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Abstract: Green development is an inevitable requirement to build a modern economic system and
fundamental solution to pollution problems. Exploring the relationship between environmental
regulation and enterprise total factor productivity (TFP) has great significance for realizing the win-
win goal of achieving both environmental protection and economic development. Based on a firm-
level dataset from 2000-2007, this paper explores the economic effects of the Environmental Target
Assessment Policy of Huai River Basin (ETAP, HRB) in 2004, an environmental regulation that
clarifies the responsibility of local governments, by identifying changes in the TFP of the clothing
industry (CMI). The empirical findings support that the ETAP can significantly promote
improvement in the TFP using the difference in differences (DID) method. Robustness tests, such as
the triple differences (DDD) and propensity score matching-difference in differences (PSM-DID),
are used to address concerns about the DID approach. Analysis of dynamic effects shows that the
ETAP has no impact on enterprise TFP in 2004 but significantly improve the TFP on the next three
years (2005-2007). The heterogeneity test results indicate that nonstate-owned enterprises are more
sensitive to the ETAP, and the coefficient of the average treatment effect is 0.033. In addition, the
ETAP has no noteworthy impact on large- and medium-scale enterprises but results in an average
increase of 0.037 in small-scale enterprises” TFP.

Keywords: environmental target assessment policy; total factor productivity; Huai River Basin

1. Introduction

Over the past 40 years of reform and opening up, China's economy has rapidly developed and
achieved remarkable accomplishments. The consequent environmental pollution seriously restricts
the sustainable development of the economy and society. According to the 2018 China Ecological
Environmental Bulletin [1], of the state-level monitoring sites for groundwater quality, 89.1% showed
that the water was polluted. In total, 63% of the major lakes (reservoirs) contained water that was not
potable directly. Of 338 cities at or above the prefecture level, 64.2% had an air quality index greater
than 100. Regional acoustic environmental monitoring was conducted at night in 319 prefecture-level
and above cities, with an average equivalent sound level of 46.0 db. Environmental pollution not only
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has adverse effects on the economy and people's livelihood, but also affects the national economic
development pattern. Poor environmental quality seriously harms people's health [2] and results in
great economic pressure [3]. Study Report 2004 for Green National Economic Accounting pointed out
that the economic loss caused by environmental pollution in 2004 was 511.8 billion CNY (roughly
72.7 billion USD), accounting for 3.05% of the GDP that year [4]. As a means of government
enforcement, environmental regulation can effectively improve the quality of environment [5]. A
report of the State Council on 2019 called for strengthening pollution prevention and promoting
green development [6].

A review of the history of environmental governance shows that China held the first national
conference on environmental protection in 1973, kicking off the work of environmental protection.
Due to the acceleration of China's industrialization process, regional pollution began to appear. The
focus of pollution control work gradually shifted to the river basin. The HRB, as an extremely
polluted area, was highly valued. Specifically, the Chinese government introduced a series of
protection measures. Unfortunately, the absence of environmental policy supervision will make
many policies fail to implement [7]. As a result of the underwhelming HRB anti-pollution work, in
2004, the state government signed the document Target Responsibility for the Prevention and Control
of Water Pollution in the HRB with Henan, Jiangsu, Anhui, and Shandong (hereinafter referred to as
the four provinces), aiming to establish an assessment system for improving the water environmental
quality, reduce water pollutants’ amount, and complete water pollution control projects to ensure the
realization of pollution control. Can environmental and economic performance both be realized in a
win-win situation? Is there a conflict between environmental regulation and economic development?
Discussing these problems can provide theoretical support for the formulation of environmental
regulation and the realization of green economic development.

This research has made contributions in the following aspects: (1) In alignment with the existing
literature, this paper takes HRB as the research object and discusses the impact of ETAP on enterprise
TFP from the micro level for the first time; (2) a phenomenon of one-size-fits-all exists in Chinese
policies, so it is necessary to study the policy effect of subdivided industries. Based on the importance
of industrial status, we selected CMI as the research object to evaluate the effect of environmental
regulation from a sectoral perspective; and (3) this paper adopts the DID model for policy evaluation,
which can eliminate the interference of other factors and identify clean policy effects.

The remainder of this paper is organized as follows. Section 2 presents a literature review while
Section 3 describes the empirical strategy, which explains the background, research methods, data
sources, and descriptive statistics. The results of the benchmark regression, robustness tests, and
heterogeneity analysis are evaluated in Section 4, and Section 5 concludes the paper.

2. Literature Review

2.1. Effects of Environmental Regulation

Attitude of scholars can be either optimistic or pessimistic when it comes to the environmental
performance. Optimists believe that environmental regulation can effectively promote improvement
in ecological efficiency [8-11]. Qi et al. [12] evaluated the State Council's 2003 air quality control
program in China and found that environmental regulation can reduce pollution and improve
environmental quality in a short period of time. This means that policy is supposed to be
implemented moderately and its content should be adjusted in a timely manner. Furthermore, the
intensity of environmental regulation ought to be gradually increased in a planned way. Based on
data from 40 Chinese cities in the Yangtze River Economic Belt during 2004-2015, She et al. [13] found
it can be more efficient to improve water quality when more rigorous environmental regulations are
employed. Pessimists principally focus on the conflict between environmental regulation and
economic benefit, which makes regulation inefficient [14]. Wang et al. [15] evaluated the impact of
water quality regulations on Chinese COD-emitting manufacturing and found that environmental
regulation has no positive effects. Li et al. [16] used Chinese provincial data from 2006-2016 and the
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spatial Durbin model to prove that there is a negative relationship between environmental regulation
and regional innovation output.

