
and resources
Variable energy coal Sooar Srvaer clean recycled
O] @ 3 “ O] (6

did -0.0064"" -0.0035" -0.0056"" -1.5054"" 0.5700™" 24371

(0.0017) (0.0019) (0.0018) (0.0570) (0.0891) (0.2509)
Observation value 111,907 130,570 185,205 192,092 91,634 176,400
Adjusted R® 0.7297 0.7493 0.5283 0.7230 0.7999 0.7182

Source: Authors’ calculations.

"* The calculation steps of the overall fossil energy consumption intensity are as follows: Based on the reference coefficients for converting various energy
sources into standard coal in the 2020 China Energy Statistical Yearbook, convert the coal, fuel oil and natural gas consumption of the enterprise into standard
coal respectively, and then, the energy consumption of each item whose heat units are unifed is summed up and divided by the total output value.
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technical standards, companies’ capital renewal is directly associated with the improvement of utilization
efficiency and structure of energy and resources, thereby verifying the mechanism of capital renewal.

5.4 Technological Innovation

The analysis thus far examined that driven by environmental technical standards, manufacturing
enterprises took a green transition path of technological transformation underpinned by end-of-pipe
treatment and accelerated capital renewal, which further improved the utilization efficiency and structure
of energy and resources. However, in addition to this incremental path of technological advancement,
we assume that manufacturing enterprises may also choose a more direct and radical path, namely
technological innovation. To this end, we further examine the impact of the implementation of CPS
on technological innovation of manufacturing enterprises. The corresponding regression results are
presented in Columns (1)-(4) of Table 7. The results in Column (1) show that the implementation of CPS
had no significant impact on the ratio of new product output value (newper), and Column (2) shows that
CPS did not significantly increase the number of patent applications (patents).

In order to further investigate the impact of CPS on enterprises’ green technology innovation, this
paper identified the number of green patent applications of each company (including patents for green
invention and green utility model) based on the “International Patent Classification Green List” launched
by the World Intellectual Property Organization (WIPO) in 2010, as well as the international patent
classification number (Xu & Cui, 2020). Columns (3) and (4) report the regression results on the number
of applications for green patent (patent,,) and for green invention patent (green,, ), respectively, and
show that the estimated coefficients of the DID variables are not significant. This result suggests that
even pressured by strict CPS, technological innovation may not be the primary path for manufacturing
enterprises to achieve a green transition.

This probably is because technological innovation requires a certain amount of technology
accumulation, and its investment return is long term and has great uncertainty (Minetti et al.,
2015), whereas CPS is a command-and-control environmental regulation method which requires
companies to comply within a short period (otherwise they may face fines or risk being shut down).
Therefore, companies opt to choose a more effective means to reduce emission, that is, a technological
transformation path tackling emission during and at the end of the production process (Gao & Yuan,
2020). This may also be the reason why empirical studies have failed to account for the direct impact of
environmental regulation on technological innovation (Fan et al., 2019).

It should be noted that even when an enterprise steps up investment in innovation, it is perhaps
unrealistic to convert the innovation input into innovation output within a short period after CPS.
But the empirical samples in this paper only have an observation period of three years, and mainly
innovation output variables'’ are used to account for technological innovation. Therefore, the regression
results shown in this paper do not deny enterprises’ potential investment in technological innovation.
However, considering that the effect of technological innovation measured by innovation output is at
least insignificant in the short term, it cannot explain the policy effect of CPS on the green transition of
manufacturing enterprises. Hence, the above regression results at least demonstrate that in the short term,
CPS do not spur a green transition through technological innovation.

