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Stronger personal liability for executives destroys shareholder value. I demonstrate this with 

environmental liabilities. Guided by predictions of a stylized model, I exploit detailed data on US 

publicly traded firms and the heterogeneity of their toxic emissions across pollutive subsidiaries 

nationwide. After a 1998 legal shock that strengthened executives’ pollution liability in some US 

regions, firms with high exposure to the shock through their affected subsidiaries experienced an 

immediate and persisting 2.3% drop in equity value, supported by downward adjustment of analyst 

earnings forecasts. Realized cash flows also dropped, driven by an increase in compliance costs 

and a reduction in pollution-inducing sales. Further, exposed firms experienced an increase in cash 

flow volatility and CEO compensation. Affected subsidiaries lowered toxic emissions into water 

and air (targeted by the shock) by 8%, while reassuringly leaving ground emissions (unaffected by 

the shock) unchanged. This is achieved through reducing pollutive production, increasing pollution 

abatement, and strategic reallocation of pollution to unaffected subsidiaries within the firm. 

Aggregate pollution also decreased in exposed firms. At the macro level, pollutive industries with 

large operations in the affected regions experienced lower output, profits, pollution, and business 

creation. The value effect extends beyond the environmental domain, as confirmed using a 2022 

Delaware state law amendment expanding executive liability protections. 
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“Rather than assure that the laws were being obeyed by their subordinates, … 

executives take great pains to make certain that they have no knowledge of any 

illegal activities.”—Senator Estes Kefauver, 1961.1 

 

Personal liability is a pivotal, yet underexplored facet of corporate governance. Executives 

in the US are not typically held personally liable for corporate law breaches unless they engage in 

the misconduct. Nevertheless, their authority often enables them to prevent misconduct, even 

without oversight duties, raising debates about the optimal scope of liability.2 Rarely disputed, 

stronger personal liability for executives can improve corporate legal compliance and benefit 

social stakeholders. However, it can also increase compliance costs and deter value enhancing risk-

taking, thereby harming firm performance and shareholder value. This paper provides the first 

large scale causal evidence on the negative impact on shareholder value of holding executives 

personally liable for corporate misconduct. 

Prior evidence on the value effect of personal liability is inconclusive. Some studies find 

that stronger personal liability enhances shareholder value (Chalmers, Dann, and Harford, 2002; 

Donelson and Yust, 2014; Lin, et.al., 2019; Aguir and Aguir, 2020), while others report a 

detrimental or neutral effect (Brook and Rao, 1994; Hwang and Kim, 2018; Naaraayanan and 

Nielsen, 2021). Resolving these conflicting findings requires addressing the empirical challenges 

inherent in a causal analysis of executive personal liability. Most notably, clean identification 

requires an exogenous shock only to the personal liability of executives. Critically to the analysis 

of shareholder value, the shock must not alter shareholder rights vis-à-vis executives, as such 

changes would confound the observed effect of personal liability with shifts in shareholder 

 
1 See Laufer (1999). 
2 See for example, "The Yates Memo: Individual Accountability for Corporate Wrongdoing", U.S. Department of 

Justice (2015). 



2 

 

protection. Other limitations include attenuation of treatment through liability avoidance, lack of 

external validity due to small or non-representative samples, and homogenous treatments.  These 

limitations constrain the applicability of the shocks to executive liability used in the prior studies.  

My empirical design overcomes these challenges by leveraging the 1998 United States v. 

Iverson (henceforth Iverson) legal ruling that significantly expanded executives’ personal liability 

for corporate pollution in specific U.S. regions. Crucially, executives’ environmental liabilities 

affect shareholders only through the impact on executives, enabling a clean analysis of the value 

implications of personal liability.3  

The main empirical findings reveal that stronger personal environmental liability for 

executives destroys shareholder value. This value destruction arises as executives’ increased 

compliance efforts reduce and destabilize cash flows. Sales diminish as firms reduce pollutive 

production, while investment in pollution abatement increases costs. Additionally, the increased 

liability risk leads to higher executive compensation to offset their risk exposure.  

These empirical findings are guided by and support the predictions of a stylized model of 

executive behavior under personal environmental liability. In the model, a utility maximizing 

executive chooses his compliance effort as a function of the personal environmental liability 

regime and the stochastic probability of regulatory inspection. More stringent personal liability 

risk induces higher effort. For the profit-maximizing firm, the model predicts lower output, cash 

flow levels, and pollution in stronger personal liability regimes. The stochastic probability of 

regulatory inspection introduces volatility into cash flows which is predicted by the model to be 

 
3 In addition, environmental liabilities are typically excluded from standard D&O insurance policies (Abraham, 1988; 

Siegelman, 2003) restricting executives’ ability to avoid out-of-pocket penalties. Such liabilities are also tied to the 

location of pollution, further limiting executives’ ability to shield themselves through jurisdictional choices.  
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increasing in the strength of personal liability. The lowered cash flow levels and the increased 

volatility (discount factor) ultimately decrease firm value. 

As a foundation for empirically testing the model's predictions, I begin with a detailed 

exposition of the 1998 Iverson decision by the Ninth Circuit Court of Appeals.4 The ruling 

strengthened executives’ personal pollution liability by holding that mere knowledge of an 

environmental violation and the authority to prevent it was sufficient for liability under the Clean 

Water Act, thus eliminating the need to prove direct involvement. This decision was grounded in 

the mention of “any responsible corporate officer” in describing individuals who could be held 

personally liable for corporate environmental breaches, shared by both the Clean Water Act and 

Clean Air Act. Therefore, Iverson marked a pivotal legal precedent by applying the Responsible 

Corporate Officer Doctrine in an environmental case, which was historically avoided by courts 

due to ambiguous language of the legislation. Binding lower courts only in the Ninth Circuit, 

Iverson therefore created a legal disparity across U.S. regions which I exploit in a difference-in-

difference research design.5 The sample period spans from 1994 through 2003, capturing a decade 

around the ruling. 

In my empirical design, a plant is considered as treated by Iverson if it is located in the 

Ninth Circuit, where prosecution for environmental violations is most likely. Similarly, a firm’s 

exposure to Iverson is quantified by the proportion of its polluting operations located in the Ninth 

Circuit. To illustrate, executives face greater increases in personal liability post-Iverson when a 

larger share of the firm’s activities fall under the Ninth Circuit’s jurisdiction. I operationalize this 

 
4 In the US, circuit courts are intermediate-level courts. Each circuit court covers a geographic area containing multiple 

states. The United States Court of Appeals for the Ninth Circuit has jurisdiction over the states of Alaska, Arizona, 

California, Hawaii, Idaho, Montana, Nevada, Oregon, and Washington. 
5 Following the vertical precedent doctrine (a.k.a., hierarchical precedent doctrine), where the legislation’s lack of 

clarity permits federal judges to have different interpretations of a statute, lower courts are bound by the precedent 

decisions of the upper courts which have a revisory role upon them. 
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exposure as either the share of subsidiaries or the proportion of on-site air and water emissions 

located in the Ninth Circuit. Both continuous, time-varying ratios are employed in subsequent 

analyses, as there is no theoretical basis to favor one measure over the other.6  

Preceding my main analysis, I examine the macro effect of Iverson as a salient shock to the 

risk of managing pollutive businesses in the Ninth Circuit. While this analysis is independently 

notable, it suggestively validates Iverson as a salient shock to pollutive businesses in the Ninth 

Circuit. I find that the media extensively warned executives about the heightened liability risks.7 

Pollutive industries with large operations in the Ninth Circuit experienced significantly lower 

pollution, output, and profits after the shock. The reduction in output is consistent with cutting 

production to manage pollution. Furthermore, I find that post-shock net business creation declined 

in pollutive industries within the Ninth Circuit. This decline aligns with increased risk perceptions.  

Next, I turn to my main analysis with the central question to the financial economist: What 

are the value implications of strengthening executive personal liability? I explore this question 

using forward-looking stock prices as the best available proxy for discounted future cash flows 

and shareholder value. As executives respond to increased liability by reallocating resources to 

pollution control, the increased compliance costs are borne out by shareholders. If the market 

incorporates this value-relevant information efficiently, the value of exposed firms should drop 

immediately around the Iverson decision.  

This is indeed what I find: Firms whose pollutive subsidiaries are entirely located in the 

Ninth Circuit experience a 2.3% drop in their equity market value during the [-1,+1] daily window 

 
6 To address concerns about the endogeneity of firms actively managing their exposure to the shock after Iverson, I 

repeat my analysis using constant 1998 exposures and confirm that my inferences remain unchanged. 
7 Shortly after the Ninth Circuit decision, Los Angeles Times wrote: “Company executives beware. If your company 

violates federal water pollution laws, you can pay heavy fines or serve prison time, according to a recent ruling by the 

U.S. 9th Circuit Court of Appeal. … Ask Thomas E. Iverson Sr., who is serving a one-year sentence at a federal prison 

in Texas”. Other sources covering the news include the EPA’s official website, Associated Press Newswires, Chemical 

Week Associates, and Kitsap Sun.  
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around Iverson, relative to unexposed peers.8 Interpreted alternatively, a one standard deviation 

increase in the exposure to Iverson (roughly 30 percentage points) reduces abnormal returns by 

roughly 14% of its standard deviation. The value decline begins shortly before the decision date 

and is not transient, persisting for at least 90 days after the shock.  

The immediate drop in firm value in exposed parents reflects revised market expectations 

about future cash flows, risk, or both. To the best of my knowledge, there are no widely accepted 

measures of market expectations on risk, particularly one that can be studied in a short daily 

window around the shock. Instead, I focus on changes in expectations of cash flow levels, using 

analysts’ earnings forecasts as a proxy. Around the Iverson decision, analysts downgrade forecasts 

for more exposed parents, with a one standard deviation increase in exposure leading to a 5% 

standard deviation drop in forecast revisions. This indicates that the observed value loss is partly 

attributable to anticipated declines in future cash flows following the executive liability shock. 

