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Abstract

This paper examines how stock markets react to changes in environmental
regulation and firm pollution. Our empirical setting exploits county-level ozone
nonattainment designations induced by discrete policy changes in air quality
standards as part of the Clean Air Act. Nonattainment designations impose strict
environmental regulations on polluting firms and thus serve as an exogenous source
of variation in local regulatory stringency. On the extensive margin of pollution,
investors react positively to ozone-emitting firms impacted by nonattainment
designations. However, in the cross-section, heavy ozone-polluting multi-plant
firms experience less favorable stock price reactions. In contrast, during attainment
redesignations, the overall stock market reaction is negative on the extensive margin
of pollution, but investors revise upwards the valuation of heavy ozone-polluting
multi-plant firms. Our results suggest that the stock market internalizes the
perceived benefits and costs of local environmental regulation. Further analysis
of the underlying market forces reveals that while nonattainment designations
benefit incumbent firms by decreasing competition and improving environmental
performance, they also impose additional compliance costs.
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1. Introduction

There is a growing body of work on environmental regulations and financial markets. Research
has shown that environmental regulations impact on the pricing of municipal bonds (Jha,
Karolyi, & Muller, 2020), corporate bonds (Seltzer, Starks, & Zhu, 2021), and bank loans
(Delis, de Greiff, losifidi, & Ongena, 2021; Kleimeier & Viehs, 2018). Institutional investors
have also started to account for changes in environmental regulations in their portfolio holdings
(Krueger, Sautner, & Starks, 2020; Xu, 2022). However, there is less work that explores the
interplay between environmental regulations and firm pollution, and their impact on the
financial stock market. We fill this gap by examining whether the stock market incorporates
the consequences of local regulation on air pollution into the valuation of polluting firms.
This paper employs a key regulatory component of the Clean Air Act (CAA), whereby
counties are designated as attainment or nonattainment with respect to the National Ambient
Air Quality Standards (NAAQS) for ozone. Through the NAAQS, the federal United States
Environmental Protection Agency (EPA) sets maximum allowable ambient concentrations of
ozone pollution. Counties with ozone pollution levels above the NAAQS threshold are deemed
to be in nonattainment, while those with pollution levels below the threshold are considered in
attainment. The implication for firms is that those operating polluting plants in nonattainment
counties face stringent regulations and mandatory pollution abatement requirements compared
to those in attainment counties (Becker, 2005; Becker & Henderson, 2000, 2001; Greenstone,
2002). Since nonattainment regulations are binding and enforced on polluting plants, our
empirical strategy exploits county-level ozone nonattainment designations as an exogenous
source of variation in local regulatory stringency to study whether environmental regulation
affects shareholder value by analyzing how investors react to nonattainment designations.
Our empirical design relies on nonattainment designations induced by discrete policy
changes in the NAAQS threshold from 1992 to 2019. The policy changes that we employ are
based on EPA’s periodic revisions to reflect new scientific research on the health effects of
ozone air pollution. Given an exogenous revision in the NAAQS threshold, many counties
suddenly found themselves in nonattainment relative to the year prior. Under this regulatory
setting, we examine the stock price reactions of firms that operate polluting plants in counties
that are designated as nonattainment. Our identification strategy is similar in spirit to an
ideal controlled experiment, in which one compares the abnormal stock returns between the
most regulated and least regulated firms after randomly assigning environmental regulations

to polluting plants to causally attribute the difference to regulation.



How might nonattainment designations impact on shareholder value? To answer this
question, we explore three potential market forces—competitive advantages, environmental
performance, and compliance costs—that have offsetting effects on the benefits and costs
to incumbents and new entrants in areas affected by the regulation. On the one hand,
nonattainment designations may benefit incumbent plants by raising barriers to entry, which
reduces local competition. Incumbents may also benefit from obtaining “grandfather” status,
which allows them to operate at a cost advantage since incumbents are shielded from the
strictest regulations until they decide to expand operations. New entrants, however, face
the brunt of the regulations as they must make substantial investments to comply with
emission limits. Nonattainment designations may also improve a firm’s overall environmental
performance and to the extent that better environmental outcomes are positively valued by
investors, nonattainment designations may lead to an upward revision in firm valuation. On
the other hand, compliance with stringent nonattainment regulations can force firms to divert
resources away from production to emissions reduction and pollution abatement. Given an
increase in compliance costs, shareholders may revise their beliefs downwards.

