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The Environmental Protection Tax Law that took effect in 2018 gave local authorities
a certain amount of discretionary power to set the local rates for environmental
protection tax. The inter-provincial gradient tax rates pattern may induce strategic
relocation of enterprises, leading to unintended policy results. Combined with
the data on trans-regional investment of listed companies, this paper employs the
Difference-in-Difference (DID) approach to study the impact of inter-provincially
different environmental tax rates on the trans-regional migration of polluting
enterprises. The study shows that due to the regional differences in the tax rates, the
polluting enterprises opt for the relocation strategy of “avoiding high tax rates and
opting for low rates”, setting up more subsidiaries in regions with relatively low tax
rates. Further research demonstrates that the trans-regional migration induced by
different tax rates can help reduce production costs and increase corporate profits,
while dampening the corporate enthusiasm for green innovation in the short term
and resulting in pollution transfer. This paper reveals the unintended policy effects
that may derive from the environmental tax reform, providing concrete proof for the
comprehensive evaluation and understanding of the actual policy effects of existing
environmental tax reform.
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1. Introduction

China has in recent years continued to tighten the environmental regulation,
while standardizing and perfecting its green tax system. In December 2016, the
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Environmental Protection Tax Law of the People’s Republic of China, a separate tax
law to advance the development of ecological civilization, was officially adopted for
nationwide implementation beginning from January 1, 2018 (hereinafter referred to
as “environmental protection tax reform”). Since then, China has embarked on a new
journey of environmental protection. According to the law, the standing committees of
local people’s congresses are entitled to determine and adjust the specific applicable
amount of local environmental protection tax within the statutory range of tax
amount.' That’s why the local implementation of the law has demonstrated the realistic
feature of “distinct inter-provincial differences in environmental protection tax rates”.
The environmental protection tax (EPT) has been introduced to use tax leverage
to motivate enterprises to control pollution and produce environmentally friendly
products, thereby promoting green transformation and development of enterprises.
However, the actual regional differences in EPT rates have undoubtedly provide
polluting enterprises with opportunities to avoid regulation through trans-regional
migration. In practice, polluting enterprises usually have two options in the face of
regionally different environmental regulations and constraints. One is to take active
steps for transformation and pollution control, and the other is the passive migration
to avoid costs. The former option meets the policy expectations, but for polluting
enterprises, active measures for pollution control mean increasing costs or huge R&D
investment in the early stage. The latter option of trans-regional migration could help
enterprises quickly avoid the negative impact of environmental regulations, albeit
greatly undermining the policy effect on environmental protection. Therefore, a study
into the unintended effects brought about by the EPT reform is crucial to promoting the
green and low-carbon transition of China’s economy.

This paper is directly related to the literature on the study into the expected impact
of environmental regulations on firms. Existing literature has found that environmental
regulations will significantly affect corporate behaviors, such as pollution emissions,
innovation and upgrading, and green transformation (Liu et al., 2018; Sun et al., 2020;
Yu et al., 2021 ). However, these studies mostly focus on the impact of environmental
regulations on corporate behaviors in pollution control. Few of them incorporate
regional differences in environmental regulations into the analysis framework,
which may ignore an underlying fact—the large-scale trans-regional development of
enterprises in China. A lot of factors, including infrastructure, information exchange
and trade opening-up, have prompted many companies to overcome the limitations
of regional development by setting up subsidiaries (Yang et al., 2021). Due to the

" It should be pointed out that the environmental tax rate is described as “applicable tax amount” in
the Environmental Protection Tax Law of the People’s Republic of China and in the determination of
locally applicable environmental tax amount, which in fact indicates “the tax amount paid per unit
value”. In order to avoid confusion with other concepts of tax amounts, this paper uses the expression
of “environmental protection tax rate”.
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substitution effect between innovation and trans-regional migration in reducing the
cost of pollution control, polluting enterprises have the motivation to take advantage
of the inter-provincial differences in EPT rates and migrate across regions to avoid
environmental regulations. If we ignore this situation, it would be difficult to evaluate
the effect of environmental protection law reform in an all-round manner, which is not
conducive to improving the green EPT system.

Early research on the impact of environmental regulations on enterprises’ location
choice focused more on differences among countries. Some scholars verified the
existence of “pollution haven effect” in some countries (Keller and Levinson, 2002;
Mulatu, 2017). The studies on China concluded that the economically underdeveloped
regions are more inclined to become “pollution havens” to attract FDI inflows at the
cost of environment (Ljungwall and Linde-Rahr, 2006; Dean ef al., 2009; Guo and Tao,
2009). Some scholars reckoned that regional differences in environmental regulations
have little impact on industrial transfer (Xing and Kolstad, 2002; Kim and Rhee, 2019)
and may even produce a “pollution halo effect” (Huang et al., 2017)." With growing
differences in terms of economic growth rate and governance goals across regions
in China, the issue of inter-regional pollution transfer has gradually come to the
attention of academia. A large number of studies have found that the pollution transfer
induced by inter-regional differences in environmental regulations shows the following
characteristics. One is the transfer in the principle of proximity (Shen et al., 2017,
Zhong and Wei, 2020). The second is the transfer from the east to the west (Cheng
and Zhao, 2018; Jin, 2018). The third relates to the diverse forms of pollution transfer,
including overall relocation, trans-regional investment, transfer within the group, and
direct transfer through legal or illegal trade (Bao, 2009; Zhou and Zheng, 2015; Song
et al., 2021; Shen and Ren, 2021). Unfortunately, the existing literature usually defines
the pollution transfer as observed changes in the macro output or pollution discharge,
making it unlikely to identify the driving forces and economic effects behind
enterprises’ relocation decisions at the micro level.

