
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

The effect of environmental regulation on firm
productivity: evidence from pulp and paper
industry in China

Yijie Wang & Kaihao Liu

To cite this article: Yijie Wang & Kaihao Liu (2023) The effect of environmental regulation
on firm productivity: evidence from pulp and paper industry in China, Economic Research-
Ekonomska Istraživanja, 36:1, 264-295, DOI: 10.1080/1331677X.2022.2076142

To link to this article:  https://doi.org/10.1080/1331677X.2022.2076142

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 20 May 2022.

Submit your article to this journal 

Article views: 774

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2022.2076142
https://doi.org/10.1080/1331677X.2022.2076142
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2076142
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2076142
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2076142&domain=pdf&date_stamp=2022-05-20
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2076142&domain=pdf&date_stamp=2022-05-20


The effect of environmental regulation on firm
productivity: evidence from pulp and paper industry
in China

Yijie Wanga,b and Kaihao Liuc,d

aInstitute of Governance, Shandong University, Tsingtao, China; bSchool of Politics and Public
Administration, Shandong University, Tsingtao, China; cSchool of Economics, Shandong University,
Jinan, China; dCenter for Public Economy and Policy Research, Shandong University, Jinan, China

ABSTRACT
The relationship between environmental regulation and firm
productivity has been widely debated but inconsistencies in find-
ings across different studies. Using detailed firm-level micro-data
from 2000 to 2007, this paper employs difference-in-difference
combined with matching based on entropy balancing method to
explore the effect of environmental regulation on firm total factor
productivity (TFP) in pulp and paper industry in China. Our main
findings are as following: Firstly, stricter environmental regulation,
as represented by the Wastewater Discharge Standards for Pulp
and Paper Industry in Shandong province, increases firm TFP sig-
nificantly. Moreover, the coefficients of interest are robust to mul-
tiple robustness checks. Secondly, dynamic effects estimates
reveal that when faced with this phase-in environmental regula-
tion, firms take the foreseeably increasing strictness into account
from the very beginning and prefer to take one-step adjustment
to reach full compliance. Thirdly, potential mechanism analysis
finds that the positive effect mainly comes from the improvement
of resource allocation efficiency within firms. Fourthly, the hetero-
geneity test indicates that the effect of environmental regulation
on firm TFP is heterogeneous across firms with different sizes,
ages, ownerships, capital intensity, and export status. Finally, this
paper provides convincing and insightful evidence that environ-
mental regulation has the potential to achieve the dual goals of
environmental sustainability and economic growth and is thus of
broader significance for understanding the enforcement of envir-
onmental regulation in developing countries.
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1. Introduction

Environmental regulation has become increasingly prevailing over time in both devel-
oped countries and developing countries. Benefits of environmental improvement are
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considerable, meanwhile the trade-off between strict environmental regulation and
economic competitiveness has been widely debated (Okereke & McDaniels, 2012;
Reinstaller, 2008; Requate & Unold, 2003; Ye et al., 2021; Zhao et al., 2020). There
have been concerns about the cost of pollution abatement, and one of them is the
negative effect on productivity (Christainsen & Haveman, 1981; Gray & Shadbegian,
2003; Greenstone et al., 2012), which is one of key determinants of income, living
standards and long-term growth of output (Greenstone et al., 2012). The achievement
of environmental sustainability and economic growth at the same time is a topic of
global concern. Especially, China, one of the world’s greatest emerging economies, is
emphasizing the necessity of environmental pollution management while maintaining
rapid economic expansion.

In fact, China’s industrial wastewater emission has become one of the major chal-
lenges accompanying its rapid economic growth and the acceleration of industrializa-
tion. Industrial wastewater has drawn much concerns due to its large volume,
complex composition, high pollutant concentrations, and difficulty to biodegrade
(Malvis et al., 2019). Water pollution regulation has been put up for decades in
China, such as Water Pollution Prevention and Control Law of the People’s Republic
of China in 1984. However, the relatively lax environmental regulation failed to pre-
vent continuous deterioration of the water environment (He et al., 2012; World Bank,
2006). The constantly deteriorating water environment does not announce a total fail-
ure of water pollution governance in China around that time. A rare success story
meriting attention is Wastewater Discharge Standards for Pulp and Paper Industry
(hereafter called WDSPPI) in Shandong province. To be specific, in 2003, Shandong
province in China issued a regional wastewater discharge standard for pulp and paper
industry (hereafter called PPI) to restrict the wastewater emission level, which was
stricter than the contemporaneous national standard and successfully decreased
Chemical Oxygen Demand (COD) discharges of PPI firms, contributing to improve-
ment of water quality in Shandong province (Yang et al., 2020). The environmental
benefits from the WDSPPI environmental regulation are undoubtedly enormous,
while the policy potentially has ripple effects on firm’s economic performances. This
paper attempts to explore the ripple effect from the perspective of firm total factor
productivity (TFP), which is critical to firm’s survival and development. Since the
coordination of environment and economy has always been difficult to maintain, can
environmental sustainability and firm productivity growth be simultaneously achieved
under this command-and-control environmental regulation in China? Certain
answers to the question have yet to be investigated and to be concluded, which may
hinder cumulative policy learning and development. Theoretically, environmental
regulation has the potential to affect firm TFP through the shifts in resource alloca-
tion efficiency within firms and between firms. On the one hand, environmental
regulation has the potential to renew firm’s production process by matching invest-
ment with appropriate investment opportunities, which is mainly manifested as the
high sensitivity of investment to return on investment, and thus affects firm TFP.
Therefore, the potential effect of environmental regulation on firm TFP is likely to be
derived from the shift in resource allocation efficiency within firms. On the other
hand, the potential effect of environmental regulation on firm TFP is also likely to be
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derived from the shift in resource allocation efficiency between firms, i.e., the reallo-
cation of resource from inefficient firms to efficient ones via the entry of high-
productivity firms or the exit of low-productivity firms. Concretely speaking, if
environmental regulation induces high-productivity firms to enter the industry and
weed out low-productivity firms, the reallocation of resource from inefficient firms to
efficient ones contributes to the shift in firm TFP. Therefore, resource allocation effi-
ciency between firms might play an important role in the potential effect of environ-
mental regulation on firm TFP. However, the channels through which environmental
regulation operates remain to be examined, and only precise examination can pro-
duce truth. In this paper, we firstly examine the economic impacts of the WDSPPI
environmental regulation on productivity of PPI firms in Shandong province, and try
to find out whether there is any evidence to support the existence of Porter
Hypothesis. Secondly, we further explore the mechanisms through which the
WDSPPI environmental regulation operates, i.e., resource allocation efficiency within
firms and between firms. Thirdly, we further investigate the differential effects across
firms with different characteristics. In general, our study has profound implication
for the formulation and further enforcement of environmental regulation with more
stringency in other regions of China, as well as in other countries.

This study contributes to the literature in three aspects. Firstly, it enriches the lit-
erature on the effect of environmental regulation on firm productivity and provides
more evidence for literature supporting that the dual goals of promoting economic
growth and reducing environmental pollution can be achieved by environmental
regulation (Fan et al., 2016; Shapiro & Walker, 2018). Despite the negative effect of
environmental regulation on firm productivity, including introducing extra produc-
tion cost, distorting the profit-maximizing production decisions and crowding out
other investments (Christainsen & Haveman, 1981; Jaffe et al., 1995), there are also
possibilities that environmental regulation could affect firm productivity positively,
which are mainly derived from the Porter Hypothesis (Ambec et al., 2013; Porter &
Van der Linde, 1995), that is, properly designed environmental policies can trigger
innovation that may partially or even fully offset the cost of complying with them,
denominated as innovation offsets. Several studies have confirmed the positive effect
of environmental regulation on innovation and competitiveness (Albrizio et al., 2017;
Berman & Bui, 2001; Cai et al., 2020; Hamamoto, 2006; Hu et al., 2020; Jaffe &
Palmer, 1997; Yi et al., 2019; Zhang & Qu, 2020). Our work provides new compelling
evidence from China to support the existence of Porter Hypothesis in developing
countries. Furthermore, to the best of our knowledge, this is the first paper to lend
proof to the positive impact on firm productivity based on the sample of pulp and
paper industry and the command-and-control regulation in Shandong province,
China. Secondly, this paper supplements the literature concerning China’s environ-
mental regulation. When it comes to environmental regulation in China, prior studies
are mainly examining the effectiveness of environmental regulation from the central
government, such as Two Control Zone (Chen & Cheng, 2017; Tang et al., 2020),
Ambient Air Quality Standards (Wang et al., 2019), Tenth Five-Year Plan (Cai et al.,
2016), Comprehensive Action Plan for Regional Air Pollution Control (Xu & Wu,
2020), etc. However, in reality, governments at central, provincial and local level are
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mutually responsible for environmental protection in China. Moreover, it is local gov-
ernments, the front-line executives and managers of environmental protection, that
put specific enforcement measures in practice (Ran, 2013). Local governments are
able to design and implement local environmental policies out of their own develop-
ment interests, which are permitted to be stricter than the central government’s envir-
onmental policies. Existing studies focusing on the impacts of environmental
regulation from local governments are quite few (Liu et al., 2017; Wang & Song,
2020; Yang et al., 2020) and ignore the potential effect on firm productivity. Our
work fills the gap to a certain extent by lending microscopic proof to the economic
effects of environmental regulation on firm productivity from local governments and
provides essential insights into the formulation and further enforcement of environ-
mental regulation from local governments in China. Thirdly, our methodology strat-
egy contributes to improving efficiency of identifying the causal relationship between
environmental regulation and firm productivity, as well as to alleviate potential endo-
geneity problems. To be specific, we take Wastewater Discharge Standards for PPI in
Shandong province happened in China as the exogenous shock, which is carried out
because of sudden political pressure from South-North Water Transfer Project that is
unrelated with factors influencing productivity performance of firms. This identifica-
tion strategy could deal with the concern about endogeneity problems arising from
reverse causality, i.e., firms with low productivity are more likely to do poorly in
abatement control for various reasons, such as inefficient management system, and
thus tend to weaken the effectiveness of environmental regulation. Moreover, we
employ difference-in-difference combined with matching based on entropy balancing
method, which is robust against selection on observables and selection on unobserv-
ables with time-invariant effects. The standard matching estimators are usually
unsatisfactory due to the strong assumption of selection on observables, but in com-
bination with difference-in-differences methodology can eliminate unobserved time-
invariant differences between treated and non-treated firms that standard matching
estimators fail to eliminate.