Next, I turn to realized cash flows in years following Iverson to assess whether the market’s 

anticipation of reduced cash flows is accurate. Theoretically, deterioration of cash flows in exposed 

firms is consistent with more aggressive pollution control. Supportively, I find that a one standard 

deviation increase in exposure to Iverson decreases return on assets and profit margins by 0.4 to 1 

percentage point more after the shock, representing 4%-8% of the standard deviation of these 

outcomes. This cash flows decline is driven by both reduced sales and increased costs.  

Consistent with the predictions of the stylized model, and to the extent that environmental 

liabilities of executives impose unanticipated legal and compliance costs on the firm and disrupt 

operations, Iverson is also expected to make cash flows less stable. I test this hypothesis using 

volatility of cash flows and find an economically sizeable and statistically significant increase in 

 
8 In the baseline analysis, cumulative abnormal returns are calculated by first adjusting raw daily returns for risk using 

Fama-French (2015) factor model and then cumulating starting from one day before the shock event. 
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the volatility of cash flows in exposed firms post shock. Finally, to shed further light on the impact 

on costs, I also study executive and director compensation. Consistent with the higher liability risk 

burden, exposed CEOs experienced higher compensations post shock. In contrast, directors, who 

are more distanced from daily operations, saw no significant compensation changes.  

The remainder of my analysis explores the mechanisms behind value destruction in 

exposed firms. I hypothesize that the increased personal liability risk for executives causes more 

aggressive pollution control, increasing costs to shareholders. Hence, in what follows, I delve 

deeper into the impact on toxic emissions and pollution control mechanisms. 

As a first step, I analyze plant-chemical-year data to assess Iverson’s impact on toxic 

emissions. Since Iverson specifically targets water and air pollution, my primary outcome is the 

emissions released on-site to these media. I find that affected plants reduce water and air emissions 

by about 8% following the shock, equivalent to roughly 2% of emissions’ standard deviation, with 

no change in ground emissions. At the parent firm level, a one standard deviation increase in 

exposure to Iverson lowers toxic emissions by 4%, or 1% of emissions’ standard deviation. These 

results are robust to scaling emissions by total assets, sales, or number of pollutive subsidiaries. 

I then explore the four potential channels enabling the pollution control: Reducing 

production, investing in abatement technologies, strategic transfer of pollution across plants within 

the parent firm, and shifting pollution off-site or to alternative pollution media. My subsequent 

analysis presented below support all channels except the latter. 

First, I find that affected plants reduce water- and air-polluting production by 3 percentage 

points post-shock, about 5% of the standard deviation. This likely lowers overall output or shifts 

production to less pollutive but costlier alternatives, thereby reducing cash flows. 
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Next, focusing on chemicals that are primarily released into water and air, I find that treated 

plants are 0.7 percentage points more likely to invest in process abatements after Iverson, 

corresponding to about 4% of the standard deviation of the outcome variable.9 Process abatements 

address pollution at its source by modifying production processes, preventing the creation of 

pollution rather than simply managing it after the fact, and are therefore favored by EPA (Akey 

and Appel (2021) and Bellon (2023)). While environmentally beneficial, these investments 

increase operational costs for affected firms and their shareholders. 

Third, I find evidence that parent firms strategically reallocate pollution to plants in states 

bordering the Ninth Circuit to avoid strengthened liability while preserving their supply chain 

network.  Specifically, I find that a one standard deviation increase in a parent firm's exposure to 

Iverson amplifies the post-shock pollution of its plants in adjacent states by 6%. No similar effect 

is observed for unaffected plants outside the bordering states. However, this transfer does not fully 

offset reduced emissions at affected plants, so overall parent emissions still decline. 

Finally, I find no evidence that plants shift pollution to ground outlets or increase off-site 

transfers for recycling or disposal. If anything, off-site transfers at affected plants decrease post-

shock, mirroring the reduction in on-site emissions. 

The main finding of this paper thus far highlights the value destroying effect of executive 

personal environmental liabilities. In a key robustness test, I assess the validity of this key finding 

beyond environmental liabilities. For nearly forty years, Delaware law has allowed firms to exempt 

 
9 Unlike for emissions where the data tells us whether the toxins have been released into water, air, or ground, the 

pollution prevention (P2) data is not broken down by the targeted medium. Hence, in my baseline analyses of 

production volume and abatement activities, for each facility-year, I restrict to chemicals that were primarily released 

into water and air in prior years by looking at each facility’s emissions in the past three years. This is critical because 

chemicals that are released into ground are irrelevant to my current analysis and may bias my results (this may be true 

if, for instance, affected facilities compensate their abatement investments for water/air specific chemicals by 

decreasing abatements in ground specific chemicals). 
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directors from personal liability for fiduciary duty breaches10.  A 2022 amendment to the Delaware 

General Corporation Law (DGCL) extended this protection to executives. Following this change, 

Delaware firms saw an immediate rise in equity value relative to other firms, suggesting that the 

impact of executive personal liability extends beyond environmental liabilities. 

This paper primarily contributes to the literature on the value implications of executive and 

director personal liability. Several studies in this literature find that stronger personal liability is 

associated with higher firm value: Chalmers, Dann, and Harford (2002) study a sample of 72 IPOs 

during 1992 to 1996 and find that higher D&O liability insurance coverage predicts lower post-

IPO stock performance. Donelson and Yust (2014) study a shock to Nevada corporate law that 

limited personal liability of directors and officers, and document decreased firm value for a small 

sample of Nevada-incorporated firms. Lin, et.al. (2019) study a German law reform that 

strengthened D&O liability and find increased firm value. Aguir and Aguir (2020) find that firms 

with greater director liability protection have lower firm value. Another strand of this literature 

associates stronger personal liability with lower firm value: Hwang and Kim (2018) document 

higher firm value as a result of stronger D&O insurance coverage in Korea. Naaraayanan and 

Nielsen (2021) find a decrease in firm value after introduction of personal liability in India.  

Several empirical limitations lead to these contradictory findings. Critically, among others, 

the shocks to personal liability used in prior studies are often confounded with shifts in shareholder 

protection and fiduciary rights. This study overcomes these empirical challenges by exploiting a 

novel shock to executives’ environmental liabilities, presenting the first large scale and causal 

evidence on value effect of executive personal liability for a large sample of U.S. public firms. 

 
10 Section 102(b)(7) of Delaware General Corporation Law. 
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Progressing from value implications, prior studies on personal liability document 

diminished supply and quality of directors following shocks to personal liability (Masulis et.al., 

2020; Naaraayanan and Nielsen, 2021). Another thread explores the legal liabilities of executives 

following the enactment of the Sarbanes-Oxley Act (SOX). For example, Kang et al. (2010) and 

Linck et al. (2008) document a decline in investment activities and an increase in director costs, 

respectively, in the aftermath of SOX.11 A related, yet distinct, branch of the literature examines 

executives’ personal liabilities outside the legal realm, such as personal debt obligations, revealing 

that executives with greater personal liabilities tend to mitigate firm risk-taking (Wei and Yermack, 

2011; Van Bekkum, 2016, Schoenherr, 2017, and Koudijs et.al., 2021). My findings complement 

this literature by providing causal evidence on the real and financial effects of personal liability. 

I also contribute to the literature on the merits and harms of personal liability. While some 

argue corporate liability cannot replace individual accountability (e.g., Arlen, 1994; Polinsky and 

Shavell, 1993), others believe strict liability for executives is unjust (e.g., Greenberg and Brotman, 

2014). My findings highlight that while holding executives personally accountable improves 

corporate legal compliance, it has negative economic consequences harming shareholders. 

Furthermore, this paper augments the literature studying the principal-agent conflicts of 

interest. Foundational theoretical work in this field includes Holmstrom (1979), Mirrlees (1976), 

and Holmstrom and Milgrom (1987). More recent studies attribute the agency conflicts to various 

corporate outcomes such as low leverage (Morellec, 2004), opportunistic investments and 

executive compensation (Kempf et.al., 2016), and increased corporate philanthropy (Masulis and 

 
11 SOX presents inherent limitations for causal analysis of executive liability. First, SOX consisted of a complex 

sequence of intertwined regulations, making it challenging to isolate the exclusive impact of enhanced executive 

liability. Second, SOX was primarily designed to protect shareholder rights, complicating efforts to disentangle the 

benefits from the costs imposed on shareholders by the regulatory changes. Third, as a one-size-fits-all regulatory 

framework, SOX targeted all publicly traded firms uniformly, with any differential treatments being temporary at best,  

rendering causal comparisons among public firms infeasible.  
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Reza, 2014), among others. I examine personal liability as a source of agency costs, demonstrating 

that executives act against shareholders’ interests to avoid personal liability risk.  

Secondarily, this paper augments a recent strand of empirical work on the economics of 

limited environmental liability. Akey and Appel (2021) find that less strict parent liability standards 

for subsidiaries’ cleanup costs results in increased toxic emissions and shareholder value. Bellon 

(2023) similarly documents deteriorated environmental performance as lenders face reduced 

exposure to the cleanup costs of their debtor’s collaterals. Ohlrogge (2023) finds that a stronger 

liability against cleanup costs in the state of bankruptcy reduces toxic emissions. This paper 

addresses an overlooked but economically consequential aspect of environmental liabilities, 

namely executives’ personal liability for corporate pollution. 

Finally, this paper contributes to the literature on the determinants of corporate pollutive 

behavior (e.g., financial constraints (Kim and Xu, 2018), ownership structure (Shive and Forster, 

2020), and political connections (Heitz et.al., 2021 and Xiao and Shen, 2022)). My findings enrich 

this literature by identifying executives' personal liability limits as a critical determinant of 

industrial pollution. 