The findings for economic performance are also controversial. Optimists argue that
environmental regulation can be an effective stimulus for economic growth [17]. Zhang et al. [18]
analyzed policy texts in the Beijing-Tianjin-Hebei region of China from 2003 to 2014, and found that
environmental regulation has a long-term promoting effect on the upgrading of the industrial
structure. Wang and Shao [19] studied formal and informal environmental regulations from G20
countries and found that environmental regulations are very important for promoting green growth.
Pessimists believe that environmental regulation will increase the cost of economic operation [20,21].
Based on a firm-level dataset in Chinese two-digit industries from 1999-2009, Chen and Cheng [22]
proved that stricter environmental regulation results in a lower level of polluting industrial activities.
Shi and Xu [23] found that strict environmental regulations reduce export probability and quantity
in manufacturing firms according to the 11th Five-Year Plan in China. To balance the relationship
between economic development and environmental regulation, appropriate means of environmental
regulation should be adopted.

2.2. Environmental Regulation and Enterprise TFP

In the context of sustainable development, the impact of environmental regulation on TFP
becomes an important issue. Scholars focus on the relationship between environmental quality and
economic development from a micro perspective. This relationship has always been controversial.
Specifically, the dispute is reflected in whether environmental regulation improves TFP. Some
scholars believe that environmental regulation will exert negative effects on TFP [24-27]. Banerjee [28]
reassessed the impact of environmental regulation on the US manufacturing industry from 1973 to
2005, and found that environmental regulations had an adverse impact on enterprise productivity.
Cohen and Tubb [29] used meta-analysis to find that strict environmental regulation can produce
adverse effects at the enterprise level. However, some economists argue that environmental
regulation can stimulate the growth of TFP through activities, such as technological innovation [30-
34]. Rafael et al. [35] analyzed data from 14 OECD countries from 1990 to 2011 and found that stricter
environmental regulations have a positive impact on TFP. Albrizio et al. [36] used 'a standard Neo-
Schumpeterian model of multifactor productivity growth' to prove that environmental policies have
a positive impact on manufacturing TFP of OECD countries. They both used an environmental policy
stringency index to conduct their research and came to similar conclusions. Furthermore, they both
showed that a link exists between environmental regulation, technique, and business productivity.
Nguyen et al. [37] researched manufacturing SMEs in Viet Nam and found that environmental
regulations stimulate enterprise innovation and thus has a positive impact on enterprise performance.
Qiu et al. [38] found that appropriate environmental regulations can increase industry profits.
Cordella and Devarajan [39] evaluated the United States' withdrawal from the Paris agreement on
climate change and found that deregulating the environmental regulation may have a negative
impact on industry profitability. The above studies demonstrate that countries should impose
environmental regulations according to their own conditions. In addition, there are views that the
effect of environmental regulation on TFP is unclear [40—42]. Lange and Redlinger [43] used data on
North Dakota and Montana and found that in general, new oil regulations did not have a statistical
impact on the pace of oil production.

Scholars pay much more attention to environmental protection because of the importance
attached to environmental pollution in China. An increasing number of studies have been carried out
to examine the relationship between China's environmental regulation and enterprise TFP.
Considering industry as a whole, Hu et al. [44] collected samples from 35 Chinese industrial sectors
from 2001 to 2010, and found that environmental regulations can have a positive impact on enterprise
TFP through the intermediary effect of foreign technologies. Peng et al. [45] studied the impact of
atmospheric policy on TFP and found that the policy had no significant impact on TFP growth in
most areas. He et al. [46] used a spatial regression discontinuity design to find that China’s current
water pollution abatement target results in great losses. Considering different industries, Liu et al.
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[47] conducted research on Chinese steel industry and proved that economic incentives can
significantly improve the profitability of enterprises. Zhao et al. [48] researched Chinese power and
steel corporations and found that command-and-control environmental regulation can promote the
transformation of enterprises' behaviors to green development, motivate enterprises to innovate, and
enhance their competitiveness. Zhao et al. [49] studied carbon-intensive industries in China and
found a significant inverted U-shaped relationship between environmental regulation and industry
TFP. Filippini et al. [50] studied the impact of the national energy efficiency plan on TFP in Chinese
steel enterprises and found that the plan could significantly promote the growth of TFP.

In summary, there are differences in the effects of environmental regulation on the environment
and economy. When considering the impact of China's environmental regulation on enterprise TFP,
the results of the whole industry and those for different industry types lack consistency, indicating
that there are differences in terms of how various kinds of industries are affected, and different
industries are not easily compared. The Chinese government mainly implements market-based
regulation, informal regulation, and command-and-control regulation [51], and ETAP is a type of
command-and-control environmental regulation. This paper focuses on the effects of ETAP in CMI
from the micro perspective, which enriches the theory of the environmental policy effect in different
industries.