On this basis, this paper proceeds from the gradient pattern of EPT rates across regions,
employs the DID approach to explore the impact of EPT reform on the migration and
trans-regional investment of polluting enterprises, and performs in-depth analysis into the
internal motivation, feature, and economic effect of enterprises’ trans-regional migration.
The study finds that after the EPT reform, the listed polluting enterprises are more inclined
to the migration strategy of “avoiding high tax rates and opting for low rates”, setting
up more subsidiaries in regions with relatively low tax rates. Further analysis shows

! Under the “pollution halo effect”, the migrating enterprises are generally from areas with more
stringent environmental regulations, and requirements from government and residents. Generally
speaking, these enterprises are equipped with relatively advanced pollution treatment technologies.
After migrating to the new region, they bring them with advanced equipment and technology, thereby
saving factor input and improving the quality of local environment.
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that enterprises in heavily polluting and capital-intensive industries are more willing
to relocate, with capital flowing to areas with better-developed market economy and
neighboring areas. In addition, cost constraints and profit incentives constitute the driving
forces behind the enterprises’ relocation decision due to inter-provincial differences in
EPT rates. Nonetheless, the strategy fails to improve the companies’ capabilities for green
innovation in the short term, while resulting in the transfer of industrial sulfur dioxide
pollution, verifying the existence of “pollution haven effect”.

The potential contributions of this paper are shown as follows. First, the
research perspective is relatively novel, since existing research focuses more
on the policy intentions of environmental regulations, with few attention on the
unintended policy effects. This paper creatively reveals the unintended effects of
environmental regulations from the perspectives of the implementation of EPT
reform and micro-entities’ location choice for trans-regional investment. In this
way, the study not only helps enrich the theory of environmental tax system, but
also provides concrete evidence for comprehensively evaluating the effect of EPT
reform. Second, this paper manages the endogenous problem of reverse causality in
a better manner. Existing studies on environmental regulations and pollution transfer
usually measure the stringency of environmental regulations based on the regional
investment in environmental governance, with underlying endogenous problems. The
implementation of the EPT Law reduced the room for enterprises to bargain and seek
rent, and the regional difference in EPT rates cannot be predicted by enterprises, which
is relatively exogenous to enterprises. Third, this paper overcomes the shortcomings of
existing literature in research methodology. The difference in relative environmental
costs caused by regionally varied environmental regulations is the most direct and
vital driving force for enterprises’ relocation decision (Luo ef al., 2016). However,
most studies merely focus on unilateral tightening of environmental regulations in the
location of the enterprise or the industrial cluster to explore the effect of trans-regional
migration. This paper focuses on the relative differences in EPT rates among provinces
and uses the “company-region-year” paired samples to examine the institutional
motivations for trans-regional migration of enterprises in a more scientific way.

2. Institutional Background and Theoretical Model

2.1. Institutional Background

The environmental tax system in a true sense has been long absent in China, which
only has a pollution discharge fee system. In 2003, the State Council promulgated
the Regulations on the Collection and Use of Pollutant Discharge Fees, along with
Administrative Measures for the Collection Standards of Pollutant Discharge Fees,
and Administrative Measures for the Collection and Use of Pollutant Discharge Fee
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Funds. Then, the system of collecting fees based on the total amount of pollutant
discharge, similar to the existing EPT system, was put into practice. Since then, the
pollutant discharge fees were collected on a growing scope of subjects and types,
and the collection standards have become more refined and stringent. However, the
effect of implementing the pollutant discharge fee system has been unsatisfactory due
to the lack of tax rigidity and low collection efficiency (Huang and Li, 2018). In this
context, China has been exploring the development of EPT system. On December
25th, 2016, the Standing Committee of the National People’s Congress passed the
“Environmental Protection Tax Law of the People’s Republic of China”, changing
the pollutant discharge fees into the EPT and incorporating the EPT into law. The
Law was stipulated for nationwide implementation beginning in 2018. The EPT
Law delivers a smooth transition from the pollution discharge fee system to the EPT
system in the principle of “tax burden shifting”. Specifically, the taxable pollutants
refer to solid wastes, noise, air pollutants, and water pollutants. The applicable tax
rates for taxable solid wastes and noise should refer to the Table of Items and Amounts
of Environmental Protection Tax as an annex to the EPT Law. The taxable air and
water pollutants shall be determined based on the pollution equivalent. Each province
could determine its local tax rates within the scope of the prescribed range, based on
its own economic, social and ecological development goals, environmental carrying
capacity and pollutant discharge situation. In practice, many provinces “shifted” the
original pollution discharge fee standard to the EPT rate, but some provinces and cities
gradually raised the tax rate.' In this way, the existing EPT in China shows a distinctive
feature—differentiated EPT rates across regions. Judging from the applicable tax rates
for major air pollutants in various regions, 14 provincial-level regions, namely Inner
Mongolia, Liaoning, Jilin, Heilongjiang, Anhui, Fujian, Jiangxi, Yunnan, Xizang,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang, implemented the minimum tax rates
after the EPT reform in 2018, which is the lower bound of tax rate for taxable air
pollutants set by the law at RMB 1.20 yuan per pollution equivalent. Except for Beijing
that implemented the upper bound of tax rate, other provincial-level regions set the tax
rates for air pollutants within the range of RMB 1.8~10 yuan per pollution equivalent.
As for the applicable tax rates for water pollutants, 14 provincial-level regions, namely
Inner Mongolia, Liaoning, Jilin, Heilongjiang, Anhui, Jiangxi, Shandong, Yunnan,
Xizang, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang, implemented the lower bound
of tax rates at RMB 1.40 yuan per pollution equivalent after the EPT reform in 2018.