The remainder of this paper is as follows. Section 2 provides the institutional background 

for the legal events used in this study. Section 3 describes the identification strategy and data 

sources. Section 4 examines the macroeconomic consequences of Iverson. Section 5 outlines the 

methodology used in this study. Section 6 explores the value implications of strengthened 

executive personal liability. Section 7 examines the effect on toxic emissions and the mechanisms 

driving the value effect. Section 8 examines value implications of executive liability in a non-

environmental context. Section 9 describes robustness tests. Section 10 concludes.  



11 

 

2.1. United States v. Iverson 

In September 1997, Thomas E. Iverson Sr., the founder of CH20 company, was indicted by 

the federal District Court of Washington for several counts of violations of the Clean Water Act 

(CWA) during 1992-1995. Remarkably, at the time of indictment, Iverson was considered the 

former president and chairman of the board, having retired from his official roles.  

Iverson’s company manufactured products including acid cleaners and alkaline compounds 

and shipped its blended chemicals to its customers in drums. The drums were returned after use 

and were cleaned and reused. This cleaning process generated a wastewater regulated by the CWA. 

During 1992 through 1995, the company failed to obtain a wastewater discharge permit and 

employed various illegal disposal methods. While Iverson was not directly involved in the 

company’s illegal discharges during this time, evidence showed that he was informed and 

supportive of the improper disposal methods.  

Subsequent to his initial indictment in September 1997, Iverson was convicted in U.S. 

District Court for the Western District of Washington in Seattle on five counts of violating the 

CWA on November 5, 1997. The trial court instructed the jury that the defendant could be found 

liable as a responsible corporate officer if: (1) He knew about the violating discharges, (2) had the 

authority to prevent it, and (3) failed to act. Iverson appealed, and the Ninth Circuit Court of 

Appeals upheld the District Court’s decision on December 11, 1998. 

The United States v. Iverson (1998) was a landmark case in which the Ninth Circuit applied 

the Responsible Corporate Officer Doctrine (RCOD) in an environmental case.12 In defining the 

individuals who can be held liable for violations, the CWA defines the term “person” to include 

 
12 Appendix A presents the legal details of the RCOD and its application to the environmental law. 
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"any responsible corporate officer" but does not clearly define the term. Hence, the Ninth Circuit 

in Iverson concluded: "we generally interpret that term by employing the ordinary, contemporary, 

and common meaning of the words that Congress used." The court reasoned that under such a 

meaning, any corporate officer who is "answerable" or "accountable" for the unlawful discharge 

is liable under the CWA.  

However, the court noted that this modified application of RCOD “relieve[s] the 

government only of having to prove that defendant personally discharged or caused the discharge 

of a pollutant. The government still had to prove that the discharges violated the law and that 

defendant knew that the discharges were pollutants.”  

2.2. Legal Implications of Iverson 

The customized application of the RCOD in Iverson significantly increased the likelihood 

of convicting corporate officers in cases where prosecutors presented circumstantial evidence of 

the defendant’s awareness of environmental violations, even without direct proof that the officer 

authorized the unlawful activity. The ruling allowed for the imputation of subordinates’ illegal 

actions to a responsible officer, eliminating the need to demonstrate that the defendant had an 

explicit corporate duty to oversee or actively control the misconduct. 

Critically to my analysis, the Iverson ruling is particularly relevant for establishments 

operating in the Ninth circuit for the following reasons: 

First, following the vertical precedent doctrine (a.k.a., hierarchical precedent doctrine), 

where the legislation’s lack of clarity permits federal judges to have different interpretations of a 

statute, lower courts are bound by the precedent decisions of the upper courts which have a revisory 

role upon them. As stated in Moore’s Federal Practice (2nd edition, 1993): “As applied in a 

hierarchical system of courts, the duty of a subordinate court to follow the laws as announced by 
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superior courts is theoretically absolute”. In the United State’s legal system, circuit courts are 

considered superior to the district courts within the circuit and have a revisory role upon them. 

Therefore, district courts located in the Ninth Circuit should follow the Ninth Circuit court’s 

Iverson decision in similar environmental cases. However, no such duty exists for other circuit 

courts or district courts located in other circuits. Indeed, a circuit court of appeals is not bound by 

decisions of coordinate circuit courts of appeals, and a district court judge may ignore the decisions 

of "foreign" courts of appeals.  

Second, in environmental violation cases, the relevant jurisdiction for the government to 

initiate the legal action against the defendant is the location where the violation has taken place. 

Hence, in case of environmental violations, establishments located in the Ninth Circuit and the 

corresponding responsible officers will be litigated in the Ninth Circuit.  

Taken together, subsequent to Iverson, corporate officers of firms operating in the Ninth 

Circuit faced a significantly higher chance of being convicted for corporate environmental 

violations compared to other circuits. I exploit this differential treatment as the basis of the 

identification in this paper. 

3.1. Identification Strategy 

In my empirical design, I exploit the decision made by the Ninth Circuit Court of Appeals 

in United states v. Iverson as an exogenous shock to the personal environmental liability of 

executives. Figure 1 presents the states affected by the ruling. In a difference-in-difference (DID) 

design, I use plants located in the affected regions (i.e., within Ninth Circuit) as the treated group 

and the plants located in the remaining regions (i.e., outside the Ninth Circuit) as control. 

Considering that the case was decided in December of 1998, I study a ten-year window 
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surrounding the event, with the pre-shock period ranging from 1994 to 1998 and the post-shock 

period ranging from 1999 to 2003 (inclusive). As such, the period between the initial District Court 

decision in November 1997 and the Ninth Circuit’s ruling in December 1998 is included in the 

pre-treatment period. This is a conservative choice and, if anything, should attenuate my results if 

there is any anticipation effect prior to the event date in December of 1998.  

[Insert Figure 1 about here] 

3.2. Datasets and Key Variable Definitions 

The main dataset employed in this paper is the Toxic Release Inventory (TRI) provided by 

EPA13. TRI reports emission statistics at the plant-chemical-year level for nearly 39,000 distinct 

plants and 600 toxic chemicals during the sample period used in this paper, 1994 through 2003.  

For each plant, TRI lists a variety of identifiers including its industry, location, and parent 

name. In the TRI Basic Data File provided by EPA and used by most prior studies, the reported 

parent identifiers are header, i.e., corresponding to the last owner of the plant as of the date of 

TRI’s latest update. Thereby, plant ownership is seemingly constant, whereas in reality, ownership 

change is quite frequent at the plant level. Indeed, as I confirm using TRI Basic Plus Data File, 

since the inception of TRI in 1987 through 2022, the average TRI plant has at least one ownership 

change and plants can have as many as nine distinct owners in their lifetime. Hence, I am careful 

to retrieve the historical parent names for each facility from the TRI Basic Plus Data File to account 

for ownership changes over the past two decades.  

 Since the key focus of my study is on the tradeoffs of higher executive liability for 

shareholders of publicly traded firms, I manually match the historical parent names to publicly 

traded firms using historical names retrieved from CRSP. Restricting TRI data to plants owned by 

 
13 For a detailed description of the TRI dataset and its reporting requirements, see Appel and Akey (2021). 
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publicly traded parents, my sample includes emission data on roughly 12,000 plants owned by 

1600 parents and producing emissions in 574 toxic chemicals. Figure 2 presents the distribution 

of these plants across US states. The public status of parent firms also allows me to focus on plants 

with larger scales of production and higher emissions, hence lower probability of misreporting 

(Brehm and Hamilton, 1996). Appendix Table 2 presents the industry composition of TRI plants 

examined in this paper, with nearly 97% of plants classified in the manufacturing sector.  

[Insert Figure 2 about here] 

The TRI data is highly unbalanced in nature. Whereas plants are obligated to report 

chemical-years with positive emissions, there are no requirements governing reporting in 

chemical-years with zero emissions. Hence, plants can choose to report or not report the latter 

group of observations. This feature of the data can result in biased estimates to the extent that the 

data is mechanically censored at zero. Therefore, I partly restore the balancedness of the data by 

filling in the “relevant” but censored observations. Specifically, I identify a specific chemical as 

relevant to a specific plant if it is ever listed in its TRI reports. Next, I create a balanced panel at 

the plant-chemical-year level, subsequently restricting for each plant to its relevant chemicals and 

the years in which the plant appears in TRI data.14 I impute missing emission values with zero.  

The primary emission variables are constructed as the log of one plus the on-site emissions 

released into various pollution media, with emissions measured in pounds. I measure emissions 

broken down by each individual pollution medium (air, water, and ground) as well as aggregated 

across pollution media (e.g., water and air). My choice of studying on-site emissions, as opposed 

 
14 In addition, since TRI changes the composition of its listed chemicals over time and therefore not all chemicals 

appear in the data in all years, I only keep the plant-chemical-year observations for which the chemical-year pair has 

at least one non-missing observation. 
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to other forms of pollution such as off-site transfers, is motivated by the higher probability of 

environmental contamination caused by such emissions (Appel and Akey, 2021, and Bellon, 2023). 

Turning to the characteristics of chemicals, it is noteworthy that all chemicals included in 

the TRI data are hazardous, but with varying levels of toxicity. Therefore, I further use the 

Integrated Risk Information System (IRIS) and match it with TRI using chemical identifiers to 

classify chemicals in my sample into those harmful for human health (238 chemicals) and non-

classified chemicals (336 chemicals). I repeat my baseline emission regressions for each group of 

chemicals separately. 

I utilize EPA’s Pollution Prevention (P2) dataset to quantify two key methods plants adopt 

to moderate their pollution. First, plants can reduce their outcomes (e.g., products produced) or 

activities (e.g., heating by burning fuels) that involve emission of toxic chemicals. This is reported 

in P2 datasets as “production ratio” at the plant-chemical-year level, measuring the quantity of the 

outcome or activity that cause the emission of that specific chemical in the current year relative to 

the prior year.  