The paper is structured in the following way. Section 2 introduces the WDSPPI
environmental regulation in Shandong province. Section 3 interprets data and empirical
strategy. Section 4 shows empirical results and Section 5 presents mechanism analysis.
Section 6 discusses heterogeneous effects with concluding remarks in Section 7.

2. Environmental regulation in Shandong province

2.1. Environmental protection in China and in Shandong province

Although Chinese government has achieved great progress in terms of economy
development, people are increasingly dissatisfied with the governance performance of
environment protection. In order to achieve ‘sustainable’ or ‘green’ growth, Chinese
government has taken on a more proactive attitude towards addressing environmental
problems. Nonetheless, specific environment protection measures and the implemen-
tation of related policies vary widely among different provinces in China, which
comes from one important feature of Chinese environmental political structure, the
discontinuities of ‘top-down’ style governance, that the central government tends to
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issue policies in the form of a series of vague goals that must be translated into con-
crete standards and then implemented by provincial-level governments. What’s more,
the central government does not provide enough incentives for the implementation
of environmental goals, failing to adequately fund environmental protection projects
and to politically reward proper implementation by promoting officials or giving
financial awards (Ran, 2013).

Among provinces in China, Shandong province put up an impressive performance
in issuing more stringent environmental policies than other provinces, even than the
central government. Shandong province, for example, distinguished itself by establish-
ing the first provincial level water pollutant discharge standard for pulp and paper
industry (Shandong Yearbook, 2004), which is highly praised by the Environmental
Protection Bureau. As indicated in Appendix Table A.1, the regulation policy set
more stringent standards than the contemporaneous national standards. To be spe-
cific, since the year of 2003, waste-paper firms in Shandong province have been
required to discharge no more than 100mg/L COD, which is much lower than the
contemporaneous national standard, i.e., 350mg/L COD. When compared with local
environmental regulations imposed by other provinces shown in Appendix Table A.2,
the relative standard of Shandong province is stricter than the majority of contempor-
aneous relative standards of other provinces. What’s more, Shandong was the first
province in China to establish integrated watershed standards as early as the year of
2006, such as Shandong Province Wastewater Discharge Standards for South-North
Water Project regions and Xiaoqing River Watershed Integrated Wastewater
Discharge Standards. When looking back through the history of environmental pro-
tection in Shandong province, we find that the process has not been completely
smooth and deliberate. Sometimes, it is urgent political pressure that leads to fluctua-
tions in environmental protection policies in Shandong province. Concretely speak-
ing, sudden pressure creates conditions that give the local government temporary
flexibility in taking stricter measures to protect environment at the cost of economy
growth. One representative example is Wastewater Discharge Standards for PPI in
Shandong province, which provides a quasi-experiment for our study, wherein the
implementation of the environmental regulation is determined by the sudden political
event that is orthogonal to economy characteristics, so we have the opportunity to
explore the causal link between environmental regulation and firm productivity.

2.2. Wastewater discharge standards for pulp and paper industry in
Shandong province

Shandong province is highly industrialized and has been one of main areas specializ-
ing in pulp and paper industry for decades. Despite of the large scale, PPI in
Shandong province was technologically outdated, poorly structured, and highly pol-
luting (Eliasson & Lee, 2003). The impetus for change comes from South-North
Water Transfer Project, an extremely ambitious national project in China that aims
to redirect water from the water-plentiful south to the water-scarce north. Its eastern
branch is designed to flow through several heavily polluted waterways in Shandong
province. Therefore, whether water quality in Shandong province could be improved
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effectively became the crucial issue for the success of South-North Water Transfer
Project. In other words, if the pollution situation could not be addressed properly in
Shandong province, South-North Water Transfer Project, which has been invested
substantially, would be totally in vain, only to find the unintended consequence, i.e.,
carrying wastewater into the north.

South-North Water Transfer Project generates such a strong and urgent political
pressure that environment-based political incentives temporarily outweigh economic
growth-based incentives, and thus local authorities are reluctantly receptive to the
idea of meeting the demand of environmental protection at the cost of economic
growth. The pulp and paper industry is an ideal choice for maximizing environmental
improvement at the minimal economic cost for the fact that it’s one of the most larg-
est sources of water pollution in Shandong province, accounting for 33.7% of total
wastewater and 57.6% of COD emissions, while only contributing to about 3% of
GDP in the year 2001 (Liu, 2015).The regulation targeted at pulp and paper industry,
i.e., Wastewater Discharge Standards for PPI in Shandong province, was eventually
issued on 4 April 2003, which introduced an eight-year increasingly strict standard.
As shown in Appendix Table A.1, during our sample period from 2000 to 2007, the
contemporaneous national wastewater discharge standard is looser than that in
Shandong province, indicating that it is the urgent political pressure that leads PPI
firms in Shandong province to face higher wastewater discharge standard than
national level.

Tangible evidence suggests that the WDSPPI environmental regulation in
Shandong province produces desired results. According to the statistical data from
China’s Environmental Yearbook, both the absolute value and the intensity of COD
emission of PPI firms in Shandong province show a downward trend, as shown in
Figure 1. In striking contrast, industrial output and profit of PPI firms show an
upward trend at the same time, as shown in Figure 2, indicating that the WDSPPI
environmental regulation is unlikely to hinder the development of PPI firms in
Shandong province. The WDSPPI environmental regulation appears to achieve a
desired outcome, i.e., reducing pollution emission and promoting economic develop-
ment simultaneously.

3. Data and empirical strategy

3.1. Data

The firm-level data in this paper mainly comes from China’s Industrial Firm
Database (CIFD), which is the product of annual surveys conducted by the National
Bureau of Statistics in China, including all industrial firms that are either state-owned
or non-state firms with sale above 5 million CNY ($760,000 USD). The total output
of firms in the CIFD accounts for approximately 90% of China’s total industrial out-
put. Some questionable firms are excluded from the sample, including firms whose
operating status is non-operating, or whose sale scale is under 5 million CNY, or
whose critical financial variables are missing, or whose financial indicators are obvi-
ously against accounting standards,1 or whose employees are less than 8.2 After defla-
tion using deflators for gross output, material inputs, and capital investment provided
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Figure 1. COD emission of PPI firms in Shandong province.
Notes: The left panel shows COD emission level in ton, measuring the absolute value. And the right panel shows the
intensity of COD emission, measured by emission level divided by the gross industrial output value.
Source: China’s Environmental Yearbook.

Figure 2. Industrial output and profit of PPI firms in Shandong province.
Source: China’s Environmental Yearbook.
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by Brandt et al. (2012), all nominal variables in the CIFD are comparable between
years. Restricted by limited time interval covered by CIFD dataset, our sample
includes PPI firms3 in China from 2000 to 2007.4

As shown in Figure 3, the number and industrial output of PPI firms show an
increase in both Shandong province and other provinces. However, there are also dif-
ferences between Shandong province and other provinces. For example, the number
of PPI firms drops a bit from 2004 to 2005 in other provinces, while keeps going up
in Shandong province at the same time. Furthermore, more evidence is shown in
Table 1, which presents a brief description of each variable, main statistical indicators,
as well as the number of observations for PPI firms in both Shandong province and
other provinces. Mean values of most variables are larger in Shandong province than
those in other provinces. Specifically speaking, compared with other provinces, PPI
firms in Shandong province are likely to be larger-scale, older, more capital-intensity

  

Figure 3. Industrial indicators of PPI firms in China.
Notes: Dashed lines and solid lines depict Shandong province and other provinces, respectively. The left panel shows
the number of PPI firms. The right panel shows gross industrial output value of PPI firms, where the bar graph dis-
plays Shandong’s percentage.
Source: The authors.