' Twelve provinces/regions, namely Jilin, Heilongjiang, Zhejiang, Anhui, Jiangxi, Hubei, Xizang,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang, didn’t change the tax rates after the EPT reform (the
“shifting” of tax rates). Nineteen provinces/regions/municipalities, namely Beijing, Tianjin, Hebei,
Shanxi, Inner Mongolia, Liaoning, Shanghai, Jiangsu, Fujian, Shandong, Henan, Hunan, Guangdong,
Guangxi, Hainan, Chongging, Sichuan, Guizhou, and Yunnan, raised their tax rates after the reform (the
“raising” of tax rates).

W SBJLB- «H1EIF B 52 57T 20234F55280.indd 76

2023/9/28 16:48:26 ’7



Zhenfa Xie, Fangmin Chen, Zhuoheng Chen 77

Except for Beijing that implemented the an upper bound of tax rates, other provincial-
level regions set the tax rates for water pollutants within the range of RMB 1.5~12 yuan
per pollution equivalent. In addition, Inner Mongolia, Yunnan, and Shanghai adjusted
their local EPT rates in 2019, and Inner Mongolia and Liaoning raised their EPT rates in
2020.

2.2. Theoretical Models and Research Hypotheses

With reference to the research of Levinson and Taylor (2008) and Shapiro et al. (2018),
this paper applies a partial equilibrium model to analyze the effect of regionally different
EPT rates on industrial transfer or corporate migration. To simplify the analysis, it is
assumed that there are two jurisdictions in a country: Jurisdiction 1 and Jurisdiction 2,
representing the original location and the target location respectively, while the prices
of production factors (labor and capital) and the unit EPT rate ¢ are given exogenously.
Assume that in the initial state, in the Jurisdiction 1, there exists a group of polluting
industries #€(0,1] that are sorted by polluting degree, and each polluting industry
is composed of N enterprises that produce homogeneous products and discharge
pollution. These enterprises move along with their industries, with i(7) referring to the
representative enterprise of industry #. There’s no industry in Jurisdiction 2. Therefore,
the pollution degree a,(n)of enterprise i satisfies the conditions that ¢,’(7)>0, 0<a(n)<l,
meaning that the enterprises of different industries produce varied degrees of pollution.
Q((n) refers to the output of enterprise 7 in the industry #. The production costs for each
unit of output of enterprise 7 in Jurisdiction 1 and Jurisdiction 2 are reflected as ¢, and
¢,, respectively. The labor force and capital can flow freely among regions. The capital
cost is the main reason for differences in production costs between jurisdictions. Due
to the trans-regional management costs caused by transferring partial investment of
enterprise i to Jurisdiction 2, we have ¢,<c,.

The production of each enterprise requires labor and capital of a specific industry, and
pollution is a by-product of production. The enterprise will invest 8 percent of production
factors for emission reduction. Assuming that the production satisfies constant returns
to scale and zero entry cost, the enterprises’ net output after investing  percent of
production factors for emission reduction can be calculated in the following formula:

0,(m=[1-6,(n)|F[K(n).L(n)] (1)

The pollution emission £ of representative enterprise 7 is a function of the production
activities F'and the emission reduction intensity 6, so the total emission E of enterprise i is:

E(m=¢,16.(n)]F[K(n).L(n)] 2)
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Given that ¢ should be a decreasing function of emission reduction intensity 6,
assume @(0)=(1—6)"", where 0<a<I, with reference to Copeland and Taylor (2004).
Then, apply it to the above Formula (2) and it can be seen that enterprises choose 6 to
minimize the production cost under the conditions of given labor and capital prices .

E(n)=[1-6.(n)]“" E[K@).L(n)] 3)

To simplify the analysis, the Formula (3) sets the pollution emission £ as a relative
value. In the case of relatively low EPT rate, enterprises wouldn’t invest in pollution
control. That is, & = 0, and the pollution emission £ equals the output Q. In the case of
relatively high EPT rate, enterprises would actively engage in pollution control. That is,
6 > 0 and the pollution emission decreases accordingly. Combining Formula (1) with
Formula (3), we can get the following formula:

0, (n)=E ()" E[K@.L(p] " "

The above Formula (4) can be regarded as a Cobb-Douglas production function that
regards pollution emission and net output as input factors, and the prices of the two
are the unit EPT rate ¢ and the finished product price ¢. Given the enterprise location in
Jurisdiction 1 and based on the first-order condition for profit maximization, it can be
known that the production cost of enterprise i(#) in the industry # in Jurisdiction 1 is:

C, () = 4, e, ©)

a-1 a
Wherein, 4,(n)= (1_—&) + [1_—0‘} . Similarly, if enterprise i(#) migrates to the
a a

target location in Jurisdiction 2, the production cost will become:

C () = 4 Gt Ve, (©)

If and only if C; () > Cy(n), that is, satisfying Formula (7), enterprise i() in
Jurisdiction 1 would transfer investment to Jurisdiction 2.

e
b (a)e )
4 G

—a

Since ¢, < ¢, and 0 < a < 1, it comes to that [iJ ‘ <1, making ¢, < ¢, an essential

)
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condition for the establishment of Formula (7). That is to say, when there is a
difference in EPT rates between regions and the tax rate ¢, in the target location is
lower than the tax rate ¢, in the original location, the polluting enterprises may choose
to invest in migration to the target location. The specific range depends on the unit
production costs ¢, and ¢, at the two locations and enterprises’ pollution degree a.
Based on this, this paper puts forward Hypothesis 1 for verification.

Hypothesis 1: Inter-regional differences in EPT rates may lead to investment

migration of polluting enterprises from regions with high EPT rates (original location)
to regions with low EPT rates (target location).
a(n)

If the above hypothesis 1 is established, let the function H(#;t,.t,) = (é]la(m . There

1

1
exists an industrial threshold 7 to establish H(7,¢,,t,)= —, prompting enterprises of the
)

industry #>7 to migrate to Jurisdiction 2. If the EPT rate ¢, in the Jurisdiction 1 where

* C . .
the enterprise is located is raised to #,”, at the same level of —, the industrial threshold
CZ

will change from 7 to #". Since the function H(y;t,,t,) is a decreasing function of #,, then
#'<7, indicating that more enterprises will choose to migrate their investment to the
target location in Jurisdiction 2. This leads to the following Hypothesis 2.

Hypothesis 2: When there are inter-regional differences in EPT rates, if the EPT rate is
raised in the region where the enterprise is located, the polluting enterprises’ investment
migration effect of “avoiding high rates and opting for low rates” will be more significant.

3. Research Design
3.1. Model Settings

To test Hypothesis 1, this paper draws on Ma et al. (2020) to employ the data of
listed polluting companies in regions excluding Hong Kong, Macao, and Taiwan to
establish a panel of data “listed companies ¢ (with parent company located in region
i) — the region of the subsidiary company j (j#i) — year ¢’ (hereinafter referred to as
“company-region”), so as to better examine the impact of environmental differences
between the original location and the target location on enterprises’ trans-regional
migration. On this basis, the DID approach is applied to examine the impact of inter-
provincial differences in EPT rates brought about by the EPT reform on enterprises’
location choice for investment. The empirical model is set as follows:

Invest,;, = o, +a treat, x post, + BX+pu, + 4, + ¢, (8)
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Wherein, the core explanatory variable is treat *post,. The treat;denotes whether
the listed company c invest in the region j with the EPT rates lower than in the region
where its parent company is located. If yes, it belongs to the treatment group, with
the value at 1; if not, it belongs to the control group, with the value at 0. The dummy
variable post, denotes the implementation time of EPT reform, equaling 1 in the year
of the reform and 0 in other years. The explained variable /nvest

¢t

represents trans-
regional investment activities, measured by the number of subsidiaries established by
listed company c in other regions j. If Hypothesis 1 is true, a, should be significantly
positive. X is a set of control variables, including corporate size, asset-liability ratio,
profitability, age, number of board directors, proportion of independent directors,
staff of subsidiaries, as well as regional differences in GDP per capita, industrial
structure, and road area. u, controls the fixed effect at the level of the region j where
the subsidiary of the listed company c is located. This fixed effect not only absorbs the
factors that do not change over time at the company-region level (such as the historical
relationship between the listed company and a certain region), but also controls factors
that don’t change over time between two regions (such as the geographical distance
between the two). At the same time, this paper controls the year fixed effect 4,. ¢, is
a stochastic disturbance, and the standard errors are clustered at the company-region
level.

In order to further test the differential impacts of “raising” or “shifting” EPT (rate)
reform on enterprises, this paper introduces the dummy variable increase, on the basis
of Formula (8). The specific model setup is shown as follows:

Investq.t =Q, +a,lreal ; X post, Xincrease, + & ,lreal X post, + & jincrease,

9
+,3X+Hq-+/1,+5¢,-t ©)

Wherein, increase, denotes whether the EPT rate applicable to the region i where
the parent company c is located is raised after the EPT reform. During the sample
period, a total of 19 provinces in China raised the EPT rates. If the parent company of
the listed company c is located in these regions, increase,equals 1. The EPT rates in the
other 12 provinces remained the same during the sample period, and increase, equals 0.
If Hypothesis 1 and Hypothesis 2 are both true, the coefficient treat, xpost,xincrease,
in Formula (9) should be significantly positive.

3.2. Data Source and Description of Variables
Industrial production is the main source of environmental pollution. This paper

selects listed companies (mainly industrial companies) under the first level of industry
classification of B, C, and D among all A stocks from 2015 to 2020 as the initial samples.
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With reference to Xie et al. (2023), the information about subsidiaries is obtained from
the notes to “long-term equity investment” in the annual report of the parent company
of the listed company, and the detailed regional distribution is manually sorted out. This
paper defines “trans-regional investment” as a domestic subsidiary in a province/region
other than the registration place of the parent company. The initial samples are processed
as follows. First, eliminate companies with special treatment (ST, "ST) during the sample
period. Second, eliminate samples with relevant financial data missing. Third, eliminate
sample companies with trans-regional changes in registration or operation place. Fourth,
all continuous financial variables are winsorized at levels of 1% and 99 %. In the end, a
total of 47000 “company—region” observations are obtained.'