If technological transformation is the main mechanism for the green transition of manufacturing
enterprises, we further postulate that the green technology demands of manufacturing enterprises affected
by strict CPS will stimulate technological innovation of their upstream equipment manufacturing
industries. To this end, we further examine after the implementation of the first CPS in 2003, whether
upstream equipment manufacturing enterprises closely related to the treated industries generated more

" Although R&D expenditure can more directly reflect the innovation investment of enterprises, these data for the samples only exist in 2005 and
2006. The lack of pre-policy observations limited its usage in the DID model in this paper.
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Table 7: Impact of CPS Implementation on Technological Innovation of Enterprises

newper patent patent_gre green_inv patent_gre green_inv

Variable
(¢)) ()] 3 “ ® 6

did 0.1194 -0.0009 -0.0002 -0.0002

(0.1151) (0.0020) (0.0002) (0.0002)
stream 0.0031 0.0048"
P post (0.0032) (0.0026)
Observation value 166,642 193,931 193,931 193,931 189,466 189,466
Adjusted R’ 0.6152 0.4571 0.2391 0.2224 0.2413 0.2231

Source: Authors’ calculations.

green technology innovations than their peers which were unaffected by CPS.

Concretely, we first set the four-digit industries in the general equipment manufacturing industry
(35) and special equipment manufacturing industry (36) which have close productive linkages with
the three industries of the treatment group, i.e. the petroleum refining industry (2511), coking industry
(2520) and tanning industry (pig light leather) (1910) as the upstream equipment manufacturing industry
of the treatment group'® (upstream), which we then multiplied with the dummy variable (pos?) for years
after 2003 to generate a new DID variable upstream,,, and finally, we replaced the DID variable in the
benchmark regression and performed re-regression.” The regression results in Column (5) of Table 7
demonstrate that after the implementation of the first batch of CPS in 2003, the upstream equipment
manufacturing enterprises in the treated industries had a better performance in terms of green patent
applications, albeit the estimated coefficient of upstream,,, is not significant. When further examining
the number of applications for green invention patent, we found the estimated coefficient of upstream,,,
is significantly positive at the level of 10%."* This shows that although CPS did not directly induce green
technology innovation in enterprises in the treated industries, it indirectly promoted green technology
innovation in the upstream equipment manufacturing enterprises, which offered enterprises in the treated
industry production and pollution treatment equipment with advanced green technologies, and ultimately
enabled them to achieve a green transition. This finding indirectly confirms the Porter hypothesis.

6. Heterogeneity Analysis

According to the above analysis, driven by CPS, manufacturing enterprises may attempt to achieve
a green transition predominantly by taking a more incremental path of technological transformation
for end-of-pipe treatment and capital renewal. This means that the effect of the green transition mainly
depends on the degree of technological transformation, which is directly constrained by the urgency
and financing capability of the enterprise. On the one hand, manufacturing enterprises with a high
pollution level and backward production technologies are expected to have relatively high demands

' The specific industry definitions will be provided upon request from the authors.

"7 The treatment group in the regression includes upstream equipment manufacturing enterprises (i.e. upstream=1) in the three industries of
petroleum refining, coking industry and tanning industry (pig leather), and the control group include those upstream equipment manufacturing enterprises
in industries (i.e. upstream=0).

** Many manufacturing enterprises in the treated industries choose to purchase production equipment and pollution control equipment from abroad
(which promotes the green technology innovation in foreign upstream equipment manufacturing enterprises). Due to data limitations, the regression
in this paper only investigated the green technology innovation effect on domestic upstream equipment manufacturing enterprises, which might have
undermined its effect.
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for technological transformation since they face far deviation from the CPS-imposed environmental
requirements, whereas those companies with relatively fast capital renewal have less urgency since their
production technologies are already more advanced. On the other hand, companies with high expected
profitability have more internal cash flow and are more likely to obtain bank loans, hence they are
better positioned to raise funds for technological transformation. To verify the assumptions, this paper
first captured the technological transformation needs and financing capabilities of companies before
2003 using data on average pollution emission intensity, productivity level, depreciation rate and main
business profit level,"” and then captured the potential heterogeneous policy effects by incorporating the
multiplication of these pre-policy, non-time-varying enterprise characters with DID variables into the
benchmark regression.

