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Abstract

China faces a common dilemma of how to maintain rapid economic growth while also reducing
the pollution that has accompanied growth. Will stricter pollution controls drive away the foreign
firms that have helped spur growth in China? This paper studies the effects of the Two-Control-
Zone (TC2Z) pollution control policy on foreign firms’ exit behavior in China. Based on firm-
level data from 1998 to 2009, we find that foreign firms’ responses are not significantly different
from domestic firms on average once environmental regulations impose an added cost of
business. However, foreign firms’ responses to stricter pollution controls tend to differ based on
various firm characteristics. Our estimation indicates that larger size, higher productivity and
exporting all make foreign firms less likely to exit than similar domestic firms in regions with
stricter pollution control.
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1. Introduction

The potential relationship between foreign direct investment (FDI) and environmental
deterioration has garnered a lot of research attention due to conflicting hypotheses and their
conflicting policy implications. Much of the debate centers on the “pollution haven” hypothesis
which argues that weak environmental regulations in developing countries attract foreign
investors from industrial countries with more restrictive regulations. Theoretical studies have
developed this hypothesis and some empirical studies have found support for it by showing that
capital tends to move from higher to lower regulation countries.! However, other studies have
found that foreign companies tend to use better management practices and more advanced
technologies than host developing country firms, thereby contributing to cleaner environmental
outcomes. These results fit the “pollution halo” hypothesis.?

As the largest developing country and the most attractive FDI destination, China presents
a unique case for testing the FDI—pollution relationship. Government officials and the general
public in China recognize that FDI firms have made important contributions to China’s economic
development, but they also criticize China’s serious pollution problems due to years of rapid,
unregulated growth. Due to pollution haven effects, foreign firms may have been attracted by the
previously weak pollution controls within China, and therefore they face criticism for damaging
the local environment.® In addition to aggregate environmental impacts, FDI firms may have
exacerbated regional disparities in environmental quality since the geographic distribution of
FDI in China is highly uneven.* Regional environmental inequality in terms of residents’ access

to clean air and/or clean water has been evaluated somewhat by public health economists but is

! See, for example, Markusen et. al. (1993), Dean, Lovely, and Wang (2009), and Kellenberg (2009).

2 Examples of these findings include Blackman and Wu (1999), Eskeland and Harrison (2003), Cole et. al.
(2008), and D’Agostino (2015).

® See, for example, People’s Daily online: http://en.people.cn/200611/01/eng20061101 317249.html

* Regional disparities in the impacts of FDI on China’s economy are documented in Tseng and Zebregs

(2002).



still an underexplored aspect of inequality.” We contribute to this broad topic area by examining
the firm-level impacts of China’s recent regional environmental protection laws.

The Chinese government has recently announced a series of laws to better regulate and
reduce pollution. Observers now worry that the Chinese government’s efforts to improve
pollution control may drive away FDI firms and impede the development of local economies.

For the government’s policies to have their desired effects, they must induce movements towards
cleaner technologies within industries and/or the exit of the most polluting firms or industries if
production technologies cannot be improved. Our data allows us to analyze the latter issue; that
is: how have the government’s regional pollution controls affected existing firms, both foreign
and domestic, in different regions? Are foreign firms more mobile than domestic firms, and
therefore more likely to exit a region in China due to a change in the environmental regulations?
Alternatively, are foreign firms less likely to exit a region in China once environmental
regulations impose an added cost of business on domestic rivals that use more pollution-
intensive technologies?

To address these research questions, we conduct a cross-firm study on firms’ relocation or
exit behavior, comparing domestic and foreign-owned firms in Two Control Zones (TCZs) or
non-TCZs. The TCZ policy was initially adopted in 1998 by the State Council of China. The
major target of TCZ policy is to control the output of sulfur dioxide (SO,). The majority of the
sulfur dioxide output can be measured accurately and inexpensively through acid rain analysis in
southern China, while in northern China it is measured directly by SO, emissions data collection
due to climate differences. Therefore, controlling the SO, air pollution in northern China and

controlling acid rain in southern China are the so-called “Two Controls.” According to the State

® For example, the Journal of Economic Perspectives’ Spring 2016 edition features a symposium entitled
“Inequality Beyond Income” which covers inequalities in consumption, mortality, health insurance, marriage and
childbearing, and crime and criminal justice, but no coverage of environmental quality inequality.



Council documents (1998, 2002), there are five major aspects in the TCZ policy®: 1) Based on
the records before 1998, cities with particularly high output of SO, are designated as SO,
emission control zones or acid rain zones, the so-called TCZs. The list of TCZs has not been
changed since 1998. In total, the TCZs include 11.4% of China’s land area (175 prefecture
cities), and they produce 67% of its GDP and 66% of its SO, emissions in 2000. 2) The policy
sets targets on total SO, output and geographic density of SO, output for each TCZ. 3) The
policy requires specific higher SO,-related standards on fuel quality for all firms in TCZs and
higher standards of SO, emission control for firms in pollution-intensive industries in TCZs.
Some high-pollution coal-related producers are required to shut down or upgrade. 4) TCZs must
change their industry structure to become more environmentally friendly; and 5) the management
of emission fees in TCZs must be stricter and more efficient. Therefore, for firms following low
standards of SO, emission control previously and/or with SO,-related fuel-intensive production,
the implementation of TCZ policies increases their production cost and may even drive these
firms to exit the market. This effect can be especially strong for FDI firms if the pollution haven
hypothesis holds. Otherwise, if the pollution halo hypothesis dominates, the relocation effect of
TCZ policies should be weaker for FDI firms than domestic firms. In this paper, we investigate
the effects of TCZ policies on the exit behavior of manufacturing firms in China based on 1998-
2009 firm-level data.

This paper contributes to the existing literature in two respects. First, we investigate the
impact of pollution control policies on the exit behavior of foreign firms in the manufacturing
sector of China, the largest FDI recipient among developing countries. Second, based on
abundant firm-level data, we find supporting evidence for both the pollution halo and pollution

haven hypotheses. The exit behavior of foreign firms is found to depend on their size,

® For more details, please see Hering and Poncet (2011).



productivity, exporter status and SO,-related industrial and regional characteristics. Our results
indicate that larger size, higher productivity and exporting all make foreign firms less likely to
exit than similar domestic firms in regions with stricter pollution control.