The information and financial data of listed companies in this paper are sourced
from the CSMAR database. The data of regional EPT rate is obtained by manually
sorting out the documents issued by the provincial development and reform
commissions and environmental protection bureaus and the public information on
official websites of the governments. Economic and social data at the provincial level
is sourced from the National Bureau of Statistics, China Statistical Yearbook, and
CEIC database.

4. Empirical Results and Analysis

4.1. Benchmark Regression: Inter-Provincial Differences in EPT Rates and Trans-
Regional Investment

Table 1 presents the regression results at the company-region level obtained based
on Formula (8). The explained variables in Columns (1) and (2) are the number of trans-
regional subsidiaries invested by listed companies, and the control variables at the
company and regional levels are gradually added. The results show that after the EPT
reform, compared with regions with high EPT rates, the number of subsidiaries invested
by polluting enterprises in regions with lower EPT rates increased by 0.101, accounting for
4.27% (=0.101/2.368x100%) of the average number of subsidiaries of listed companies in
a single target region, and the effect was significant at the level of 1%. In other words, the
inter-regional differences in EPT rates as a result of the EPT reform have indeed triggered
the effect of migrating investment from regions with high EPT rates (original location)
to regions with low EPT rates (target location). To avoid the influence of extreme values
on the results, we also take the natural logarithm of the explained variables. The results
shown in Columns (3) and (4) verify Hypothesis 1. The results of the control variables

" Due to space limitations, the descriptions of the main variables and descriptive statistics are not
shown here, but they are available upon request.
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show that the polluting enterprise’s trans-regional investments increase with the growing
number, size and age, and decreasing profitability of its subsidiaries.

Table 1. Benchmark Regression Results

O] 2 (3) () (5 (6)
No. of No. of In(No. In(No. No. of In(No.
Variable trans- trans- of trans- of trans- trans- of trans-
regional regional regional regional regional regional

investment investment investment) investment) investment investment)

reat % post 0.082" 0.101" 0.016™ 0.019” 0.076 0.016"
por (0.039) (0.039) (0.007) (0.008) (0.042) (0.008)
-0.228 0.070

(0.304) (0.091)

increase

sk

0.173" 0.019

treat X post X increase (0.085) (0.005)

Control variables at

Y Y Y Y Y Y
company level
Reglonfil control N v N v v v
variables
Fixed effect Y Y Y Y Y Y
Observations 47000 47000 47000 47000 47000 47000
Adjusted R? 0.825 0.826 0.856 0.856 0.826 0.856

ax

Note: ™, ™ and " denote significance at 1%, 5% and 10% respectively. The numbers in brackets are robust

standard errors adjusted by company-regional clustering. The fixed effects include company-regional fixed

effects and time fixed effects. The same below.

4.2. Further Test: Differences in the Policy Effects of “Raising” and “Shifting”” EPT Rates

Columns (5) and (6) of Table 1 display the impact of “raising” and “shifting” EPT
rates after the EPT reform on the polluting enterprises’ location choice for trans-
regional investment. The estimation results show that the coefficients for interaction
term are all significantly positive, indicating that under the circumstance of inter-
regional differences in EPT rates, if the EPT rate in the region where the polluting
enterprise is located is raised (that is, the environmental regulation in the original
location is stringent), the higher environmental protection costs will prompt the
enterprise to adopt an environment-seeking strategy. It means transferring a part
of investment to regions with lower EPT rates (that is, regions with less stringent
environmental regulation) by setting up subsidiaries or other means of direct
investment, so as to reallocate the production activities. The result supports Hypothesis 2.
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4.3. Robustness Test
4.3.1. Parallel Trend Test

Satisfying the parallel trend is an essential premise of applying the DID model for
causal inference. In other words, there is no difference in the trend of change between
the treatment group and the control group before the policy implementation. This paper
tests the parallel trend hypothesis with the event study methodology, with the model
setup as follows:

2
Invest;, = a,, + Z 7Dy xtreat, + BX + p, + 2, + &, (10)

k=—4,k#-1

Wherein, D, xtreat,; denotes the cross-product term between the dummy variable in the
kth year before and after the policy implementation and the variable of whether to invest
in region with low EPT rate. Taking the period before the policy implementation as the
base period, compare the effects in each year before and after the policy implementation.
The coefficients of the cross-product term in each year and their confidence interval
boundaries at the level 95% are shown on the upper side of Figure 1. Before the policy
implementation, there’s no significant difference in the number of trans-regional
subsidiaries invested by listed companies in regions with relatively high or low EPT rates.
However, beginning from the year of policy implementation, the number of subsidiaries in
the treatment group (regions with relatively low EPT rates) has been significantly higher
than that in the control group (regions with relatively high EPT rates). Such policy impact
has increased year by year, thereby validating the parallel trend hypothesis.