Tables 8 and 9 report the heterogeneity test results, where, Columns (1)-(4) of Panel A and Panel B
in Table 8 respectively use the mean values of enterprises’ chemical oxygen demand and sulfur dioxide
emission intensity before 2003 as the regression results of the multiplicative variables. The results show
that enterprises with higher chemical oxygen demand and sulfur dioxide emission intensity experienced a

Table 8: Heterogeneity Test 1

. cod 50, 1Py 1py
Variable
) @) 3) ()]
Panel A: Multiplicative variable x is the cod mean value of the enterprises before policy implementation
dida -0.6417™" -0.0744 0.0128"™ 0.0140™
(0.0815) (0.0750) (0.0042) (0.0055)
did 0.5105 -0.0281 0.1750™" 0.1953™
(0.2620) (0.2417) (0.0171) (0.0223)
Observation value 153,009 153,242 151,061 151,061
Adjusted R® 0.6937 0.5885 0.6538 0.7424
Panel B: Multiplicative variable x is the so, mean value of the enterprises before policy implementation
Gids -0.0566" -0.7963" 0.0224™ 0.0268™"
(0.0151) (0.0164) (0.0046) (0.0049)
did -1.8057" 0.2598™" 0.2077" 0.2296™"
(0.0304) (0.0422) (0.0126) (0.0171)
Observation value 153,009 153,242 151,061 151,061
Adjusted R® 0.6921 0.5912 0.6539 0.7424
Panel C: Multiplicative variable x is the #/p,, mean value of the enterprises before policy implementation
JidxE 0.0287 0.5571" -0.2858"" 0.2427"
(0.0824) (0.2425) (0.0406) (0.0453)
did -1.9206™ -1.3750™" 0.7922"" 0.7312""
(0.1648) (0.4825) (0.0822) (0.0933)
Observation value 152,048 152,293 150,752 150,752
Adjusted R 0.6918 0.5874 0.6543 0.7429

Note: The multiplicative variable does not change with time, so it will be absorbed by the firm fixed effect. Due to the lack of
observations before 2003 in some enterprises, the sample size of the regression in the heterogeneity test is smaller than that in the
benchmark regression. The same applies to Table 9.

Source: Authors’ calculations.

" The advantage of using a pre-determined variable as a multiplicative variable is that it can avoid the interference of the policy and capture the
heterogeneity effect of the policy more neatly. Considering that there may be many negative values regarding the profit level of the main business, taking
the logarithm directly would lose sample size; hence, this paper standardized this variable by subtracting the variable from its mean value and then
dividing its standard deviation.
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Table 9: Heterogeneity Test 2

cod SO tfp., tfpy,
Variable = L L
() (@) 3 (€]
Panel A: Multiplicative variable x is the 7fp,, mean value of the enterprises before policy implementation
JidxE 0.2260 0.7327" -0.1666"" -0.1638™
(0.1394) (0.2647) (0.0367) (0.0310)
did 333657 -5.0529" 131127 1.31847
(0.9051) (1.7373) (0.2437) (0.2055)
Observation value 152,048 152,293 150,752 150,752
Adjusted R 0.6918 0.5875 0.6542 0.7429
Panel B: Multiplicative variable x is the mean value of the enterprises’ depreciation rate before policy implementation
didxa 0.0358 0.0713™ -0.0148™ -0.0088"
(0.0550) (0.0159) (0.0046) (0.0051)
did -2.0626™ -0.7350"" 0.3133"™ 0.3017"
(0.3276) (0.1302) (0.0297) (0.0331)
Observation value 152,960 153,192 151,029 151,029
Adjusted R® 0.6923 0.5881 0.6537 0.7423
Panel C: Multiplicative variable x is the mean value of enterprises’ main business profit level before policy implementation
JidxE -0.0272 -0.2335" 0.0210™ 0.0248™"
! (0.0331) (0.1335) (0.0072) (0.0080)
did -1.8455™ -0.2986"™" 0.2225™ 0.2473™
! (0.0282) (0.0561) (0.0128) (0.0172)
Observation value 153,009 153,242 151,061 151,061
Adjusted R 0.6921 0.5885 0.6538 0.7424

Source: Authors’ calculations.