The rest of this paper is organized as follows. Section 2 reviews related literature and
introduces the empirical strategies. Section 3 describes the data. Section 4 reports the estimation
results and conducts various robustness tests. Concluding remarks are presented in Section 5.

2. Literature Review and Methodology

There is a large body of theoretical and empirical literature devoted to the effect of
pollution controls on FDI firms. However, empirical studies fail to provide a consensus
conclusion on this relationship. Some researchers document significant evidence supporting the
pollution haven hypothesis (e.g., Henderson, 1996; Becker and Henderson, 2000; Keller and
Levinson, 2002; Chung, 2014), but other studies find no significant supporting evidence (e.g.,
Friedman, et. al. 1992; Levinson, 1996; Eskeland and Harrison, 2003; Javorcik and Wei, 2004).
As Levinson and Taylor (2008) suggested, unobserved heterogeneity between firms might be an
important cause of the conflicting results among these empirical studies.

Recent theoretical contributions have tried to incorporate heterogeneity at different levels
into the models. Using a standard game theoretic approach with endogenous market structure
(i.e., industry heterogeneity), Elliott and Zhou (2013) demonstrate that greater stringency in
environmental standards can lead to a strategic increase in capital inflows under some market
structures. Tang et. al. (2014) set up a partial equilibrium model with heterogeneous firms to
study the effect of environmental policies on firms’ decisions regarding output, pollution
emission and relocation. They find that with appropriate policy design, the least productive firms

will exit the market, while the total output may be unaffected. In the field of industrial



organization, many studies have included firm, industry and regional features in the framework
of firms’ exit decisions (e.g., Ericson and Pakes, 1995; Weintraub, 2008).

Some empirical studies have confirmed the importance of allowing for industrial and
firm-level heterogeneity. Based on a sample of over 3,800 FDI observations between 1993 and
1996, Dean, Lovely and Wang (2009) find significant evidence of pollution haven behavior of
FDI firms funded by investors from Hong Kong, Macao, and Taiwan operating in highly-
polluting industries in China. But FDI firms funded by non-ethnically Chinese sources are not
significantly attracted by weak pollution standards, regardless of the pollution intensity of the
industry. They thus ask for further investigation into differences in technology between industrial
and developing country investors.

Using city-level panel data covering all the major metropolitan areas, Liang (2008) treats
China’s geographic features and regional differences in trade policies as exogenous sources of
variation in access to FDI. He finds that for some regions, FDI may have beneficial effects on
China’s environment as multinationals crowd out inefficient local firms and improve local
productivity and energy efficiency. This finding indicates that FDI can affect the local
environment through different channels under different regional features. Lu, et. al. (2013) use
the implementation of the Two Control Zone (TCZ) policy as a quasi-natural experiment and
analyze the effect of environmental regulation differences on FDI flows with city-level data.
They find that cities with tougher environmental regulation attract less FDI and this negative
effect is stronger for polluting industries than for non-polluting industries.

Following Lu, et. al. (2013), we also use the implementation of the TCZ policy as a
quasi-natural experiment, but instead of analyzing FDI inflows as a macroeconomic indicator of

entry by foreign firms, we use firm-level data to analyze the exit decisions of incumbent foreign



and domestic firms following the TCZ policy implementation. Lu, et. al. focus on the effects of
TCZ policy on FDI inflows at the city level. Our study investigates if firms’ exit behavior are
affected by the implementation of the TCZ policy. To accomplish this task, we follow the
framework provided by Ericson and Pakes (1995) and developed by Weintraub et. al. (2008).
The model aims to explain the great variability empirically observed between firms in terms of
their exit processes given that some critical industrial and regional features are controlled. We
assume each existing firm in the market makes decisions based only on its own state and
knowledge of the long-run average industry and regional state, but it ignores current information
about competitors’ states. At any given time t, the firm must decide to continue or exit the
market. The exit rule is based on the comparison between the sell-off value ¢ and the optimal
expected net present value of all future profits. At any time t, it thus solves:

Wi (e, s¢) = max, {E:[X7Z, B 'R(wq, Xz, S Xz + BT (A1 — X)), 91, 1)
where y, is the continuation decision dummy variable. If the firm exits, y, = 0, otherwise,
x: = 1. B is the discount factor, R(-) is the one period profit function, and w, denotes firm’s
productivity. The firm’s investment at period 7 is x; = 0. s; is a status vector that describes the
market structure of the industry. If the first term in the bracket is greater than the second, the firm
stays in the industry; otherwise, it leaves. The firm’s maximized net present value at time t, W;,
therefore depends on both its productivity, w,, and the industry market structure, s,.

Our study is based on this model, but introduces three additional types of control
variables: 1) firm features other than productivity; 2) locational features to capture the sub-
regional economic environment; and 3) industry features to capture the possible fixed industrial
differences in response to TCZ policies. One of the important firm features that may affect a

firm’s exit decision is the capital intensity. Higher capital intensity indicates greater sunk cost.



Sunk costs can be barriers to exit because they induce irrecoverable losses for firms when they
decide to leave the market (Sutton, 1991). In addition, higher capital intensity increases the entry
cost of potential competitors, which may also lower incumbent’s exit probability (O’Brien and
Folta, 2009). There are also several other firm-level variables which are often included in firm
exiting literature, such as firm size, financial leverage and firm age. Firms with higher short-run
or long-run debt ratios tend to face higher financial risk and are more likely to exit the market
(Harris and Raviv, 1991; Zwiebel, 1996).

Since 1978, China has adopted different regional development policies for coastal and
inner land areas (Fung, et.al., 2004). As a result, China’s coastal and inner regions are now in
different development phases which may cause regional differences in firm behavior. Therefore,
we add a regional dummy coast; into the regression which is equal to 1 when city j belongs to a
coastal province or a municipality, and 0 otherwise. To control for possible industry
heterogeneity, we also add industry dummies for each 2-digit level industry’.