We rely on short-run event study methodology to examine the resultant effects of these
market forces on the market’s reaction to nonattainment designations. Our event study is thus
akin to studying changes in shareholder value at instances during which investors update their
beliefs about the interaction between a firm’s pollution and local environmental regulation. On
the extensive margin of ozone pollution, we show that, on average, investors react positively to
nonattainment designations. Firms that own polluting plants located in nonattainment counties
(“nonattainment plants”) experience a mean 11-day cumulative abnormal return (CAR) of
0.62%, corresponding to a gain of approximately $8 million. However, since nonattainment
regulations only apply to ozone-emitting plants under ozone NAAQS, we use the Toxics
Release Inventory (TRI) database to classify facilities into those that emit ozone (“ozone
plants”) and those that emit non-ozone pollutants (“non-ozone plants”). Our results show
that the positive market reaction is completely driven by firms that own ozone nonattainment
plants, implying that shareholders only react to nonattainment designations for firms that are
impacted by the regulation.

Our analysis also allows for the fact that attentive investors may be able to anticipate
a county’s nonattainment status, since the monitored pollution levels used to determine
nonattainment status are observable. Specifically, we decompose shareholders’ reaction to
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whether investors’ predictions of nonattainment status are in line or opposite to realized
nonattainment designations. Our findings show that while investors react positively to both
anticipated and unexpected nonattainment designations, the economic magnitude is much
stronger for the latter, consistent with the fact that investors are updating their beliefs based
on the new information content contained in the unexpected component of nonattainment
designations.

Although our event study results indicate that the benefits of nonattainment designations
dominate the associated costs on the extensive margin of pollution, not all firms are regulated
uniformly in nonattainment counties. In particular, multi-plant firms that are also heavy
polluters of ozone are more intensely regulated and usually targeted first by regulators (Becker
& Henderson, 2000). Thus, we next focus on the intensive margin of ozone emissions by using
cross-sectional analysis to study the variation in CARs that is explained by the interaction
between the proportion of plants located in nonattainment counties of a given firm and its
total ozone emissions in nonattainment counties. Our results indicate that investors react less
favorably when firms own a high proportion of nonattainment plants and are heavy polluters
of ozone in nonattainment counties, consistent with the rationale that these multi-plant
firms face greater compliance costs which proportionately offset the benefits associated with
nonattainment status. Furthermore, the cross-sectional variation in nonattainment CARs
appears to be entirely driven by unexpected nonattainment designations.

We also explore possible heterogeneity in the cross-sectional variation in nonattainment
CARs by focusing on certain firm characteristics that we predict to lead to lower stock
market valuations for heavy ozone-polluting firms exposed to nonattainment designations. In
particular, we argue that nonattainment regulations are more costly for those heavy ozone-
polluting firms that operate a high proportion of nonattainment plants that are young or
located close to ozone monitors, a low proportion of nonattainment plants that own ozone
operating permits, and those firms that have a high risk of distress or a low environmental score.
Our results show that heavy ozone-polluting firms with the aforementioned characteristics
experience lower CARs during nonattainment designations.

In the next set of analysis, we study the market’s reaction to a related regulatory event
known as redesignations to attainment. These events occur when a county has attained the
NAAQS and represent an easing of regulation. As regulation becomes more lax, compliance
costs are reduced, but the competitive advantages that used to benefit incumbents are
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compared to nonattainment designations. Indeed, we find that, on average, the market
responds negatively to attainment redesignations on the extensive margin of ozone pollution.
The negative market reaction is driven entirely by unexpected attainment redesignations,
indicating that there is minimal new information content contained in anticipated attainment
redesignations. Examining cross-sectional variation in attainment redesignation CARs, we
show that investors react more favorably for firms that operate a greater proportion of plants
in counties redesignated to attainment and are heavy ozone polluters in those areas, with the
effect concentrated in unexpected attainment redesignations. Since attainment redesignations
should mostly favor those heavy ozone-polluting multi-plant firms due to a reduction in
compliance costs if they decide to expand operations, this reversal is consistent with positive
market updating for those firms where investors initially reacted less favorably to during
nonattainment designations.