greater reduction in pollution emission intensity and a faster increase in productivity after implementing
CPS. When using the ex-ante value of total factor productivity as a multiplicative variable, the regression
results of Columns (1)-(4) of Panel C in Table 8 and Panel A in Table 9 show that firms with a lower
productivity level prior to the policy implementation experienced higher reduction in pollution emission
intensity and faster increase in productivity after the policy shock of CPS. Columns (1)-(4) of Panel
B in Table 9 use the depreciation rate before 2003 to reflect enterprises’ previous capital renewal rate.
They show that enterprises with faster depreciation prior to the policy implementation experienced a
smaller reduction in pollution emission intensity and a slower increase in productivity after the policy
shock of CPS. The above regression results precisely support the logic of technological transformation
needs, that is, enterprises with higher pollution emission intensity, lower productivity, and slower capital
renewal rate before the policy implementation have more urgency for technological transformation
due to a lower degree of compliance; and the greater the degree of technological transformation is, the
more pronounced the green transition effect. When using the profit level of the main business before
2003 to represent the existing financing capacity of the enterprises, the regression results as shown in
Columns (1)-(4) of Panel C in Table 9 suggest that enterprises with stronger financing abilities before the
policy implementation experienced higher pollution emission intensity reduction and faster productivity
increase after implementing CPS, which also supports the logic of financing capacity, that is, enterprises
with stronger financing capacities prior to the policy implementation are more likely to implement
technological transformation so as to achieve better green transition results. In general, the heterogeneity
analysis further supports the above technological transformation mechanism.
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7. Conclusion and Policy Implications

Since the 18th National Congress of the CPC, how to balance “lucid waters and lush mountains”
with “gold and silver mountains” (i.e. the relation with environmental/ecological protection and
economic growth) has become a hotly debated topic in the Chinese academic and industrial circles.
In this paper, we introduced mandatory environmental technical standards in the model framework of
Xepapadeas and de Zeeuw (1999) to examine the influence and mechanism of technical environmental
regulations on the green transition of manufacturing enterprises. Furthermore, we empirically verified
the theoretical analysis results using the matched samples of manufacturing enterprises from the Chinese
Industrial Enterprises database and the Chinese Industrial Pollution Sources from Major Monitored
Enterprises database. Overall, our study revealed that environmental technical standards are conducive
to promoting the technological transformation of manufacturing enterprises, which further leads to a
green transition that simultaneously benefits pollution emission intensity reduction and productivity
improvement.

In the process of technological transformation, manufacturing enterprises tended for, on the one
hand, strengthen end-of-pipe treatment, and on the other hand, accelerate the deployment of more
advanced and environmentally friendly production equipment. Moreover, through the capital renewal
method, enterprises managed to improve the utilization efficiency and consumption structure of energy
and resources. Further analysis found that thanks to environmental technical standards, the technological
transformation needs of the regulated enterprises indirectly promoted the green technology innovation
of their upstream equipment manufacturing enterprises, pointing to the complementary effect of
technological transformation and technological innovation among industries. The heterogeneity test
showed that the green transition effect of environmental technical standards was more significant on
enterprises with higher pollution emission intensity, lower productivity, slower capital renewal and
stronger financing capacities prior to the policy implementation.

The findings of this paper have important theoretical and practical implications. On the one hand,
our research shows that under the command-and-control environmental regulations represented by
environmental technical standards, economic performance and environmental performance are not
exclusive, rather, there is still room for reconciliation between the two. On the other hand, the research
reveals that facing environmental regulations, manufacturing enterprises can choose a more incremental
and pragmatic green transition, that is, technological transformation for both pollution emission control
and the production process. The technological transformation also indirectly drives green technology
innovation in the upstream equipment manufacturing industries. Considering that command-and-
control environmental regulations are still the predominant form of environmental regulation imposed
in China, and that in reality, many manufacturing enterprises lack the relevant technical accumulation
and necessary financing capabilities for technological innovation, we propose the following for policy
consideration:

(1) At present, environmental regulations in China are shifting from the traditional command-
and-control type to a market-incentive type. In this process, we suggest that instead of completely
abolishing the command-and-control type, the two forms of environmental regulation policies should
be complementary and used when applicable. As we have revealed, environmental technical standards
can effectively unleash the energy saving and emission reduction potential of manufacturing enterprises
while improving production efficiency. Therefore, in adjusting and optimizing the environmental
regulation policy system, we suggest that technical standard-type environmental regulations represented
by CPS should be further promoted.

