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Abstract
This paper re-examines the pollution haven hypothesis (PHH) by taking environmental
regulation in ambient regions as a critical determinant concurrent with own regulation.
Exploiting the Two Control Zones policy in China as a quasi-natural experiment, we find
that both the curbing effect of the local environmental regulation and the spillover effect of
ambient regions affect high-polluting foreign direct investment (FDI) location. Moreover,
reallocated FDI results in redistributing instead of reducing pollutant emissions. Our evi-
dence enriched by spatial spillover primarily supports the PHH in the context of China.
It suggests a national-wide coordinated environmental policy with a unified goal performs
better than separately implementing stringent regulations in highly polluted areas.

Keywords: foreign direct investment; environmental regulation; spillover effect; pollution haven
hypothesis

JEL classification: R11; Q53; F21

1. Introduction
The literature argues that lax environmental regulation is a factor attracting foreign
direct investment (FDI) in high-polluting industries, which is known as the pollution
haven hypothesis (PHH). An immediate corollary of the PHH is that stringent envi-
ronmental regulations can abate regional pollution by removing high-polluting FDI.
However, we observe that in China, the policy goals of stringent environmental reg-
ulations in highly polluted cities have been met without stopping the deterioration
of China’s overall air quality. In understanding this puzzling fact, we re-examine the
PHH by taking environmental regulation in ambient regions as a critical determinant in
FDI allocation and exploiting the marked variations in the stringency of environmental
regulations across China.

Our results indicate that it is crucial to include ambient regions as a major factor
in testing the PHH, especially when applied to large economies with spatial varia-
tion in environmental regulations, such as China. The omission of this ambient-region
spillover could lead to incomplete or even biased results. Enhanced by spatial spillover

© The Author(s), 2022. Published by Cambridge University Press

https://doi.org/10.1017/S1355770X22000158 Published online by Cambridge University Press

https://orcid.org/0000-0002-3676-7786
mailto:sxjstein@126.com
https://doi.org/10.1017/S1355770X22000158


48 Rong Ma and Xiaojun Shi

from ambient regions, our results principally support the PHH and explain the puz-
zle in China, contributing to the empirical literature on the debate regarding the PHH
(see the excellent survey by Copeland (2008)). At the heart of our results, we find
that in a large developing economy with considerable policy differences over a vast
geographical space, such as China, stringent regional environmental regulation reduces
high-polluting FDI locally but incidentally increases FDI to ambient regions with lax
regulations.1 Consequentially, pollutants spread back from ambient regions, and overall
air quality worsens despite realized local regulation goals. Briefly, region-based regu-
lation policy redistributes instead of removing high-polluting FDI and accompanying
pollutants.

We are not the first to take account of ambient regions in examining the PHH.
Indeed, we followMillimet and Roy (2016) method to quantify the spillover effects from
the ambient regions. Millimet and Roy (2016) explicitly state that existing studies of
the PHH fall short of treating geographic spillover adequately. As such, they incorpo-
rate neighboring environmental regulations into their investigation mainly to remedy
omitted-variable bias. However, their evidence indicates that neighboring environmen-
tal regulation is not a significant determinant of FDI location, and the inclusion of spatial
spillover has little effect on the estimates of own regulation’s effect (see Millimet and
Roy, 2016: 654, 665, 668). In contrast, the focus of the current paper is to estimate
how regulations from ambient regions could offset the direct policy effect in a region.
We provide consistent evidence indicating that geographic spillover from ambient
regions has economically significant effects on FDI allocation and pollution redistribu-
tion.

China has continuously strengthened and upgraded its environmental regulatory
policies in the last decades. According to the Ministry of Environmental Protection of
China’s annual report, national sulfur dioxide emissions in 2010 were 2.2 million tons,
decreasing by 14.29 per cent relative to 2005, which surpasses the 10 per cent national
target set by China’s 11th Five-Year Plan. In 2015, sulfur dioxide and nitrogen oxide
emissions decreased by 18 and 18.6 per cent respectively, exceeding the 10 per cent tar-
gets of the 12th Five-Year Plan. Paradoxically, although national reduction targets were
over-fulfilled, the air quality was deteriorating during that period. The number of cities
where air pollution exceeded the national standard remained high, and the incidence
of severely polluted days was surging. Regional pollution incidents occurred more fre-
quently than a decade before. It seems that increasingly strict environmental regulations
have been unable to alleviate the pollution issues in China.

Despite some prima facie evidence, the PHH remains highly controversial, especially
with conflicting results in the empirical literature. On the one hand, List and Co (2000)
and Keller and Levinson (2002) find that the locations of multinational companies’ fac-
tories are directly affected by state-level environmental regulations, using FDI data in the
US. Supporting evidence comes from developed economies such as Germany (Wagner
and Timmins, 2009), and France (Kheder and Zugravu, 2012), and emerging economies,
particularly China (Cai et al., 2016). On the other hand, some researchers reject the
PHH as they find no significant association between environmental regulations and FDI
location (e.g., Jaffe et al., 1995; Wheeler, 2001; Raspiller and Riedinger, 2008).

Cai et al. (2016) and Millimet and Roy (2016) argue that the inadequate treatment
of environmental regulations’ endogeneity explains most of the conflicting evidence on

1Note that we do not have the data to explicitly show that high-polluting FDI relocates from stringent to
lax locations. Our evidence should only be taken as supportive of redistributing FDI.
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the PHH. Reverse causality is the first concern. FDI inflows could have a reverse effect
on environmental regulation policies. Besides, the missing variable is another critical
issue. Most notably, Millimet and Roy (2016) emphasize the potential importance of
spillover effects fromneighboring regions. They incorporate regional spillover to correct
for omitted-variable bias but find neighboring regulation is not an important determi-
nant of FDI location.Departing fromMillimet andRoy (2016), we exploit a quasi-natural
experiment in China to re-examine the PHH by investigating how the neighboring
spillover could affect FDI inflows to regulated and unregulated regions. More impor-
tantly, our evidence indicates that spatial spillover plays a crucial role in high-polluting
FDI allocation and pollution redistribution. That is, geographic spillover constitutes an
essential component in parallel with own regulation in the PHH.

Recent studies have sought to address the inherent endogeneity in testing the PHH
using an instrument-variable approach and quasi-natural experiments. Keller andLevin-
son (2002) use lagged FDI as instruments, while Cole et al. (2005) and Jug and Mirza
(2005) use lagged environmental regulations, and Cole et al. (2005) and Levinson
and Taylor (2008) use geographical distributions of industries. Since valid instru-
ments should be uncorrelated with the error term and satisfy the exogeneity conditions
(Brunel and Levinson, 2016; Millimet and Roy, 2016), finding a suitable instrument
is always challenging in practice. An alternative empirical approach exploits policy
shocks as quasi-natural experiments. It estimates the treatment effects of policies with
difference-in-differences type strategies (e.g., Hering and Poncet, 2014; Tanaka, 2015;
Cai et al., 2016). These empirical strategies rely on different assumptions from instru-
ment variables, such as the parallel trend assumption and the stable unit treatment value
assumption.