Second, plants can invest in “abatement” technologies that reduce the toxic emissions even 

without reducing production. The abatement data, also available at the plant-chemical-year level, 

reports a dummy indicating whether the focal plant has invested in any abatement technologies to 

reduce the emissions in each specific toxin. Following Appel and Akey (2021) and Bellon (2023) 

I focus on process-related abatements. This preferred category of abatements manages to cut 

emission at the source by modifying production processes, e.g., replacing an old and pollutive 

production line. Other abatement methods include, for instance, modifying “operating” practices 

such as improved recordkeeping and managing the “leakage” of produced toxins, among others. I 

use the P2 data as is and do not make any attempts to make it balanced as I do for the TRI emission 
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data. This is because contrary to emissions, I cannot impute a reasonable value for production ratio 

or process-related abatements when missing. 

Turning to the analysis at the parent firm level: Data on stock return comes from CRSP. 

Daily returns are adjusted for risk using Fama-French five-factor model. As such, the abnormal 

returns are risk neutral with respect to parent firm’s size, B/M ratio, profitability, and investment. 

Analysts’ annual EPS forecasts are retrieved from unadjusted I/B/E/S files. To make forecast 

values comparable across firms, I scale EPS forecasts by stock price, thereby converting analysts’ 

EPS forecasts into forecasts of earning yields. Accounting data are from Compustat. Among the 

available candidate data sources for executive compensation, Execucomp provides the most 

comprehensive coverage during my sample period which is why I use it in this study.15  

Finally, data on establishment count at the state-industry-year level is from the County 

Business Patters (CBP). I use employment weighted crosswalks between NAICS and SICs to 

convert post-1997 NAICS industries to SIC industry classification. I define net business creation 

as the change in the count of establishments in each industry-state-year relative to the prior year. 

Detailed data on manufacturing industries, their shipment value, value added, and total hours 

worked are from Becker, Gray, and Marvakov (2021). 

3.3. Summary Statistics 

Panel A of Table 1 reports the summary statistics on the key variables used in this paper. 

Variables definitions are reported in Appendix Table 1. Variables are winsorized at 1% and 99% 

thresholds where appropriate. According to Panel A, total on-site emissions for the average plant-

chemical is roughly 8,000 pounds. The average production ratio is 1.07 meaning that plants on 

average increased their reported pollutive operations by 7% during my sample period. The 0.03 

 
15 One of the main alternatives, Capital IQ People Intelligence, only starts to become reasonably populated around 

1997, albeit still with a fraction of its coverage in subsequent years. 



18 

 

average for process-related abatements shows my sample plants invested in abatement 

technologies in 3% of the plant-chemical-year observations. 

An important group of variables in this paper is parent firms’ exposure to Iverson, measured 

as parent firms’ share of either on-site emissions or count of plants located in the Ninth Circuit. 

Depending on the specifications, the average exposure to Iverson ranges from roughly 8% to 14%. 

Standard deviations of the exposure variable ranges from roughly 20% for the plant-chemical-year 

level data to roughly 30% for the parent firm-year level data, which I use, respectively, when 

interpreting the corresponding tests. 

[Insert Table 1 about here] 

In Panel B of  Table 1, I compare the treated and control group of plants across the key 

plant-level variables used in this study, in 1997, i.e., one year before the shock. Ideally, the 

difference between the two groups should be statistically zero. In my sample, however, the treated 

plants seem to be “unconditionally” cleaner prior to the shock with significantly lower emissions 

and higher abatements compared to the control plants. Nevertheless, conditional on the covariates 

used in the baseline regressions, the difference between the two groups is entirely wiped out. These 

covariates include fixed effects for plants, chemical-year pairs, SIC2 industry-year pairs, and 

parent firm’s headquarters circuit-year pairs, as well as controls for the lag of the variable of 

interest. Further details about these covariates are specified in Section 5.4. Hence, conditional on 

the covariates, the treated and control group of plants can be considered comparable before 

Iverson.  

Before employing Iverson as a shock to executive environmental liability in my analysis 

of shareholder value, I examine its impact in the aggregate level, testing several hypotheses which 



19 

 

I present in turn below. While this analysis is notable in its own right, it also suggestively validates 

Iverson as a salient shock to the business environment, supporting its application in subsequent 

firm-level analyses.  

Primarily, an increase in executives’ environmental liabilities should decrease toxic 

emissions in affected businesses. Therefore, pollutive industries located in the Ninth Circuit are 

expected to experience a decrease in their pollution subsequent to Iverson. Second, to the extent 

that businesses reduce their production to manage pollution, Iverson should decrease aggregate 

output. Hence, pollutive industries with high exposure to the shock (through businesses located in 

the Ninth Circuit) should lower their production post shock. Finally, as Iverson increases the risk 

of being in charge of pollutive businesses in the Ninth Circuit, the shock is expected to diminish 

net business creation in pollutive businesses in the affected regions. This is because former 

business owners are more likely to shut down or relocate their operations to minimize their 

personal environmental liability risk. Similarly, prospective entrepreneurs in pollutive sectors are 

less likely to locate their business in areas with high personal environmental liability risks.  

My findings provide support for all these predictions. Results are reported in Table 2. I start 

with aggregate outputs at the industry-year level in Panel A. I find that for an industry with an 

average exposure to the Ninth Circuit, a one standard deviation increase in pollutiveness lowers 

shipment value by roughly 3% more after Iverson, or nearly 2% of the standard deviation of the 

outcome variable (Column 1). Industry exposure to Ninth Circuit is measured using the share of 

1992 emissions released in the Ninth circuit. Industry pollutiveness is also measured using 1992 

emissions to ensure exogeneity, and described in Appendix Table 1. I find a similar effect and 

economic magnitude if I instead study total value added or total hours worked (Column 2 and 

Column 3), or if I scale output by industry employment in 1992 (Columns 4 through Column 6). 
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My analysis at this level is restricted to manufacturing industries for which highly granular 

production data is available. It is also reasonable choice considering that roughly 96% of pollutive 

plants in the TRI data for the period of my study are from the manufacturing sector.  

Turning to the impact on aggregate pollution, in Panel B I find that pollutive industries 

with high exposure to the Ninth Circuit decrease their aggregate pollution significantly after the 

shock. I focus on on-site emissions into water and air as ground emissions were unaffected by 

Iverson, although my findings are robust if I instead examine total on-site emissions (not 

tabulated). As reported in Column 1, for an industry with average exposure to the Ninth Circuit, a 

one standard deviation increase in pollutiveness reduces emissions by 9% more after the shock. 

The inferences are robust if I study log of emissions (Column 1), or emissions scaled by industry 

level 1992 employment, current employment, total hours worked, or shipment value (Column 2 

through Column 5). Reassuringly, no decrease is found in the ground emission which is unaffected 

by Iverson (not tabulated). Finally, as reported in Panel C, the decreasing effect on aggregate 

pollution is further confirmed using more granular data on emissions at industry-state-chemical-

year level. 

Finally, in Panel D, I study the impact on net business creation using data at industry-state-

year level. After Iverson, a one standard deviation increase in an industry’s pollutiveness lowers 

net business creation by roughly 1.5 units or 4% of its standard deviation more in industry-state-

years located in the Ninth Circuit (Column 1). Importantly, this differential effect is interpreted in 

comparison to both pollutive industries in other circuits, as well as non-pollutive industries in the 

Ninth Circuit. I find a similar effect if I scale the outcome by employment in 1992 (Column 2) or 

if I instead study the change in employment (not tabulated). 
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These findings underscore the significance of Iverson for pollutive businesses at the macro 

level. In next steps, I delve into the microeconomic effect of the shock, using detailed data on 

publicly traded firms and their pollutive subsidiaries.  

The analysis of economic and environmental outcomes is conducted at various levels in 

this paper. In this section, I describe the empirical design at each level in turn. 

5.1. Analysis of Cumulative Abnormal Returns and Earning Forecast Revisions 

In my analysis of the market response to Iverson, the outcomes of interest are either the 

cumulative abnormal returns (at parent firm level) or earnings forecast revisions (at parent firm or 

parent firm-analyst level), as defined in Appendix Table 1. These outcomes are regressed on the 

parents’ exposure to Iverson as follows: 

𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑓 𝑜𝑟 𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑓,𝑎𝑛𝑎𝑙𝑦𝑠𝑡 = 𝛼. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓 + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (1) 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓 is measured in the year in which the event of interest takes place, 

i.e., 1997 for the initial District Court ruling on November 5th, 1997, and 1998 for the decision 

made by the Ninth Circuit on December 11th, 1998. Robust standard errors are used for statistical 

inference following Appel and Akey (2021). My statistical inferences are the same if I instead 

cluster standard errors by SIC2 industry or parent firm’s headquarter circuit. Due to the low number 

of observations at this level (one observation per parent firm), adding the demanding time varying 

fixed effects as elsewhere in the paper is not feasible. Nevertheless, in robustness tests, I include 

fixed effects for SIC2 industries or parent headquarters circuit and confirm my inferences remain 

unchanged. The inferences are also unchanged if we include controls for the parent firm’s total 

assets, age, and total count of plants. 
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5.2. Analysis of Cash Flows  

I study the impact of strengthened executive liability on parent firms’ cash flow and its core 

constituents using data at parent firm-year level. Specifically, I regress measures of profitability, 

sales, and costs on an interaction treatment and controls as follows: 

𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑓,𝑡 = 𝛼. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛽1. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 + 𝛽2. 𝑋𝑓,𝑡−1 + 𝛿𝑓 + 𝛿𝑗,𝑡 + 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡 (2) 

In the equation above, f, t, and j indicate parent firm, time, and parent firm’s SIC2 industry, 

respectively. The control variables 𝑋𝑓,𝑡−1  include the parent’s total assets, age, and count of plants. 

I sweep out any time-invariant heterogeneities across firms using firm fixed effects, 𝛿𝑓. To the 

extent that there is a systematic difference between outcomes across industries or locations at each 

point in time, I include fixed effects for industry-year, 𝛿𝑗,𝑡, and parent firm’s headquarter circuit-

year, 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡. Standard errors at this level are clustered at industry-year level. 