4.3.2. Placebo Test

This paper conducts the following two placebo tests. First, use the sample of non-
polluting listed companies for regression test based on the benchmark model. The test
results show that the impact of EPT reform on the location choice of non-polluting
enterprises is no longer significant.' Second, a counterfactual test is performed based
on a nonparametric permutation test. Specifically, randomly select a reform time first.
Then, based on the number of provinces that adjusted EPT rates each year, perform
random sampling among all provinces without repetition. Based on this, conduct
random tests and regression at the two panels of reform time and province. The
process is repeated 500 times. The distribution diagram of the estimation coefficients
is shown on the lower part of Figure 1. The estimation coefficients of the DID term

" Due to space limitations, the estimation results are not shown here.
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approximately present a normal distribution centered on 0, which confirms that the
location preference of polluting enterprises for trans-regional migration is indeed
induced by the EPT reform, rather than other common factors.
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Figure 1. Parallel Trend Test and Placebo Test

4.3.3. Other Robustness Tests

This paper also carries out other robustness tests, like using a balanced panel,
replacing the explained variables, eliminating municipalities, excluding the
interference of policies and situations in the same period, using continuous variables
for DID setup, increasing control of other fiscal and tax factors, and enriching fixed
effects. The empirical results all support the benchmark conclusions of this paper.

5. Heterogeneity and Extended Analysis
5.1. Heterogeneity Analysis
5.1.1. Pollution Level of Enterprises

The EPT reform may affect the enterprises’ location choice for trans-regional
investment to significantly varying degrees. Compared with non-heavy-polluting
enterprises, the heavy-polluting enterprises usually face higher costs incurred by

environmental regulation. With the tightening of environmental regulations, the profit
margins of heavy-polluting enterprises are increasingly squeezed. Therefore, in response
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to more stringent environmental regulation, trans-regional migration becomes the
primary choice for heavy-polluting enterprises (Wang and He, 2021)." With reference to
Pan et al. (2019), in line with the Guidelines for Industry Classification of Listed
Companies (revised in 2012), the sample polluting enterprises are categorized into heavy-
polluting enterprises and non-heavy-polluting enterprise for regression test.” The results
in Column (1) of Table 2 show that after the EPT reform, the inter-provincial differences
in EPT rates are more significant, motivating heavy polluting enterprises to adopt the
strategy of trans-regional investment to migrate from regions with high EPT rates to
those with low EPT rates, so as to escape a higher compliance cost of environmental
regulations.

5.1.2. Enterprises’ Capital Intensity

The migration cost may exert an important impact on the enterprises’ decision
to migrate as a whole or in part under the influence of environmental regulations
(Wu et al., 2017). For capital-intensive enterprises, the overall migration cost includes
a large amount of capital and time input for disposing or relocating a large number of
fixed assets, setting up new production lines, and purchasing production equipment.
The higher the capital intensity of the enterprise, the greater the overall migration
cost, and the more willing is the enterprise to opt for partial migration through direct
investment, such as setting up trans-regional subsidiaries. Therefore, this paper
measures the capital intensity of enterprises by “fixed assets/number of staff”, and then
sets a dummy variable taking the value of 1 or 0 based on the median of each year
for regression test. The results in Column (2) of Table 2 show that when faced with
the inter-regional differences in environmental regulations brought about by the EPT
reform, polluting enterprises with higher capital intensity are more likely to partially
migrate to regions with lower EPT rates through trans-regional investment.

5.1.3. Spatial Characteristics of Trans-Regional Investment
Apart from environmental regulations, enterprises’ migration decisions are more

affected by the spatial characteristics of the original location and the target location
(Weterings and Knoben, 2013), such as the geographical distance between the two places,

' Setting up subsidiaries in a different region could incur higher information costs, since they may not
be enjoy the benefits of local resources and information convenience. Therefore, corporate decision-
makers usually face a trade-off between the two costs. However, trans-regional investment could help
heavy-polluting enterprises escape from the high cost of in-situ transformation, including high cost of
pollution control, the weaker competitiveness, and the lack of market opportunities.

* This paper also categorized samples into heavy-polluting enterprises and medium- and light-polluting
enterprises based on the pollution emission intensity of industries, leading to the same conclusions.
The regression results are available upon request.
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the level of economic development, market size, and the degree of financialization.
Therefore, this paper defines migration in the principle of proximity as migration to a place
neighboring the region where the parent company is located. The difference between the
market index in the regions of the parent company and that of its subsidiaries is used to
measure the quality of market environment.' The interaction terms between the EPT reform
and the above variables are added to the regression, with the results shown in Columns (3)
and (4) of Table 2. The coefficients of the interaction terms are all significantly positive,
indicating that when other conditions are equal, polluting enterprises are more inclined to
migrate to neighboring regions and regions with better market environment.

Table 2. Heterogeneity Analysis

Corporate pollution  Corporate capital Spatial characteristics of trans-regional

Variable level intensity investment
() (@] 3 “
0.052 0.056 0.039 0.048
treat Xpost
(0.039) (0.040) (0.036) (0.043)
—0.057 —0.044 —0.033 —0.067
Dummy variable
(0.172) (0.037) (0.625) (0.045)
treat x post x 0.127 0.097 0.206 0.128
Dummy > vedse (0.064) (0.053) (0.096) (0.052)
Control variable Y Y Y Y
Fixed effect Y Y Y Y
Observations 47000 47000 47000 37286
Adjusted R? 0.826 0.826 0.826 0.839

Note: The explained variable is the number of trans-regional subsidiaries. The dummy variables respectively
denote whether the enterprise is heavy-polluting, capital intensive, whether local and target locations
are neighboring areas, and whether the market environment in the target location is better (Due to space
limitation, they are shown in one row). The market index in Column (4) is the data as of 2019, and thus the

samples in 2020 are deleted.