This paper takes the latter approach and exploits the Two Control Zones (TCZ) pol-
icy in China as a quasi-natural experiment to investigate the impacts of environmental
regulations on FDI inflows and their environmental consequences. The Chinese central
government introduced the TCZ policy in 1998 to alleviate sulfur dioxide (SO2) and acid
rain, and this policy targets cities with SO2 and acid rainfall that exceeds national stan-
dards. A total of 175 cities across 27 provinces are designated TCZ cities and mandated
strict environmental regulations.

Our primary strategy to counter endogeneity exploits variations in the TCZ pol-
icy’s impacts on FDI inflows to isolate regulation-related causal effects. The TCZ policy
requires coal-based power plants in TCZ cities to phase out the high-polluting tech-
nology and retrofit the coal-burning process by installing sulfur reduction equipment.
Production cost hence increases, and so does the energy price in TCZ cities. The levy of
SO2 emission fees further aggravates the cost disadvantage of the manufacturing enter-
prises burning coal.Moreover, the TCZ cities’ governments are reluctant to approve new
land or provide funding supports for high-polluting industries. In combination, TCZ
cities lose attractiveness to FDI when ambient non-TCZ cities implement lax environ-
mental policies. FDI hence reallocates over to the ambient regions.Methodologically, we
follow Millimet and Roy (2016) to measure the spillover effects from ambient regions.

We present two sets of results. First, we find supportive evidence of the spillover effect
on FDI of the ambient regions. A non-TCZ city attracts more FDI in high-polluting
industries when TCZ cities more densely surround the city. However, FDI in low-
polluting industries is not subject to the spillover effect. Thus, we find that stringent
environmental regulation reallocates rather than removes FDI in high-polluting indus-
tries, as ambient regions with lax regulations attract high-polluting FDI. In outlining
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where high-polluting FDI moves when facing strict supervision, we provide empirical
evidence for the PHH from environmental regulations in ambient regions.

Second, the reallocation of high-polluting FDI results in a redistribution of pollutant
emissions. The previously low-polluted non-TCZ areas become new centers of pollu-
tant emissions. More importantly, we find strong evidence that the denser a city that
high-polluting FDI surrounds, whether a TCZ or non-TCZ city, the more the pollu-
tant emissions spread over to the city. Thus, the pollution spillover applies to both TCZ
and non-TCZ cities. An environmental consequence of the non-TCZ ambient cities car-
rying on high-polluting FDI is the possible spreading of emissions back to TCZ cities.
The backfiring of the reallocated high-polluting FDI enriches the PHH by showing
the importance of environmental regulations from ambient regions, and helps explain
China’s puzzle as described at the beginning of the paper. When high-polluting FDI
moves out of TCZ cities, the cities attain their emission-cut goals set by regulations.
At the same time, high-polluting FDI increases in the ambient non-TCZ cities within
China; thus, overall air pollution remains and even worsens.

In sum, our empirical evidence demonstrates that ambient regions play a crucial
role in locating high-polluting FDI and redistributing pollutant emissions. In other
words, spatial spillover constitutes an essential factor concurrent with own regulation
when applying the PHH to large economies. Omission of this determinant could render
incomplete or even biased evidence.

The remainder of this paper is organized as follows. Section 2 provides the back-
ground of TCZ policy. Section 3 describes the data and empirical models. Section 4
presents our empirical findings and robustness checks. Section 5 provides our conclu-
sions and final remarks.

2. The background
Since the mid-1980s, the Chinese government has implemented a series of regulatory
policies to cope with the increasingly serious problems of SO2 emissions and acid rain-
fall. In January 1998, the Chinese government promulgated the TCZ policy, modeled on
the emission quota allocation in the Clean Air Act of the United States, to reduce SO2
emissions and acid rainfall in heavily polluted areas. According to this policy, cities in
northern China with annual SO2 concentration exceeding the national Class II standard
(i.e., 0.06mg/m3) or daily concentration exceeding the national Class III standard (i.e.,
0.25mg/m3) were classified as an SO2 pollution control zone, while cities in southern
China with an annual average PH value of precipitation less than 4.5 were classified as
an acid rain control zone. However, cities with particularly serious SO2 or acid rain pol-
lution incidents could be designated as the control zone, even though they do not meet
the above criteria. By the end of 1998, 175 cities had been identified as TCZ cities by the
State Council of China. These cities accounted for 11.4 per cent of the nation’s territory,
39 per cent of the population, 67 per cent of GDP, and 66 per cent of total SO2 emissions
in 2000.

The first phase of the TCZ policy aimed to reduce SO2 emission concentration to
reach the national Class II standard by the year 2000. It turned out that 70 per cent
of the TCZ cities fulfilled this target. In the second phase, China’s 10th Five-Year Plan
called for TCZ cities to continue to reduce SO2 emissions, intending to reduce emis-
sions by another 20 per cent from 2000 levels. Besides, the 10th Five-Year Plan also
requires at least 80 per cent of the TCZ cities to meet the national Class II standard
for SO2 emissions by 2005. However, both targets failed in this round. Almost all the

https://doi.org/10.1017/S1355770X22000158 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X22000158


Environment and Development Economics 51

TCZ cities failed to meet the reduction target this time. The SO2 emissions of the TCZ
cities increased instead of decreasing during the 10th Five-Year Plan period. By 2005, the
SO2 concentration of the TCZ cities was 20 per cent higher than in 2000. This happened
mainly because of the extraordinary demand for energy brought about by the ultra-rapid
growth of China’s economy during this period, at an average annual rate of over 9 per
cent.

Consequently, the policy target was replaced by a less ambitious one in the subsequent
11th Five-Year Plan, which instructs the TCZ cities to reduce their SO2 emissions by 10
per cent by 2010. Not surprisingly, the goals of this round were successfully achieved,
even over-fulfilled by almost all TCZ cities. Moreover, around 95 per cent of the TCZ
cities were able to meet the Class II standard for SO2 concentration by 2010.