Table 1. Descriptive statistics of variables.
Shandong province Other provinces

Variable Definition Obs. Mean Std. Dev. Obs. Mean Std. Dev.

Tfp Productivity using LP method 936 6.46 1.15 7189 5.88 0.90
Size The natural logarithm of employee number 936 6.08 1.24 7189 5.15 1.01
Age The number of years since firm starts 936 16.37 11.38 7189 14.57 11.11
Multi Equals 1 if firm has more than one production unit 936 0.06 0.24 7189 0.03 0.17
Export Equals 1 if firm exports 936 0.16 0.37 7189 0.07 0.25
Foreign Foreign capital divided by paid in capital 936 0.03 0.14 7189 0.03 0.15
Hmt Hongkong, Macao, Taiwan capital divided by

paid in capital
936 0.02 0.12 7189 0.04 0.18

Nation National capital divided by paid in capital 936 0.11 0.27 7189 0.08 0.25
Personal Personal capital divided by paid in capital 936 0.34 0.43 7189 0.42 0.46
Lshare EARNINGS of labor divided by output 936 0.06 0.06 7189 0.07 0.06
Kl Capital divided by employee number 936 60.93 112.70 7189 51.70 106.90
Il Input divided by employee number 936 186.00 182.80 7189 167.50 168.60
Profit Profit divided by revenue 936 0.11 0.07 7189 0.09 0.08
Da Debt divided by total assets 936 0.61 0.23 7189 0.55 0.24
Lda Long-term debt divided by total assets 936 0.11 0.14 7189 0.10 0.15
Roa Net profit divided by total assets 936 0.31 0.85 7189 0.26 0.56

Source: The authors.
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and have higher profit rate. Moreover, there seems to be more export firms and more
state-owned ones in Shandong province. As for the key variable of our interest, i.e., prod-
uctivity,5 firms in the Shandong province are also relatively larger than those in other
provinces, with the specific value of 6.46 and 5.88, respectively. Therefore, PPI firms in
Shandong province indeed differ from those in other provinces to some extent.

3.2. Empirical strategy

The WDSPPI environmental regulation in Shandong province provides a quasi-nat-
ural experiment for us to employ difference-in-differences (DID) strategy to explore
the impact of environmental regulation on firm TFP. The baseline regression equa-
tion is specified as in Eq. (1):

lnðTFPÞit ¼ b0 þ b1Si � Postt þ XitBþ ui þ ki þ eit (1)

where subscript i represents the firm, subscript t represents the year. The dependent
variable ln(TFP)it is the natural logarithm of TFP of firm i in year t: Two dummy
variables are defined as follows. The first dummy variable Si equals 1 if the firm is
located in Shandong province, and 0 otherwise. The second dummy variable Postt
equals 1 in and after 2003, which is the WDSPPI environmental regulation imple-
mentation period, and 0 otherwise. Si � Postt is the interaction between dummy vari-
able Si and dummy variable Postt. b1 is the coefficient of interest, indicating the effect
of the WDSPPI environmental regulation on firm TFP. If b1>0, it means that the
WDSPPI environmental regulation has a positive impact on firm TFP. Oppositely, if
b1<0, it means that the WDSPPI environmental regulation has a negative impact on
firm TFP. To control for unobservable factors that may bias the accuracy of estima-
tion, firm fixed effect, ui, and year fixed effect, kt , are controlled in the equation,
which means we control for general macroeconomic factors that affect all firms over
time as well as time-invariant firm-specific characteristics. Xit is a set of firm-level
control variables that might account for the variation of firms’ productivity, including
age, export status, ownership structure, size measured by the natural logarithm of
employees, and capital intensity measured by total assets divided by the number of
employees. eit is a random disturbance term.

The DID estimator compares productivity differences for treated firms and control
firms between pre- and after-policy to explore the causal effect of the WDSPPI envir-
onmental regulation on firm TFP. The key assumption of DID is treated firms and
non-treated firms share the common productivity trend. In other words, theoretically,
the trend of productivity for treated firms in Shandong province and non-treated
firms in other provinces should be consistent before the policy implementation.
However, intuitive findings from the upper panel of Figure 4, which displays differ-
ence between productivity trend of treated firms in Shandong province and that of
non-treated firms in other provinces before the regulation implementation, question
the common trend assumption to some extent. To satisfy the comparability between
the treatment group and the control group, entropy balancing method (Hainmueller,
2012) is employed to match treated observations and untreated ones. Compared with
often applied propensity score methods, where the control group observations are
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reweighted either by weights that depend directly on propensity score values or by
weights that depend on propensity score distances to treatment observations, entropy
balancing method is more effective in reducing covariate imbalance. This is because
entropy balancing method reweights the untreated sample in such a way that covari-
ate distributions in the reweighted data satisfy a set of specified moment conditions,
for example, the same mean and variance of covariate as those in the treatment
group. Entropy balancing method directly incorporates covariate balance in the esti-
mation procedure, so there is no need to check covariate balance repeatedly, making
the burdensome procedure of propensity score methods unnecessary, where research-
ers manually iterate between propensity score modeling, matching, and balance
checking until they attain a satisfactory balancing solution. Zhao and Percival (2017)
prove the theoretical properties of entropy balancing method and show it is doubly
robust, i.e., if either the propensity score model or the outcome regression model is
correctly specified, the mean causal effect estimator is statistically consistent.

The first step in implementing difference-in-difference combined with matching
based on entropy balancing method is to obtain weights using entropy balancing
method. The second step is the regression step, where the basic DID estimation equa-
tion is regressed on the treatment indicator with weights obtained in the first step.
The estimator is similar to the regression-adjusted semiparametric difference-in-dif-
ference matching strategy proposed by Heckman et al. (1997). It only differs in the
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Figure 4. Trends of productivity between treatment group and control group.
Notes: Red dashed lines, blue dashed lines and solid lines depict the treatment group, the weighted control group
and the original control group, respectively. The bottom-left panel is adjusted by weight-one, while the bottom-right
panel is adjusted by weight-two.
Source: The authors.
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construction of weights, which are computed by propensity score methods in
Heckman et al. (1997).

The moment condition setting of entropy balancing method in our study is that
the control group should have the same mean and variance as the treatment group
for all conditioning variables after entropy balancing. Herein, conditioning variables
include size, age, production unit, export status, ownership structure, labor share,
capital intensity, input intensity, profit rate, debt structure, return on assets and prod-
uctivity level (see Table 1 for detailed definition). Two types of weights are con-
structed to check robustness of conclusion and obtain the most efficient weights.
Specifically, weight-one utilizes firms’ characteristics and financial indicators lagged
by one year, while weight-two uses two-year-lagged information, which increases
accuracy but sacrifices sample size. Both weights are utilized in the following analysis
and conclusions remain consistent with different weights.

As shown in Table 2,6 mean, variance, and skewness of all conditioning variables
are mostly the same between the treatment group and the weighted control group.
Moreover, common trend assumption is tenable after constructing comparable con-
trol group. After adjustment using weight-one and weight-two, as shown in bottom
panel of Figure 4, trends of productivity are approximately common between treat-
ment group and weighted control group in pre-treatment period (2000–2002) and
shows a significant increase in treatment group after the policy implementation.

4. Empirical results

4.1. Baseline estimates

In this section, we report results of estimating the effect of the WDSPPI environmen-
tal regulation on firm TFP as shown in Eq. (1), which is presented in Table 3.
Columns (1) to (6) employ different controls and weights. In particular, Column (1)
only controls for firm fixed effect and year fixed effect, and Column (2) introduces
relevant control variables on the basis of Column (1). Columns (3) and (4) extend

Table 2. Results of entropy balancing.
Treatment group Control group Weighted control group

Mean Variance Skewness Mean Variance Skewness Mean Variance Skewness

Tfp 5.92 1.03 �0.54 5.55 0.70 �0.02 5.92 1.03 �0.35
Size 5.94 1.39 0.34 5.10 1.02 0.62 5.94 1.39 0.38
Age 14.53 128.00 1.26 13.47 125.90 1.54 14.52 127.90 1.31
Multi 0.09 0.08 2.92 0.03 0.03 5.79 0.09 0.08 2.92
Export 0.14 0.12 2.11 0.06 0.06 3.64 0.14 0.12 2.10
Foreign 0.02 0.01 5.98 0.02 0.02 6.41 0.02 0.01 6.11
Hmt 0.02 0.01 6.57 0.04 0.03 5.05 0.02 0.01 6.88
Nation 0.15 0.11 1.89 0.09 0.07 2.85 0.15 0.11 1.87
Personal 0.32 0.19 0.78 0.40 0.20 0.44 0.32 0.19 0.78
Lshare 0.06 0.00 2.97 0.07 0.00 7.89 0.06 0.00 7.38
Kl 47.84 13364.00 10.04 42.64 8272.00 7.74 47.83 13364.00 8.16
Il 137.30 18737.00 4.22 148.00 20122.00 3.61 137.30 18740.00 4.64
Profit 0.11 0.00 0.35 0.09 0.01 0.99 0.11 0.00 0.78
Da 0.62 0.05 �0.42 0.55 0.06 �0.23 0.61 0.05 �0.46
Lda 0.12 0.02 1.33 0.10 0.02 1.94 0.12 0.02 1.73
Roa 0.22 0.14 2.45 0.26 0.29 5.07 0.22 0.14 2.80