(2) Although technological innovation appears to be more “high-end” and is hailed by regulatory
authorities, in reality, manufacturing enterprises are only able to respond to environmental regulations
based on their own resource endowments and comparative advantages, and many of them can only
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choose a more progressive technological transformation path, such as strengthening end-of-pipe
treatment, accelerating capital renewal, and improving the utilization efficiency and structure of energy
and resources. Hence, environmental supervision departments must reckon with and respect the reality
of manufacturing enterprises and avoid unrealistic expectations of technological innovation.

(3) In order to accelerate the green transition of the manufacturing industry, governments at all
levels should consider implementing policies to reduce tax for green investment in the process of
ecological civilization construction. This can help companies reduce the short-term depreciation cost
and pollution control cost in the process of capital renewal and end-of-pipe treatment. In addition,
governments should increase fiscal and taxation support for manufacturing enterprises that are in urgent
need of green technological transformation but with weak financing capabilities. To this end, we suggest
that the Ministry of Ecology and Environment and the Ministry of Industry and Information Technology
should jointly set up a special technological transformation fund to support and guide traditional
pollution-intensive manufacturing industries in the green transition process.

(4) Since the technological transformation level of manufacturing enterprises is closely correlated
with the technological innovation level of their upstream equipment manufacturing industry, in order
to improve the overall technological progress level, it is necessary for the Chinese government to steer
the equipment manufacturing industry towards the medium- and high-end of the global value chain. In
particular, the government should foster several leading enterprises in manufacturing environmental
protection equipment. We propose that relevant departments should increase fiscal, taxation and financial
support for this manufacturing industry, actively develop green financial products and derivatives such
as green credit, green bonds and financial leasing, and encourage social capital to invest in this industry.

Due to limitations in the research samples and the regression models, this paper only managed
to examine the policy effect of implementing CPS on companies that are directly affected within a
relatively short period of time. The long-term effect of the policy and how it affects other firms which are
not directly hit have not been explored in this paper. Therefore, we suggest that future studies can focus
on comprehensively examining the short-term and long-term policy effects of CPS while simultaneously
considering both the direct and indirect effects of the policy. =

References:

[1] Brandt, L., J. Van Biesebroeck, and Y. Zhang. 2012. “Creative Accounting or Creative Destruction? Firm-level Productivity Growth in
Chinese Manufacturing.” Journal of Development Economics, 97(2):339-351.

[2] Cai, Lihui, Zhen Zhang, and Lei Zhu. 2020. “Global Value Chain Embeddedness and Carbon Dioxide Emissions—An Empirical Study
Based on Panel Data of China’s Industries.” Journal of International Trade, 4:86-104.

[3] Carlson, D. A., Alain B. Haurie, and Arie Leizarowitz. 1991. Optimal Control on Infinite Time Horizon. Berlin: Springer-Verlag.

[4] Chen, Dengke. 2020. “Trade Barrier Reduction and Environmental Pollution Improvement: New Evidence from Firm-level Pollution
Data in China.” Economic Research Journal, 55(12):98-114.

[5] Chen, Lin, and Panbing Wan. 2019. “The Kyoto Protocol and its Clean Development Mechanism’s Emission Reduction Effects: Micro-
project data on China’s Participation in Global Environmental Governance.” Economic Research Journal, 54(3):55-71.

[6] Chen, Lin, Qianbing Xiao, and Zhilin Niu. 2020. “Enterprise Cost Function Model Considering Environmental Governance Cost and Its
Application.” The Journal of Quantitative & Technical Economics, 37(11):139-156.

[71 Chen, Xiaodong. 2009. “Resources and Environmental Regulation and the Competitiveness of Chinas Paper Industry.” Economic
Management Journal, 31(10):23-29.

[8] Dechezleprétre, A., T. Kozluk, T. Kruse, D. Nachtigall, and A. de Serres. 2019. “Do Environmental and Economic Performance Go
Together? A Review of Micro-level Empirical Evidence from the Past Decade or So.” International Review of Environmental and
Resource Economics, 13(1-2):1-118.