The TCZ policy stipulates specific emission reduction measures. New collieries can
only be approved when the sulfur content of the coal is less than 3 per cent. The existing
collieries, with sulfur content exceeding the 3 per cent level, are asked to taper off produc-
tion until they close. Collieries with sulfur content between 1.5 and 3 per centmust install
sulfur reduction equipment to comply with policy requirements. Moreover, TCZ cities
are barred from building new coal-burning thermal power plants in the city proper and
suburbs, except for co-generation plants for heating supply. The existing thermal power
plants must install sulfur-scrubbers or adopt other sulfur reduction measures unless the
coal they use has a sulfur content of less than 1.5 per cent. Industries such as chemical
engineering, metallurgy, and nonferrous metals are required to replace heavy-polluting
production technology and equipment with green technology. Mitigation measures
include switching to low-sulfur coal, modifying boilers and kilns, and so on.

After the end of the 10th Five-Year Plan, stricter policy measures were enforced
in response to the earlier failure to fulfill reduction targets. Arguably the most bind-
ing among these measures was the incorporation of SO2 emissions and acid rainfall
standards into the local government officials’ performance evaluations. The Ministry of
Environmental Protection and the State Council evaluated TCZ cities annually on their
SO2 emissions and acid rainfall reductions.

Two concretemeasures have direct impacts on the inflows of FDI. First, the TCZ cities
imposed SO2 emission fees, which were sometimes heavy, on the major sulfur emitters.
This resulted in the increased energy prices and hence added costs for the enterprises
operated in the TCZ cities. The increase in energy price makes TCZ cities less attractive
to FDI than the ambient non-TCZ cities. Second, high-polluting and energy-consuming
industries located in the TCZ cities lose land use and financing supporting incentives
from the local governments. Approval of new land and financing supports for those
industries in the TCZ cities was prohibited.

Additionally, for high-pollution projects to be approved in TCZ cities, they must
commit to the corresponding SO2 emission reduction targets. The burden of these envi-
ronmental responsibilities further weakened the attractiveness of TZC cities to foreign
investments. In contrast, the ambient non-TCZ cities are not subject to these regulations
and enforce relatively lax environmental policies. With the above factors working in
combination, FDI redistributes away from the TCZ cities towards the ambient non-TCZ
cities.

3. Data and empirical methodology
3.1. Data
We exploit the TCZ policy as a quasi-natural experiment to examine the PHH
in two aspects. First, we investigate how environmental regulations affect inbound
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FDI, and second, we study the impact of the reallocated FDI on environmental
pollution.

We obtain the list of the TCZ cities from the official documents of the State Council
of China. Our sample consists of 149 TCZ cities and 110 non-TCZ cities. There are 26
TCZ cities excluded from our sample due to missing values of crucial variables. The data
cover the period from 1996 to 2008.

The industry-level data of SO2 emissions are from the China Statistical Yearbook.
We classify industries into high-pollution and low-pollution categories based on indus-
try total emissions in 1997, namely the year before the start of the TCZ policy.
The high-polluting (low-polluting) industries are the industries with annual SO2 emis-
sions above (below) the median emissions.

The data on the city’s FDI in aggregation is collected from the China City Statis-
tical Yearbook. Unfortunately, industry-specific FDI data for cities is not available in
the statistical yearbook, but exploiting the variance of environment regulatory effects
between high- and low-polluting industries lies at the heart of our empirical analysis. To
accommodate this issue, we utilize a firm-level dataset to gauge the city-industry FDI.
This dataset comes from China’s National Bureau of Statistics’ annual survey of manu-
facturing companies. We use ownership information to identify the newly-established
foreign enterprises each year.We then use address and two-digit industry code informa-
tion to determine the industry category and city-location of these new enterprises. This
yields numbers of newly established foreign enterprises at the industry-city-year level,
which measures the extensivemargin of FDI activities.

Moreover, we aggregate the registered foreign capital of all newly-established firms
yearly in the survey, regardless of their types of ownership, by city, to obtain the intensive
margin of FDI activities at the industry-city-year level.

A caveat to the above calculation would erroneously classify a new foreign enterprise
provided that an established one changed its name or ID in the survey, and leads to the
upward bias of the extensive and intensive margin results. To reduce this measurement
bias, we follow the procedures that Brandt et al. (2012) suggest, using comprehensive
information (e.g., firm IDs, names, legal person representatives, phone numbers, region,
and industry codes) and cross-checking the identification of newly-established foreign
enterprises.

We use the satellite data of SO2, PM2.5, and dust concentrations from NASA to
measure pollution at the city-year level. NASA provides monthly data of air pollu-
tant concentrations over the world reported in grids of 50 by 60 kilometers. We match
each city with the nearest grids by the city’s coordinates and calculate the annual aver-
age of pollutant concentrations of the nearest grids to measure the city’s pollution.2
The advantage of our NASA-based method lies in its objectivity. It does not allow local
governments to manipulate the data for political purposes, nor does it remove local
pollution caused by spillovers from neighboring areas.

Following the literature on China’s FDI inflows, we employ the following controls:
city’s GDP per capita (Percap), the ratio of secondary-sector output to GDP (Seratio),
the number of college students (Educ), and the freight volume of highways and railroads

2The city statistical yearbooks also provide information on yearly SO2, dust, and waste gas emissions.
However, the pollutant emission data are likely to be manipulated by local officers for political concerns.
Moreover, the yearbooks’ reported emission data might fail to capture the spillover of air pollution from
neighboring regions. The divergence between the yearbooks-reported-pollution and NASA data-based
calculations reflects how hesitantly the local government discloses information about environmental issues.
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Table 1. Summary statistics by city

TCZ cities Non-TCZ cities

Variables Mean S.D. Mean S.D. Descriptions

FDI (log) 9.321 1.997 7.969 1.933 Amount of real FDI received

FDI_Extensive (log) 1.552 1.440 0.816 0.858 The number of newly established foreign firms

FDI_Intensive (log) 8.027 5.614 5.137 5.328 Registered foreign capital of new firms

SO2 (log) 10.990 1.139 10.095 1.353 Industrial SO2 emissions (tons)

DUST (log) 9.959 1.195 9.640 1.308 Industrial dust emissions (tons)

GAS (log) 6.384 1.322 5.623 1.107 Industrial waste gases emissions(0.1×km3)

SO2C (log) 2.851 0.611 2.531 0.805 Annual average SO2 concentrations (μg/m3)

DUSTC (log) 2.773 0.644 2.942 0.934 Annual average dust concentrations (μg/m3)

PM25 (log) 1.571 0.569 1.703 0.847 Annual average PM2.5 concentrations (μg/m3)

Percap (log) 9.356 0.803 8.945 0.758 GDP per capita

Seratio 0.481 0.095 0.440 0.131 Ratio of secondary-sector output to GDP

Educ (log) 9.811 1.543 8.961 1.379 The number of college students

Traffic (log) 8.522 0.884 7.876 0.893 Freight volume of highways and railroads (tons)

(Traffic). The information on control variables is all gathered from the respective city’s
or province’s statistical yearbooks.