So far, our results suggest that nonattainment designations and attainment redesignations
both contain value-relevant information that has stock-price implications. Our next objective
is to provide evidence of the mechanisms of the market forces that drive the market’s reaction
to nonattainment designations. First, we examine whether nonattainment designations
create barriers to entry and reduce local competition for incumbents. Using a difference-
in-differences specification, we show that nonattainment designations decrease county-level
competition among polluting plants, with ozone-dependent firms experiencing the most
benefits from the decrease in competitive pressure. Second, we explore whether nonattainment
designations can create shareholder value for incumbent firms through improved environmental
performance. Using plant-level panel regressions that exploit the rich source of cross-sectional
and longitudinal variation in nonattainment designations, we document that ozone-dependent
plants in nonattainment counties decrease the amount of ozone emissions that are harmful
to human health, suffer fewer legal liabilities, and experience fewer high priority violations
(HPV).

Third, we explore the potential compliance costs that facilities are subject to during
nonattainment designations. Since there is no data directly on plant-level pollution abatement
costs, we examine a facility’s observable regulatory enforcement and pollution abatement efforts
as proxies for potential compliance costs. Our analysis specifically distinguishes between young
and old plants because newer plants often bear the majority of nonattainment regulations,
while older plants are grandfathered and escape regulation until they expand operations

(Becker & Henderson, 2001). We find that young ozone-dependent plants bear most of the



regulatory enforcement and pollution abatement costs in nonattainment counties as these
plants are subject to more inspections, evaluations, and participate more in source reduction
activities. These findings are consistent with our predictions that older incumbent plants
operate at a cost advantage relative to new entrants in nonattainment areas.

Our paper contributes to the literature linking environmental regulation to financial markets.
Prior studies have used nonattainment designations to study the effect of environmental policy
on health outcomes (Bishop, Ketcham, & Kuminoff, 2020), industrial activity (Becker &
Henderson, 2000; Greenstone, 2002; List, McHone, & Millimet, 2004; List, Millimet, Fredriksson,
& McHone, 2003), housing prices (Bento, Freedman, & Lang, 2015; Chay & Greenstone,
2005; Grainger, 2012), employment (Curtis, 2020; Kahn & Mansur, 2013), labor reallocation
(Walker, 2011, 2013), productivity (Greenstone, List, & Syverson, 2012; Shapiro & Walker,
2018), earnings (Isen, Rossin-Slater, & Walker, 2017), and pollution substitution (Gibson,
2019; Greenstone, 2003). To our knowledge, we provide the first empirical analysis that uses
nonattainment designations to examine the effects of environmental regulation on shareholder
value. By studying changes in regulatory stringency due to nonattainment designations, we
present evidence that the financial stock market internalizes the perceived benefits and costs
of local environmental regulation, which is reflected in stock market valuations.

Our study also contributes to the literature on investor reactions to environmental regulation.
Prior work has focused on examining stock market reactions to environmental initiatives
(Fisher-Vanden & Thorburn, 2011; Jacobs, Singhal, & Subramanian, 2010), awards (Hendricks
& Singhal, 1996), management (Flammer, 2013; Klassen & McLaughlin, 1996), violations
(Karpoff, Lott, & Wehrly, 2005), and green bonds (Flammer, 2021). In contrast, we focus
on the stock-price effects of environmental regulation rather than changes to environmental
outcomes. Other studies that do examine environmental regulation have looked at stock market
reactions through the lens of voluntary (Blacconiere & Patten, 1994; Matsumura, Prakash, &
Vera-Munoz, 2014; Shane & Spicer, 1983) and mandatory (Downar, Ernstberger, Reichelstein,
Schwenen, & Zaklan, 2021; Grewal, Riedl, & Serafeim, 2018; Hamilton, 1995; Jouvenot &
Krueger, 2021; Konar & Cohen, 1997; Krueger, 2015) disclosures, elections (Ramelli, Wagner,
Zeckhauser, & Ziegler, 2021), and climate policy (Monasterolo & de Angelis, 2020). Our study
differs in that we are able to exploit local variation in regulation that has real effects on firms’
polluting behavior to study stock market reactions.