3. Empirical Strategy

3.1. Background

The Huai River originates in the Tongbai Mountain of Henan Province, covering four provinces,
Henan, Anhui, Jiangsu, and Shandong, an area of 260,000 square kilometers. It occupies a very
important strategic position in the Chinese economy. In 2000, the HRB accounted for 28% of China’s
GDP, 25% of its population, and 26% of its cultivated land. Since the 1980s, due to the development
of industrial and agricultural production, the main tributaries of the Huai River have become
increasingly polluted, and water quality has deteriorated sharply. In the early 1990s, more than one-
half of the tributaries had poor water quality and lost their use value. China attaches great importance
to water pollution in this region. In 1995, the government promulgated the first regional law Interim
Regulations on the Prevention and Control of Water Pollution in the HRB. The HRB is the first basin
in China to conduct comprehensive treatment of water pollution. Since then, the state has introduced
and improved relevant policies and regulations. In 1996, China approved the Water Pollution
Treatment Plan in HRB and the ninth Five-Year Plan, and in 2003, approved the 10th Five-Year Plan.
In June 2004, Chinese government pointed out that the treatment of water pollution in the HRB was
the first step in the economically underdeveloped, densely populated, and heavily polluted areas.
The difficulty of the treatment was unprecedented, and the achievements were also fragile. Local
protection was the main reason for the rebound of pollution in the HRB. The government at all levels
in the basin still paid more attention to economic development than environmental protection. The
situation of preventing water pollution in the HRB was grim. In general, the water quality was still
poor, especially in major tributaries [52]. In July 2004, heavy rain caused serious pollution incident in
the HRB. Then, the PRC State Environmental Protection Administration and the governments of four
provinces signed the Target Responsibility Statement for the Prevention and Control of Water
Pollution in the HRB. This target responsibility system for environmental protection is a system
initiated by the Chinese government. Its difference lies in the form of signing a letter of responsibility,
the promotion of targeted, quantitative and institutionalized management methods, and the
establishment of corresponding assessment, reward, and punishment methods. As a way of
performance assessment, it is clear that local governments are responsible for the environmental
quality of the place. National Environmental Protection Agency pointed out that in 2005, the overall
water environment quality of the HRB showed a trend of improvement, no major pollution accidents
occurred in the main stream of the Huai River [53].

The textile industry is an important industry in the HRB. From 2000 to 2007, among the 39
industries in HRB that are included in the database of industrial enterprises in China, the amount of
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textile enterprises accounted for 16% of the total number; the industrial output value is 11%,
employment is 18%, and export volume is 17%, leading all other industries. Figure 1 shows how
urgent the treatment of water pollution in the textile industry is. Between 2003 and 2007 (data gaps
exist in 2000-2002), the total discharge of wastewater from the textile industry is increasing year by
year. Among all industries in China, the proportion of wastewater discharged by the textile industry
is increasing. According to the National Economic Industry Classification (GB/T4754), the textile
industry includes textile manufacturing (TMI), chemical fibers manufacturing (CFM), and the
clothing industry (CMI) (also known as textile wearing apparel, footwear, and caps manufacturing).
ETAP is a policy for water pollution while the main pollutant discharged by CMI is wastewater. In
China, CMI has a problem of "three high and one low" (high input, high emission, high pollution,
and low output), which needs to be solved urgently. In addition, of the textile industry in 2004, the
proportion of state-owned enterprises in CMI was the lowest, which meant that there was little
government intervention, and it was relatively reasonable and logical to study the effects of ETAP
from the perspective of enterprise spontaneous behavior. The discharge standard of wastewater per
unit of output value in CMI was the lowest, indicating that it had great potential for improvement.
Therefore, in this paper, CMI is chosen as the research object for the empirical analysis.
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Figure 1. Characteristics of wastewater discharged by the textile industry

Enterprises cannot predict whether the government will introduce relevant environmental
policies, nor can they interfere in the government’s final decisions in a short period of time. The
signing of the responsibility statement has an exogenous impact on enterprises. In addition, the policy
covers a wide range of industries, eliminating the interference caused by the impact on specific
industries, making it easier to identify the impact of the policy on enterprise TFP.

3.2. Method

Based on data obtained from natural experiments, the DID model can effectively control for the
differences between research objects and is often used to evaluate policy effects. In addition, ETAP
often appears in the form of written texts, which are difficult to quantitatively measure and require
the construction of complex indicators [54-57]. Use of the DID model is one of the solutions to this
problem. In 2004, the state signed a responsibility agreement with four provincial governments,
which can be regarded as a policy experiment in the HRB. The HRB includes Jiangsu, Shandong,
Anhui, and Henan provinces, which are treated as a treatment group, and the other provinces are the
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control group. In this paper, the treatment and control groups, both before and after the policy, are
distinguished by employing two dummy variables: Treated and time. If the enterprise operates in
the four provinces, the value of treated is 1; otherwise, it is 0. According to the introduction time of
ETAP, when the sample data is for 2004 and later, the value of the time variable is 1; otherwise, it is
0. To examine the impact of the ETAP on enterprise TFP, this paper constructs a DID model:

TFP, = B, + Ptime, x treated, + AX +y,+ u, + &,/ (1)

where TFP, represents the TFP of enterprises located in province i in year t. The coefficient of

time, x treated, measures the causal effect of the ETAP on enterprise TFP. If the policy is effective,

A is significantly positive. X is a set of control variables. J, is the year fixed effects, 4 is the

individual fixed effects, and &, is the random error term.

This paper performs a number of alternative robustness tests to ensure the accuracy of the results.