Table 1 presents the summary statistics of the variables by TCZ and non-TCZ city
groups. TCZ group notably attracts more FDI and is more affluent than the non-TCZ
group. Meanwhile, TCZ cities emit more air pollutants and have higher pollutant con-
centrations than non-TCZ cities, suggesting that air pollution is more severe in TCZ
cities.

3.2. Empirical strategy
We employ a difference-in-difference (DID) design to examine the PHH by compar-
ing the outcomes of China’s TCZ and non-TCZ cities before and after the adoption
of the TCZ policy in 1998. The TCZ cities constitute the treatment group, while non-
TCZ cities compose the control group.We depart from previous literature on the effects
of environmental regulations using natural experiments (e.g., Hanna, 2010; Hering and
Poncet, 2014; Tanaka, 2015) by incorporating the spillover effects of environmental reg-
ulations from neighboring regions. We follow Millimet and Roy (2016) to construct a
distance-weighted index to measure the spillover effects:

SPi =
∑

j�=i

1/dij∑
k �=i 1/dik

TCZj, (1)

where dij is the distance from city i to j, and TCZj is a dummy variable denoting whether
city j is a TCZ city. SPi measures how densely a specific city i is surrounded by TCZ cities,
represented by the distance-weighted number of TCZ cities around the city i. The higher
the value of SPi, the larger the number of TCZ cities around the city i. In other words,
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city i faces a more strictly regulated neighborhood, which will eventually be reflected in
a more substantial pollution spillover effect into city i.

Our DID estimation is specified as follows:

Yit = α0 + α1TCZi × Postt + α2SPi × Postt + βXit + δt + λi + εit , (2)

where the dependent variable Yit represents the three measures of FDI activities. Postt
is a dummy variable which equals 1 if t > 1998. Xit is the vector of control variables at
city-year level. δt and λi capture the year and city fixed effects, respectively.

The coefficients of central interest to us are α1 and α2, which capture the effects of
environmental regulations and their spillovers on FDI activities, respectively. The previ-
ous literature examining the economic impacts of environmental regulations employing
natural experiments (e.g., Hanna, 2010; Hering and Poncet, 2014; Tanaka, 2015) over-
looks the spillover effects from ambient regions and may lead to biased inference
(Millimet and Roy, 2016). In our setting, this omitted variable could further result in a
substantial bias in the estimate of α1 because China’s TCZ policy would necessarily beget
spatially-correlated regulation effects. As such, it is essential to treat spatial spillover from
ambient regions as a determinant in the estimation.

Furthermore, we re-estimate equation (2) with the city’s high-and low-polluting
industries separately, as the pollution haven hypothesis postulates that developed coun-
tries transfer high-polluting industries to developing countries.

We further augment equation (2) with a TCZ-specific spillover effect term, TCZi ×
SPi × Postt , as follows:

Yit = α0 + α1TCZi × Postt + α2SPi × Postt + α3TCZi × SPi × Postt (3)

+ βXit + δt + λi + εit ,

where α2 represents the spillover effects on non-TCZ cities, and α2 + α3 captures the net
spillover effects on TCZ cities. Presumably,α2 andα3 have opposite signs, portraying the
counterbalancing between the curbing effect of local regulation and spillover effect from
ambient regions.

We aim to highlight the heterogeneous spillover effects between TCZ and non-TCZ
cities by adding a TCZ-specific spillover term. The implementation of environmental
regulation policies in TCZ cities is less affected by the degree of regulatory stringency
in the neighborhood, since the government mandates that TCZ cities implement these
policies. In contrast, the spillover effect on non-TCZ cities is more prominent. Themore
stringent the environmental regulations in the vicinity of non-TCZ cities, the more FDI
would be attracted to non-TCZ cities, which become low-cost enclaves.

Our second set of tests focuses on the impact of environmental regulatory policies
on pollution. Given that non-TCZ cities could attract more FDI with the TCZ policy’s
implementation, especially high-polluting FDI, we should be able to observe increased
pollution in non-TCZ cities subsequently. Again, we exploit the TCZ policy as a quasi-
natural experiment to estimate how regulation-induced reallocation of FDI affects air
pollution as follows:

Pit = α0 + α1FDIit × TCZi × Postt + α2FDIit × TCZi + α3FDIit × Postt (4)

+ α4FDIit + α5TCZi × Postt + βXit + δt + λi + εit ,

where the dependent variable Pit measures pollution in terms of SO2, dust and waste gas
emissions and concentration. The coefficient α1 measures the reallocating effect of TCZ
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policy on pollution. Specifically,α1 quantifies how air pollution inTCZ cities attributable
to FDI decreases relative to that of non-TCZ cities.

To capture the spillover effect in pollution, we construct an index of FDI in neigh-
borhood, SFDIit , similar to SPi. We replace TCZi with FDIit in equation (1) to generate
SFDIit :

SFDIit =
∑

j�=i

1/dij∑
k �=i 1/dik

FDIjt .

Hence, we estimate

Yit = α0 + α1FDIit × TCZi × Postt + α2SFDIit × TCZi × Postt (5)

+ α3FDIit × TCZi + α4SFDIit × TCZi + α5FDIit × Postt
+ α6SFDIit × Postt + α7FDIit + α8SFDIit + βXit + δt + λi + εit ,

where α2 captures the spillover effects of FDI on air pollution. Specifically, α2 measures
how neighboring cities’ FDI increases/decreases TCZ cities’ air quality after the TCZ
policy is implemented, relative to non-TCZ cities.

4. Empirical results
4.1. Environmental regulations and FDI activities
Table 2 presents the estimation results of equation (2). The dependent variable in col-
umn (1) is the city’s FDI in aggregation. The coefficient of TCZi × Postt is negative and
significant at the 1 per cent level, which suggests that TCZ cities experience more FDI
reduction relative to non-TCZ cities after the shock of the implementation of TCZ pol-
icy. This result is consistent with the PHH,which postulates that the strict environmental
regulations of TCZ cities deter the inbound FDI inflows. Economically, the TCZ policy
reduces the FDI inflows to the TCZ cities by 17.6 per cent on average, which is sizable.

More importantly, our evidence supports the spillover effect of environmental reg-
ulations in the neighborhood. The coefficient of SPi × Postt is significantly positive.
This central result indicates that the more TCZ cities there are in the neighborhood,
the more FDI will be attracted to the city. In other words, both the effect of the local
environmental regulation and the spillover effect of peripheral environmental regula-
tions affect FDI location concurrently. The coefficient of SPi × Postt is 0.588 and the
mean of SPi is 0.306. As a result, the spillover effects from ambient regions can achieve
an average 18 per cent increase in FDI inflows, which partly offsets the curbing effects of
local regulation. Presumably, a region could even receive more FDI when the spillover
effect exceeds the effect of local regulation.