Complementing my analysis of cash flow levels, I also study the evolution of cash flow 

volatility after Iverson. Unlike cash flow levels which are observed every year, volatility of cash 

flow is measured across multiple years. Hence, to accommodate this analysis, I modify Equation 

(2) in the spirit of Bernstein (2015) as follows, collapsing the firm-year sample to one observation 

per firm.  

𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑓,(1999−2003) = 𝛼. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛1998 + 𝛽1. 𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑓,(1994−1998) 

+ 𝛽2. 𝑋𝑓,1998 + 𝛿𝑗 + 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡  (3) 

In the above equation, Outcome is the volatility of annual cash flows measured for periods 

1999 through 2003 (dependent variable) and 1994 through 1998 (control).  The model includes all 

controls and fixed effect presented in Equation (2), except firm fixed effects.  
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5.3. Analysis of Executive Compensation 

I exploit the granularity of the executive compensation data at the parent firm-executive-

year level to examine the impact of Iverson. At this level, I examine whether executives at parents 

with high exposure to Iverson experience a differential level of compensation after the shock. My 

regressions for this analysis control for a demanding set of fixed effects and controls as follows: 

𝑂𝑡𝑐𝑜𝑚𝑒𝑓,𝑒,𝑡 = 𝛼. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛽1. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 + 𝛽2. 𝑋𝑓,𝑡−1 

+𝛿𝑓 + 𝛿𝑒 + 𝛿𝑗,𝑡 + 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡 + 𝛿𝑎𝑔𝑒,𝑡 + 𝛿𝑠𝑖𝑧𝑒 𝑔𝑟𝑜𝑢𝑝,𝑡 (4)  

In the equation above, f, e, t, and j indicate parent firm, individual, time, and parent firm’s 

SIC2 industry, respectively. 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1, 𝛿𝑓 𝛿𝑗,𝑡, 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡, and 𝑋𝑓,𝑡−1 are 

defined as in Equation (2).  I sweep out any time-invariant heterogeneities across individuals using 

individual fixed effects, 𝛿𝑒. Further, I use executive age as a proxy for skill and experience. Hence, 

I also include fixed effects for executive age-time pairs, 𝛿𝑎𝑔𝑒,𝑡, and thereby look within executives 

with the same level of skill and experience at each point in time. Finally, I sort the observations 

into 20 equally sized groups based on the parent firm’s size (i.e., total assets) and include fixed 

effect for each size group and time 𝛿𝑠𝑖𝑧𝑒 𝑔𝑟𝑜𝑢𝑝,𝑡. Considering that firm size is a proxy for the rents 

and resources that can be appropriated by executives, this latter set of fixed effects allow me to 

compare executives in firms with similar size at each point in time. Standard errors at this level 

are clustered at industry-year level. 

5.4. Analysis of Pollution 

My analysis of pollution at the plant-chemical-year level comprises a core component of 

the examination of mechanisms. The specification used at this level, which is employed for 

studying toxic emissions, production ratio, and process-related abatements, is as follows: 
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𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑝,𝑐,𝑡 = 𝛼. 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 × 𝑃𝑜𝑠𝑡𝑡 

+𝛽. 𝑋𝑝,𝑐,𝑡−1 + 𝛿𝑝 + 𝛿𝑐,𝑡 + 𝛿𝑗,𝑡 + 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡 (5) 

In the above equation, p, c, t, and j indicate plant, chemical, time, and SIC2 industry, 

respectively. 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 and 𝑃𝑜𝑠𝑡𝑡 are dummy indicators for being located in the Ninth 

Circuit and for post-1999 years (inclusive), respectively. 𝛿𝑝, 𝛿𝑐,𝑡, and 𝛿𝑗,𝑡 are fixed effects for plant, 

chemical-year, and industry-years, therefore wiping out heterogeneities at the respective levels.  

It is noteworthy that plants do not change location as per EPA’s definition. Hence, the plant 

fixed effects subsume the time-invariant heterogeneities across plant locations. This is why the 

above equation excludes fixed effects for plant circuit. Ideally, one would like to sweep out time-

varying heterogeneities across plant locations using plant circuit-year fixed effects. However, such 

fixed effects would be collinear with the main treatment and therefore infeasible. Instead, the best 

I can do is controlling for the same fixed effects but using the parent firm’s headquarter circuit 

which I do using 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡.Therefore, I compare plants owned by parents that are located at 

the same geographic area at each point in time. These fixed effects are crucial if parent firms 

headquartered in different geographic regions tend to adopt systematically different environmental 

strategies for their subsidiaries.  

Furthermore, in the baseline specification, I include the lag of the outcome variable as the 

control in 𝑋𝑝,𝑐,𝑡−1 for the following reason: Emissions at the plant-chemical-year level are a highly 

persistent series. Therefore, incorporating the lagged regressor as a control is imperative due to its 

high autocorrelation with current values. Excluding this lagged term would result in model 

misspecification, inducing dynamic panel bias and compromising the consistency of the estimates. 

While plant fixed effects control for time-invariant heterogeneity across plant-chemical pairs, they 

cannot capture the serial dependence intrinsic to the regressor, nor its intertemporal effect on 
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current outcomes. Thus, the inclusion of the lagged regressor is essential to disentangle temporal 

dependencies from contemporaneous effects, ensuring robust and consistent parameter estimates 

in a dynamic setting. Notably, however, my main inferences remain unchanged if I exclude this 

control. Equation (5) outlines the baseline specification used at this level of analysis. Standard 

errors at this level are clustered at the circuit level following Appel and Akey (2021) and Bellon 

(2023).  

In my examination of pollution prevention activities, I also include a separate control for 

lagged on-site emissions into water and air in addition to the control for lag of the outcome 

variables. This is because a plant’s past pollutiveness is a strong predictor of its observed attempts 

to manage its pollution. Specifically, higher past pollution levels increase current pollution 

prevention activities, which I confirm empirically. Therefore, my empirical design compares 

pollution prevention in plants with similar past pollutiveness. 

Moving to the analysis of emissions at the parent firm-chemical-year level, I start from the 

data at the plant-chemical-year level and aggregate emissions across the subsidiaries of the same 

parent. The specification used at this level is identical to Equation (5) except for the following 

modification: Given that parents may own plants both inside and outside the Ninth Circuit, I 

replace the main treatment variable in Equation (5) with 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 as 

defined in Equation (2) as well as in Appendix Table 1. Standard errors at this level are clustered 

at the parent firm’s headquarter circuit level.  

In robustness tests, I confirm that my findings are robust to clustering standard errors at the 

parent firm or chemical level, both for the analysis at plant-chemical-year and parent firm-

chemical-year level. Notably, clustering by state is not justified for the empirical setup in this paper 

due to the following reason. The key assumption for clustering standard errors is that errors are 
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uncorrelated across clusters while they may or may not be correlated within clusters. The Iverson 

treatment, however, is by nature correlated across the states within a circuit, making state clustering 

unjustified.  

Returning to a plant-chemical level sample, I also test hypotheses about the possibility of 

a strategic pollution reallocation within parent firms exposed to Iverson, from the Ninth Circuit to 

its bordering states. The model I estimate for these tests is as follows: 

𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑝,𝑐,𝑡 = 𝛼1. 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛼2. 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛼3. 𝑂𝑡ℎ𝑒𝑟 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛽1. 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 

+ 𝛽2. 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 

+ 𝛽3. 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 × 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑜 𝐼𝑣𝑒𝑟𝑠𝑜𝑛𝑓,𝑡−1 

+𝛽4. 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 × 𝑃𝑜𝑠𝑡𝑡 + 𝛽5. 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 × 𝑃𝑜𝑠𝑡𝑡 

+ 𝛽6. 𝑋𝑝,𝑐,𝑡−1 + 𝛿𝑝 + 𝛿𝑐,𝑡 + 𝛿𝑗,𝑡 + 𝛿𝑝𝑎𝑟𝑒𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡,𝑡 (6) 

In the above equation, 𝑁𝑖𝑛𝑡ℎ 𝐶𝑖𝑟𝑐𝑢𝑖𝑡𝑝 is a dummy indicating if a plant is located in the 

Ninth Circuit. 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 and 𝐴𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑆𝑡𝑎𝑡𝑒𝑠𝑝 are similarly dummies indicating if a 

plant is located in the Ninth Circuit’s neighboring states and non-neighboring states, respectively, 

further specified in Section 7.2.3.  Fixed effects and controls are defined similarly as in Equation 

(5). The coefficient of interest in this regression is 𝛼2 which tracks the pollution of plants owned 

by highly exposed parents and located close to, but outside of, the Ninth Circuit. 
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 I begin my main analysis with a key question to the owners of the firm, i.e., equity holders: 

How does increasing executives’ personal accountability for corporate misconduct affect 

shareholder value?  

Following Iverson, a shock that strengthens the environmental liability of corporate 

executives, firms are expected to become more legally compliant in the environmental domain. 

This higher legal compliance comes at a significant cost which, effectively, is paid by shareholders. 

Affected corporations need to adjust their operations to minimize the risk of environmental 

violations. This adjustment includes investing in abatement technologies which are known to be 

exorbitantly costly. Affected firms may also reduce their production levels to manage their 

pollution. These changes directly hurt the firm’s sales and costs as the core components of cash 

flow. Furthermore, the supply of skilled executives will also shrink for firms with high exposure 

to executive liability, hence deteriorating corporate leadership. And those skilled executives who 

are willing to work for such firms will demand higher compensations in exchange for the liability 

risk burden. Taken together, I predict a significant reduction in shareholder value subsequent to a 

strengthening shock to executives’ personal environmental liability, such as Iverson. These 

hypotheses are grounded in a stylized model of executive behavior under personal liability risk, 

presented in Appendix B. 