A potential challenge to the results is that difference existed between the treatment and control
groups before ETAP. Therefore, the parallel trend test is conducted to address this issue. It can also
explain whether policies prior to 2004 affect TFP. Another issue is that invisible factors about
provinces and industries may lead to the positive effects. For this, we carry out a regional
counterfactual test and DDD method to ensure the effects of ETAP. In addition, to reduce the
estimation deviation of DID, the PSM-DID method is performed to control the differences between
groups that are unobservable but do not change with time. All variables used in the empirical analysis
are described below.

e Dependent variable. TFP is a dependent variable. Simultaneity bias and selectivity and attrition
bias are both considered; for example, the market will eliminate enterprises with low
productivity, thus leading to the overestimation of enterprise TFP. This paper selects the OP
method [58-60] to calculate TFP, which measures enterprise development performance.

o  Control variables. Interaction item DID, (DID, =time, xtreated,) is the core variable. The
ETAP was signed in 2004. The time and treated variables are used as time dummy variables and
policy group dummy variables. If the enterprise is located in the four provinces of HRB, treated
= 1; otherwise, it equals 0. When time does not represent a year before 2004, it is equal to 1;
otherwise, it equals 0. In addition to the external impact of the ETAP, there are other factors that
can affect the performance of the enterprise. Therefore, external factors need to be controlled for
at the same time. Referring to Zhang et al. [61], we select the enterprise size (CS), expressed as
the logarithm of total industrial sales (current price); the nationalization level (NL), expressed as
the ratio of national capital to paid-up capital; and the capital labor ratio (CLR), expressed as the
ratio of the annual average balance of fixed assets to the number of employed persons. We also
employ dummy variable to represent ownership structure (NO). According to the standards of
the dataset used, we choose state-owned enterprises, state-owned joint ventures, state-owned
and collective joint ventures, and wholly state-owned companies as state-owned enterprises; the
remaining types are considered nonstate-owned. In addition, we include residual equity (RI),
expressed as the percentage of the total value of industrial sales of the combined owners' equity,
where the cost is expressed as the logarithm of administrative expenses; tax, expressed as the
ratio of value-added tax payable to the total output value of industrial sales; export, expressed
as the ratio of export delivery value to total industrial sales value; and the foreign investment
level (FI), expressed as the ratio of foreign capital to paid-up capital.

e  Other variables. To address possible self-selection bias in the samples, for all nonstate-owned
enterprises, five variables are used to indicate whether main revenues are more than 5 million
CNY ($0.71 million USD), namely, enterprise size (one of the control variables); the sales growth
rate, expressed as the ratio of growth in sales this year to the previous year's sales; the equity
ratio, expressed as the ratio of total liabilities to shareholders' equity; return on assets, expressed
as the ratio of net profit to average total assets; and the long-term capital debt ratio, expressed
as the ratio of long-term debt to capital.

3.3. Data Sources
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In this study, micro-panel data were obtained from the China's Industrial Enterprise Database
(CIED) for 20002007 to evaluate the impact of the responsibility statement on CMI. CIED is a
database widely used in the microeconomics field in China, and contains information on 39 two-digit
industries, including the type of registration, research and development fees, total wages, and many
other indicators for all state-owned and nonstate-owned industrial enterprises with main revenues
of more than 5 million CNY. For the following two reasons, the sample interval was 2000-2007 in this
paper. First, a large amount of data after 2007 are missing, which makes it difficult to calculate TFP
using the OP method. Second, the contract of responsibility was signed in 2004. In this paper, the
period from 2004 to 2007 is considered to be the time after the introduction of the policy, and the
period from 2000 to 2003 is considered to be the period before the policy.

In the process of screening the sample, considering that there are some problems with the CIED,
such as missing indicators and anomalies, the data are cleaned using the following process: (1)
Enterprise samples that do not meet the standard of the "above scale" (main revenues are more than
5 million CNY), have fewer than 8 employees, lack industrial output value, or lack values for total
assets and fixed assets or the value are not in conformity, with generally accepted accounting
principles deleted [62-64]. (2) In 2003, China's industry classification code was changed; therefore,
the data were adjusted with reference to the new industry code (GB/ t4754-2002) [63].

3.4. Descriptive Statistics

The descriptive statistics of each variable are shown in Table 1. In this paper, relevant data of
CMLI in CIED were used and 83,518 samples with TFP were included. The results show that the mean
value of TFP is 3.660, the standard deviation is 1.010, the minimum value is —7.870, and the maximum
value is as high as 9.500, indicating that there are large differences in enterprise TFP in the sample
period. The other control variables have values covering a wide range, providing adequate
information for this paper to investigate the impact of ETAP on enterprise TFP.

Table 1. Descriptive statistics of the variables.

Variables Obs. Mean S.D. Min P25 P50 P75 Max
tfp 83,518 3.660 1.010 -7.870 3.150 3.670 4.230 9.500
cs 85,086 9.840 1.090 0 9.110 9.740 10.48 16.27
nl 84,922 0.0200 0.140 -0.940 0 0 0 1
clr 85,319 31.69 190.4 0 5.650 12.67 27.56 24,698
eo 85,611 0.0200 0.150 0 0 0 0 1
ri 85,086 0.680 52.80 -5220 0.0800 0.190 0.400 10,068
cost 84,570 6.620 1.290 0 5.850 6.630 7.420 13.34
tax 85,086 0.0400 2.950 -0.530 0.0100 0.0200 0.0400 857
export 85,086 0.500 0.460 0 0 0.550 1 1
fi 84,922 0.140 0.320 -9.850 0 0 0 1.170

The descriptive statistics for the TFP of the treatment group and control group before and after
the implementation of the policy are provided in Appendix A Table Al. Before the signing of the
responsibility statement, there is little difference in the mean value of the TFP between the treatment
group and the control group. While after the signing of the responsibility statement, the growth rate
of the treatment group is relatively faster than that of the control group.