Columns (2) and (3) of table 2 present similar results using the extensive and inten-
sive margins of FDI activities as the dependent variable, respectively. The coefficients of
TCZi × Postt and SPi × Postt remain significantly negative and positive, in turn, as in
column (1).

In summary, a city’s FDI inflows depend not only on the environmental regulation
of the city per se, but also on the spillover effect of environmental regulations in neigh-
boring regions, and the two effects may counter each other in some cases. At this point,
two further questions arise. First, are these two effects only significant for FDI in high-
polluting industries? Second, are both TCZ and non-TCZ cities subject to the spillover
effect?Wewill answer these two questions later in this section after turning to the results
of controls.
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Table 2. Environmental regulation and its spillover effects on FDI

(1) (2) (3)
FDI Extensive Intensive

TCZ×Post −0.176 −0.159 −0.241
(0.0468) (0.0234) (0.0733)

SP×Post 0.588 0.499 0.820
(0.332) (0.120) (0.428)

Percap 0.202 0.0285 0.0544
(0.0920) (0.0427) (0.0854)

Seratio 0.711 0.503 −0.0449
(0.318) (0.202) (0.397)

Educ −0.0256 0.0251 0.0499
(0.0268) (0.0124) (0.0424)

Traffic 0.0370 0.0312 0.0722
(0.0294) (0.0127) (0.0402)

Constant −0.775 1.291 0.0421
(0.739) (0.305) (0.819)

Year Yes Yes Yes

City Yes Yes Yes

Observations 2804 3081 3081

R-squared 0.416 0.819 0.582

For the control variables, the coefficients of Percap (GDP per capita) are positive,
which reflects that the affluence of a region positively correlates with the inflows of FDI.
The share of the industrial sector is also positively correlated with the inflows of FDI,
suggested by the positive coefficients on Seratio (Sector ratio). In columns (2) and (3),
the coefficients of Traffic are significantly positive, which indicates that better traffic
infrastructure is more attractive to FDI.

Are the direct and spillover effects of environmental regulations only significant
for FDI in high-polluting industries? Table 3 presents estimation results of equation
(2) by high- and low-polluting industries respectively. We find that the coefficients of
TCZi × Postt and SPi × Postt are significant in the case of extensive and intensive mar-
gins of high-polluting industries. Also, the signs of both coefficients are consistent with
table 2. As TCZ is a dummy variable, the coefficients of TCZ × Post measure the direct
curbing effects of own regulation, that is, -36 and -41 per cent for the two margins,
respectively. Meanwhile, the average spillover effects are calculated by the coefficients
of SP × Post times the mean of SPi (0.306), i.e., 15 per cent (= 0.488 × 0.306) and 21
per cent (= 0.696 × 0.306) corresponding to the twomargins in turn. Thus, the spillover
effects are not large enough to cancel out the direct curbing effects. In sum, the net impact
reduces high-polluting FDI inflows to regulated cities. Meanwhile, the two coefficients
are insignificant in low-polluting industries. Indeed, the direct and spillover effects of
environmental regulations on FDI are only significant in high-polluting industries.

Are both TCZ and non-TCZ cities subject to the spillover effect? Table 4 reports the
estimation results of the decomposition model of (3). The coefficients of SPi × Postt
are significantly positive and sizable in high-polluting industries and overall cases.
Hence, the spillover effect is evident in non-TCZ cities. However, such an effect wanes
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Table 3. Environmental regulation and its spillover effects on FDI: by industry

FDI_Extensive FDI_Intensive

(1) (2) (3) (4)
High-polluting Low-polluting High-polluting Low-polluting

TCZ×Post −0.364 −0.0116 −0.407 −0.0512
(0.0407) (0.0174) (0.0608) (0.0368)

SP×Post 0.488 0.177 0.696 0.113
(0.226) (0.140) (0.319) (0.111)

Percap 0.174 0.0576 0.0683 0.0544
(0.0502) (0.0318) (0.0713) (0.0375)

Seratio 0.799 0.271 0.523 0.119
(0.270) (0.150) (0.367) (0.979)

Educ 0.0123 0.0241 0.0288 0.186
(0.0234) (0.0112) (0.0370) (0.188)

Traffic 0.0322 0.0269 0.0324 0.0548
(0.0202) (0.0112) (0.0324) (0.0196)

Constant 0.656 0.979 0.117 0.519
(0.372) (0.305) (0.665) (0.656)

Year Yes Yes Yes Yes

City Yes Yes Yes Yes

Observations 3081 3081 3081 3081

R-squared 0.578 0.393 0.475 0.649

in TCZ cities. The coefficient of TCZi × SPi × Postt plus that of SPi × Postt esti-
mates the net spillover effect on the TCZ cities. The coefficients of TCZi × SPi × Postt
are significantly negative and sizable in all columns except low-polluting extensive.
The coefficients of SPi × Postt are 0.897 and 1.168 for the extensive and intensive of high-
polluting FDI, respectively. And the corresponding coefficients of TCZi × SPi × Postt
are −0.631 and −0.713 in turn. Thus, the curbing effects cancel out the spillover effects
to the extent of 70 per cent (= 0.631/0.897) and 61 per cent (= 0.713/1.168) on aver-
age for the extensive and intensive margins in sequence. As TCZ cities have the highest
additional costs associatedwith stringent environmental regulations, high-polluting FDI
from neighboring cities is less likely to be attracted to TCZ cities, just as the tallest dam
holds back the flow-in tide. In this sense, we term this result “the dike effect” of the
TCZ cities on environmental regulation spillovers. This dike effect has even spread to
low-polluting industries. Table 4 finds the coefficient of TCZi × SPi × Postt is also sig-
nificantly negative in the intensive of low-polluting FDI, albeit on a much smaller scale
relative to the high-polluting case.

4.2. The impacts of reallocated FDI activities on pollution
Our evidence clearly indicates that environmental regulations play a crucial role in real-
locating FDI spatially. Could this reallocation of FDI, in turn, change pollution across
cities?

Table 5 reports the estimation results of equation (4). The dependent variables in
columns (1)–(3) are SO2, dust, and waste gas emissions, in turn. We follow Frankel and
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Table 4. Do spillover effects on FDI only apply to non-TCZ cities?