Source: The authors.
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Columns (1) and (2) with weight-one obtaining from entropy balancing method
using one-year-lagged conditioning variables. Similarly, Columns (5) and (6) extend
Columns (1) and (2) with weight-two obtaining from entropy balancing method
using two-year-lagged conditioning variables, which leads to the decrease in the sam-
ple size as a result of dropping firms without two-year-lagged information. The coef-
ficients of interest, Si � Postt , are invariably significantly positive in Columns (1)–(6),
indicating that the WDSPPI environmental regulation in Shandong province signifi-
cantly increases firm TFP. The baseline estimation results provide initial evidence
that the WDSPPI environmental regulation has potential to improve firm perform-
ance in terms of TFP effectively. We now comment on the magnitude of these effects,
the point estimates from our preferred specifications, i.e., Columns (4) and (6), sug-
gesting that productivity level of PPI firms in Shandong province, on average,
increase by 27.5%–28.4% relative to the control group.

4.2. Dynamic effects and parallel trend hypothesis test

Environmental regulation may take time to come to fruition for the fact that firms
take time to respond to it by adjusting productive process or installing abasement
equipment. What’s more, the WDSPPI environmental regulation in Shandong prov-
ince consists of phase-in plans, including the first stage from 2003 to 2006, the
second stage from 2007 to 2009, and the third stage after 2009.7 While only the first
year in the second stage is included in the dataset, it is possible to investigate whether
or not firms make adjustments by stages under this phase-in environmental regula-
tion. To investigate dynamic effects of the WDSPPI environmental regulation on firm
TFP over time and to confirm whether there is a leaping productivity growth along
with stricter standards implementation in the second stage, the benchmark specifica-
tion is expanded as follows:

Table 3. Effects of the environmental regulation on firm TFP.
Variable: Log TFP (1) (2) (3) (4) (5) (6)

S�Post 0.237��� 0.235��� 0.285��� 0.275��� 0.300��� 0.284���
(0.057) (0.057) (0.059) (0.059) (0.067) (0.066)

Age 0.164��� 0.165��� 0.155���
(0.005) (0.008) (0.009)

Export 0.051 0.179�� 0.216���
(0.055) (0.076) (0.080)

Nation 0.025 0.080 0.051
(0.047) (0.078) (0.097)

Size 0.109��� 0.092� 0.099
(0.031) (0.056) (0.074)

Kl 0.161 0.149 0.267
(0.157) (0.222) (0.232)

Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one N N Y Y N N
Weight-two N N N N Y Y
Observations 8125 8125 8125 8125 6684 6684
R-square 0.446 0.450 0.471 0.477 0.460 0.467

Notes: Robust standard errors clustered at firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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lnðTFPÞit ¼ b0 þ
Xj¼2007

2000

bj � Si � Yearj þ XitBþ ui þ kt þ eit (2)

where Yearj is the annual dummy variable, j¼2000, 2001, … 2007, whose value is
taken as 1 in the jth year and 0 otherwise. The coefficient of interaction between
dummy variable Si and dummy variable Yearj, bj, indicates the effect of the WDSPPI
environmental regulation on firm TFP in the jth year. Statistically, if bj is statistically
significant, it indicates that the marginal effect of the WDSPPI environmental regula-
tion on firm TFP in the jth year is statistically significant.

Table 4 reports the estimation results, and Figure 5 plots the estimates of the coef-
ficient bj, corresponding to Eq. (2) with a 90% confidence interval. The premise of
the DID identification strategy is parallel trend hypothesis test, i.e., theoretically, the
time trend of outcome variable in both treatment group and control group should be
consistent before the policy implementation. As shown in column (1) of Table 4, as
well as in the upper panel of Figure 5, the coefficient, b2000, is significantly different
from zero, which invalidates the parallel trend hypothesis and makes it necessary to
employ entropy balancing method to match firms between treatment group and con-
trol group. According to columns (2) and (3) of Table 4, as well as the bottom panel
of Figure 5, the coefficients, b2000 and b2001, are near to zero after reweighting the
control group, which reassures us that treated firms and weighted non-treated firms
have followed the same time trend before the implementation of regulation, and thus
passes parallel trend hypothesis test.

As shown in columns (2) and (3) of Table 4, as well as in the bottom panel of
Figure 5, the coefficient, b2003, is positive and statistically significant, indicating that
there is no lag effect for the WDSPPI environmental regulation, i.e., the positive effect

Table 4. Dynamic effects of the environmental regulation on firm TFP.
Variable: Log TFP (1) (2) (3)

Year 2000 �0.119� �0.058 �0.109
(0.068) (0.077) (0.082)

Year 2001 �0.005 0.014 �0.000
(0.054) (0.057) (0.062)

Year 2003 0.124��� 0.168��� 0.203���
(0.048) (0.051) (0.058)

Year 2004 0.140�� 0.210��� 0.158�
(0.062) (0.074) (0.091)

Year 2005 0.321��� 0.397��� 0.393���
(0.080) (0.091) (0.094)

Year 2006 0.250��� 0.365��� 0.381���
(0.090) (0.097) (0.108)

Year 2007 0.249��� 0.367��� 0.341���
(0.092) (0.103) (0.123)

Control variable Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one N Y N
Weight-two N N Y
Observations 8125 8125 6684
R-square 0.448 0.475 0.463

Notes: The year before implementation of environmental regulation (the year 2002) is omitted as base group to
avoid perfect collinearity problem. Robust standard errors clustered at firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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of the WDSPPI environmental regulation on firm TFP appears immediately in the
first regulation year. According to coefficients from b2003 to b2007, corresponding to
policy effect from the first year to the fifth year, there is no leaping productivity
growth in 2007, which is the first year for stricter regulation in the second stage.
From dynamic effects discussed above, we can draw a conclusion that when faced
with this phase-in environmental regulation, firms have taken the foreseeably increas-
ing strictness into account from the very beginning and prefer to take one-step
adjustment aimed at the final goal.

4.3. Robustness test

In this section, we conduct lots of robustness tests to further confirm basic conclu-
sion that the WDSPPI environmental regulation in Shandong province significantly
increases firm TFP. The details of robustness tests are as follows.

4.3.1. Placebo test
As a placebo test, large papermaking provinces8 in China are firstly chosen and
assumed to carry out the same environmental regulation as what Shandong province
did in 2003, i.e., falsified implementation provinces. Secondly, similar to the placebo
test of changing the policy’s implementation provinces, representative industries9 are
selected as falsified implementation industries. Thirdly, according to the methodology
of Topalova (2010), we suppose that the same environmental regulation was carried
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Figure 5. Time trend of the environmental regulation on firm TFP.
Notes: The year before implementation of environmental regulation is omitted as base group to avoid perfect collin-
earity problem.
Source: The authors.
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out in specific years of the pre-treatment period (i.e., the sample period from 2000 to
2002 in our study), and we preserve pre-treatment observations to examine the effect
of the falsified policy’s implementation years, which suppose that the same environ-
mental regulation was carried out in the year of 2001 and in the year of 2002 respect-
ively. Actually, there’s no corresponding environmental regulations enacted
simultaneously for these falsified provinces, industries and years. Therefore, empirical
designs employing one of these falsified conditions to define the new treatment vari-
able in sequence are supposed to find no significant effect in theory. Due to width
limits on this page, we only report part of results concerning the three kinds of pla-
cebo tests in Table 5. The estimated results of placebo test about all representative
provinces and all representative industries are shown in Appendix Table A.3 and A.4.
As shown in Table 5, compared with column (1) setting PPI firms in Shandong prov-
ince as the treatment group since the year of 2003, the corresponding estimates for
other falsified conditions from columns (2) to (7) are insignificant and close to zero,
indicating that the falsified treatment groups fail to verify the positive impact of the
environmental regulation on firm TFP, and thus on the flip side, suggesting the real
and significant effect from the real treatment of the environmental regulation imple-
mented in Shandong province since the year of 2003.