Based on the above arguments, we assume that the probability of firm exit depends on the
firm’s time-varying features, such as productivity, capital intensity, firm size, financial leverage
and age (denoted by vector Xij), and on control variables such as industry variables (indy), a
regional dummy variable (coast;), and year dummies (year;). Therefore, a reduced form of the
exit equation can be written as follows:

Pr(Exitijkt) = p(Xijke, indyy, indyy, coast;, yeary) (2),
where subscript i denotes firm, j denotes city, 2k or 4k denote 2-digit or 4-digit industry, and t

denotes time.

" Based on the classification provided by National Statistical Bureau of China, there are 30 2-digit
industries in the manufacturing sector. However, data for the nuclear industry is not available in our data source, so
we have 29 industries in total.



Equation (2) is our benchmark equation. To study the effect of TCZ policy on firms’ exit
behavior, we add the dummy variable TCZ; which is equal to 1 when city j is a two control zone
and 0 otherwise. As mentioned above, firm heterogeneity may cause different impacts of
pollution control policies. Therefore we add interaction terms between TCZ; and firm size,
productivity and exporter status, respectively.

According to Hering and Poncet (2011), differences in TCZ policy effects may be due to
pre-TCZ industry heterogeneity that can be measured by three SO, emission-related industry
variables: coal consumption over value-added for industry k (coaly), its total energy use over
value-added (energyy) and its electricity use over value-added (electricity,)®. To investigate the
effects of industry heterogeneity, we add these three variables and the interactions between them
and TCZ into our exit equation. On the other hand, since the TCZ policy has set specific targets
for total SO, emissions and the emissions density, the differences in TCZ policy impacts may
also be due to the differences in local SO, emissions control levels. TCZ city j with higher total
SO, emission (SO,_emissionj;) or emission density (SO, emission over area ratio, denoted as
SO,_emission_density;;) at time t may reflect loose implementation of pollution control policies,
which can further weaken the impacts of TCZ policies. At the same time, TCZ city j with high
efficiency of SO, emission at time t (SO, emission over output ratio, denoted as
SO,_emission_efficiency;;) may indicate strong pollution control ability. Therefore, we
incorporate these three regional pollution variables and the interactions between them and TCZ;
into our exit equation to study the effects of regional heterogeneity.

Since our focus is FDI firms’ responses to TCZ policies, we first compare the exit

behavior of FDI firms in TCZs and those in non-TCZs in the following statistical and

& We follow Hering and Poncet (2011) in using year 1997 data at the 2-digit industry level for these three
variables to capture pre-TCZ industry heterogeneity. Therefore, these variables do not change over time.



econometric analyses. The differences can be reflected by the estimated coefficients of TCZ; as
well as the interactions between TCZ; and other variables. Then, we compare the policy response
differences between FDI firms and domestic firms. The differences can be reflected by the
interactions between TCZ; and firm ownership (TCZ;*FDI), as well as the interactions between
TCZ;*FDI and other variables.

3. Data and Summary Statistics

We use both city-level and firm-level data analysis in this paper. Most of our city-level
data are 1997-2013 yearly data from the Chinese City Statistical Yearbook, which covers 291
prefectural level cities®. The Chinese City Statistical Yearbooks provide us the data on regional
output, land area, total SO, emission, per km* SO, emission, number of firms, etc. The
Consumer Price Index (CPI) for 27 provinces and 4 municipality cities is also reported by the
Chinese City Statistical Yearbook for each year. Therefore, all value-related variables are
deflated with provincial CPI in the following analysis. Another source of city-level data is the
State Council’s official document, “The Official Reply of the State Council Concerning Acid
Rain Control Areas and SO2 Pollution Control Areas”. It lists the names of all cities that belong
to the Two Control Zones.

Figure 1 shows the total SO, emission in TCZs and non-TCZs from 1997 to 2013, as well
as the percentage differences of SO, emission and Gross Regional Product (GRP) between TCZs
and non-TCZs. The left vertical axis is for total SO, emission while the right vertical axis is for
the percentage difference. We can see that the total SO, emission for both TCZs and non-TCZs
increased a lot from 1997 to 2013, due to China’s rapid economic growth. We also notice that the
percentage difference of SO, emission between TCZs and non-TCZs decreased steadily during

the same period. However, the percentage difference of GRP between TCZs and non-TCZs did

° A prefectural level city ranks below a province and above a county in China's administrative structure.

10



not change much. This indicates that the implementation of TCZ policies may have had some

effects on the total SO, emission.
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Figure 2 presents the SO, emission per km?, a measurement of the SO, emission density,
in TCZs and non-TCZs and the % difference. Figure 3 reports the SO, emission per 10 yuan of
GRP, a measurement of the SO, emission efficiency, in TCZs and non-TCZs and the %
difference. We find that TCZs have higher SO, emission density but better SO, emission

efficiency when compared with non-TCZs. The percentage difference of SO, emission density
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between TCZs and non-TCZs decreased over the study period, which again suggests the
effectiveness of TCZ policies. On the other hand, although the SO, emissions efficiency has
decreased for both TCZs and non-TCZs from 1997 to 2013, the % difference has grown during
the same period, as seen in Fig. 3 by negative values that increase in absolute value. This means
that the SO, emission efficiency has improved more in TCZs than in non-TCZs, which again

suggests the effectiveness of TCZ policies.
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Since the city-level data seem to indicate real effects of TCZ policies, we continue
investigating the TCZ policy effects by looking for evidence at the firm-level. Our firm-level
data are annual observations for 1998-2009 from the Financial Information Database for Chinese
industrial enterprises provided by the National Bureau of Statistics of China (NBSC). The firm-
level database covers all non-state owned industrial firms with annual sales of 5 million yuan or
more and all state-owned industrial firms in China. These firms can be divided into 37 industries
at the 2-digit level, including 29 manufacturing industries, 5 mining industries and 3 utilities and
recycling industries. We focus on the 29 manufacturing industries. As described in detail in

Greaney and Li (2013), the firms are classified by ownership into five types: state-owned
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enterprises (SOEs), other domestic enterprises (ODEs),° foreign-direct-invested enterprises
(FDIEs) and Hong-Kong-Macao-Taiwan-invested-enterprises (HMTES). The firm-level data is
cleaned by excluding firms that report values that include apparent errors (i.e., negative values
for assets, exports exceeding sales, employment subgroups that do not add up to totals reported,
total fixed assets exceeding total assets, etc.) or non-exiting firms that report less than 10
employees or less than 1000 yuan in average annual income per worker or total assets. We lose
about 7% of firms in our chosen industries through data cleaning.