FDI FDI_Extensive FDI_Intensive

(1) (2) (3) (4) (5)
Overall High-polluting Low-polluting High-polluting Low-polluting

TCZ×Post −0.264 −0.453 −0.107 −0.499 −0.179
(0.107) (0.150) (0.133) (0.177) (0.273)

SP×Post 0.788 0.897 0.193 1.168 0.295
(0.346) (0.229) (0.141) (0.340) (0.224)

TCZ×SP×Post −0.300 −0.631 −0.0215 −0.713 −0.103
(0.0769) (0.0695) (0.0298) (0.104) (0.0620)

Percap 0.203 −0.00570 0.0178 0.00931 0.0556
(0.0919) (0.0503) (0.0419) (0.0716) (0.0376)

Seratio 0.704 0.784 0.270 0.503 0.106
(0.318) (0.270) (0.200) (0.367) (0.198)

Educ −0.0257 0.0120 0.0240 0.0284 0.0184
(0.0268) (0.0232) (0.0112) (0.0368) (0.0188)

Traffic 0.0366 0.0313 0.0269 0.0311 0.0542
(0.0294) (0.0201) (0.0112) (0.0324) (0.0196)

Constant −0.774 0.659 0.979 0.119 −0.653
(0.738) (0.371) (0.305) (0.664) (0.366)

Year Yes Yes Yes Yes Yes

City Yes Yes Yes Yes Yes

Observations 2804 3081 3081 3081 3081

R-squared 0.416 0.578 0.393 0.476 0.650

Rose (2005) to add more control variables, including the logarithm of per capita land
area (Area), the ratio of provincial exports and imports to GDP (Openness), the square
of GDP per capita (Percap2). Frankel and Rose (2005) estimate a gravity model using
aggregate geographical information of trading partners as instrument for the Openness
variable. This approach is not applicable here because all provinces inChina aremutually
connected trading partners. Furthermore, bilateral trade information between provinces
is not available in the early years of our sample period. To deal with the potential endo-
geneity in control variables, we take the second approach by Frankel and Rose (2005) to
use one-year lagged control variables instead.

The coefficients of FDIit × TCZi × Postt are negative and significant at the 1 per cent
level in all cases, which suggests that the non-TCZ cities’ FDI accrues larger pollutant
emissions than TCZ cities, after the implementation of TCZ policy. The coefficients
are -0.553, −0.602, and −0.476 in columns (1) to (3) in sequence. They suggest that
a 1 per cent increase in FDI contributes fewer SO2, dust, and waste gas emissions in
regulated cities than non-regulated cities by 0.553, 0.602 and 0.476 per cent on aver-
age, in turn. This result is consistent with the preceding section’s main findings, which
indicate that mainly non-TCZ cities and the FDI in the high-polluting industries are
subject to the spillover effect. Taken together, compared to TCZ cities, non-TCZ cities
experience more FDI increase (smaller FDI decrease) in highly polluting industries after
implementing TCZ policy, thus increasing their industrial pollutant emissions.
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Table 5. FDI reallocating and industrial pollutant emissions

(1) (2) (3)
SO2 Dust Waste gas

FDI 0.248 0.106 0.132
(0.176) (0.161) (0.0849)

FDI×TCZ×Post −0.553 −0.602 −0.476
(0.162) (0.193) (0.0869)

FDI×TCZ −0.0859 0.00772 0.0749
(0.178) (0.192) (0.0990)

FDI×Post 0.412 0.421 0.283
(0.161) (0.161) (0.0742)

TCZ×Post −0.777 0.0628 0.645
(1.360) (1.643) (0.723)

L.Percap 0.508 3.882 −0.513
(2.732) (1.829) (1.405)

L.Percap2 −0.0636 −0.178 0.00286
(0.133) (0.0912) (0.0719)

L.Area 0.142 0.625 0.228
(0.222) (0.214) (0.247)

L.Openness −0.0904 0.494 0.251
(0.574) (0.442) (0.328)

L.Seratio 1.283 −0.0680 3.030
(1.406) (1.349) (0.939)

L.Educ 0.163 −0.0934 0.0448
(0.0938) (0.102) (0.0742)

L.Traffic 0.0552 0.0908 −0.143
(0.145) (0.122) (0.0923)

Constant 4.509 −15.01 6.368
(14.25) (9.021) (7.088)

Year Yes Yes Yes

City Yes Yes Yes

Observations 1842 1882 1287

R-squared 0.742 0.734 0.705

To circumvent the possible manipulation of pollution data from the city’s yearbooks,
we further use satellite data to examine more closely the impact of FDI redistribu-
tion on pollution. Table 6 reports the estimation results. The dependent variables are
pollutant concentrations. Consistent with the estimation results of pollutant emissions,
columns (1)-(3) of table 6 find that the coefficients of FDIit × TCZi × Postt are all
significantly negative. This result suggests air quality worsens in non-TCZ cities
not only in terms of emission volume but also in the concentration of SO2,
dust, and PM2.5. Coefficients of FDIit × TCZi × Postt for SO2 and dust in tables 6
and 5 are similar in scale (-0.592 vs. -0.553 for SO2; -0.662 vs. -0.602 for dust),
which excludes the concern of data manipulation in the official yearbooks to some
extent.
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Table 6. FDI and air quality

FDI and Pollutant Concentrations Spillover Effects of FDI

(1) (2) (3) (4) (5) (6)
SO2 Dust PM2.5 SO2 Dust PM2.5

FDI 0.0984 0.226 0.190 0.154 0.312 0.220
(0.0889) (0.0764) (0.0582) (0.0826) (0.0680) (0.0508)

FDI×TCZ×Post −0.592 −0.662 −0.285 −0.745 −0.868 −0.416
(0.102) (0.0799) (0.0576) (0.0902) (0.0709) (0.0456)

SFDI 0.131 −0.0770 0.163
(0.0761) (0.0561) (0.0318)

SFDI×TCZ×Post 0.681 0.875 0.599
(0.0476) (0.0383) (0.0333)

SFDI×TCZ 0.00131 0.0654 −0.144
(0.0833) (0.0608) (0.0469)

SFDI×Post −0.0195 0.0432 0.0462
(0.0278) (0.00717) (0.00965)

FDI×TCZ 0.0321 0.0111 −0.0994 −0.00589 −0.0526 −0.0922
(0.112) (0.0926) (0.0671) (0.100) (0.0827) (0.0576)

FDI×Post 0.321 0.293 0.0948 0.396 0.385 0.150
(0.0876) (0.0702) (0.0513) (0.0752) (0.0600) (0.0385)

TCZ×Post 3.999 4.843 2.255 0.164 −0.0938 −0.848
(0.840) (0.707) (0.529) (0.778) (0.608) (0.404)

L.Percap −1.957 −1.409 −0.415 −1.183 0.0713 0.172
(1.577) (1.254) (0.860) (1.719) (1.000) (0.656)

L.Percap2 0.117 0.0998 0.0383 0.0620 0.00578 −0.00456
(0.0776) (0.0576) (0.0414) (0.0823) (0.0480) (0.0333)