In this section, I study the stock market’s reaction to the Ninth Circuit decision in Iverson. 

I begin with an analysis of the abnormal stock returns around the decision date for firms highly 

exposed to the shock. I then move to studying how the market’s expectations of the exposed firms’ 

cash flows are revised around the shock.  
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6.1. Cumulative Abnormal Returns Around Iverson 

I study stock prices as the best available measure of shareholder value and study its 

evolution around the Iverson decision date. Assuming market efficiency, any value relevant 

information, including the shock to the executive liability, must be impounded into prices within 

a short period of time after the news is public. I examine the cumulative abnormal returns (CAR) 

in various windows ranging from 1 day before December 11, 1998 (the date of the Ninth Circuit 

ruling) up to 10 days after the event. Daily stock returns are risk adjusted using the Fama and 

French (2015) five-factor model estimated using up to 100 trading days ending 10 days before the 

event.16,17 

Panel A of Table 3 reports the result of estimating Equation (1) with CARs as dependent 

variables. I find an immediate and sizable drop in stock returns for parent firms exposed to Iverson 

as a result of the shock. A one standard deviation increase in parent firms’ either measure of 

exposure to Iverson (roughly 30%) reduces CARs in a (-1,0) window by about 60 basis points. 

The drop in value persists such that parents with a one standard deviation higher exposure values 

lose about 2% of their equity market value in the (-1,+10) window. Interpreted alternatively, parent 

whose entire operations are located in the Ninth Circuit (exposure=1) lose roughly 2.3% of their 

equity market value within the [-1,+1] daily window after the shock, compared to parents with no 

exposure to Iverson (exposure=0). In Appendix Table 3, I confirm that the decline in market value 

 
16 In the analysis of stock returns, I exclude microcap stocks defined as those smaller than NYSE’s 5th percentile size 

breakpoint. For reference, the breakpoint is $55.4M in December 1998 based on information available on Kenneth 

French’s website. Collectively, these stocks comprise only 0.08% of the aggregate market capitalization in my sample. 

Removing them allows me to focus on the most economically significant firms and minimize the impact of the smallest 

and highly illiquid stocks. I also require a stock price above five dollars for a firm to be included in the regressions. 

Both filters are implemented using information available six days before the event. My findings do not critically 

depend on these filters and remain qualitatively similar if I do not impose them.  
17 My inferences remain unchanged if I instead risk-adjust using Fama and French (1993) three factor mode, Fama-

French three factor model plus Carhart (1997) Momentum factor, or simply examine market-adjusted or raw returns.  
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of exposed firms persists at least until 90 days after the shock, in which point firms whose 

subsidiaries are all located in Ninth Circuit have lost nearly 17%-20% of their equity market value. 

[Insert Table 3 about here] 

I also estimate Equation (1) around the date of the initial District Court decision on 

November 5, 1997. I find a weakly negative but statistically insignificant market reaction. The 

results are reported in Panel B of Table 3. 

Figure 3 presents the evolution of CARs for exposed parents in a [-5,+10] window around 

the shock. Importantly, there is no observable differential returns for the exposed parents in the 

early days of the window. Consistent with an anticipation effect, CARs start to decrease shortly 

before the decision date and continue to decrease, rather sharply, with no reversal. 

[Insert Figure 3 about here] 

To further support the long-term persistence of the value effect, I also examine the time-

series returns of portfolios sorted on exposure to Iverson in the months following the decision. 

Specifically, I sort stocks into four groups based on their exposure to the shock in 1998 (zero, low, 

medium, and high) and study the cumulative monthly return to these portfolios during December 

1998 (the month of Iverson decision) through March 1999.  Separately for each of the four 

portfolios, I adjust portfolio returns for risk using Fama-French five-factor model with factor 

loadings estimated using 60 monthly returns during 1993 through 1997.  

[Insert Figure 4 about here] 

Figure 4 presents the cumulative abnormal returns to each portfolio. Regardless of how we 

measure the exposure to the shock and the weighting scheme, the high-exposure portfolio 

experiences an immediate drop in value relative to the zero-exposure portfolio, affirming the 

instantaneous value effect. Critically, the decline in relative risk-adjusted value of the high-
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exposure portfolio persists in the following months, at least until the end of March 1999, i.e., 

roughly four months after the Iverson decision.  

6.2. Analysts’ Revision of Earnings Forecasts in Response to Iverson 

The two core components affecting stock price are the market’s expectations of future cash 

flows and risk. Once the expected value of each component changes, the market should adjust the 

price to reflect the updated expectations. After Iverson, expectations of both risk and cash flows 

are expected to change for the exposed parents as explained in the beginning of this section. 

Measuring expected risk is empirically challenging whereas I can reliably approximate the 

market’s expectation of cash flows using analysts’ earning forecasts. Therefore, in this subsection 

I examine analysts’ EPS forecasts, focusing on how they revise their estimates for parents exposed 

to Iverson after the shock. 

Specifically, for each parent firm-analyst pair, I measure earning forecast revision as the 

annual earnings forecast observed 1, 2, 3, or 4 periods after the Iverson decision date minus the 

forecast 1 period before the shock. Each period consists of 30 calendar days or one month, 

measured relative to December 11, 1998. In the same spirit as the analysis of CARs, I measure the 

pre-shock forecast one period before the decision date to account for potential anticipation effects. 

For each parent firm, I study the forecasts corresponding to the first fiscal yearend date that is on 

or after December 1999, i.e., a minimum of 12 months after the event date. This decision is made 

to allow for sufficient time for Iverson to impact the exposed parent firms’ real performance.  

Nevertheless, I repeat my analysis using forecasts for fiscal yearend dates that are on or after June 

1999 and find similar results. 

Table 4 reports the results of estimating Equation (1) for earning forecast revisions at the 

parent firm-analyst level. The forecast revisions after one period decrease by roughly 0.0005 units 
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at this level as the parent’s exposure to Iverson increases by one standard deviation. This magnitude 

is equivalent to 5% of the standard deviation of the dependent variable. The downward adjustment 

of earning forecasts continues for at least four periods (i.e., 120 days) after the event date where a 

one standard deviation increase in exposure to the shock lowers forecast revisions by 0.0025 units 

(a five-fold increase) or roughly 10% of the dependent variable’s standard deviation. 

[Insert Table 4 about here] 

I repeat the same analysis after aggregating the parent firm-analyst level data to the level 

of the parent firm. In other words, I first calculate the consensus forecasts in each period by taking 

the average of the analyst-level forecasts and calculate forecast revisions as before. The results are 

reported in Panel B of Table 4. As a result of the same change in the exposure to Iverson as in 

Panel A, parent level earnings forecast revisions after one period decrease by roughly 6% of their 

standard deviation, albeit statistically insignificantly. Similarly to Panel A, the downward 

adjustment of earnings forecasts continues and reach roughly 15% of the dependent variable’s 

standard deviation after four periods, which is statistically significant.  

Finally, I repeat the analysis in Panel A and Panel B of Table 4 around the initial District 

Court decision date on November 5, 1997. The results are reported in Panel C and Panel D of Table 

4, respectively. While individual analysts do revise their earning forecasts in the four periods after 

the initial decision date, parent level consensus estimates do not change significantly. This is also 

consistent with and mirrors the lack of stock price response to the initial District Court decision 

reported in Panel B of Table 3. 

Figure 5 illustrates the temporal evolution of the forecast revisions around Iverson decision 

date. I measure forecast revisions relative to four event periods before the shock to better track 

their pre-shock evolution. This figure plots the differential impact on earnings forecast revisions 
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for  parents exposed to the shock compared to unexposed parents. Reassuringly, there is no pre-

trend before the shock. Consistent with an anticipation effect, analysts start to downward adjust 

their earning forecasts for exposed parents between event period -1 and the decision date. The 

downgrading of earnings forecasts continues for at least four periods after the decision date.  

[Insert Figure 5 about here] 

Taken together, the presented evidence on the impact on stock prices and earnings forecasts 

point to a significant erosion of shareholder value subsequent to Iverson.  

6.3. Effect of Executive Personal Liability on Realized Cash Flow Levels 

In the previous subsection, I found that the market anticipates a diminishing of cash flows 

in parent firms exposed to Iverson. Here, I ask whether this prediction was actually realized. 

Specifically, I use detailed firm level data and directly examine the evolution of cash flows in 

exposed parents during the years around the shock. 

Panel A of Table 5 reports the results of estimating Equation (2) with profitability as the 

dependent variable. Parents with a one standard deviation higher exposure to Iverson have between 

0.4 to 0.6 percentage points lower ROAs after the shock. This magnitude corresponds to 4%-6% 

of the standard deviation of the dependent variable. I then replace ROA with profit margin and 

repeat the analysis. The same increase in exposure to Iverson lowers profit margin by 0.6 to 1 

percentage points, equivalent to 4% to 8% of the dependent variable’s standard deviation.  

[Insert Table 5 about here] 

To pin down what drives the reduced cash flows, I then turn to an examination of the core 

components of profitability: sales and costs. Panel B of Table 5 reports the results. I find that 

exposure to Iverson reduces sales significantly in exposed parents after the shock. Specifically, a 

one standard deviation increase in exposure to Iverson lowers the ratio of sales to total assets by 
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roughly 2%, corresponding to 4% of the dependent variable’s standard deviation. The lowered 

sales is consistent with my hypothesis about reduced production as a means of managing pollution 

in affected plants.  

Moving to costs, I find that exposure to Iverson increases total costs per unit of sales post 

shock. A one standard deviation increase in exposure to Iverson increases costs-to-sales by roughly 

0.4%, or 4% of the dependent variable’s standard deviation. Breaking down total costs into its 

constituents, I find that this cost increase is mainly driven by an increase in the cost of goods sold 

rather than sales, general, and administrative expenses.  