Finally, we contribute to the understanding of how environmental regulations impact on

plant and firm level outcomes. Although there is an extensive body of work that examines the



impact of environmental risk on institutional investors’ portfolio decisions (Ceccarelli, Ramelli,
& Wagner, 2021; Ilhan, Krueger, Sautner, & Starks, 2021), activism campaigns (Akey & Appel,
2020; Dimson, Karakag, & Li, 2015; Naaraayanan, Sachdeva, & Sharma, 2021), and the pricing
of stocks (Bolton & Kacperczyk, 2020, 2021; Gorgen et al., 2020; Hsu, Li, & Tsou, 2022)
and municipal bonds (Baker, Bergstresser, Serafeim, & Wurgler, 2018; Goldsmith-Pinkham,
Gustafson, Lewis, & Schwert, 2021; Painter, 2020), there is comparatively less work that
explores the effects of environmental regulations on plant and firm outcomes. Our analysis
shows that nonattainment regulations can reduce local competition for polluting firms and
improve plant-level environmental performance. These regulations also impose additional

compliance costs, especially for younger plants.
2. Background on pollution and environmental regulations

In the United States, air pollution is regulated under the CAA, the largest environmental
program in the country. The act was passed in 1963 and subsequently amended in 1970, 1977,
and 1990. The EPA is authorized to implement and regulate separate federal air quality
standards, formally known as the NAAQS, for six criteria air pollutants (carbon monoxide,
nitrogen dioxide, ozone, sulfur dioxide, particulate matter, and lead). The NAAQS place
pollutant-specific limits on the maximum allowable concentration of pollution in a given area
to provide protection of human health. In this paper, we focus only on ozone since the largest
benefits from the CAA are derived from ozone (Muller, Mendelsohn, & Nordhaus, 2011) and
the majority of counties are in nonattainment under the ozone NAAQS as the standards for
ozone have been the most difficult for counties to meet (Curtis, 2020).

Every county in the United States must be designated as being in attainment or out of
attainment (nonattainment) with respect to the NAAQS. Counties whose ozone concentrations
are above (below) the NAAQS threshold are designated as nonattainment (attainment). For
counties that are designated nonattainment, the EPA requires each state to submit state
implementation plans (SIP), which are comprehensive plans that outline how a state will
bring their counties back into compliance (US EPA, 2013). While SIPs may vary from state
to state, they must follow EPA’s guidelines in curbing emissions and be approved by the EPA.
Failure to submit and execute an acceptable SIP can potentially result in federal sanctions,’
including the withholding of federal grant monies (e.g., highway construction funds), direct

EPA enforcement and control (through federal implementation plans), penalty fees,? and

LA 1999 report by the Congressional Research Service states that 858 notices of impending sanctions were
issued by the EPA between 1990 and 1999 (McCarthy, 1999).
2For example, several counties in New Jersey were subject to such fees in 2009 for failing to meet the



construction bans on new polluting establishments.

Environmental regulations in nonattainment counties are intended to be stringent. States
are mandated to set emission limits, which place a yearly limit on the amount of ozone
emissions on polluting sources in nonattainment counties.®> Newly constructed large pollution
sources or large sources undergoing major modifications located in nonattainment counties are
subject to a standard of “lowest achievable emission rate” (LAER), requiring the installation
of the cleanest available technology, regardless of costs. Moreover, any emissions from new or
expanding sources must be offset from an existing source located in the same county before
commencing operations. Existing pollution sources in nonattainment counties are required to
meet “reasonably available control technology” (RACT) standards, which are emission limits
based on technological and economic feasibility (US EPA, 2006).

For a county to be redesignated as attainment, states must develop proper SIPs demon-
strating the regulatory actions that will be taken to meet and maintain the NAAQS. In
attainment counties, polluting plants face a considerably more lax regulatory standard. New
plants are subject to the installation of “best available control technology” (BACT), whereby
the economic burden on the plant is considered in arriving at a final solution. Large-scale
investments involve less expensive pollution abatement equipment and emission offsets are
not necessary. Finally, since the NAAQS only apply to plants that emit a given criteria air
pollutant, nonpolluters are free from regulation no matter the county’s designation status.