Many studies have shown that environment policies may affect firms’ entry decisions and
cause so-called “selection effects”. Firms born in TCZ cities after the implementation of the TCZ
policies may already have cleaner production techniques and be more likely to survive under
strict environment controls. To exclude this selection effect, our analysis only focuses on firms
established before 1998, the year that TCZ policies went into effect. **

Our firm-level dataset provides basic information for each firm such as firm name and 1D
number, establishment year and month, zip code, sector and ownership information. It also
provides data on each firm’s output, employment, capital and other operations-related data. The
strength of our data is the detailed information we have at the firm level to use in explaining the
exit decisions of firms. By government registration procedures, each firm name and ID number
are unique identifiers for a single firm. We use the 1D number to identify each firm since the firm
names in Chinese are more likely to have typos. In our data, whenever a firm exits the market, its
data record stops. Unfortunately for our inquiry, there is another reason why a firm’s data record
may stop—a change of ownership. Even if a firm remains in the same location and industry, its

ID number changes with a change of ownership (e.g., a foreign takeover or privatization). This

19 ODEs include collectives and private domestic enterprises.
1 There are more than 150 thousand firms established before 1998 in our dataset.
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type of ownership change does not move the production location of the firm, so the firm
continues to be subject to the same pollution control policies. To exclude these types of
ownership changes from the firm exits that we wish to study, we reassign unique firm ID
numbers to observations with the same firm name, zip code and sector ID, thereby including
these ownership-changing firms as continuing (i.e., non-exiting) firms.*

An additional weakness of our data is that it does not include the parent company of
firms that newly enter the market. The starting year indicated in our data can be the year in
which the firm changed its ownership. Due to these data limitations, we do not study firms’ entry
behavior.

Our variables are constructed as follows:

Exit: According to the definition of exit in Weintraub et. al. (2008), an incumbent at
period t is a firm that is present both during the current year t and the next year, whereas a firm
that exits at period t is in the market during year t but not during period t+1 and all following
years. Exit;; is a dummy variable equal to 1 if firm i exits in year t, and 0 otherwise. Therefore,
the firm-level data for 2009 are dropped in our regression since we cannot observe if the firms
are still in market in 2010. As firms may disappear in period t+1 and appear in period t+2 again,
we also dropped 2008 firm-level data to avoid these cases.™

Firm-specific variables (X;.): Firm i’s size at time t is measured by its number of

employees (Li;). To measure productivity of firm i at time t (w;;), we estimate firm i's total factor

productivity at time t (tfpi;) using the Olley-Pakes (1996) production function. Capital intensity is

12 There are 29,713 firms that change their firm ID without changing location or industry, which covers
123,094 observations, about 10% of our total observations. In unreported estimations, we dropped these ownership-
changing firms from our data and found that the signs and significance of estimated coefficients are not different
from those reported in Tables 4 and 5. A firm’s record also may be stopped because its annual sales fall below 5
million yuan. In this case, we treat the firm as exiting the market. For firms with records that disappear for some
years and then appear again, we only count its last disappearance as an exit.

> We have 50,262 firms that disappear from the data in year t+1 and appear again in year t+2. But only
4,768 firms disappear for more than 2 years and appear again.
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measured by the ratio of fixed capital over L;. The average annual wage level of each firm
(Wagei) is measured by the total wage bill divided by L. An exiting firm may become smaller
and pay lower wages, so an endogeneity problem may exist between Exit;; and L;; or Exit;; and
Wagei.. Therefore we take one period lags for Lj; and Wage;; to solve the endogeneity problem.
We thus dropped firm-level data for 1998 in our regression. Two ratios are used to measure a
firm’s financial leverage: current liability over total assets and long-term liability over total
assets. For firm ownership types, we focus on two dummy variables, HMTE and FDIE, which
equal 1 when the firm is a HMTE or FDIE and 0 otherwise.

Finally, two dummy variables are used to measure a firm’s exporter status: PEX and EX.
If a firm is a pure exporter that exports more than 90% of its sales, PEX equals 1, and O
otherwise. If a firm exports but is not a pure exporter, EX equals 1, and otherwise 0. Since pure
exporters export almost all of their output, China’s various sources of comparative advantage,
possibly including its lax environmental policies, may be more important for them than for non-
exporting or regular exporting firms. Therefore, pure exporters may be more sensitive to changes
in pollution control than other firms. Alternatively, Defever and Riafio (2012) and Lu, Lu and
Tao (2014) find that special subsidies given to pure exporters allow them to operate even when
they are less productive than regular exporters, but more productive than non-exporters, on
average. This evidence supports our inclusion of separate PEX and EX dummies, and suggests
that ranking regular, pure and non-exporters based on their sensitivity to pollution control
policies is complicated by the existence of productivity and subsidy differentials.

Industry-specific variables (Indy): Following Blanchard (2012), the industry structure is

measured using the Herfindahl-Hirschman concentration index calculated from the firm-level

data for each 4-digit industry k observed at year t:
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where N, is the number of firms belonging to industry k in year t. VA;, is the output of firm i
in year t. For the three SO, emission-related industry variables (coaly, energy.x and electricity)
we borrow from Hering and Poncet (2011) and match with each firm based on its sector
information.