It is noteworthy, however, that while costs increase per unit of sale for exposed firms, I find 

no significant impact on costs scaled by assets (untabulated). This suggests that the key driver of 

the deterioration of cash flows, as measured by ROA, is reduced sales as opposed to increased 

costs. This is also in line with the Proposition III of the stylized model in Appendix B. 

6.4. Effect of Executive Personal Liability on Realized Cash Flow Volatility 

In addition to diminishing cash flow levels, stronger environmental liability of executives 

can also increase the volatility of cash flows. When executives face heightened personal 

accountability for environmental violations, firms may need to allocate more resources toward 

compliance, legal defenses, and risk mitigation, leading to higher and less predictable costs. 

Additionally, executives may adopt more conservative investment strategies, delaying or avoiding 

projects with potential environmental risks, which could disrupt revenue generation. Increased 

regulatory scrutiny and the potential for lawsuits or fines can also create sudden, unanticipated 

expenses. As a result, firms may experience fluctuations in profitability, leading to greater cash 

flow volatility. 
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To study cash flow volatility, I need to deviate from the specification used in the analysis 

of cash flow levels. Specifically, I calculate the volatility of annual cash flows before and after 

Iverson, separately for each firm, requiring at least three non-missing annual observations to 

calculate volatility. This procedure collapses the firm-year sample to one observation for each firm, 

which I then examine using the specification in Equation (3).  

[Insert Table 6 about here] 

My findings support an increase in cash flow volatility following Iverson, as reported in 

Table 6. A one standard deviation increase in the parent firms’ exposure to Iverson increases cash 

flow volatility by 8%-17%, corresponding to roughly 8%-15% of the standard deviation of the 

dependent variable.  

6.5. Effect of Executive Personal Liability on Executive Compensation 

An increase in the personal environmental liability risk for corporate executives increases 

the cost of retaining skilled executives affected by the shock. Specifically, the increased risk of 

being an executive shrinks the supply of executives in the affected areas while the demand remains 

the same, or possibly increases (e.g., if the shock necessitates more executives managing corporate 

pollution). This supply-demand imbalance consequently drives up executive compensation for the 

executives exposed to the shock.   

Studying the compensation of plant executives located in the Ninth Circuit is challenging 

due to data unavailability. Therefore, I focus on parent firms and study the effect of Iverson on the 

evolution of executive compensation in parents with a high exposure to the shock. As elsewhere 

in the paper, exposure to Iverson is measured as the share of a parent’s plants or total emissions 

located in the Ninth Circuit.  
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Table 7 reports the results of estimating Equation (4). In panel A, I examine CEO 

compensations. CEOs are studied separately because they are the highest ranking executive 

officers in a corporation, holding the highest authority, and thereby most likely to be targeted by 

environmental litigations. I primarily focus on non-salary compensations because changes in such 

compensations are more justifiable and feasible in the short term. Based on the estimates in Panel 

A of Table 7, after the shock, a one standard deviation increase in the parent firms’ either exposure 

measures to Iverson increases the level of CEOs’ non-salary compensation by about 15%, 

equivalent to 10% of its standard deviation. No such effect is observed for salary payments. To 

make sure the increasing effect on non-salary compensations is not offset by a decrease in salary 

payments, I also study total compensations and confirm a comparable increase as a result of 

exposure to the shock.  

[Insert Table 7 about here]  

I then turn to examining director compensations. Predicting the effect on director 

compensations is trickier. This is because directors are often more distanced than CEOs from the 

company’s operations, unless also serving as an executive. Therefore, they are better able to prove 

lack of knowledge about the corporation’s environmental misconducts in legal disputes. 

Corroboratively, I find no significant change in the total compensation of directors in response to 

Iverson in Panel B of Table 7. 

In the next section, I will delve deeper into the mechanisms driving the reduction in cash 

flows. Specifically, I start with the impact on corporate pollution. I then examine the channels 

driving the impact on pollution, namely adjusted scale of production, increased abatement 

activities, and strategically transferring emissions to geographic regions unaffected by the legal 

shock.  
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To make corporations environmentally compliant, an effective way is to hold  their 

executives accountable for any environmental violations of the corporate. While there are debates 

surrounding whether this is a fair approach vis-à-vis corporate executives, there is little debate 

regarding its socio-environmental merits. To minimize the possibility of legal charges, executives 

who fear personal accountability will lead their corporations toward a more environmentally 

friendly behavior. As such, pollution is expected to decrease upon strengthening executives’ 

personal liability for corporate pollution. In this section, I study the impact of Iverson on toxic 

emissions, followed by an in-depth analysis of the key channels.  

7.1. Effect on Toxic Emissions 

I start my analysis of toxic emissions at the plant-chemical-year level. To remind the reader, 

Iverson primarily targets emissions released into water and air. This is due the exclusive reference 

to the “responsible corporate officer” in the Clean Water Act and Clean Air Act in their definition 

of the individuals who can be held liable corporate environmental violations. Therefore, in my 

baseline regression, I estimate Equation (5) for water and air emissions. The second column of 

Panel A in Table 8 reports the baseline specification as outlined in Equation (5). Plants located in 

the Ninth Circuit experience a statistically significant 8% drop in their emissions post shock 

compared to unaffected plants. This magnitude is equivalent to 2% of the dependent variable’s 

standard deviation. 

[Insert Table 8 about here] 

In Panel B of  Table 8, I take a closer look at the media to which the emissions are released. 

In the first column, I aggregate all on-site emissions released into various media. In the subsequent 

three columns, I break down emissions by each individual medium. I estimate Equation (5) for 
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each case separately. Reassuringly, Iverson has no impact on ground pollution. The other three 

columns show results similar to Panel A, both in statistical significance and economic magnitude.18 

The above findings are robust to comparing across the treated and non-treated subsidiaries 

within the same parent firms by including firm-year fixed effects. However, it is noteworthy that 

these fixed effects are highly demanding due to the following reason: Roughly half of the firm-

years in my sample have either one or two subsidiaries in the TRI database. As such, parent firm-

year fixed effects are highly collinear with the treatment interaction variable at the plant level. 

Hence, I am careful not to interpret these robustness results rigorously.  

Figure 6 presents the temporal evolution of the main coefficient of interest in Table 7 

around Iverson (Column 2 of Panel A). Crucially to my identification, there is no difference 

between toxic emissions in treated and control plants before the shock. Only around the decision 

year do the emissions start to drop in the treated plants. Emissions in treated plants remain 

significantly lower for at least five years after the shock compared to the control group.  

[Insert Figure 6 about here] 

To further understand the effect of Iverson on pollution, I split the sample based on the 

effect of chemicals on human health and repeat the pollution regressions using emissions released 

into water and air. Using the IRIS data released by EPA, I split chemicals into two groups: those 

with documented human harm and thus classified by IRIS and those not classified by IRIS. The 

results, reported in Appendix Table 4, show a similar decrease in pollution across both groups of 

chemicals.  

 
18 While the coefficient magnitude for water emissions is seemingly one third of those in columns 1 and 3,  this variable 

also has a standard deviation which is smaller by a similar proportion. Therefore, the economic magnitude of the effect 

remains the same for the first three columns of Panel B. 
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Next, I aggregate the plant-chemical level emissions to parent firm-chemical level. At this 

level, I examine how parent-level emissions evolve after Iverson in firms with higher exposure to 

the shock. This is a crucial complement to the previous analysis of emissions at the plant-chemical 

level due to the following reason: The main analysis of this paper examines the impact of executive 

liability on shareholder wealth at the parent firm level. As I will show later in the paper, however, 

while parents decrease their emissions in the geographic regions that are affected by the shock, 

they can increase their emissions in unaffected regions. To the extent that these two effects offset 

each other, aggregate pollution at the parent level may or may not decrease.  

Table 9 reports the emission regressions at the parent level for various pollution media. 

Similar to the results at the plant-chemical level, total on-site emissions also decrease at the 

aggregate parent firm-chemical level. Notably, this decrease is also primarily due to a decrease in 

water and air emissions, as opposed to ground emissions. As reported in Panel A, at this level, a 

one standard deviation increase in parent firms’ exposure to Iverson decreases water and air 

emissions by roughly 4%. This magnitude corresponds to about 1% of the dependent variable’s 

standard deviation. My inferences are qualitatively the same if I scale emissions with the parent 

firm’s total assets, sales, or the count of plants (Panel B). 

[Insert Table 9 about here] 

7.2. Channels Driving the Pollution Reduction 

So far, I have documented a significant decrease in toxic emissions in plants, and their 

parent firms, that are affected by the shock to the executives’ personal environmental liability. In 

the next step, I dig deeper into how this effect materialized.  
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7.2.1. Reducing Operation Scale 

Toxic emissions are a direct consequence of a plant’s operations. As such, firms can decide 

to scale down their production to manage pollution. This can be the case if, for instance, the firm 

cannot afford the exorbitant costs of pollution abatement. Reducing the production of goods and 

services that lead to environmental harm is desirable from a socio-environmental viewpoint. 

However, it has negative economic consequences. These include reduced sales and lost market 

share for the affected businesses, diminishing cash flows accruing to shareholders. Furthermore, 

the reduced supply of goods and services can also drive prices up, ultimately hurting consumers. 

The first two columns of Table 10 report the results of estimating Equation (5) with 

production ratio as the dependent variable. Reported by plants to EPA, production ratio measures 

the growth in the scale of an activity or production that causes the emission of a specific chemical. 

At the plant-chemical-level, I begin with examining the impact of strengthened executive liability 

on the production ratio using all chemicals available in TRI. Subsequent to the shock, treated plants 

reduce their production ratio by roughly 2.2 percentage points more than the control plants. This 

magnitude is equivalent to about 4% of the standard deviation of the dependent variable.  