Since SIPs require states to develop plant-specific regulations for every major source of
air pollution, plants in nonattainment counties face greater regulatory scrutiny than plants
in attainment counties. Besides the differences in capital expenditures (i.e., LAER/RACT
versus BACT), these plant-specific regulations may also impose greater operating costs such
as more expensive materials, additional capital depreciation, maintenance costs, and so forth.
Compliance with nonattainment regulations may also necessitate redesigns in production
processes, introducing additional costs if output must be suspended in the interim (Becker,
2005). There could also be direct regulatory costs because plant inspections and oversight are
more frequent in nonattainment counties. Taken together, polluting plants in nonattainment
counties face significantly more stringent environmental regulations than those in attainment

counties.

NAAQS by 2007 (New Jersey Department of Environmental Protection, 2009).
3For more details, see https://www.epa.gov/ground-level-ozone-pollution/required-sip-elements
-nonattainment-classification.
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2.1.  Nonattainment designations as a research design

The ideal analysis of the relation between stock price valuations and environmental regulations
would involve a controlled experiment in which environmental regulations are randomly
assigned to polluting plants. One can then compare the abnormal stock returns between the
most regulated and least regulated firms to causally attribute the difference to regulation.
Obviously, such an ideal experiment would be unreasonably difficult to implement in practice.

Our identification strategy uses nonattainment designations as exogenous shocks to local
regulatory stringency that is very close in spirit to this ideal experiment. Specifically, we
examine the stock price reactions of firms that operate polluting plants in counties that are
designated as nonattainment. Existing studies show that nonattainment designations are
effective at reducing pollution levels, and much of this reduction is a result of increased firm
compliance, implying that nonattainment regulations are binding for polluting plants (Chay
& Greenstone, 2003; Henderson, 1996).4

A potential concern is that air pollution is driven by industrial activity. Thus, counties that
are designated nonattainment may correspond to those that have more underlying economic
activities. To address this concern, our empirical design relies on nonattainment designations
induced by discrete policy changes in the NAAQS threshold.® Given an exogenous revision in
the NAAQS threshold, many counties suddenly found themselves in nonattainment relative to
the year prior. Therefore, it is not changes in county-level conditions that trigger a switch to
nonattainment, but rather the local pollution levels exceeding the revised NAAQS threshold.
This regulatory design is shown in Figure 1. The figure shows the difference in the number of
nonattainment counties between the current year and the previous year during the sample
period 1992 to 2019. As can be seen, each peak coincides with the implementation of a revised
NAAQS threshold, which leads to a large number of counties falling into nonattainment.
Consistent with the findings of Curtis (2020), the revision that occurred on June 15, 2004
saw an additional 195 counties entering into nonattainment, which is the most out of all the

revisions. In between these policy changes, there are generally more counties redesignated

4The fact that nonattainment designations are federally-enforced legally binding regulations is a major
difference to other climate policies (e.g., Paris Agreement) and mandatory emission disclosure laws. For
example, global climate policies are less binding and harder to enforce than local environmental regulations.
Similarly, disclosure laws may not necessarily impose any costly emission restrictions that impact on polluting
firms’ emission behavior.

®We focus on four discrete changes in the NAAQS threshold. In chronological order, these include the
1-Hour Ozone (1979) standard effective on January 6, 1992, 8-Hour Ozone (1997) standard effective on June
15, 2004, 8-Hour Ozone (2008) standard effective on July 20, 2012, and 8-Hour Ozone (2015) standard effective
on August 3, 2018. For more details, see Table TA.1 of the Internet Appendix.



to attainment rather than entering into nonattainment, suggesting that it is revisions to
NAAQS thresholds that drive nonattainment designations and not changes in county-level
conditions. Furthermore, nonattainment designations are fairly persistent; the mean duration
of nonattainment for the sample of counties that we study is around 16 years.°

In our empirical setting, nonattainment designations are as good as randomly assigned
across counties. The discrete policy changes in the NAAQS threshold that we employ are
exogenously determined since the revised thresholds are based on new scientific research to
reflect the ongoing health effects of air pollution (Gibson, 2019). Additionally, all counties are
designated on the basis of the same NAAQS thresholds, so nonattainment designations are
unlikely to be driven by county-specific characteristics other than local air quality conditions.
Studies have shown that nonattainment designations often depend on transported air pollution,
whereby weather patterns cause air pollutants to be transported due to downwinds (Cleveland
& Graedel, 1979; Cleveland, Kleiner, McRae, & Warner, 1976). Lastly, nonattainment
regulations are generally unaffected by other local county-level influences or state-level policies.
This is because the EPA must approve each state’s SIP and its federal enforcement authority
limits the states’ ability to overlook violators. Thus, other factors such as a county’s political

environment and firms’ lobbying powers are unlikely to affect local nonattainment regulations.
3. Conceptual framework