5.2. Extended Analysis: Economic Effect Test

As demonstrated above, the EPT reform exerts a significant positive impact on the
migration of enterprises to areas with low EPT rates. The analysis into the economic
effect brought by trans-regional migration of enterprises is of critical importance for
green development of enterprises and green governance of government. Therefore,

' The data is sourced from China Market Index Database and the data in different periods has been
processed.
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this paper carries out ex-post analysis into the cost-profit effect, innovation effect and
environmental effect of trans-regional migration of polluting enterprises due to inter-
provincial differences in EPT rates.

5.2.1. Cost-Benefit Effect

Based on the hypothesis about “cost compliance hypothesis”, the tightening of
local environmental regulations will directly push up the environmental expenditure of
enterprises, erode operating profits, and boost their tendency to migrate to regions with lower
environmental costs for the purpose of reducing costs and maximizing profits. However,
existing studies have shown that the geographical dispersion may damage corporate value
(Garcia and Norli, 2012). The effect of trans-regional migration still depends on the trade-
off between its costs and benefits. If the earnings brought by trans-regional investment are
enough to make up for the additional costs of information and transportation incurred by
migration, trans-regional migration may become the primary choice of polluting enterprises
in response to stringent environmental regulation. The inter-regional differences in EPT
rate after the EPT reform set the stage for polluting enterprises to escape environmental
regulation through trans-regional migration, which greatly reduces the effect of EPT reform.

Due to a lack of open sources for financial data of subsidiaries, we examine the cost-
benefit effect of corporate relocation induced by inter-provincial differences in EPT rates
from the corporate group level of listed companies. The empirical model is set as follows:

Y, =a,+atreat, x post, + fX+u + 1 +¢, (11)

Wherein, the explained variable Y, denotes the economic performance of listed
company c in the year of #; and treat.is grouped based on the median of the proportions
of trans-regional subsidiaries in regions with low EPT rates to the total number of
trans-regional subsidiaries, with the dummy variables taking the value of 0 or 1. The
control variables include the company-level variables in the benchmark regression, as
well as per capita GDP, proportion of the secondary industry, and per capita road area
in the region where the parent company is located.' The explained variables in Formula
(11) are denoted by the logarithm of operating cost ratio (operating cost/operating
revenue) and total profit respectively. The results in Columns (1) and (2) of Table 3
show that the relocation of listed companies to set up subsidiaries in other regions with
lower EPT rates can effectively reduce the overall operating costs and significantly
increase the overall profitability.

' To prevent the estimation bias caused by inconsistent model settings, we estimate the impact of
inter-provincial differences in EPT rates due to EPT reform on corporate relocation decisions at the
corporate group level correspondingly. The results show that the benchmark regression conclusions of
this paper remain unchanged.
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Table 3. Economic Effect Test: Cost-Benefit Effect and Innovation Effect

(O] 2 3) “ (5
Variable Operating cost No. of green No. of green N.O of green
. Total profit patents for invention
ratio patents o
utility models patents
~0.006" 0.052" 0.010 0.011 0.022
treat x post
(0.003) (0.023) (0.025) (0.017) (0.025)
Control variable Y Y Y Y Y
Company/Year
fixed effect Y Y Y Y Y
Observation 11446 10258 11444 11444 11444
Adjusted R 0.031 0.517 0.013 0.004 0.058

Note: The data sample is panel data at the company level, and the numbers in brackets denote the robust

standard errors adjusted by clustering at the company level.

5.2.2. Innovation Effect

Polluting enterprises could avoid certain compliance cost of local environmental
regulations through trans-regional investment in the short term, but the pressure of
environmental regulations at original and target locations persists. Moreover, with the
declining carrying capacity of environment at target location, growing public awareness
of environmental protection, and increasing law enforcement capabilities of government
bodies, the gap in environmental governance cost between original and target locations
is expected to narrow gradually. Transformation driven by sci-tech innovation remains
the only path for polluting enterprises. According to the hypothesis on “compensation
for innovation”, properly designed environmental regulations will force companies to
increase R&D expenditures to achieve innovation and upgrading of green technologies.
To examine the effect of polluting enterprises’ trans-regional migration due to the EPT
reform, the explained variables in the Formula (11) are respectively measured by the
number of green patents, the number of green invention patents, and the number of green
patents for utility models granted to the listed company in the year.' The results in Columns
(3)~(5) of Table 3 show no significant change in the total number of green patents and the
number of green invention patents of polluting enterprises in the current period, indicating
no active efforts towards the green transformation and upgrading in the short term.

5.2.3. Environmental Effect

To explore whether the spatial layout adjustment of enterprises brought about by the

' Since some enterprises have zero green patent applications, the natural logarithm of the number of
green (invention/utility models) patents plus 1 is used for measurement. The data is sourced from the
CNRDS database for green patent research.
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inter-provincial differences in EPT rates will transfer pollution from the original location
to the target location, and based on the settings of the Formula (11), this paper takes
the logarithms of the emissions of sulfur dioxide (SO,) and nitrogen oxide (NO,) that
constitute the main pollutants in industrial waste gas, as well as the discharge of industrial
waste water, chemical oxygen demand (COD), ammonia nitrogen emissions in industrial
water pollution as indicators of environmental pollution. ' The empirical results in Table
4 show that the emission of industrial SO, in the original location fell significantly by
about 19.6%, while the that in the target location increased significantly by about 19.3%,
albeit with no significant impact on the discharge of industrial wastewater and its main
pollutants, and the emissions of air pollutant NO,. These conclusions are valid after
replacing the explained variables with per capita pollution emission. The above results
verify the existence of “pollution haven effect” to a certain extent.