Region-specific variables (Reg;): Based on a firm’s zip code information, we set TCZ;; =

1, if the firm is located in a TCZ. Otherwise, TCZ;; = 0. Among the 280 cities covered by our
firm level data, 155 are listed as TCZ cities. According to Hering and Poncet (2011), although
most of the TCZs are located in the middle and coastal regions of China, the TCZ dummy
variable is not “simply picking up heterogeneity in terms of outward orientation of cities”. All
TCZs have FDI and HMT firms. There are also FDI and HMT firms in Non-TCZs. Three other
regional variables are total SO, emission;; (Million Tons), SO, emission density;: (Tons per 1000
km?) and SO, efficiency; (Tons per 10,000 yuan)'* mentioned earlier. These city-level data are
matched with firm-level data based on firm zip code.

Table 1 shows the shares of firms with specific features by firm ownership in TCZs or
Non-TCZs. Small firms refer to firms with employment less than median employment over all
firms in the same year. Small firms tend to be more sensitive to cost changes (Monk, 2000) and
the tightening of pollution control can cause costs to increase. Therefore, small firms may be
more sensitive to changes in pollution policies. Firms with high TFP refer to firms with TFP
greater than the median TFP over all firms in the same year. Coal- (or energy-) intensive firms

refer to firms with coal (or energy) consumption greater than the median level over all firms in

“In Figure 3, we use tons per 10 million yuan for the units of SO, efficiencyj; for convenience in displaying
the figure’s scale. Here, we use tons per 10,000 yuan so that the estimated coefficients in later regressions are not
too large in scale.
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the same year. We can see that the majority of the firms are domestic firms (0.416 for ODE and
0.14 for SOE). Across all regions domestic firms have greater shares of small, coal-intensive,
energy-intensive and exiting firms. FDIEs or HMTESs have greater shares of high TFP firms and
exporters. On the other hand, TCZs have greater shares of small firms and exporters, but smaller

shares of high TFP, coal-intensive, energy-intensive and exiting firms. However, there are

Table 1.Share of Firms with Specific Features by Region and Firm Type
(Based on 1999-2007data)

Firms
Regions with Coal- Energy- Share in
Firm |[Small [High [Regular |Pure Intensive |Intensive [Firms |the
Types [Firms |TFP |Exporter |Exporter [Firms Firms Exit  |Region

FDIE | 0.348 0.639 0.343 0.224 0.540 0084 0112 0.052
HMTE | 0.384 0.565 0.274 0.199 0.566 0.087 0.130 0.045
ODE | 0.430 0.543 0.138 0.040 0.640 0.134 0.148 0.456
SOE 0.370 0.403 0.106 0.012 0.655 0.111 0.210 0.185
All 0.425 0.516 0.140 0.051 0.641 0.131 0.168

FDIE | 0.377 0.626 0.382 0.286 0.464 0.093 0.094 0.108
HMTE | 0.359 0.513 0.284 0.371 0.483 0091 0.114 0.140
TCZs [ODE [ 0.466 0.509 0.174 0.074 0.541 0119 0125 0.406
SOE 0.381 0.392 0.151 0.015 0.555 0.109 0.187 0.129
All 0.438 0.502 0.196 0.129 0.533 0.117 0.140

FDIE | 0.374 0.628 0.378 0.279 0.472 0.092 0.096  0.097
HMTE [ 0.361 0.518 0.283 0.358 0.490 0090 0116 0.122
ODE | 0.458 0.520 0.166 0.066 0.564 0122 0131 0.416
SOE 0.379 0.422 0.135 0.014 0.589 0.110 0.192  0.140
All 0.435 0.512 0.183 0.113 0.557 0.120 0.146

Non-
TCZs

All
Regions

different patterns for domestic and foreign firms in some aspects. For example, FDIEs and
HMTESs have greater shares of energy-intensive firms in TCZs, but SOEs and ODEs have greater
shares of energy-intensive firms in Non-TCZs. There are greater shares of FDIEs and HMTESs in
TCZs than in Non-TCZs, and correspondingly greater shares of SOEs and ODEs in Non-TCZs
than in TCZs. We can also see some differences between HMTESs and FDIEs. FDIEs have greater
shares of small firms in TCZs while HMTESs have greater shares of small firms in Non-TCZs.

The share of HMTE pure exporters in TCZs is almost twice the corresponding share in Non-
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TCZs, but the difference for FDIEs is small. Therefore, if these firm characteristics impact firms’
exiting behavior, they may cause different responses to TCZ policies.
Table 1 also shows that FDIEs and HMTEs have lower shares of exiting firms in TCZs than in
Non-TCZs. This observation that foreign firms are less likely to exit from regions with stricter
pollution control goes against a basic prediction of the pollution haven hypothesis. However,
since TCZs have lower shares of exiting firms overall than Non-TCZs, there may be other
regional characteristics that dominate the pollution haven effect and attract foreign firms.

Table 2 shows the annual exit rate of firms with specific features in TCZs and Non-TCZs.
We can see from the “All” firms column that in most years, firms in TCZs have lower exit rates
than those in Non-TCZs on average. FDIEs have the lowest exit rates among all ownership types
in both regions and in most years while SOEs have the highest exit rates. For both regions,
exporters or firms with higher TFP have lower than average exit rates in most years, while firms
with smaller size or higher coal consumption intensity have higher than average exit rates. The
exit rate differences (in percentage terms) between high TFP firms and average level firms are
greater in Non-TCZs than in TCZs. The exit rate differences between small firms and average
firms are greater in Non-TCZs for years before 2002 and greater in TCZs from 2002 onward. At
the same time, energy-intensive firms in Non-TCZs have lower than average exit rates in 7 of 9
years, but those in TCZs have greater than average exit rates in 6 of 9 years. Therefore, firms
with different ownership, size, TFP or exporter status have different exiting tendencies. Firms in
industries with different coal-intensity or energy-intensity may also have different exiting
tendencies. The impact of firm features and industry features can also differ by regions with

different pollution control policies.
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Table 2. Exit Rates of Firms with Specific Features in TCZs and Non-TCZs