Figure 2 presents the kdensity curve of TFP. (a) represents the distribution of TFP in the
treatment group and the control group before the implementation of the policy. (b) represents the
distribution of TFP in the two groups after the implementation of the policy. The value for kurtosis
indicates that the difference between the treatment group and the control group is smaller and the
distribution tends to converge. (c) and (d) represent the distribution changes in the TFP of the control
group and the treatment group before and after the implementation of the policy, respectively. Both
groups show a tendency to shift to the right, indicating that TFP is in the growth stage. However,
according to the results for kurtosis, after the policy, the TFP gap between the treatment groups
narrows, while the gap between the control groups is expanding.
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Figure 2. TFP Kdensity. The kdensity curve of total factor productivity.

The DID model requires the treatment group and the control group to meet the parallel trend
assumption; that is, without the signing of the responsibility statement, there was no systematic
difference in the development trend of TFP in the four provinces surrounding the HRB and other
regions over time. As demonstrated in Figure 3, before the implementation of the policy, the
fluctuation range of the TFP of the two groups was small and the variation trend was basically the
same. After 2004, both groups showed a temporary and substantial growth trend. However,
relatively speaking, the increase rate of the treatment group was larger, which preliminarily indicates

that ETAP could improve enterprise TEP to a certain extent.
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Figure 3. Parallel trend test.
4. Empirical Analysis

4.1. Benchmark Results

Table 2 shows the regression results of the ETAP on enterprise TFP. We find that this policy has
a significant positive impact on the TFP regardless of whether control variables and the related fixed
effects are considered. Column (1) represents the average impact of the ETAP on TFP after controlling
for individual effects. The results show that the regression coefficient of this policy on TFP is 0.568
and significant at the 1% level, indicating that the signing of the responsibility agreement significantly
improves enterprise TFP. Control variables are added to the estimation in column (2), and the
regression results are still positive and significant. In columns (3) and (4), the year fixed effects are
added, and the regression results are basically consistent with those of the first two columns. The
results of the benchmark regression show that the ETAP has a significant positive impact on
enterprise TFP. In addition, the estimated value and sign of the coefficient remain highly consistent.
Therefore, we speculate that the ETAP may lead to cost pressure on enterprises; however, the policy
can stimulate enterprises to carry out technological innovation in their production and emission
processes. Enterprises could improve the TFP and compensate for the cost of pollution control
through the economic compensation effect.

Table 2. Benchmark regression results.

) (2) (3) )

Variables TFP TFP TFP TFP
treatedxtime 0.568*** 0.287*** 0.112%** 0.031***
(41.882) (31.322) (7.719) (3.084)
Constant 3.564%** -3.827*** 3.345%** —3.242%**
(1098.504) (-112.939) (360.084) (-93.831)
Control N Y N Y
Year FE N N Y Y
Observations 83,518 82,269 83,518 82,269
R-squared 0.030 0.495 0.159 0.535

Note: ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The t
statistics are in parentheses.
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4.2. Dynamic Effects

The benchmark regression results fail to reflect the difference in the impact in different time
periods. We follow Jacobson et al. [65] and Li P. et al. [66] and use the event study approach to
construct the following model, aiming to empirically test the dynamic effect:

2007

TFP, = f,+) . Bireated <y, + AX +y,+ 1, +&, (2)

where the year 2004, when the agreement was signed, is considered to be the base year, [,
represents estimates of the crossover items of policy dummy variables and the year dummy variables
from 2004 to 2007. The meanings of other variables are similar to those in model (1).

In Table 3, columns (1) and (2) do not consider the fixed year effect. Regardless of whether or
not the control variables are considered, the coefficients are all significant at the 1% level. Columns
(3) and (4) present the results taking into account the fixed year effects. In column (3), the control
variables are not considered, and there is no significant effect in the current period, but the effect
gradually increases and is highly significant in the following three years. In column (4), a series of
control variables are added to the estimation. We find that the effect is decreased, but the overall
policy effect is positive.

Table 3. Test results for the dynamic effect.

1) (2) (3) @

Variables TFP TFP TFP TFP
current 0.190*** 0.165*** -0.016 0.004
(11.448) (14.672) (-0.885) (0.304)
post_1 0.557*** 0.317%+* 0.134*** 0.053***
(33.359) (27.811) (7.339) (4.174)
post_2 0.720%** 0.327%** 0.167*** 0.024*
(43.378) (28.667) (9.174) (1.939)
post_3 0.909*** 0.396*** 0.198*** 0.049***
(53.898) (33.704) (10.622) (3.780)
Constant 3.555%** -3.701*** 3.346*** —3.235%**
(1111.350) (-107.532) (360.557) (-93.416)
Control N Y N Y
Year FE N N Y Y
Observations 83,518 82,269 83,518 82,269
R-squared 0.061 0.499 0.161 0.535

Note: Current represents the interaction terms year2004xtreated. When year=2004, year2004=1,
otherwise, it equals 0. Post_* represents the interaction terms between the year dummy variables
(2005-2007) and grouping variables after the introduction of this policy. For example, post_1 reflects
the results for year2005xtreated. When year=2005, year2005=1, otherwise, it equals 0 (the same is true
for the tables below). ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels,
respectively. The t statistics are in parentheses.