4.3.2. Expectation effect
One concern for DID methodology is expectation effect, i.e., if PPI firms in
Shandong province could anticipate the implementation of the WDSPPI environmen-
tal regulation and take action in advance, the regulation policy would be non-
randomized and our estimates would be biased. To examine the expectation effect,
we introduce an additional control variable, i.e., Si � Year2002, to the benchmark spe-
cification (1), which is as following:

lnðTFPÞit ¼ h0 þ h1Si � Postt þ h2Si � Year2002 þ XitBþ ui þ kt þ eit (3)

where Si � Year2002 is the interaction between dummy variable Si, whose value is taken
as 1 in Shandong province, and 0 otherwise, and dummy variable Year2002, whose value
is taken as 1 in the year of 2002, one year before the implementation of the WDSPPI
environmental regulation, and 0 otherwise. According to estimation results shown in
Table 6, the coefficient of Si � Year2002 is statistically insignificant, excluding the

Table 5. Effects of the environmental regulation on firm TFP: Placebo test.

Variable: Log TFP
Baseline Zhejiang Guangdong Year 2001 Year 2002 Textile industry Chemical industry

(1) (2) (3) (5) (4) (6) (7)

S�Post 0.275��� �0.077 �0.003 0.069 0.015 0.091 0.243
(0.059) (0.071) (0.073) (0.056) (0.052) (0.025) (0.066)

Control variable Y Y Y Y Y Y Y
Year fixed effect Y Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y Y
Weight-one Y Y Y Y Y Y Y
Observations 8125 7088 7189 3777 3777 20390 30083
R-square 0.477 0.545 0.406 0.083 0.081 0.261 0.066

Notes: Robust standard errors clustered at the firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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possibility of expectation effect. Moreover, the coefficient of interest, Si � Postt , remains
positive and statistically significant, which is consistent with basic conclusion.

4.3.3. Difference-in-difference-in-difference estimation
Our conclusion could be undermined by potential unknown factors affecting all indus-
tries in Shandong province, such as sudden technical advance along with productivity
improvement since the year of 2003, which is unrelated to the WDSPPI environmental
regulation. To address this concern, we employ difference-in-difference-in-difference
(DDD) identification strategy by adding firms from other industries to control the com-
mon shock to all industries in Shandong province. We introduce an additional control
variable, i.e., Si � Postt � PPIi, to the benchmark specification (1) as follows:

lnðTFPÞit ¼ u0 þ u1Si � Postt � PPIi þ u2Si � Postt þ u3Postt � PPIi þ XitBþ ui þ kt þ eit

(4)

where Si � Postt � PPIi is the interaction between dummy variable Si, whose value is
taken as 1 in Shandong province, and 0 otherwise, dummy variable Postt , whose value
is taken as 1 in and after 2003, and 0 otherwise, and dummy variable PPIi, whose value
is taken as 1 for PPI firms, and 0 otherwise. Five representative industries are chosen
based on their similarities to the PPI of Shandong province in terms of pollution inten-
sity or industrial output value. To be specific, we choose three industries that produce
severe water pollution, which are similar to the pollution intensity of PPI in Shandong
province, and two industries with high industrial output value, which are similar to the
industrial output value of PPI in Shandong province, i.e., textile industry, leather indus-
try, ferrous metal industry, chemical industry, and special equipment industry. As shown
in Table 7, the WDSPPI environmental regulation significantly increases productivity
level of PPI firms in Shandong province, which is consistent with basic conclusion.

4.3.4. Regulations in other provinces
Except for Wastewater Discharge Standards for PPI in Shandong province, there are
also environmental regulations stipulating wastewater discharge standard for PPI
firms in other provinces during our study period from 2000 to 2007, which are not
appropriate control group any more. Herein, we totally collect six environmental

Table 6. Effects of the environmental regulation on firm TFP: Expectation effect.
Variable: Log TFP (1) (2) (3) (4) (5) (6)

S�Post 0.259��� 0.260��� 0.292��� 0.285��� 0.316��� 0.302���
(0.067) (0.066) (0.069) (0.068) (0.075) (0.073)

S�Year2002 0.054 0.059 0.018 0.026 0.046 0.047
(0.054) (0.053) (0.060) (0.058) (0.064) (0.062)

Control variables N Y N Y N Y
Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one N N Y Y N N
Weight-two N N N N Y Y
Observations 8125 8125 8125 8125 6684 6684
R-square 0.446 0.450 0.471 0.477 0.460 0.467

Notes: Robust standard errors clustered at the firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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regulations concerning wastewater discharge standard for PPI firms from five provinces
and then compare them with the environmental regulation in Shandong province. As
shown in Appendix Table A.2, environmental regulations in other province are either
aimed at certain portion of the industry, such as waste-paper firms, or carried out in cer-
tain regions of provinces.10 Because of lack of detailed address and product directory, it’s
impossible to only exclude targeted firms by these environmental regulations, we have no
choice but to eliminate all PPI firms from related five provinces.11 Estimation results are
reported in Table 8, indicating the exclusion of these questionable provinces does not
challenge the basic conclusion, i.e., the WDSPPI environmental regulation in Shandong
province significantly increase the productivity level of PPI firms.

5. Mechanisms

So far, we have explored the effect of the WDSPPI environmental regulation on firm
TFP, but the channels through which the WDSPPI environmental regulation operates
remain to be examined. In this section we explore effects that the WDSPPI environ-
mental regulation has on firm TFP through resource allocation efficiency within firms
and between firms.

5.1. Resource allocation efficiency within firms

Theoretically, the positive effect that the WDSPPI environmental regulation has on
firm TFP is likely to be derived from the improvement in resource allocation effi-
ciency within firms, which is commonly measured by the sensitivity of investment to
return on investment, mirroring firm’s relevant capacity to match investment with
appropriate investment opportunities. To explore whether the WDSPPI environmen-
tal regulation significantly improves the resource allocation efficiency within firms,
based on the work of Wurgler (2000), Chen et al. (2011), and Tang et al. (2020), our
specification is as following:

Investit ¼ r0 þ r1Si � Postt � Returnit�1 þ r2Si � Postt þ r3Returnit�1 þ Xit�1Bþ ui

þ kt þ eit

(5)

Table 7. Effects of the environmental regulation on firm TFP: DDD model.
Variable: Log TFP (1) (2) (3) (4) (5) (6)

S�Post � PPI 0.105� 0.104� 0.139�� 0.140�� 0.183��� 0.186���
(0.062) (0.062) (0.063) (0.062) (0.068) (0.068)

Control variables N Y N Y N Y
Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one N N Y Y N N
Weight-two N N N N Y Y
Observations 84924 84924 84924 84924 67275 67275
R-square 0.106 0.107 0.160 0.161 0.162 0.164

Notes: Weights are calculated to make firms from the same industry are comparable between the treatment group
and the control group. Robust standard errors clustered at the firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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where Investit is the investment level12 of firm i in year t, Returnit�1 is the return on
investment of firm i in year t�1, which is measured by return on assets (ROA, calcu-
lated by net profit divided by total assets). The coefficient of interest, r1, reflects the
extent of investment response. To be specific, if r1>0, it indicates that the WDSPPI
environmental regulation increases the sensitivity of investment to ROA, and vice versa.
As reported in Table 9, the coefficients of interest are positive and statistically signifi-
cant, suggesting that the resource allocation efficiency within firms of PPI in Shandong
province has increased significantly after the enforcement of the WDSPPI environmen-
tal regulation compared with that of PPI in other provinces. This finding supports the
Porter Hypothesis, that is environmental regulations have the potential to optimize
firms’ production process and then positively affects their productivity levels.

5.2. Resource allocation efficiency between firms

Apart from the improvement in resource allocation efficiency within firms, the posi-
tive effect that the WDSPPI environmental regulation has on firm TFP is also likely
to be derived from the improvement in resource allocation efficiency between firms,
that is, the reallocation of resource from inefficient firms to efficient ones via the
entry of high-productivity firms or exit of low-productivity firms. To explore the
impact of the WDSPPI environmental regulation on firm entry behavior, and to cor-
roborate whether the WDSPPI environmental regulation induces firms with higher
productivity to enter pulp and paper industry in Shandong province, indicating the
barriers to entry are raised, our specification is the following:

lnðTFPÞit ¼ d0 þ d1Si � Postt � Entryit þ d2Si � Postt þ d3Entryit þ XitBþ ui þ kt þ eit (6)

where the dummy variable Entryit equals 1 if firm i enters the market in year t: The
coefficient d1 captures the difference between the impact of the WDSPPI environ-
mental regulation on entrants TFP and that on incumbents TFP. Specifically speak-
ing, if d1 > 0, it means that after the implementation of the WDSPPI environmental
regulation, the productivity levels of entrants in Shandong province are, on average,
higher than that of incumbents, and vice versa. Table 10 finds no difference between
the impact of the WDSPPI environmental regulation on entrants TFP and that on

Table 8. Effects of the environmental regulation on firm TFP: Drop questionable provinces.
Variable: Log TFP (1) (2) (3) (4) (5) (6)

S�Post 0.277��� 0.270��� 0.341��� 0.331��� 0.358��� 0.346���
(0.060) (0.059) (0.064) (0.064) (0.071) (0.070)

Control variables N Y N Y N Y
Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one N N Y Y N N
Weight-two N N N N Y Y
Observations 4676 4676 4676 4676 3876 3876
R-square 0.431 0.435 0.456 0.464 0.463 0.472

Notes: Weights are recalculated after dropping questionable provinces. Robust standard errors clustered at the firm
level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 281



incumbents TFP. Therefore, the reallocation of resource between firms via the entry
of high-productivity firms turns out not to be the channel through which the
WDSPPI environmental regulation affects firm TFP positively.