L.Area 0.761 1.025 0.835 −0.0980 −0.0196 0.0801
(0.881) (1.057) (0.734) (0.162) (0.180) (0.126)

L.Openness 0.141 −0.161 0.0670 0.375 0.0969 0.285
(0.490) (0.412) (0.243) (0.380) (0.289) (0.177)

L.Seratio 1.223 1.062 −0.123 0.723 0.251 −0.643
(1.430) (0.942) (0.635) (1.216) (0.747) (0.547)

L.Educ 0.243 −0.0595 −0.0320 0.316 0.0601 0.0398
(0.104) (0.139) (0.0956) (0.0889) (0.0641) (0.0395)

L.Traffic −0.110 −0.0671 −0.0187 −0.0299 0.0450 0.0462
(0.142) (0.127) (0.0754) (0.130) (0.0846) (0.0446)

Constant 7.653 5.169 0.0903 5.273 0.292 −1.863
(7.653) (8.059) (5.538) (8.602) (5.063) (3.220)

Year Yes Yes Yes Yes Yes Yes

City Yes Yes Yes Yes Yes Yes

Observations 2651 2651 2651 2651 2651 2651

R-squared 0.637 0.725 0.744 0.709 0.826 0.860
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Columns of (4)–(6) of table 6 report the estimation results of equation (5) with
an emphasis on exposing the neighboring effect of FDI on pollution. The coefficient
of SFDIit × TCZi × Postt is our focus, which is positive and significant at the 1 per
cent level. The coefficient of FDIit × TCZi × Postt remains negative. Note that the
index SFDIit measures how densely FDI encircles a city. Therefore, the neighboring (or
spillover) effect of FDI on pollution is true of the TCZ cities. Recall the results in the pre-
ceding section: the spillover effect of environmental regulations does not apply to TCZ
cities due to what we called “the dike effect of cost.” However, pollutants emitted into the
ambient city’s air cannot stop their spreading into the proximity, which could include
TCZ cities. FDIs have geographical boundaries, but air pollution does not. Size compari-
son of the coefficients of FDIit × TCZi × Postt and SFDIit × TCZi × Postt indicates that
the spillover effect from ambient regions’ FDI overtakes the local reduction effect in the
case of PM2.5. In contrast, the net effect nearly neutralizes for SO2 and dust.

Our main results help explain a seeming puzzle: China’s emission reduction targets
were over-fulfilled, but its air pollution continued to deteriorate. The TCZ cities attained
their emission reduction goals when high-pollution industries shifted to ambient non-
TCZ cities. Therefore, industrial production was reallocated to non-regulated regions,
and the pollution did not go away. These results project meaningful policy implications
for developing countries. The key lesson we learn is that the goal of environmental pol-
lution control should be anchored at the aggregate level of the entire region rather than
targeted at highly polluting areas separately. Otherwise, high-polluting industries will be
reallocated with pollution redistributed but not reduced.

4.3. Robustness checks
To ensure the validity of DID estimations, we need to justify no systematic difference
between the pre-existing time trends of TCZ and non-TCZ cities. One reason may con-
cern other policy shocks coinciding with the TCZ policy. Such a coincidence could cause
non-parallel time trends and introduce biases for DID estimations. The sample period
in the main results is from 1996 to 2008, leaving only two years before the start of the
TCZ policy. To examine the parallel trend assumptionmore convincingly, we extend the
city-level FDI data to 1985 from the China City Statistical Yearbook, and use the years
before 1990 as the base years and include all other lags and leads of the TCZ policy and
its spillover effects:

Yit = α0 +
2008∑

t=1990
α1,tTCZi × Yeart +

2008∑

t=1990
α2,tSPi × Yeart + δt + λi + εit , (6)

where Yeart is the dummy for year t. α1,t captures lags and leads of the TCZ policy, and
α2,t gauges lags or leads of the TCZ policy’s spillover effects.

Figure 1 plots the corresponding 90 per cent confidence intervals ofα1,t andα2,t .Most
estimates on TCZi × Yeart before 1998 are not statistically different from 0, and the esti-
mates become significantly negative after 1998. Similarly, most pre-event estimates on
SPi × Yeart are not statistically significant, while most post-event estimates are signifi-
cant at least at the 10 per cent level. In sum, we have the results suggesting the time trends
of TCZ and non-TCZ cities have no systematic difference.

Onemay be concerned that confounding regional policies could undermine ourmain
results. It is possible that certain provincial or mega-regional policies may affect FDI
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Figure 1. Validity test: DID coefficients of TCZ(SP)× year dummy, (a) Estimated coefficients of TCZ×Year Dummy
with 90% confidence regions, (b) Estimated coefficients of SP×Year Dummy with 90% confidence regions.

location choices, and that these policies coincide with the reallocation of FDI to ambi-
ent regions. To exclude this concern, in table A1 (in the online appendix) we control
for province-year fixed effects, which can absorb time-varying variations at province
and mega-region levels. Columns (1)–(3) show that the coefficients of TCZ and SP
remain statistically and economically significant, except for the coefficient of SP on
FDI_Intensive in column (3). This suggests that after controlling for potential confound-
ing provincial policies, the TCZ policy and the spillover in surrounding cities still have
significant impacts on the location choices of FDI.
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Furthermore, the within-province difference could introduce bias into our results,
as surrounding cities may belong to more than one province. In addressing this issue,
we refine our construction of the spillover index by defining two measures, SPwithin and
SPOT , as follows:

SPwithini =
∑

j�=i

1/dij∑
k �=i 1/dik

TCZj × I{Provi = Provj},

SPOTi =
∑

j�=i

1/dij∑
k �=i 1/dik

TCZj × (1 − I{Provi = Provj}),

where I{Provi = Provj} is an indication function that equals one if city i and city j are in
the same province, and otherwise zero.

We re-estimate equation (2) by replacing SP with SPwithin and SPOT and report
the estimation results in column (4)–(6) of table A1. We find that the coefficients of
SPwithin × Post are significantly positive. Therefore, our main results are sound after
controlling for the surrounding cities’ province heterogeneity.

We next check the robustness of our main results by employing an alternative esti-
mation method. We use the logarithm of the newly-established foreign firms’ numbers
as the extensive margin measure in obtaining our main results. Here we employ Pois-
son regression for count data using the numbers directly as the dependent variable.
Table A2 (online appendix) reports the estimation results. The coefficients of TCZ ×
Post and SP × Post remain significantly negative and positive, respectively, as in our
main results. Columns (2) and (4) present estimation results using the data of high-
polluting foreign firms. Consistent with our main results, the coefficients of TCZ ×
Postand SP × Post increase in size relative to column (1) while maintaining the same
sign and significance.