4.3. Robustness Tests

To address the systematic differences in the variation trend of the TFP in the four provinces
surrounding the HRB and other provinces, this paper carries out a series of robustness tests based on
the above results. This part can verify the reliability of the DID method as well.

4.3.1. Parallel Trend Test

According to the results shown in Figure 3, before the responsibility agreement was signed, the
TFP variation trends of the treatment group and control group are basically the same, and the parallel
trend assumption is preliminarily verified. On this basis, we further introduce the interaction terms
between the year dummy variables (2000-2003) and grouping variables before the introduction of
this policy to test the parallel trend assumption. According to the results shown in Table 4 (1) and (2),
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the interaction term coefficients are not significant, indicating that there is no significant difference
in the TFP of the treatment group and control group before the ETAP, which meets the parallel trend

assumption.

Table 4. Robustness test(I).

(1) (2) (3) (4) (5)
Variables Parallel Trend Pro Feature L.Control
TFP TFP TFP TFP TFP
treatedxtime 0.155*** 0.033** 0.031*** 0.356*** 0.087***
(8.088) (2.499) (3.087) (5.178) (5.732)
pre_4 -0.027 -0.016
(-0.979) (-0.863)
pre_3 0.013 -0.013
(0.552) (-0.747)
pre_2 -0.029 -0.016
(-1.309) (-1.044)
current —0.180*** —-0.038***
(-11.600) (-3.578)
Constant 3.352%** —-3.230%** —3.233%** —2.861%** 1.532%**
(296.105) (-92.605) (-89.098) (-69.503) (27.100)
Year FE Y Y Y N Y
Control N Y Y Y N
L.Control N N N N Y
Pro FE N N Y N N
YearxPro FE N N Y Y N
Observations 83,518 82,269 82,269 82,269 55,709
R-squared 0.161 0.535 0.535 0.551 0.188

Note: Pre_* represents the interaction terms between the year dummy variables (2000-2003) and
grouping variables before the introduction of this policy. For example, pre_4 refers to the interaction
year2000xtreated. When year=2000, year2000=1; otherwise, it equals 0. L.control represents control
variables which are lagged for one period (the same is true for the tables below). ***, **, and * indicate
statistical significance at the 1%, 5%, and 10% levels, respectively. The t statistics are in parentheses.

4.3.2. Individual Time Interaction Effects

Considering that the characteristics of provinces may have an impact on TFP, we introduce
provincial fixed effects to control for the characteristics of the provinces and introduce the cross-fixed
effects of provinces and years to control for the characteristics of provinces that change over time.
The results are shown in Table 4 columns (3) and (4). We find that the coefficient of the DID is still
positively significant after taking the province characteristics into account, proving the robustness of
the benchmark regression results.

4.3.3. Hysteresis Effect of Control Variables

In consideration of the possible negative relationship between the control variables and ETAP,
all control variables are regressed with a lag of one stage, and the results are shown in Table 4 (5). As
demonstrated in Table 4, the average treatment effect’s coefficient is 0.087, which is significant at the
confidence level of 1%. As the degree of control over the variables becomes weaker, the coefficient of
the DID increases a little, but its symbol and significance level are basically consistent with the
benchmark results.

4.3.4. Regional Counterfactual Test

To prevent the positive effects of the ETAP from being affected by other factors, we follow the
study of Ferrara et al. [67] and randomly select four provinces from the whole samples as the
treatment group. It is assumed that these four provinces signed the responsibility agreements for
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indirect testing. This random process is repeated 500 times. Figure 4 reports the distribution of the
DID regression estimation coefficients and p-values after 500 random assignments. It is found in this
paper that most of the estimated coefficients of the DID are distributed near zero, and most of the
p-values are greater than 0.1. These results indicate that the randomly set treatment groups do not
produce policy effects, and the estimated results in this paper are unlikely to be driven by other
unobservable factors.

p—value

estimates of treated*time

Figure 4. Estimated distribution of the coefficient of treatedxtime.

kdensity of estimates ® pvalue

4.3.5. PSM-DID

The PSM-DID method was proposed by Heckman et al. [68,69]. The basic idea is to find
enterprise j of a province in the control group and identify the observable variables of enterprise j
and enterprise i that belongs to the treatment group that match as much as possible. When matching,
it is necessary to measure the distance between the two groups. While PSM, as a one-dimensional
variable, has good characteristics when measuring distance [70]. The other advantage of using the
PSM-DID method is that PSM can control for the deviation of the observable variables, and the use
of DID can eliminate the influence of the unobserved variables, such as synchronous changes over
time. In principle, the final estimates should converge regardless of the matching approach used [71].
Therefore, this paper adopts kernel matching to ensure that there is no significant difference between
these two groups before the ETAP as much as possible and to reduce the endogeneity problems
caused by self-selection bias. This paper calculates the change in the TFP of four provinces in the HRB
and other corresponding provinces before and after the implementation of this policy and obtains the
average treatment effect of the policy.

The regression results of PSM-DID are presented in Table 5. These results show that the
estimated coefficients, symbols, and significance levels of different kernel matching methods are
basically consistent with the benchmark results (Table 1), indicating that the ETAP has a significant
positive impact on enterprise TFP, further supporting the robustness of the test results of the DID test
mentioned above.
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Table 5. Robustness test (II).