What are the competing market forces that determine the market’s reaction to environmental
regulations? In the following, we discuss three potential forces that have offsetting effects
on the benefits and costs to incumbents and new entrants in areas affected by a nonattain-
ment regulatory shock. These forces can be classified into: i) competitive advantages; ii)

environmental performance; and iii) compliance costs.
3.1.  Underlying market forces of environmental regulations

An increase in the stringency of environmental regulations can offer competitive advantages
to incumbent plants over new entrants in the form of barriers to entry and grandfather status.
By imposing additional costs, local environmental regulation drives less efficient facilities from
heavily regulated areas to low abatement cost regions, leading to an exit of polluting firms
(Gray & Shadbegian, 1998; Kahn & Mansur, 2013). For example, earlier research documents

a dramatic decrease in manufacturing plant births in nonattainment counties (Becker &

There is substantial variation in the length of time that a county remains in nonattainment; some counties
are redesignated to attainment after one or two years, while others (e.g., counties in Southern California)
have been in nonattainment for over a decade. Additionally, it is very rare for a county to be designated as
nonattainment for a second time once it has been redesignated to attainment.
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Henderson, 2000; List et al., 2004, 2003). Thus, greater regulatory oversight makes market
entry more costly, which decreases the overall competition among existing firms (Mohr &
Saha, 2008).

Incumbent plants may also benefit from environmental regulations due to obtaining
grandfather status. Recall that existing plants are grandfathered from the strictest regulations
(until they update or expand their operations) and are only subject to less expensive RACT
requirements, whereas new plants are subject to costly LAER requirements. Incumbent plants,
therefore, operate at a cost advantage relative to new entrants. Similarly, as regulations
tighten over time, former new plants (with former LAER equipment) are exempt from the
tightening, reinforcing their grandfather status. For example, Becker and Henderson (2000)
and Kahn (1997) find that existing plants in nonattainment areas have better survival rates
and are less likely to close, respectively.

Environmental regulations may improve a firm’s overall environmental performance. Plants
that operate in counties with more stringent environmental regulations are subject to additional
monitoring and inspections which may result in fewer violations and less fines through dynamic
enforcement (Blundell, Gowrisankaran, & Langer, 2020). Furthermore, investments in pollution
abatement technologies and compliance with stringent emission limits will lead to a reduction
in overall emissions (Chay & Greenstone, 2003; Henderson, 1996). Taken together, a decrease
in violations and emissions reduces the likelihood of a firm paying substantial legal penalties
and suffering associated market value losses (Karpoff et al., 2005).

On the other hand, compliance with stringent environmental regulations can increase costs
by forcing firms to devote some part of inputs to emissions reduction and pollution abatement.
These additional costs could result in firms diverting resources away from production, which
hampers productivity and may result in shareholders revising their beliefs downwards (Ambec,
Cohen, Elgie, & Lanoie, 2013). Although some research documents a negative relation between
environmental regulation and productivity (Gollop & Roberts, 1983; Gray & Shadbegian,
2003), others have found either small or insignificant effects (Barbera & McConnell, 1990;
Becker, 2011).

3.2.  Hypotheses development

The market’s reaction to different environmental regulatory shocks (i.e., nonattainment
designations and attainment redesignations) depends on the interactions between the market
forces described above. In this section, we make empirical predictions on the direction of the

market’s reaction by determining which market forces we expect to dominate.
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3.2.1.  Market reactions to nonattainment designations

We posit that the benefits for incumbent plants derived from the competitive advantages and
improved environmental performance associated with nonattainment designations outweigh
the potential compliance costs. On the side of competitive advantages, prior studies on
ozone nonattainment designations have shown that they lead to a permanent decrease in the
number of ozone-emitting plants (Curtis, 2020; Henderson, 1996). At the same time, stringent
regulations in nonattainment counties discourage new entrants, thereby shielding incumbents
from additional competition (Gray, 1997; Perez-Saiz, 2015; Ryan, 2012).