[91 Deng, Yuping, Lun Wang, and Wenjie Zhou. 2021. “Does Environmental Regulation Promote Green Innovation Capability?—Evidence
from China.” Statistical Research, 38(7):76-86.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

China Economist Vol.17, No.5, September-October 2022

Ding, Wenjun, and Zhiming Du. 2018. “Forty Years of China’s Manufacturing Industry: Achievements, New Situations and
Transformation Ideas.” Economic Review, 8:70-79.

Fan, H., J. S. G. Zivin, Z. Kou, X. Liu, and H. Wang. 2019. “Going Green in China: Firms’ Responses to Stricter Environmental
Regulations.” https://www.nber.org/system/files/working_papers/w26540/w26540.pdf (accessed July 17, 2022).

Fang, Fang, Lan Yang, and Yahong Zhou. 2020. “Environmental Regulation, Firm Dynamics and City Manufacturing Productivity.”
Journal of Management Sciences in China, 23(4):22-37.

Franco, C., and G. Marin. 2017. “The Effect of Within-Sector, Upstream and Downstream Environmental Taxes on Innovation and
Productivity.” Environmental and Resource Economics, 66(2):261-291.

Fu, Hua, Guoping Li, and Ting Zhu. 2021. “Carbon Emission of China’s Manufacturing Industry: Industry Differences and
Decomposition of Driving Factors.” Reform, 5:38-52.

Gao, Xiang, and Kaihua Yuan. 2020. “Cleaner Production Environment Regulation and Technology Complexity of Enterprise Export—
Micro Evidence and Influencing Mechanisms.” Journal of International Trade, 2:93-109.

Guo, Junjie, Ying Fang, and Yang Yang. 2019. “Does China’s Pollution Levy Standards Reform Promote Emissions Reduction?” The
Journal of World Economy, 42(1):121-144.

Guo, Kesha, and Jizong Peng. 2021. “The Manufacturing Sector’s Strategic Position and Role in China’s New Stage of Development.”
Social Sciences in China, 5:128-149.

Han, Chao, Zhen Chen, and Zhen Wang. 2020. “Study on the Mechanism of Firms’ Pollution Reduction Under the Constraint of Energy-
saving Target.” China Industrial Economics, 10:43-61.

He, Z. L., T. W. Tong, Y. Zhang, and W. He. 2018. “Constructing a Chinese Patent Database of Listed Firms in China: Descriptions,
Lessons, and Insights.” Journal of Economics and Management Strategy, 27(3):579-606.

Jacobson, L. S., R. J. Lalonde, and D. G. Sullivan. 1993. “Earnings Losses of Displaced Workers.” American Economic Review,
83(4):685-709.

Jeftrey M. Wooldridge. 2003. Introductory Econometrics: A Modern Approach. Translated by Jianping Fei and Xiangsen Lin. Beijing:
China Renmin University Press.

Jiang, Lingduo, and Yi Lu. 2018. “Whether Market Competition Increasing Boosts the Leverage of SOEs.” China Industrial Economics,
11:155-173.

Lanoie, P., L. Laurent-Lucchetti, N. Johnstone, and S. Ambec. 2011. “Environmental Policy, Innovation and Performance: New Insights
on the Porter Hypothesis.” Journal of Economics and Management Strategy, 20(3):803-842.

Levinsohn, J., and A. Petrin. “Estimating Production Functions Using Inputs to Control for Unobservables.” Review of Economic Studies,
70(2):317-341.

Lin, Boqgiang, and Ruipeng Tan. 2019. “Economic Agglomeration and Green Economy Efficiency in China.” Economic Research Journal,
54(2):119-132.

Lin, L. G. 2013. “Enforcement of Pollution Levies in China.” Journal of Public Economics, 98(2):32-43.

Long, Xiaoning, and Wei Wang. 2017. “Environmental Regulation, Corporate Profit Margins and Compliance Cost Heterogeneity of
Different Scale Enterprises.” China Industrial Economics, 6:155-174.