. Regular Pure . Coal- Energy-
Regions | year | Al | FDIE |HMTE| ODE | SOE | Small Exp% ors | Exporters | MO TP | jnnive Inteng)\//e
1999 0134 0093 0094 0122 0148 0155 0.088 0.004 0.107 0.138 0.133
2000 0198 0108 0138 0198 0211 0223 0.149 0.173 0.175 0.206 0.182
2000 0159 0093 0113 0133 0191 0.19 0.109 0.112 0.134 0.164 0.165
2002 0183 0109 0148 0151 0226 0213 0.110 0.136 0.158 0.193 0.192
NonTCZs | 2003 0295 0163 0185 0282 0319 0352 0.175 0.200 0.250 0.314 0.272
2004 0134 0098 0121 0085 0318 0.112 0.077 0.089 0.099 0.127 0.117
2005 0090 0065 0089 0074 0158 0.01 0.080 0.072 0.070 0.097 0.089
2006 0100 0072 008l 0070 0338 0.125 0.061 0.071 0.067 0.109 0.093
2007 0282 0226 0221 0273 0320 0.303 0.237 0.239 0.275 0.201 0.270
1999 0144 0074 0104 0139 0150 0163 0.102 0.108 0.114 0.147 0.146
2000 0189 0091 0123 0193 0210 0210 0.127 0.133 0.161 0.197 0.200
2001 0113 0062 0078 0101 0150 0.138 0.070 0.080 0.086 0.118 0.124
2002 0127 0067 008 0113 0190 0.150 0.078 0.086 0.102 0.133 0.137
TCzs | 2003 0199 0110 0150 0188 0254 0240 0.132 0.141 0.163 0.204 0.186
2004 0116 0082 0100 0094 0252 0.105 0.070 0.088 0.083 0.117 0.111
2005 0086 0072 0083 0072 0147 0104 0.065 0.075 0.056 0.089 0.089
2006 0090 0065 0082 0066 0314 0.116 0.052 0.077 0.053 0.095 0.087
2007 0228 0193 0219 0218 0325 0248 0.200 0.195 0.220 0.237 0.230
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4. Estimation Results

As Figures 1-3 have shown, TCZ and Non-TCZ regions differ in their SO, emission,
density and efficiency every year, as well as in the time trends of these variables. These
disparities may reflect both the differences in pollution control levels between the two regions
and the differences in how heterogeneous firms respond to pollution controls. To further study
the effects of TCZ policies on foreign firms’ exit behavior, our next step is to estimate equation
(2) based on FDIEs and HMTEs established before 1998 with a random effect panel logit
regression. Table 3 shows the results. The equation estimated in column (1) includes only firm-
specific variables.

We add region- and industry-specific variables step by step in columns (2)-(7). We can
see that all control variables are significant with expected signs. Foreign firms with higher
productivity (TFP), larger size, greater capital intensity and better workers (measured by higher
average wage) are less likely to exit the market, as one would expect. Firms that are older or
facing higher financial risk (i.e., higher current or long-run liability ratio) are more likely to exit.
As we mentioned earlier, coastal regions of China have better economic development, so we
expect that firms in coastal regions are more competitive and less likely to exit than those in
other regions. Our estimation results in column (2) are consistent with this expectation. The
estimated coefficient for coast is negative and significant. The estimated coefficient for Industry
Concentration is significant and positive, as expected. Column (3) shows that the estimated
coefficient for TCZ is negative and significant. The estimated coefficient for coast is still
significant and negative, but the absolute value is smaller than in column (2). These results
indicate that after controlling for coastal locations, industry concentration and firm features such
as TFP and firm size, foreign firms in TCZs are still less likely to exit than those in Non-TCZs on

average. This evidence runs counter to the prediction of the pollution haven hypothesis. In

20



column (4), the estimated coefficients for FDIE and FDIE*TCZ are insignificant, which
indicates that the exit behavior of FDIEs is not significantly different from that of HMTEs in
both TCZs and Non-TCZs.

In columns (5) and (6), we add the interactions TFP*TCZ or Firm Size*TCZ into the
regression. The estimated coefficients for the two interaction terms are both negative and
significant. This indicates that TFP and firm size are even stronger exit deterrents in TCZs than
in non-TCZs. However, the estimated coefficients for TCZ become positive and significant in
columns (5) and (6). This means that, if foreign firms are very small or have very low
productivity, the total effect of TCZ + TFP*TCZ or TCZ + Firm Size*TCZ can be positive; that is
they are more likely to exit the market in TCZs than in Non-TCZs. On the other hand, if foreign
firms are large or have high productivity, they are less likely to exit the market in TCZs than in
Non-TCZs. These results imply that firm characteristics matter in looking for evidence of the
pollution haven hypothesis.

In column (7), we add exporter status dummies and interactions between them and TCZ
into the estimation. We can see that the estimated coefficients for EX and PEX are both
significant and negative. It indicates that both types of exporters are less likely to exit. This is
consistent with the Melitz (2003) model prediction. The estimated coefficient for EX*TCZ is also
significant and negative. This means that exporter status is a stronger exit deterrent for regular
exporters in TCZs than those in Non-TCZs. However, the estimated coefficient for PEX*TCZ is
significant and positive, indicating that exporter status is a weaker exit deterrent for pure
exporters in TCZs than those in Non-TCZs. These results imply that foreign regular exporters
and foreign pure exporters respond differently to TCZ policies, on average.

As we have mentioned earlier, there may be reasons other than TCZ policies that make all
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firms in TCZs less likely to exit than those in Non-TCZs on average. Therefore our next step is

to examine the exit behavior of both foreign and domestic firms. Table 4 reports our estimation

results for foreign firms only, domestic firms only, and all firms combined. In unreported results,

all control variables are still significant with expected signs in regressions reported in Table 4.