Grandfather status during nonattainment designations also give incumbent plants a com-
petitive advantage in the market for emission offsets. Local authorities generally grandfather
the operating permits of existing plants, while polluting plants that wish to enter or expand
in nonattainment counties must offset their emissions by paying an incumbent polluter in
the same county to reduce their emissions (Nelson, Tietenberg, & Donihue, 1993). Shapiro
and Walker (2020) show that expenditures on these emission offsets are one of the largest
environmental expenditures for new or expanding polluting plants in nonattainment areas.
Given these competitive advantages, the market is likely to react favorably towards incumbent
firms during nonattainment designations.

Firms’ environmental performance is expected to improve in nonattainment counties
due to decreases in their ozone emissions. Superior environmental performance have been
linked with higher market valuations (Clarkson, Li, Richardson, & Vasvari, 2011; Dowell,
Hart, & Yeung, 2000; Fernando, Sharfman, & Uysal, 2017; Flammer, 2013; Konar & Cohen,
2001) and operating performance (Hart & Ahuja, 1996; Nehrt, 1996; Russo & Fouts, 1997).
Furthermore, firms that reduce toxic emissions can mitigate losses that arise from environmental
accidents, lawsuits, and penalties, which in turn can create value for shareholders by lowering
expected costs of environmental risk (Heinkel, Kraus, & Zechner, 2001). Assuming that
environmental performance is positively priced by capital market participants (Fernando et al.,
2017; Ramchander, Schwebach, & Staking, 2012), nonattainment designations should result in
positive market updating.

On the side of compliance costs, prior studies that specifically use ozone nonattainment
designations show that capital investments in pollution abatement have only a temporary
short-term negative impact on plant-level productivity with almost all of the effect occurring
in the first year of nonattainment status (Greenstone et al., 2012) and may even be positive

after a few years (Berman & Bui, 2001). In particular, Becker (2011) finds that, for the average
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manufacturing plant, there is no statistically significant effect on productivity of being in a
county with higher environmental compliance costs. These findings are consistent with the
idea that pollution abatement costs associated with nonattainment status are usually fixed in
nature and therefore do not affect marginal production decisions. For example, LAER and
RACT requirements often involve process modifications and add-on controls, which have a
sizable fixed-cost component. For those variable costs that are tied to current production, e.g.,
change in the raw materials processed, incumbent plants are grandfathered from these costs
because they can escape stringent regulations on pollution abatement until they undergo large
expansions.

In summary, we predict that, on the extensive margin of ozone pollution, the benefits to
incumbent firms dominate the potential costs during nonattainment designations, which leads

to the following hypothesis:
Hypothesis 1(a): Shareholders react positively to nonattainment designations.

While we expect an overall positive reaction to nonattainment designations, not all firms
are regulated uniformly during nonattainment designations. For example, a firm that operates
many ozone plants, but are all located in attainment counties, is unaffected by the costs of
nonattainment regulations. Likewise, a firm that operates many plants in nonattainment
counties, but none of the plants emit ozone, is also unaffected. In practice, the extent of
environmental regulation a firm is subject to depends on: i) the fraction of plants it operates
across nonattainment and attainment counties (i.e., whether it is a multi-plant firm); and ii)
the intensive margin of ozone emissions in nonattainment counties (i.e., whether it is a heavy
polluter of ozone).

The existing literature shows that multi-plant firms in nonattainment areas are regulated
the most intensely and generally targeted first by regulators (Becker & Henderson, 2000).
These firms are shown to face higher production costs in nonattainment areas relative to their
less-regulated counterparts in attainment areas (Becker & Henderson, 2001). Additionally,
Becker (2005) shows that heavy ozone polluters in nonattainment counties have higher air
pollution abatement expenditures and operating costs than otherwise similar heavy polluters in
attainment counties. Taken together, multi-plant firms that are also heavy ozone polluters in
nonattainment counties face the majority of the compliance costs associated with nonattainment
designations, which proportionately offsets the benefits of competitive advantages and improved
environmental performance associated with nonattainment designations. This reasoning leads

to the following hypothesis:
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Hypothesis 1(b): Firms that operate a higher proportion of plants in nonattainment counties

and are heavy polluters of ozone in these areas experience lower CARs.