(1) (2) (3) (&) (5) (6)
Variables Probit Logit
Epanechnikov  Epanechnikov  Gaussian  Biweight Uniform  Tricube
treated=time 0.193*** 0.188*** 0.172%** 0.193*** 0.178*** 0.185***
(11.270) (10.060) (10.254) (10.548)  (10.322)  (10.278)
treated -0.023** -0.020* 0.012 -0.027** -0.007 -0.014
(-2.059) (-1.696) (1.095) (-2.227)  (-0528)  (-1.171)
time 0.498*** 0.500%** 0.516*** 0.496*** 0.508*** 0.504***
(57.146) (58.578) (63.497) (58.145) (61.887) (59.058)
cons 3.381%** 3.380%** 3.348*** 3.386*** 3.368** 3.373***
(584.883) (658.459) (642.045)  (594.193)  (623.108)  (608.095)
Bs reps 500 500 500 500 500 500
Control Y Y Y Y Y Y
Observations 53,813 53,795 53,887 53,857 53,787 53,901

Notes: ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The t
statistics are in parentheses.

4.3.6. DDD

To eliminate industrial interference that will lead to an inconsistent TFP in the treatment group
and control group, we used the DDD method for analysis. In particular, we chose CMI and non-CMI
as another two groups. When the industry to which the enterprise belongs is CMI, the value is 1;
otherwise, it is 0. In this paper, the DDD model is constructed as follows:

TFF,, = B, + Bitreated, xtime, xindustry, + P, treated, x time, +
Bitime, xindustry, + Btreated, x industry , + fitime, + 3)

Biindustry,, + Ptreated, + AX +y, + 4, + &,

where the definitions of the rest variables are consistent with those used in Equation (1). We are
interested in the coefficient ,51 . In Table 6, columns (1)—(4) report the average treatment effect of
DDD estimation. Column (1) and column (2) are the results without considering the year fixed
effects. When the control variables are added, the coefficient /3, is significantly positive. When the
year fixed effects are taken into account, the coefficient ﬂl decreased somewhat, but it is still
statistically significant (see column (4)), which is basically consistent with the DID estimation
results, indicating that the ETAP could significantly promote an improvement in TFP.

Table 6. Robustness test (I1II).

(€)) (2) (3) @ (5)

Variables DDD Heckman
TFP TFP TFP TFP TFP
treatedxtimexindustry -0.007 0.033** -0.008 0.032**
(-0.360) (2.304) (-0.414) (2.213)
treatedxtime 0.115%** -0.001 0.112%** 0.001 0.232
(28.642) (-0.412) (28.526) (0.382) (1.165)
industryxtime 0.191%** 0.311*** 0.189%** 0.307***
(19.466) (43.113) (19.710) (42.595)
treatedxindustry -0.041 -0.066*** -0.040 -0.065***
(-1.462) (-3.174) (-1.443) (-3.132)
time 0.271*** -0.017*** 0.600*** 0.059***
(128.284) (-10.336) (172.021) (20.754)
industry 0.284*** 0.214*** 0.277*** 0.215***
(20.332) (20.848) (20.287) (20.992)
treated -0.157 0.476** -0.115 0.496**

(~0.555) (2.189) (-0.416) (2.286)
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Constant 2.792%** -3.961*** 2.730%** —3.725%**
(34.591) (-62.430) (34.541) (-58.738)
Lambda -19.031
(-1.365)
Year FE N N Y Y N
Control N Y N Y Y
Observations 1,763,300 1,713,897 1,763,300 1,713,897 57,065
R-squared 0.026 0.330 0.067 0.333

Notes: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The t
statistics are in parentheses.

4.3.7. Sample Selection

The CIED includes only state-owned enterprises and nonstate-owned enterprises with more
than 5 million CNY while nonstate-owned enterprises with less than 5 million CNY are not
considered, which may lead to self-selection bias in the samples. Because large companies with strong
growth ability are more likely to enter the threshold, we adjust the proportion of the existing samples
in the regression by joining the probability of nonstate-owned enterprises. In this paper, five variables,
the enterprise size, sales growth rate, equity ratio, return on assets, and long-term capital debt ratio,
are selected to measure the probability of nonstate-owned enterprises with main revenues of more
than 5 million CNY and to test whether there is sample selection bias. As demonstrated in Table 6(5),
Lambda is -19.031, and the result is not significant, indicating that there is no selection bias in the
model and that the benchmark regression results are robust.

4.4. Heterogeneity Analysis

4.4.1. Ownership Structure

This section studies whether there are differences in the responses of distinct enterprise
ownership structures to the ETAP. Table 7 lists the regression results of these two groups. Columns
(1) and (2) report the estimated values of the state-owned enterprises and nonstate-owned enterprises,
respectively. This paper finds that the ETAP has no significant impact on state-owned enterprises,
but it significantly promotes the growth of TFP in nonstate-owned enterprises. The result indicates
that the ETAP has a greater incentive effects on nonstate-owned enterprises. The ETAP may stimulate
enterprises to improve their TFP through cost inversion and innovation effects while state-owned
enterprises, which are invested or controlled by government at all levels, have great advantages in
terms of financial support [72] and are not sensitive to cost pressure, innovation, and improvement.
In contrast, nonstate-owned enterprises are responsible for their own profits and losses. Under the
pressure of policies, they have more freedom to carry out internal adjustments and have more
incentives to make up for the economic losses caused by increased costs to achieve a win-win
situation between environmental protection and economic performance.