The estimated coefficients in the first block “Foreign Firms” are the same as those in Table 3. For

Table 3. Panel Logit Regression Results For FDI and HMT Firms Established Before 1998

Variable Wl ol el wl el 6] 0
Firm Age 047177 02237 022077 020277 021977 02167 0.196
Firm Size; .1 030477 034177 03407 0340 -0.340 " -0.2347 -0.286
TFP -0.287 7 <0432 -043377 042877 03627 04337 04347
K/L -0.051 7" <0021 -0.0227" -0.0197" 00217 00227 -00337"
Wage; 1 0157 7 <0224 021777 020877 0216 02187 -0.201
Current

Liability/K 034977 044277 044277 043977 044477 044177 04137
Long-term

Liability/K 0591 071277 0706 0708 0.707 0704 0.658
Coast -0.116 7 -0.087 7" -0.100 7 -0.090 " -0.088 " 0.002

I n d u St ry *okk *okk *okk *okk Fokk Fkk
Concentration 2.080 2.075 2.069 2.065 2.065 2.060
TCZ 0130 7 -0.099 ~ 0496 0457 -0.105
FDIE -0.068

FDIE*TCZ -0.089

TFP*TCZ -0.081 ™"

Firm Size, .,*TCZ 01177

EX -0.294 "
EX*TCZ -0.688
PEX -0.141 "
PEX*TCZ 0191
Num. of Obs. 188,664 188,664 188,664 188,664 188,664 188,664 188,664
Industry

Dummies No Yes Yes Yes Yes Yes Yes
Year Dummies No Yes Yes Yes Yes Yes Yes

Notes: ***=significant at the 1% level, **=significant at the 5% level;
*=significant at the 10% level;
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the “Domestic Firm” results, we can see that the estimated coefficients for TCZ are still
significant and negative in most cases. Therefore, on average, domestic firms in TCZs are less
likely to exit than those in Non-TCZs, similar to the result found for foreign firms. The estimated
coefficients for SOE and TCZ*SOE are both significant and positive. This indicates that SOEs
are more likely to exit than other domestic firms and this effect is stronger in TCZs than in Non-
TCZs. This result differs from Hering and Poncet’s (2011) finding that the implementation of
TCZ policies is weaker on SOEs than on other types of firms. This may be because Hering and
Poncet (2011) focus on firms’ exporting behavior instead of exiting behavior, so they include
only SOE exporters while we include all SOEs.*

The estimated coefficients for TFP, EX, PEX and Firm Size are all significant and
negative for domestic firms, similar to the results found for foreign firms. However, the
estimated coefficients for interactions TCZ*TFP, TCZ*EX and TCZ*PEX are not significant for
domestic firms. Therefore, the effect of productivity and exporter status on domestic firms’ exit
behavior does not differ based on whether a firm is subject to TCZ policies or not. On the other
hand, the estimated coefficient for the interaction TCZ*Firm Size is still significant and negative.
Therefore, the TCZ policies enhance the effects of firm size in deterring firm exit.

For the “All Firms” block of results, we can see that the estimated coefficients for TCZ,
FDIE and HMTE are all significant and negative. This means that firms in TCZs are significantly
different from those in Non-TCZs in that they are less likely to exit, on average. At the same
time, foreign firms are less likely to exit than private domestic firms. The estimated coefficients
for SOE and SOE*TCZ in the benchmark column are significant and positive. This indicates that

SOEs are more likely to exit than private domestic firms and the TCZ policies strengthen this

15 Since we find no evidence that the implementation of TCZ policies is weaker for SOEs than for other
domestic firms, we compare foreign firms with all domestic firms combined (i.e., SOEs and other domestic firms) in
most of the later analysis in the paper.
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effect. However, the estimated coefficients for FDIE*TCZ and HMTE*TCZ in the benchmark
column are not significant. We can interpret the results from the estimated coefficients on FDIE,
HMTE, FDIE*TCZ and HMTE*TCZ to mean that foreign firms, on average, are less likely to
exit than private domestic firms and TCZ policies do not change this difference significantly. On

Table 4. The Effects of Firm Features on Firms' Responses to TCZ Policies

Firm Features

Firm Types Variables FDIE SOE TFP EX PEX Firm Size
TCZ -0.099 0496~ -0.105"  -0.105 0457

. Firm Feature -0.068 03627 02947 -0141°  -0.2347

Foreign :

Firms TCZ*Firm - - x -
Feature -0.089 -0.081"" -0.688 0.191 -0.117
Num. of Obs. | 188,664 188,061 188,664 188,664 188,664
TCZ 0136 7 01007 -0.11877 -0.118""  0.006

. |Firm Feature 0095 022177 01957 -0325" -0.168"

Domestic :

Firms TCZ*Firm " "
Feature 0061 -0.003 0.002 0.042 -0.026
Num. of Obs. 621,252 621,253 621,254 621,255 621,256

Firm Features

Benchmark TFP EX PEX Firm Size
TCZ 01377 013977 013177 -01317 -0135
FDIE -0.336 03287 -0.2687" 0268 -0.348 "
HMTE -0.249 -0.250 7 02007 0200 -0.256
SOE 0077 0.021 00747 00747 0077
FDIE*TCZ -0.036 02787 0101 01017 0481
HMTE*TCZ 0.022 0636 014977 01497 0726
SOE*TCZ 0.063 1,062 00497 00497 0058

AIIFIrms  Firm Feature 0291 -0183™ 0208 -0.185""
FDIE*TCZ
*Eirm Feature -0.040 7 024877 017077 -0.104 7
HMT*TCZ
*Firm Feature 008177 02107 -01307 -0.1417
SOE*TCZ
*Firm Feature 0.167
Num. of Obs. | 809,916 809,916 809,916 809,916 809,916

Notes: ***=significant at the 1% level; **=significant at the 5% level;
*=significant at the 10% level,
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the other hand, if we combine the results from the TCZ, FDIE*TCZ and HMTE*TCZ
coefficients, they show that the higher tendency for firms to exit in TCZs than in non-TCZ does
not vary significantly with firm ownership. These results can be interpreted as supporting neither
the pollution halo hypothesis nor the pollution haven hypothesis since we found that foreign
firms were neither less likely nor more likely to exit from TCZs than domestic private firms.

However, in the last four columns of the “All Firms” results in Table 4, when we add
interactions between firm features and FDIE*TCZ, HMTE*TCZ into the regressions, the
estimated coefficients for FDIE*TCZ and HMTE*TCZ all become significant and positive. The
estimated coefficients for firm features, such as TFP, EX, PEX and Firm Size, are still all
significant and negative. The 3-variable interactions between these firm features and FDIE*TCZ
or HMTE*TCZ are also significant and negative. These results indicate that among firms that
export, are large or have high TFP in TCZs, foreign firms are less likely to exit than domestic
firms. This is consistent with the pollution halo hypothesis. On the other hand, among TCZ firms
that are non-exporters, small, or have low TFP, foreign ownership is associated with a higher
probability of exit than domestic ownership. This result is consistent with the pollution haven
hypothesis.