Moreover, the coefficient of NTCZ × SP × Post is significantly positive and much
larger than the coefficient of TCZ × SP × Post. Columns (3) and (5) of table A2 present
estimation results using the data of low-polluting foreign firms. In this case, all the coeffi-
cients of spillover effects are rendered insignificant. Put together, the Poisson regression
results reaffirm our main results.

It is worth noting that the relative SO2 emissions by industries saw little change from
1995 to 1997 in China. We use SO2 emissions in the year before the start of the TCZ
policy (1998) to classify industries into high-pollution and low-pollution categories.
Alternatively, one may use the year before the first year of our sample (1996) to clas-
sify industries. The largest 15 SO2-emitting sectors overlap in the two chosen base years.
Indeed, the two methods produce the same classification.

Table A3 (online appendix) checks the robustness of our results at the more nuanced
city industry level. Results in columns (1)–(2) indicate that the coefficients of TCZi ×
Postt and SPi × Postt are significantly negative and positive, respectively, which is
consistent with our main results. Furthermore, we estimate a difference-in-difference-
in-differences (DDD) model which interacts TCZi × Postt and SPi × Postt with the
industry-level SO2 intensity (the ratio of SO2 emissions to industrial value-added) and
coal intensity (the ratio of coal consumption to industrial value-added). This more
nuanced model controls the time-varying city and industry characteristics to reduce
the possible bias of estimations in the DID model at the city’s industry level. Columns
(3)-(6) report the DDD estimation results. The coefficient of SO2s × TCZi × Postt is sig-
nificantly negative while the coefficient of SO2s × SPi × Postt is significantly positive.
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The results indicate that TCZ policy reduces FDI activities, especially for the sectors
with high SO2 emissions, but the spillover effects from ambient regions increase the FDI
activities. Similar results apply to the coal intensity. Thus, our main conclusions hold
after controlling the sector-varying city and year characteristics.

We further reaffirm our results on pollution consequences of the reallocated FDI at
the industry-city-year level. Specifically, we decompose the data of city-year level pol-
lutant emissions into industry-city-year level by using industry-city-year level output
and industry-year level energy intensity. First, we construct the share of emissions from
sector k in city i by the output share Qikt/Qit adjusted by sector k’s energy intensity θkt :

αikt = Qikt

Qit
θkt ,

where Qikt and Qit are output of industry k in city i and output of city i at year t, respec-
tively. We then normalize αikt , so that

∑
k αikt = 1 and αikt represents the contribution

from sector k to pollutant emissions of city i. Therefore, the city’s industry-year level
pollutant emissions can be decomposed from pollutant emissions of city i at year t (Pit)
as Pikt = αiktPit .

Equippedwith the city’s industry-level pollutant emissions, we re-estimate the follow-
ing equation to examine the effect of FDI on pollutant emissions at this more nuanced
level:

Pikt = β1FDIikt + β2FDIikt × TCZi × Postt + β3FDIikt × TCZi
+ β4FDIikt × Postt + λik + γit + δkt + εikt ,

where FDIikt is measured by the extensive and intensive industry-city-year level FDI.
Table A4 in the online appendix reports the estimation results. The coefficient β2

of FDIikt × TCZi × Postt is significantly negative, suggesting that the FDI in TCZ cities
generates a smaller increase in pollutant emissions than the non-TCZ cities, after the
implementation of TCZ policy. Therefore, this more nuanced estimate confirms our
main results.

Online appendix table A5 reports the results of a placebo test by assigning TCZ status
randomly. From the 149 cities in our dataset, we randomly label TCZ cities. Accordingly,
equation (1) is re-calculated. We then re-estimate equations (2) and (3). We run this
random assignment experiment 500 times to avoid outliers. Table A5 reports the mean
values of the estimates of the 500 experiments. We find that this placebo test does not
generate any significant estimates for the coefficients of the interaction terms, which are
of interest to us. The magnitude of the mean coefficient of TCZi × Postt is as small as
nearly zero. Figure 2 plots the distribution of the coefficient of TCZi × Postt and the
associated P-values. The distribution ranges from -0.3 to 0.3, centering around zero, and
the P-values are almost all greater than 0.1, suggesting very few estimates are statistically
significant. This result excludes that our results are derived from random shocks.

5. Conclusion
Exploiting the TCZ policy in China as a quasi-natural experiment, this paper re-
examines the PHH, taking spillover effects from ambient regions as an additional
determinant along with environmental regulation. We find that stringent environmen-
tal regulation in heavily polluted cities results in the influx of high-polluting FDI into
ambient cities with lax regulations. More importantly, the reallocated high-polluting
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Figure 2. Continued.

FDI emits pollutants into the air, spreading back to the stringently regulated cities.
In combination, our results can explain why the over-fulfillment of environmental
regulation policy targets has not stopped China’s air quality deterioration. FDI in high-
polluting industries can decrease in the stringently regulated cities, enabling them to
fulfill the policy targets of cutting emissions. However, high-polluting FDI recipient
cities, usually neighboring stringently regulated cities, become new emissions centers.
Thus, reallocation cannot cure the issue of overall air quality across the country.

Our evidence suggests that ambient regions constitute an essential element of the
PHH when applied to a large developing economy. The absence of this determinant
couldmake the empirical results incomplete or even biased. However, the previous PHH
literature pays insufficient attention to the crucial role of ambient regions than its due.
To make up for this inadequacy to some extent, we present enriched evidence by taking
the ambient region’s effects into account. Our evidence principally supports the PHH in
the context of China.
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Figure 2. Random assignment of TCZ cities. (a) Distribution of the estimated coefficients of TCZ×Post on total
FDI, (b) Distribution of the estimated coefficients of TCZ×Post on FDI (Extensive Margin), (c) Distribution of the
estimated coefficients of TCZ×Post on FDI (Intensive Margin).

Moreover, our results shed light on environmental policy scheming. The central
lesson we learn is that a nationally coordinated policy, coupled with the central-level
planning and local-level enforcement (Zheng, 2007), could work more effectively than
mandating stringent regulations on separate areas without a unified goal. This lesson is
borne out by the significant air quality improvement in Beijing during recent years when
anti-pollution policies began to target not only Beijing but also ambient provinces such as
Shanxi, Hebei and Henan. The coordinated environmental regulation led by the central
government, like the federal regulation in the US, could be more effective because of the
resultant regulatory competition and the improved policy enforcement (Fredriksson and
Millimet, 2002; Konisky, 2007). The more recent evidence from Zhang et al. (2018) also
suggests that supervision designed at the central government level can effectively curb
pollutant emissions from industrial firms, while local governments may exhibit strategic
behavior to achieve their own targets (Cao et al., 2021; Yang et al., 2021).

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X22000158.
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