Moreover, to explore the impact of the WDSPPI environmental regulation on firm
exit behavior, and to examine whether the WDSPPI environmental regulation effect-
ively weeds out low-productivity PPI firms in Shandong province, our specification is
the following:

lnðTFPÞit ¼ a0 þ a1Si � Postt � Exitit þ a2Si � Postt þ a3Exitit þ XitBþ ui þ kt þ eit
(7)

where the dummy variable Exitit equals 1 if the firm i exits the market in year t: The
coefficient a1 indicates that the difference between the impact of the WDSPPI envir-
onmental regulation on drop-outs TFP and that on incumbents TFP. Concretely
speaking, if a1<0, it means that after the implementation of the WDSPPI environ-
mental regulation, it’s more possible for inefficient firms to exit the industry in
Shandong province, and vice versa. Table 11 finds no difference in the effect of the
WDSPPI environmental regulation on the exit probability among firms with various
productivity levels. Consequently, the reallocation of resource between firms via
the exit of low-productivity firms turns out not to be the channel through which the
WDSPPI environmental regulation affects firm TFP positively, which is similar to the
finding of firm entry behavior discussed above.

6. Heterogeneity effects

Our aforementioned analyses estimate the average effect of the WDSPPI environmen-
tal regulation on firm TFP. In this subsection, we investigate the heterogeneous
effects of the WDSPPI environmental regulation on firm TFP, to further shed light
on how firm TFP is affected by the WDSPPI environmental regulation across firms
with different characteristics.

Table 9. Effects of the environmental regulation on resource allocation efficiency within firms.
Variable: Investment (1) (2) (3)

S� Post � Return 0.286� 0.565��� 0.640���
(0.170) (0.204) (0.213)

S� Post 0.043 �0.090 �0.152
(0.108) (0.128) (0.151)

Return 0.044 �0.232� �0.291��
(0.072) (0.135) (0.146)

Control variables Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one N Y N
Weight-two N N Y
Observations 5449 5449 4638
R-square 0.228 0.242 0.240

Notes: Compare to baseline results in Table 3, there are less samples as a result of the inclusion of lagged variables
in the estimation. Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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6.1. Firms with different sizes

Firms of various sizes may react differently to the same environmental regulation as
they have significant differences in market power, pursuit of technology and manage-
ment efficiency. Therefore, we’d like to explore the differential impacts of the WDSPPI
environmental regulation on firm TFP by firm size. Specifically speaking, we divide
firms into three groups according to their numbers of employees, i.e., small, medium
and large-sized firms, the cutoff values of which are the upper and lower quartiles.
Regression results using full sample and subsamples of small, medium and large-sized
firms are reported in columns (1)–(4) of Table 12, respectively. As indicated in Table
12, the positive effect of the WDSPPI environmental regulation on firm TFP is only
statistically significant for large-sized firms, suggesting that compared with small and
medium-sized firms, large-sized firms have the capacity to introduce new production
technologies or processes, and prefer to upgrade the outdated devices that consume
much more energy and produce more pollution than the newer ones that do the same
things, and thus are more likely to obtain innovation offsets.

6.2. Firms with different ages

Firms with different ages may also react differently to the same environmental regula-
tion as they suffered from various growing pains early on and may be at very differ-
ent stages during the firm lifecycle. To further explore the differential effect of the
WDSPPI environmental regulation on firm TFP by firm age, we divide firms into
three groups according to their ages, i.e., start-up, growing and mature firms, the cut-
off values of which are the upper and lower quartiles. Regression results using full
sample and subsamples of start-up, growing and mature firms are reported in col-
umns (1)–(4) of Table 13, respectively. As shown in Table 13, the estimates are statis-
tically significant for growing and mature firms except for start-up firms, indicating
that compared with start-up firms, relatively mature firms that have piled up experi-
ence of operation and fostered great corporate culture, are more likely to plan further
ahead to introduce new technologies, improve production processes, and renew out-
dated facilities when faced with stricter environmental regulation.

Table 10. Effects of the environmental regulation on firm TFP: Entrants and incumbents.
Variable: Log TFP (1) (2) (3)

S� Post � Entry �0.129 �0.172 �0.192
(0.251) (0.263) (0.269)

S� Post 0.243��� 0.276��� 0.286���
(0.057) (0.058) (0.065)

Entry �0.160��� �0.108� �0.102
(0.030) (0.061) (0.079)

Control variables Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one N Y N
Weight-two N N Y
Observations 8125 8125 6684
R-square 0.453 0.479 0.469

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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6.3. Firms of different ownerships

Firms of different ownerships probably have different reactions to the same environ-
mental regulation for the fact that they have different political connections with local
governments, indicating that they have different negotiation and bargaining powers
faced with stricter environmental regulations. To further explore the differential effect
of the WDSPPI environmental regulation on firm TFP by different ownerships, we
divide firms into two groups according to their ownerships, i.e., state-owned and
non-state-owned firms. Regression results using full sample and subsamples of state-
owned and non-state-owned firms are reported in columns (1)–(4) of Table 14,
respectively. As reported in Table 14, compared with non-state-owned firms, the coef-
ficient of interest is smaller and less statistically significant for state-owned firms, sug-
gesting that compared with non-state-owned firms, state-owned firms are relatively
less environmentally regulated due to their closer political connections with local gov-
ernments, as well as stronger negotiation and bargaining powers, both of which give
them more flexibility in introducing technologies or improving production processes,
and thus impede the improvement of firm productivity.

6.4. Firms with different capital intensity

Theoretically speaking, firm would reach a point of diminishing marginal returns on
investment when its capital is relatively abundant compared with other essential pro-
duction factors. Therefore, firms with different capital intensity may receive different
productivity gains when they increase investment in the form of introducing new
production technologies or upgrading the outdated devices faced with stricter envir-
onmental regulations. To further explore the differential effect of the WDSPPI envir-
onmental regulation on firm TFP by firm capital intensity, we divide firms into three
groups according to their ratios of capital to labor, i.e., low, medium and high cap-
ital-intensity firms, the cutoff values of which are the upper and lower quartiles.
Regression results using full sample and subsamples of low, medium and high cap-
ital-intensity firms are reported in columns (1)–(4) of Table 15, respectively. As

Table 11. Effects of the environmental regulation on firm TFP: Drop-outs and incumbents.
Variable: Log TFP (1) (2) (3)

S� Post � Exit 0.052 0.147 0.136
(0.086) (0.099) (0.108)

S� Post 0.223��� 0.248��� 0.260���
(0.056) (0.058) (0.065)

Exit �0.145��� �0.241��� �0.239���
(0.025) (0.056) (0.060)

Control variables Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one N Y N
Weight-two N N Y
Observations 8125 8125 6684
R-square 0.453 0.482 0.472

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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shown in Table 15, the coefficient of interest for low capital-intensity firms is nearly
double the estimates for medium and high capital-intensity firms, suggesting that the
effect of the WDSPPI environmental regulation is larger for firms of relatively scarce
capital, whose productivity returns on investment are relatively higher.

6.5. Export firms versus non-export firms

To further examine the difference in impacts of the WDSPPI environmental regula-
tion on firm TFP between export firms and non-export firms, we divide firms into
two groups according to their export status, i.e., export firms and non-export firms.

Table 12. Heterogeneity analysis: Small, medium and large-sized firms.
Variable: Log TFP All sample Small-sized firms Medium-sized firms Large-sized firms

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

S�Post 0.275��� �0.162 0.152 0.320���
(0.059) (0.243) (0.106) (0.069)

Control variables Y Y Y Y
Year fixed effect Y Y Y Y
Firm fixed effect Y Y Y Y
Weight-one Y Y Y Y
Observations 8125 1231 4168 2726
R-square 0.477 0.289 0.466 0.500

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.

Table 13. Heterogeneity analysis: Start-up, growing and mature firms.
Variable: Log TFP All sample start-up firms growing firms mature firms

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

S�Post 0.275��� 0.185 0.221�� 0.219��
(0.059) (0.135) (0.097) (0.102)

Control variables Y Y Y Y
Year fixed effect Y Y Y Y
Firm fixed effect Y Y Y Y
Weight-one Y Y Y Y
Observations 8125 1213 3977 2935
R-square 0.477 0.390 0.444 0.462

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.