4.4.2. Enterprise Scale

As indicated above, the ETAP can significantly improve the TFP of the CML Is there any
incentive effect for enterprises of different sizes? If so, does the stimulus differ? According to the
CIED standard, this paper divides the enterprises into three types by their scale for investigation. As
demonstrated in Table 7, after controlling for the relevant variables, the ETAP can stimulate an
increase in the TFP of small-scale enterprises, which is statistically significant, but the results are not
significant for large- and medium-scale enterprises. According to the results shown in Table 8, in
small-scale enterprises, the proportion of state-owned enterprises is 2.1%, which is the lowest in three
types. This result is consistent with the above results of heterogeneity to some extent.
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Table 7. Heterogeneity test.

(1) (2 (3) 4) (5)
. Enterprise Ownership Enterprise Scale
Variables State-Owned Non-State-Owned Large Medium Small
TFP TFP TFP TFP TFP
treatedxtime 0.024 0.031*** -0.050 -0.022 0.037***
(0.214) (3.080) (-0.403) (-0.558) (2.951)
Constant —5.571*** —3.203*** -5.013*** —5.193*** -3.386***
(-19.571) (-91.987) (—4.985) (-24.642) (-77.478)
Year FE Y Y Y Y Y
Observations 1604 80,665 346 4777 56,927
R-squared 0.569 0.535 0.696 0.564 0.545

Notes: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The t
statistics are in parentheses.

Table 8. Tabulation of ownership structure and enterprise size.

Scale
Large  Medium  Small Total
Nonstate-owned 305 4676 58,070 63,051
Ownership structure State-owned 55 184 1235 1474
Total 360 4860 59,305 64,525
State-owned/Total 0.153 0.038 0.021 0.023

5. Conclusions and Recommendations

This paper examined the relationship between environmental regulation and enterprise TFP for
Chinese CMI during the period 2000-2007 using a DID model. To validate the findings of benchmark
regression, this study performed various robustness tests to throw light on this kind of relationship.
The empirical results support micro evidence for the impact of environmental regulation on economic
benefits, indicating that the ETAP is positively related to enterprise TFP. Analysis of robustness tests
supports this argument. When considering a series of enterprise characteristic factors, a test on
dynamic effects showed that there is no significant relationship between ETAP and TFP in the year
of policy implementation (2004). However, this relationship possesses statistical significance from
2005 to 2007 in a positive manner. With regards to the heterogeneity test, a positive effect was only
found in nonstate-owned and small-scale enterprises.

The results have important implications for policy makers in China who aspire to achieve a win-
win outcome between environmental dividend and economic dividend. There is no contradiction
between environmental regulation and economic development. Appropriate environmental
regulation can bring sustainable production incentives to enterprises. Given that environmental
regulation can effectively promote enterprise TFP, it is recommended for the further development of
environmental protection strategies. The objectives and requirements of environmental regulation
need to be clarified and constantly improved to achieve the goal of green and sustainable economic
development. This paper found that the effects of ETAP are different between enterprises of different
ownership and scales, and the government should adopt a differentiated strategy based on the
ownership structure and size of enterprises rather than a one-size-fits-all approach in formulating
environmental regulation. Since the ETAP has no significant impact on state-owned, large- and
medium-sized enterprises, the government should pay more attention to these enterprises when
formulating and implementing environmental regulation policies. The government could
moderately increase the intensity of environmental regulation over large- and medium-sized
enterprises. Appropriate measures can be taken to stimulate the internal adjustment of state-owned
enterprises in accordance with environmental regulation. There are two main contributions of this
paper. One is that an attempt was made to explore the relationship between the ETAP and enterprise
TFP in HRB for the first time, which enriches research in the field of environmental regulation. The
other one is that this study was conducted from a sectoral perspective. There is a one-size-fits-all
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phenomenon in China's policy, which makes it vague to understand the economic effects of
environmental regulation in different industries. Every industry has its own particularity, and it is of
great significance to study from the perspective of different industries. Although the findings may
be unique to China because of its specific historical background and industry characteristics, the
research method can be easily applied to other problems. However, some limitations need to be
acknowledged. We only explored the relationship between the ETAP and TFP in CMI. Yet, it is
meaningful to examine the impact of the ETAP on employment, energy efficiency, and technological
progress. Research on other industries is also constructive. In addition, ETAP mainly exerts pressure
on government to improve the effectiveness of policy implementation, so relevant actions of
government officials under the ETAP can be explored.
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Appendix A

Table Al. The comparison of total factor productivity

State Obs. Mean S.D. Min P25 P50 P75 Max
Control before 25306 3.270 1.080 -7.870 2.810 3.320 3.840 8.810
Control after 36,095 3.860 0.880 -6.390 3.380 3.840 4.340 9.500
Treat before 7579 3340 0980 -6.030 2.880 3.380 3.890 7.230
Treat after 14,538 4.030 0900 -4.970 3.460 4 4590 8.240
Total 83,518 3.660 1.010 -7.870 3.150 3.670 4.230 9.500

Notes: Control before means the control group before the implementation of the policy, Control after

means the control group after the implementation of the policy, Treat before means the treat group
before the implementation of the policy, Treat after means the treat group after the implementation
of the policy.
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