However, the above analysis does not control for other features of TCZ regions, aside
from pollution control policies, that may contribute to the different responses of foreign firms
and domestic firms in TCZs versus non-TCZs. To solve this problem, we add SO,-related
industry features or regional features into the regressions. Table 5 reports the estimated
coefficients of industry or regional variables and the interactions between them and TCZ for
regressions based on data of different types of firms. We can see that the estimated coefficients of

all industry variables are significant and positive while all those for regional variables are

25



insignificant for regressions based on foreign firm data. Only one interaction, TCZ*Electricity,

has a significant coefficient and it is negative. These results mean that foreign firms in industries

with more intensive coal, energy or electricity consumption are more likely to exit, and TCZ

policies weaken the effect of electricity consumption on firm exit. On the other hand, the selected

regional features have no significant effects on foreign firms’ exit behavior.

Table 5. The Effects of Regional or Industry Features on Firms' Responses to TCZ Policies

Industry Feature Regional Feature
Firm Variables . 802 Total SO2 SO2
Types Coal Energy | Electricity | Emission . "
Density Emission | Efficiency
TCZ 0127 w0127 w00 0117 0137 -0.09 "
_ |RegF or IndF 261.06 3278 284947 0.16 0.13 -0.21
Foreign
Firms TCZ*RegF or .
TCZ*IndF -0.43 -0.45 -27.16 0.11 0.33 -0.28
Num. of Obs. 188,061 176,994 188,061 165938 165941 166,285
TCZ 01387 <0008 -00827 -0147 0137  -0137
FDIE 034277 -02637  -0280° -0337 0337  -0337
HMTE 025177 <0188  -0.166 -028° 0287 027
SOE 0078 0107 0154 009 008" 008"
FDIE*TCZ -0.041 011777 -0062° -003  -0.07" -0.03
A [HMTE*TCZ 0.022 -0.023 -0.020  0.034 ) -0.02 ) 0.06
Firms [SOE*TCZ 0.060 0.022 0004  0.054 0.05 0.06
RegF or IndF 3571397 1576 154470 0127 0247  -028"
FDIE*TCZ*RegF or .
EDIE*TOZ4In dgF 0.212 0084  -11.898" 0.166 0.73 0.45
HMT*TCZ*RegF or "
HMT*TOZ*n dgF -0.016 -0.086  -11.699 ™  0.502 1.30 -0.36
Num. of Obs. 807,346 741304 807,346 705675 705797 714,528

Notes: 1. ***=significant at the 1% level; **=significant at the 5% level; *=significant at the 10% level;
2. RegF denotes regional feature variables: Coal, Energy, or Electricity ; IndF denotes
industry feature varibles: SO, Emission Density, Total SO, Emission or

SO, Efficiency

For Table 5 regressions based on data for all firms, we can see that the estimated

coefficients for FDIE*TCZ are negative in all cases but significant in only three of the six
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specifications when Energy, Electricity or Total SO, Emission is added into the regression. In
these three cases, FDIEs are less likely to exit than domestic firms in TCZs, which is consistent
with the pollution halo hypothesis. The HMTE*TCZ term does not produce any significant
coefficients, so HMTEs do not appear less likely to exit than domestic firms from TCZs on
average. However, the estimated coefficients for FDIE*TCZ*Electricity and
HMTE*TCZ*Electricity are significant and negative. This indicates that in industries with high
electricity consumption, both types of foreign firms are less likely to exit than domestic firms
from TCZs. On the other hand, we also find that the estimated coefficients for HMTE*TCZ*SO,
Emission Density, HMTE*TCZ*Total SO, Emission and FDIE*TCZ*Total SO, Emission are
significant and positive. These results indicate that among TCZ cities with higher total SO,
emission, both types of foreign firms are more likely to exit than domestic firms. Among TCZ
cities with higher SO, emission density, HMTEs are more likely to exit than domestic firms. This
may be because TCZ cities with higher SO, emission density and total SO, emission may have
weaker implementation of pollution control. This can further weaken foreign firms’ comparative
advantage in environmentally friendly operations and the pollution halo effect.
5. Conclusions

In this paper, we study the effect of China’s pollution control policies, the Two Control
Zones policies, on the exiting behavior of different types of firms in China. We find that on
average, foreign firms’ response to TCZ policies are not significantly different from domestic
firms. However, if firms are disaggregated based on their size, productivity and exporter status,
we find evidence supporting both the pollution halo and pollution haven hypotheses. Foreign
firms with smaller size, lower productivity or non-exporter status are more likely to exit TCZs

than Non-TCZs and this differential tendency is stronger than that of domestic firms. This is
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consistent with the pollution haven hypothesis. On the other hand, foreign firms with larger size,
higher productivity or exporter status are less likely to exit TCZs than Non-TCZs and this
differential is stronger than that for domestic firms. This is consistent with the pollution halo
hypothesis.

We also find that for industries with higher electricity consumption, the pollution halo
effects are even stronger. For foreign firms in industries with higher electricity consumption, the
tendency to stay in regions with stronger pollution control is even stronger. At the same time, for
TCZs with weak implementation of pollution control, as indicated by higher total SO, emissions
or higher SO, density, the pollution halo effects are weakened. The probability of exiting for
foreign firms is thus higher in TCZs with weaker implementation of pollution control. Weak
enforcement of pollution control also may correspond with weak enforcement of government
policies in general, which may make a city less attractive for foreign firms.

Overall, we find that the effects of pollution control policies on foreign firms’ exiting
behavior can be different due to the differences in firms’ size, productivity and exporter status.
SO,-related industrial and regional characteristics also can affect foreign firms’ responses to
pollution control policies. Further research on these issues can help to inform policy makers so

that China can take advantage of pollution halo effects and avoid pollution haven problems.
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