Table 4. Economic Effect Test: Environmental Effect

Panel A: Original location

M @ ) @ ®
Variable . . . Industrial wastewater . . Ammonia nitrogen
SO, emission NO, emission . COD emission .
discharge emission
et % post —0.196" -0.070 -0.071 0.036 -0.079
p (0.082) (0.048) (0.068) (0.082) (0.105)
Control variable/
Fixed effect Y Y Y Y Y
Observation 185 185 166 185 185
Adjusted R? 0.866 0.839 0.511 0.833 0.855
Panel B: Target location
(3) (5
Variable (1). . (2). . Industrial wastewater (4). . Ammonia nitrogen
SO, emission NO, emission . COD emission .
discharge emission
eat % post 0.193" 0.064 0.038 —0.023 —0.058
por (0.090) (0.056) (0.105) (0.079) (0.101)
Control variable/
Fixed effect Y Y Y Y Y
Observation 185 185 166 185 185
Adjusted R 0.866 0.838 0.508 0.833 0.854

Note: The data sample is the panel data at the regional level, and the numbers in brackets denote the robust
standard errors adjusted by clustering at the regional level.

' Four major pollutants, namely SO,, NO,, COD, and ammonia nitrogen, have always been the focus of
pollution control. The differentiated EPT rates for these four pollutants are major contributors to the inter-
provincial differences in EPT rates. The data is sourced from China Statistical Yearbook on Environment,
provincial statistical yearbooks, and Reports on the State of the Ecology and Environment in China.
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6. Conclusions and Policy Implications

This paper takes the introduction of EPT and the adjustment of EPT rate as quasi-
natural experiments, uses the listed companies of polluting industries in China from 2015
to 2020 as the research sample, and employs the DID approach to study the impact of
inter-provincial differences in EPT rates on enterprises’ trans-regional migration strategy.
The study finds that when faced with higher EPT rates, the parent company will transfer
production to a subsidiary subject to lower EPT rates through the equity investment
relationship. Such strategy of “avoiding high EPT rates and opting for low EPT rates”
are more favored by parent companies located in regions that raised the EPT rates.
Further study finds that the investment migration decision of listed companies due to the
inter-provincial differences in EPT rates could reduce production costs and increase total
profits in the short term, but fail to boost the corporate capabilities for green innovation,
accompanied by the transfer of industrial SO, pollution from original location to target
location at the macro level. Such “short-sighted” escape undermines the policy intention
of the EPT. The research findings in this paper lead to the following policy implications.

Firstly, guided by the overall goals of pollution control, it’s necessary to improve the
top-level design and supporting measures of EPT policy, break the regional limitations in
environmental governance, and prevent adverse policy effects at the institutional level.
Judging from the current EPT rates in various regions, the EPT rates in some regions with
poor environment and high pollutant discharge are relatively low, making it difficult to
fundamentally motivate enterprises to control pollution, while setting the stage for the
migration of enterprises in regions of higher EPT rates. Therefore, to improve the EPT
system, it’s a must to gradually raise EPT rates, make dynamic adjustments, and minimize
the regional gap in EPT rates, in a bid to urge enterprises to step up pollution control.

Next, improve the collaborative governance system. As the issue of pollution transfer
involves a wide jurisdiction, there may exist the problems of obscure law enforcement
agencies and overlapping powers. In this case, an effective way to prevent pollution
transfer lies in the inter-governmental collaborative governance. For instance, in the
EPT reform, the Beijing-Tianjin-Hebei region and surrounding provinces generally set
higher applicable rates for taxable pollutants, which effectively avoided the “beggar-
thy-neighbor” type of pollution transfer to the nearest place. However, due to the limited
area of radiation, the scale effect hasn’t yet emerged, requiring a nationwide consensus
on coordinated regulations. Of course, coordinated governance involves coordination
not only among local governments, but also among regions and among the control of
multiple pollutants. The promotion and inspections from the top-level central government
are the key to ensuring the effective implementation of environmental protection policies.

Finally, adopt the two-pronged approach of guidance and regulation to facilitate
the transformation and upgrading of enterprises. The environmental policy aims to not
only improve the environment, but also promote the coordinated development of green
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innovation. The study in this paper finds that the trans-regional migration of listed
companies driven by inter-provincial differences in EPT rates is a “short-sighted” move
driven by interests, with a limited effect on the corporate transformation and upgrading
based on green innovation. The EPT reform should be leveraged as an opportunity to
promote corporate transformation and upgrading, for which a competent government
and an efficient market are indispensable. On the one hand, given the sharp increase in
the initial cost of EPT collection, the government needs to help polluting enterprises
reduce the cost of transformation and upgrading by such means like increasing
environmental protection subsidies and optimizing EPT preferential policies. On the
other hand, establish a favorable market investment environment, rely on the market to
strengthen the corporate awareness for environmental protection, and transform it into
an endogenous driving force for green technology innovation.
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