3.2.2.  Market reactions to attainment redesignations

After being designated as nonattainment, a county is given a certain amount of time to
reach attainment.” If the EPA determines that the NAAQS have been attained and that the
improvement in air quality is due to permanent and enforceable reductions in ozone emissions,
then the county will be redesignated to attainment. An easing of regulation will reduce
compliance costs, but will also diminish the competitive advantages that incumbents used to
enjoy. Consequently, on the extensive margin of ozone pollution, we expect the market to react

in the opposite direction to nonattainment designations. We state the following hypothesis:
Hypothesis 2(a): Shareholders react negatively to attainment redesignations.

Attainment redesignations imply that heavy ozone-polluting multi-plant firms are subject
to BACT requirements if they decide to expand operations. Becker (2005) finds that BACT
is significantly less costly to plants than RACT/LAER technology. Thus, these firms face a
reduction in potential compliance costs compared to when the county was still in nonattainment.
Since attainment redesignations should primarily benefit heavy ozone-polluting multi-plant
firms that were subject to the most stringent regulations prior to redesignation and experienced
lower CARs during nonattainment designations, attainment redesignations should reverse
such reactions and shareholders should proportionately revise their beliefs upwards for these

firms. This rationale leads to the following hypothesis:

Hypothesis 2(b): Firms that operate a higher proportion of plants in counties redesignated to

attainment and are heavy polluters of ozone in these areas experience higher CARs.

4. Data
4.1.  Firms’ ozone pollution

The core analyses in this study use pollution data from the EPA’s TRI database. The TRI
data file contains information on the disposal and release of over 650 toxic chemicals from
more than 50,000 plants in the U.S. since 1987. Industrial facilities that fall within a specific

industry (e.g., manufacturing, waste management, mining, etc), have ten or more full time

"The amount of time depends on the severity of the nonattainment, which is usually set out in the SIP.
Counties with ozone concentrations that are far above the NAAQS threshold are given up to 20 years to attain
the threshold. If counties are unable to meet the attainment deadline, they may apply for an extension, which
if granted by the EPA, will allow for additional time to reach attainment.
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employees, and handle amounts of toxic chemicals above specified thresholds must submit
detailed annual reports on their releases of toxins to the TRI. The TRI provides self-reported
toxic emissions at the plant-level along with identifying information about the facility such as
the plant’s name, county of location, industry, and parent company’s name. While the TRI
data are self-reported, the EPA regularly conducts quality analyses to identify potential errors
and purposefully misreporting emissions can lead to criminal or civil penalties (Xu & Kim,
2022). Additionally, studies have shown that the aggregate effects of reporting errors appear
to be marginal (Bui & Mayer, 2003; US EPA, 1998). Nonetheless, to minimize reporting errors
due to changes in reporting requirements in the early years of TRI data collection (De Marchi
& Hamilton, 2006), we follow Gibson (2019) and exclude the period 1987 to 1991 from our
analysis. Internet Appendix Table TA.2 lists the three-digit NAICS industries in TRI that
are included in our sample. Similar to Akey and Appel (2021), the most common industries
are chemical manufacturing (12.97% of sample), fabricated metal product manufacturing
(12.64%), and transportation equipment manufacturing (8.22%).

Within any nonattainment county, a polluting plant is regulated only if it emits the specific
criteria air pollutant for which the county is in violation. Since we only focus on ozone, we
use the emissions data in TRI to classify whether a facility is a polluter of ozone.® In any
given year, a facility is labeled as an ozone plant if it emits chemicals that are classified as
volatile organic compounds or nitrogen oxides, both precursors to ozone formation.® Although
the TRI data provides information on chemical emissions through the ground, air and water,
we only consider emissions through the air because the NAAQS only regulates air emissions.
Internet Appendix Figure TA.1 shows the fraction of plants that are labeled as ozone polluters
across major industries in nonattainment counties. Even within two-digit industry NAICS
codes, there is a considerable amount of variation in the fraction of plants that are classified
as ozone polluters. Since our paper examines shareholder wealth, we only use the facilities
that are owned by public companies in TRI. To obtain parent companies’ financial and stock
price information, we manually match the TRI parent company names to those in Compustat
and CRSP. The final sample consists of 1,587 unique firms, 12,488 unique facilities, or 139,508

facility-year observations from 1992 to 2019.

8We use the mapping 