Luo, Zhi, and Haoran Li. 2018. “The Impact of ‘Atmosphere Ten Articles’ Policy on Air Quality in China.” China Industrial Economics,
9:136-154.

Minetti, R., P. Murro, and M. Paiella. 2015. “Ownership Structure, Governance, and Innovation.” European Economic Review,
80(11):165-193.

Nie, Huihua, Ting Jiang, and Rudai Yang. 2012. “Current Situation and Potential Problems of China’s Industrial Enterprise Database.”
The Journal of World Economy, 5:142-158.

Olley, G. S., and A. Pakes. 1996. “The Dynamics of Productivity in the Telecommunications Equipment Industry.” Econometrica,
64(6):1263-1297.

Perino, G., and T. Requate. 2012 “Does More Stringent Environmental Regulation Induce or Reduce Technology Adoption? When the
Rate of Technology Adoption is Inverted U-shaped.” Journal of Environmental Economics and Management, 64(3):456-467.

Ren, Shenggang, Jingjing Zheng, Donghua Liu, and Xiaohong Chen. 2019. “Does Emissions Trading System Improve Firm’s Total Factor
Productivity—Evidence from Chinese Listed Companies.” China Industrial Economics, 5:5-23.

Research Group of Institute of Industrial Economics CASS. 2011. “A Study on the Green Transformation of Chinese Industry.” China
Industrial Economics, 4:5-14.

Shao, S., Z. Hu, J. Cao, L. Yang, and D. Guan. 2020. “Environmental Regulation and Enterprise Innovation: A Review.” Business Strategy
and the Environment, 29(7):1-14.

Shao, Shuai, Ke Zhang, and Jianmin Dou. 2019. “Effects of Economic Agglomeration on Energy Saving and Emission Reduction: Theory

39



40

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

and Empirical Evidence from China.” Management World, 35(1):36-60.

Shi, Beibei, Chen Feng, Yan Zhang, and Fei Yang. 2017. “Increasing Marginal Effect of Environmental Regulation Dividend.” China
Industrial Economics, 12:40-58.

Shi, Dan, and Peng Li. 2019. “Quality Evolution and Assessment of China’s Industry over the Past Seven Decades.” China Industrial
Economics, 9:5-23.

Shi, Dan, and Shaolin Li. 2020. “Emissions Trading System and Energy Use Efficiency—Measurements and Empirical Evidence for
Cities at and above the Prefecture Level.” China Industrial Economics, 9:5-23.

Tu, Zhengge, and Renjun Shen. 2015. “Can Emissions Trading Scheme Achieve the Porter Effect in China?”” Economic Research Journal,
50(7):160-173.

Ulph, A. 1996. “Environmental Policy and International Trade when Governments and Producers Act Strategically.” Journal of
Environmental Economics and Management, 30(3):265-281.

Wang, Banban, Qionghui Mo, and Haoqi Qian. 2020. “The Diffusion Models and Effects of the Local Environmental Policy Innovation—
A Micro-econometric Evidence from the Diffusion of River Chief Policy.” China Industrial Economics, 8:99-117.

Xepapadeas, A., and A. de Zeeuw. 1999. “Environmental Policy and Competitiveness: The Porter Hypothesis and the Composition of
Capital.” Journal of Environmental Economics and Management, 37(2):165-182.

Xu, Jia, and Jingbo Cui. 2020. “Low-Carbon Cities and Firms’ Green Technological Innovation.” China Industrial Economics, 12:178-
196.

Xu, L., S. Cho, and S. H. Lee. 2016. “Emission Tax and Optimal Privatization in Cournot-Bertrand Comparison.” Economic Modelling,
55(6):73-82.

Zhang, B., X. Chen, and H. Guo. 2018. “Does Central Supervision Enhance Local Environmental Enforcement? Quasi-experimental
Evidence from China.” Journal of Public Economics, 164(8):70-90.

Zhang, Caiyun, and Yue Lv. 2018. “Green Production Regulation and Enterprise R&D Innovation: Impact and Mechanism Research.”
Economic Management Journal, 40(1):71-91.