Table 14. Heterogeneity analysis: State-owned and non-state-owned firms.
Variable: Log TFP All sample State-owned firms Non-state-owned firms

(1) (2) (3)

S�Post 0.275��� 0.253� 0.302���
(0.059) (0.137) (0.063)

Control variables Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one Y Y Y
Observations 8125 667 7458
R-square 0.477 0.256 0.506

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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Regression results using full sample and subsamples of export and non-export firms
are presented in columns (1)–(3) of Table 16, respectively. As indicated in Table 16,
the coefficient of interest for non-export firms is a bit larger than the estimate for
export firms. One possible explanation is that, compared with firms with high prod-
uctivity, the productivity gains from increasing investment in the form of introducing
new production technologies or upgrading the outdated devices are relatively larger
for firms with low productivity. Moreover, based on heterogeneous productivity firm
trade theory, firms with high productivity tend to export as they are able to afford
fixed costs, and vice versa, indicating that export firms generally have higher product-
ivity than non-export firms. Therefore, non-export firms with low productivity would
receive relatively larger productivity gains from increasing investment in the form of
introducing new production technologies or upgrading the outdated devices faced
with stricter environmental regulation.

7. Conclusions

The potential negative impact of environmental regulation on economics competitive-
ness in many developing countries, such as China, has become an important economic
and political issue that looms large in environmental policy debates. Policymakers want
to understand to what extent stricter environmental regulations will impact firm prod-
uctivity and economic growth. Using firm-level dataset from 2000 to 2007 in China, we
estimate the effect of the WDSPPI environmental regulation in Shandong province on

Table 15. Heterogeneity analysis: Low, medium and high capital-intensity firms.
Variable: Log TFP All sample Low-intensity firms Medium-intensity firms High-intensity firms

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

S�Post 0.275��� 0.399�� 0.194��� 0.203��
(0.059) (0.169) (0.061) (0.095)

Control variables Y Y Y Y
Year fixed effect Y Y Y Y
Firm fixed effect Y Y Y Y
Weight-one Y Y Y Y
Observations 8125 1898 4251 1976
R-square 0.477 0.486 0.503 0.436

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.

Table 16. Heterogeneity analysis: Export and non-export firms.
Variable: Log TFP All sample Export firms Non-export firms

(1) (2) (3)

S�Post 0.275��� 0.261�� 0.316���
(0.059) (0.112) (0.068)

Control variables Y Y Y
Year fixed effect Y Y Y
Firm fixed effect Y Y Y
Weight-one Y Y Y
Observations 8125 627 7498
R-square 0.477 0.528 0.474

Notes: Robust standard errors are reported in parentheses and clustered at firm level.
*p< 0.10, **p< 0.05, ***p< 0.01.
Source: The authors.
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firm TFP and examine the channels through which the WDSPPI environmental regula-
tion operates, i.e., resource allocation efficiency within firms and between firms, and
further analyze heterogeneous effects of the WDSPPI environmental regulation on firm
TFP across firms with different characteristics.

Our main findings are as follows: (1) The stricter environmental regulation effect-
ively leads to an increase in firm TFP, which indicates environmental regulation has
the potential to achieve a ‘win-win’ goal on both sides, i.e., between environmentally
sustainable development and economic growth; (2) According to dynamic effects ana-
lysis, the positive effect of the WDSPPI environmental regulation on firm TFP
appears immediately in the first regulation year of 2003, indicating that there is no
lag effect, and shows no leaping productivity growth in 2007, suggesting that when
faced with this phase-in environmental regulation, PPI firms in Shandong province
prefer to take one-step adjustment aimed at the final goal; (3) The positive effect of
the WDSPPI environmental regulation on firm TFP mainly comes from the improve-
ment of resource allocation efficiency within firms, rather than between firms; (4)
The heterogeneity test indicates that the positive effect of the WDSPPI environmental
regulation on firm TFP is heterogeneous across firms with different characteristics,
with greater positive effects for large-sized firms, growing and mature firms, non-
stated-owned firms, low capital-intensity firms, and non-export firms.

We propose corresponding policy implications based on our empirical findings,
which may contribute to implementation of necessary and proper environmental pro-
tection policies for governments. Firstly, proving the possibility of achieving the dual
goals of environmental sustainability and economic benefits simultaneously, as what we
have done in this paper, gives governments of many regions and countries great cour-
age to implement necessary environmental regulation policies. Actually, in many
regions and countries, especially developing countries, governments are hesitant to
implement environmental regulation for fear that they will be blamed for the potential
loss of economic benefits. Our study provides new evidence from China supporting the
existence of Porter Hypothesis in developing countries, i.e., well-designed environmen-
tal regulation has the potential to optimize production process and positively affect
firm productivity. The positive impact of the WDSPPI environmental regulation on
firm TFP suggests that the government should not be too cautious to implement neces-
sary environmental regulation policies just because of the possibility of being blamed
for the potential loss of economic benefits, and policy makers should have more cour-
age to make necessary environmental regulation and act decisively. Actually, many
countries, such as the European Union (EU), are implementing the concept of the cir-
cular economy system, which emphasizes ideas of environmental protection and sus-
tainable development (Stankevi�cius et al., 2020). Moreover, adopting a ‘proceed in the
light of local conditions’ strategy is of great importance when making environmental
regulation policy. As proved in our study, for instance, the command-and-control
environmental regulation of pulp and paper industry in Shandong province succeeds in
promoting cleaner production, as well as improving firm TFP, indicating that com-
pared with the market-based environmental regulation policy, the command-and-con-
trol environmental regulation policy, which sets pollution emission at a certain level
and makes it mandatory to achieve emission reduction targets, is not a bad
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environmental regulation tool for pulp and paper industry in Shandong province.
Therefore, policy makers should choose proper environmental regulation policy accord-
ing to local conditions and should not apply it mechanically.

Secondly, although the overall effectiveness of environmental regulation on product-
ivity has been proved in the case of the environmental regulation of pulp and paper
industry in Shandong province, there are still concerns that firms with different charac-
teristics may react differently to the enforcement of the environmental regulation, and
thus the environmental regulation could not work on all firms through the improve-
ment of resource allocation efficiency within firms, which has been proved to be the
main channel in the mechanism test. To be more specific, the heterogeneity test reveals
that large-sized firms and non-stated-owned firms benefit more from the regulation,
indicating that small-sized firms and state-owned firms are relatively lack of flexibility
to cope with the environmental regulation. Therefore, making proper policies to help
small businesses grow into big ones, such as establishing a fund for small lenders to
help small businesses, and continuing the reform of state-owned firms to unlock mar-
ket vitality, are two valid paths to increase the gains from the regulation.

This paper has a few limitations that future research may address. Firstly, our evi-
dence supporting the existence of Porter Hypothesis in China is based on pulp and
paper industry, which is one of the most serious industries producing environmental
pollution. In addition, due to the limited access, the period of this study is from 2000
to 2007. A more precise relationship between the environmental regulation and firm
productivity may be obtained with more recent data from more industries in the
future. Secondly, besides firm productivity, more firm economic performance, such as
firm technology upgrading, firm financing constraint, and firm internationalization
level, etc., could be explored to provide a more complete picture of the ripple effects
of environmental regulation on firm economic performance. Therefore, in future
work we expect to further examine the causal effect of environmental regulation on
various aspects of firm economic performance.

Notes

1. Accounting standards include that total asset is less than net fixed asset, accumulated
depreciation is less than current depreciation, accumulated depreciation is more than
original price of fixed asset, and paid-up capital is equal to 0.

2. The financial system of firms with employees less than 8 is not reliable.
3. Wastewater Discharge Standards for PPI in Shandong province is aimed at pulp-making

firms, paper-making firms and pulp-paper joint-making firms. So, our analysis excludes
paper-product-making firms which are also classified as pulp and paper industry
in China.

4. CIFD consists of manufacturing firms from 1998 to 2007. Firms in 1998 and 1999 are
excluded from our analysis in consideration of these two years without two-lagged-year
data to calculate matching weights.

5. In this work, productivity is estimated using the methodology developed by Levinsohn
and Petrin (2003) (LP), supplemented with the methodology pioneered by Ackerberg
et al. (2006) to solve collinearity problem in the first stage of the LP method. We use
industrial added value to measure output, the number of employees to measure labor, the
financially reported intermediate input to measure intermediate input, the net fixed
capital to measure capital and calculate investment using perpetual inventory method.
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The detailed explanation to the measurement of productivity is reported in the
Appendix B.

6. For parsimony, results using another weight are not reported, the results are available
upon request.

7. Specific reduction targets are reported in the Appendix Table A.1.
8. We chose five provinces based on their PPI scale, including Zhejiang province,

Guangdong province, Hebei province, Jiangsu province and Fujian province.
9. The representative industries are chosen based on their similarities to the PPI of

Shandong province in terms of pollution intensity or industrial output value. To be
specific, we choose three industries that produce severe water pollution, which are similar
to the pollution intensity of PPI in Shandong province, and two industries with high
industrial output value, which are similar to the industrial output value of PPI in
Shandong province, as falsified implementation industries, i.e., textile industry, leather
industry, ferrous metal industry, chemical industry, and special equipment industry.

10. The only one aimed at all PPI firms in Henan province is still looser than
contemporaneous standard in Shandong province.

11. Almost half of the sample are lost, that’s why we don’t do the same deletion in the
baseline analysis.

12. We use the net fixed capital to measure capital (kt) and calculate investment (it) using
perpetual inventory method: it ¼ kt � 1� dð Þkt�1, where the depreciation rate d is
assumed as 15%.

13. The estimate of survival probability can be obtained by running a Probit model, where
the dependent variable is a survival dummy and the left-hand variables are the
polynomial terms of investment (or intermediate input in LP) and capital.

14. we use the net fixed capital to measure capital (kt) and calculate investment (it) using
perpetual inventory method: it ¼ kt � 1� dð Þkt�1, where the depreciation rate d is
assumed as 15%.
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Appendix A

Table A.1. Wastewater discharge standards for PPI in Shandong province.

Stage Discharge

Pulp firms Paper firms

Wood pulp Straw pulp Waste paper
Machine paper and

paper board

Level DR% Level DR% Level DR% Level DR%

2003.05.01-
2006.12.31

Biochemical oxygen
demand (BOD,
mg/L)

70 0.00 90 �10.00 50 �28.57 60 0.00

Chemical oxygen
demand (COD,
mg/L)

300 �14.29 380 �5.00 100 �71.43 100 0.00

Suspended solids (SS,
mg/L)

100 0.00 100 0.00 70 �30.00 70 �30.00

2007.01.01-
2009.12.31

Biochemical oxygen
demand (BOD,
mg/L)

50 �28.57 60 �33.33 40 �20.00 30 �50.00

Chemical oxygen
demand (COD,
mg/L)

150 �50.00 250 �34.21 100 0.00 100 0.00

Suspended solids (SS,
mg/L)

70 �30.00 70 �30.00 70 0.00 70 0.00

2010.01.01- Biochemical oxygen
demand (BOD,
mg/L)

30 �40.00 30 �50.00 30 �25.00 30 0.00

Chemical oxygen
demand (COD,
mg/L)

120 �20.00 120 �52.00 100 0.00 100 0.00

Suspended solids (SS,
mg/L)

70 0.00 100 42.86 70 0.00 70 0.00

Notes: Decline rate (DR in the table), which measures the regulation strictness at each stage, is calculated by current level
divided by previous-stage level. As for the first stage, the previous-stage level is national standard at that moment.

Table A.2. Regulations involving pulp and paper industry in other provinces (by the end of 2007).

Province Regulations Implementation date
Comparison with the regulation in

Shandong province

Zhejiang Wastewater Discharge Standards for
the Pulp and Paper Industry
(Waste paper)

1th March, 2001 Aim at waste-paper firms in
Zhejiang province, as strict as
the third stage in
Shandong province

Guangdong Wastewater Discharge Standards 1th January, 2002 Different standards for different
regions, the strictest one is the
same as the second stage in
Shandong province

Fujian Min River Watershed Integrated
Wastewater Discharge Standards

15th January, 2002 Different standards for different
regions, the strictest one is
stricter than the third stage in
Shandong province

Fujian Jin River and Luoyang River Watershed
Integrated Wastewater
Discharge Standards

10th May, 2004 Different standards for different
regions, the strictest one is
looser than the first stage in
Shandong province

Henan Wastewater Discharge Standards for
the Pulp and Paper Industry

1th January, 2005 Aim at PPI firms in Henan province,
looser than the first stage in
Shandong province

Beijing Wastewater Discharge Standards 1th September, 2005 Aim at firms in Beijing, looser than
the first stage in
Shandong province

Other provinces No provincial level wastewater
discharge standards for Pulp and
Paper Industry

– –
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Appendix B: Measurement of main variable TFP

In this section we briefly introduce our measurement of firm-level productivity. Referring to
Van Beveren (2012) model specification, we start from a Cobb-Douglas production function:

Yit ¼ XitL
bl
it M

bm
it Kbk

it

where Yit are the physical output of firm i in period t, usually measured by deflated sales or
value added, Kit , Lit and Mit represents capital, labor and materials respectively and Xit repre-
sents Hicksian neutral efficiency level. Taking natural logs of the equation results in a linear
functional relationship:

yit ¼ b0 þ b1lit þ bmmit þ bkkit þ eit

where lower case letters refer to natural logarithms and

ln ðXitÞ ¼ b0 þ eit

While b0 measures the mean efficiency level across firms and over time and eit is the time
and firm specific deviation from that mean, which can then be further decomposed into an
observable or predictable and unobservable component:

yit ¼ b0 þ b1lit þ bmmit þ bkkit þ xit þ uqit

Table A.3. Effects of the environmental regulation on firm TFP: Placebo test about provinces.

Variable: Log TFP
Shandong Zhejiang Guangdong Hebei Jiangsu Fujian

(1) (2) (3) (4) (5) (6)

S�Post 0.275��� �0.077 �0.003 �0.013 0.073 �0.022
(0.059) (0.071) (0.073) (0.051) (0.083) (0.077)

Control variable Y Y Y Y Y Y
Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one Y Y Y Y Y Y
Observations 8125 7088 7189 7189 7185 7189
R-square 0.477 0.545 0.406 0.455 0.458 0.439

Notes: The estimation strategy of Shandong province is the same with Table 3. Weights for five other provinces are
calculated after dropping Shandong province from the control group. Robust standard errors clustered at the firm
level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.

Table A.4. Effects of the environmental regulation on firm TFP: Placebo test about industries.

Variable: Log TFP
PPI Textile industry Leather industry

Ferrous
metal industry

Chemical
industry

Special
equipment
industry

(1) (2) (3) (4) (5) (6)

S�Post 0.275��� 0.091 0.111 0.023 0.243 �0.017
(0.059) (0.025) (0.033) (0.143) (0.066) (0.050)

Control variable Y Y Y Y Y Y
Year fixed effect Y Y Y Y Y Y
Firm fixed effect Y Y Y Y Y Y
Weight-one Y Y Y Y Y Y
Observations 8125 20390 7641 7868 30083 10451
R-square 0.477 0.261 0.160 0.099 0.066 0.299

Notes: Weights are recalculated to make firms from the same industry are comparable between the treatment group
and the control group. Robust standard errors clustered at the firm level are shown in parentheses.
*p< 0.10, **p< 0.05, ***p< 0.01.
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where xit represents firm-level productivity and lqit is an i.i.d. unexpected deviations.
Estimated productivity can then be calculated as follows:

x̂it ¼ yit � b̂ llit � b̂mmit � b̂kkit

And productivity in levels can be obtained as the exponential of x̂it

X̂ it ¼ exp ðx̂itÞ

There will be several methodological problems when we estimate the TFP using traditional
methods liking Ordinary Least Squares method (hereafter, OLS). However, the endogeneity or
simultaneity problem, that firms are likely to choose input level depending on their productiv-
ity, will lead to inconsistent coefficient estimation by OLS. Moreover, there will be selection
bias considering the fact that the entry and exit of firms are probably correlated to their prod-
uctivity level. Both Olley and Pakes (1996) (hereafter OP) and Levinsohn and Petrin (2003)
(hereafter LP) have developed a semiparametric estimator that addresses the simultaneity bias
by using a proxy variable for unobserved productivity shocks. OP’s proxy variable is firm’s
investment decision. However, only firms with positive investment can be included in the OP
analysis, as implied by the invertibility condition assumption, LP thus uses intermediate input
to control for unobserved productivity to manage the fact that investment is often zero in
applied work.

Besides the simultaneity problem, there is also selection bias due to the non-randomness in
plants dropping out the sample, which speaks to the fact that less productive firms are more
likely to leave the market, thus leaving only the most productive firm in the sample. This will
bias the coefficient estimation by correlating the unobserved productivity and fixed input cap-
ital, which has its origin in the fact that firms with a higher capital supply are more likely to
withstand lower productivity without exiting. This could be resolved by estimating a survival
function and then adding the probability of remaining active in the next year to the produc-
tion estimation procedures.13

There are other methodological issues unsolved by the OP and LP approaches. As shown
by Ackerberg et al. (2006) (hereafter ACF), there will be collinearity between the labor and the
non-parametric terms in the first stage which leads the labor coefficient to be unidentified.
ACF improves OP and LP by estimating all input coefficients in the second stage and leaving
the first stage only to net out the error component in the production function.

In this paper, we use industrial added value to measure output, the number of employees
to measure labor, the financially reported intermediate input to measure intermediate input,
the net fixed capital to measure capital and calculate investment using perpetual inventory
method.14 We report our primary results based on productivity estimates obtained by LP
method with ACF correction and attrition correction. Results applying OP method with ACF
correction and attrition correction are consistent. For parsimony, results are not reported and
are available upon request.
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