[Insert Table 10 about here] 

I further examine the same effect using the sample of chemicals that are primarily released 

into water and air. This is motivated by Iverson’s exclusive focus on water and air emissions while 

ground emissions remain unaffected. The aim is to ascertain that the reduction in production ratio 

is not driven by chemicals that solely concern ground emissions. Unfortunately, unlike in emission 

data reported by TRI, the production ratio is not broken down by the respective medium. Therefore, 

for each plant-chemical-year, I measure the propensity of the chemical to be released into water or 

air by the average share of its emissions released into water or air over the past three years. 
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Restricting the sample to plant-chemicals for which this propensity is above median, I find an even 

stronger reduction in production ratio as reported in the second column of Table 10.  

7.2.2. Increasing Investment in Abatement Technologies 

Investing in abatement technologies is another way through which plants can moderate 

their pollution without reducing production. Such investments are known to be exorbitantly costly 

as they often involve significant restructuring of operations and acquiring expensive 

technologies.19 Plants report their abatements attempts to EPA in various forms. These include, for 

instance, adopting more accurate recordkeeping procedures classified as an “operating” abatement. 

Among the various possible forms of pollution abatement, the one most preferred by EPA is 

“process” abatement. Process abatements target the source of pollution and modify the production 

process in a way that less pollution is produced, as opposed to better managing the pollution that 

is already produced. Examples include investing in solar energy to replace pollutive fossil fuels or 

replacing the old and pollutive machinery with new and environmentally efficient equipment. 

Therefore, following the literature, I study process-related pollution abatements resulting from 

Iverson (Appel and Akey (2021) and Bellon (2023)).  

Columns 3 through 4 of Table 10 report the results of estimating Equation (5) for process-

related abatements. Focusing on all plant-chemical-year observations (Column 3), I find no 

evidence of increased process-related abatements in the affected plants post shock. However, 

restricting to plant-chemical-year observations that most likely concern chemicals released into 

water or air, I find a 0.7% higher probability of investing in process-related abatements after 

 
19 According to the 2005 Pollution Abatement Costs and Expenditures (PACE) published by EPA, abatement capital 

expenditures accounted for about 4.5% of new capital expenditures across all industries. Furthermore, abatement 

operating costs accounted for roughly 0.4% of the total value of shipments. 
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Iverson for plants located the Ninth Circuit, compared to unaffected plants. This increase 

corresponds to roughly 4% of the dependent variable’s standard deviation. 

7.2.3. Reallocating Pollution to Unaffected Plants Within the Parent Firm 

Multi-plant parent firms whose subsidiaries are located both inside and outside of the Ninth 

Circuit also have the option to manage their exposure to Iverson through strategically relocating 

their pollutive operations outside the Ninth Circuit. However, parents should strike a balance 

between the costs of relocating their pollutive operations with the added benefits of scaping the 

personal environmental liability of executives. One major cost of this pollution shifting strategy is 

that of losing access to the supply chain network which the firm previously operated in within the 

Ninth Circuit. Therefore, to balance the feasibility and cost effectiveness of pollution shifting, 

exposed parents are most likely to transfer their pollution to outside the Ninth Circuit, but close 

enough for the firm to be able to preserve its position in the old supply chain network. As such, I 

conjecture that the destination plants receiving the shifted pollution should be mainly located in 

the states nearby, but not within, the Ninth circuit. 

To test this hypothesis, I split US states into three mutually exclusive groups: The states 

“treated” by Iverson, states “adjacent” to the treated region, and the “other” states outside the 

treated and adjacent groups. Figure 7 presents the states in each group. I mechanically pick the 

adjacent states as those sharing common border with the Ninth Circuit.20 My prediction is that 

subsequent to Iverson, plants located in the “adjacent” states and owned by parents with high 

exposure to the shock experience an increase in their pollution, both compared to plants of highly 

exposed parents in the “other” states as well as plants owned by unexposed parent in “adjacent” 

states.  

 
20 My inferences remain highly consistent if I alternatively define adjacent plants as those located within a 100, 200, 

300, or 400 KM distance outside the Ninth Circuit border. 
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[Insert Figure 7 about here] 

Next, I estimate Equation (6) using data at the plant-chemical-year level and report the 

results in Table 11. After Iverson, a one standard deviation increase in a parent firm’s exposure to 

the shock increases the pollution of its plants in adjacent states by 6%, equivalent to roughly 2% 

of the dependent variable’s standard deviation. On the other hand, the same increase in parents’ 

exposure to Iverson decreases the pollution of Ninth Circuit plants by roughly 2%. Hence, notably, 

the average increasing effect on the adjacent plants is nearly triple the decreasing effect on the 

Ninth Circuit plants. Parents’ exposure to Iverson has no moderating impact on the pollution of 

plants in other states post shock.  

[Insert Table 11 about here] 

A key question at this step is whether this pollution shifting behavior within the exposed 

parent firms can entirely wipe out the effect of Iverson at the aggregate parent level. The answer, 

as I show in Table 9, is no. Indeed, exposed parents still experience a significant drop in their toxic 

emissions even in presence of the pollution shifting documented in this section. Therefore, the 

strategic transfer of emissions to unaffected plants can at best be a partial solution for parents to 

avoid the environmental liabilities imposed by Iverson on their executives. 

7.2.1. Off-Site Pollution Transfer 

Finally, I examine whether the reduction in on-site toxic emissions is realized through an 

increase in off-site disposals. As an alternative method for disposing toxic wastes, plants may 

choose to transfer their pollution off-site. This includes sending toxic wastes to be recycled, used 

in power generation, disposed, or released in a better controlled process compared to on-site 

emissions. If this is the case, then it is likely that the on-site reduction of emissions is offset by an 

increase in off-site transfers, which would leave the overall pollution unchanged.  
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Therefore, I end my analysis of toxic emissions with an examination of how off-site 

transfers evolve in the Ninth Circuit subsequent to Iverson. In untabulated results, I find that off-

site transfers in Ninth Circuit plants also decrease post shock, with an economic magnitude very 

similar to on-site emissions. Hence, I reject off-site transfers as a mechanism for reducing on-site 

emissions after Iverson.  

My findings so far underscore the value implications of executives’ environmental 

liabilities. In this section, I test the validity of this value effect outside the environmental domain. 

To this end, I exploit a 2022 amendment to Delaware’s General Corporation Law which allows 

Delaware firms to shield executives from certain liabilities related to their fiduciary duties. 

Specifically, conditional on shareholder approval, firms can amend their charters and add 

provisions exculpating executives from liabilities for monetary damages regarding breaches of 

fiduciary duties. If personal liability of executives is value destroying, this legal shock that relieves 

Delaware executives from certain personal liabilities must enhance firm value.  

To test this hypothesis, I examine the evolution of risk-adjusted stock returns for Delaware 

incorporated public firms around three key dates: Senate Bill 273, which amended the Delaware 

General Corporation Law to extend exculpation provisions to corporate officers, progressed 

through key legislative stages in mid-2022. The bill was introduced to the Delaware General 

Assembly on April 28, 2022. It passed the Senate on May 12, 2022, signaling  initial legislative 

approval. The bill eventually passed the House on June 14, 2022.21 

[Insert Table 12 about here] 

 
21 The bill was signed into law by Delaware governor on July 27, 2022, and became effective on August 1, 2022.  



44 

 

As reported in Table 12, firms incorporated in Delaware experienced a sizeable and 

statistically significant risk-adjusted increase in their equity value around the legal shock. In a 

short window ending 5 days after each of the first two event dates above (initial introduction to 

Senate and passage by Senate), Delaware firms gained on roughly one percentage points higher 

returns. There are no differential returns around the third date (passage by the House) which is 

consistent with the market having already incorporated the value relevant information into prices 

in the preceding two events. These evidence extend the main findings of this paper regarding the 

value implications of executive personal liability beyond the environmental domain, albeit 

suggestively.  

 In this section, I investigate the robustness of my main findings. I begin with replacing 

parent firms’ time varying exposure to Iverson by their exposure measured in 1998 and kept 

constant throughout the sample period. This analysis addresses concerns about firms endogenously 

managing their exposure to the shock after Iverson. As reported in Appendix Table 5, my main 

inferences that are based on parent firms’ exposure to the shock are robust to using this constant 

exposure measure. In untabulated results, I confirm that the inferences remain the same if I allow 

exposures to be time-varying before 1998 and kept fixed afterwards.  

Turning to the plant-level analysis, I examine the robustness of my main findings to 

studying plants within a short distance from the Ninth Circuit border. The plants that are located 

on the two sides of the border are expected to be subject to the same local economic and 

environmental conditions, and thereby comparable, but they are treated differently by Iverson. As 

such, I can better isolate the impact of the shock to executive personal liability.  Appendix Table 6 

reports the main plant-level analysis replicated for this restricted sample of plants, located within 
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a 100 km distance from the Ninth Circuit border. The inferences remain unchanged. Appendix 

Figure 1 presents the location of the plants used in this analysis. In untabulated results, I find that 

the impact on toxic emissions remains robust if I instead study plants within a 200 km or 500 km 

distance from the border. However, such long distances are not aligned with the core purpose of 

this exercise which is studying plants subject to the same local conditions. 

I study the economic consequences of increasing executives’ personal liability. In my main 

analysis, I use the Ninth Circuit Court of Appeal’s decision in United States v. Iverson (1998) as 

an exogenous shock to executives’ personal environmental liability in the Ninth Circuit. I primarily 

find that parent firms exposed to the shock through their Ninth Circuit subsidiaries experience an 

immediate and persisting drop in their equity market value relative to unexposed parents. Analysts 

revise their earnings forecast for the exposed parent immediately after the shock. Hence, a key 

factor driving this destruction of shareholder value is the downward adjustment by stock market 

participants of the cash flow potential of exposed parent firms. I verify that realized cash flows are 

lower for parents with a high exposure to the Ninth Circuit after the shock. The lower cash flow is 

driven by both a reduction in sales and an increase in costs. Furthermore, the shock to executive 

liability increases the volatility of cash flows post shock. 

I then delve deeper into the mechanisms through which parent firms experience a reduction 

in their cash flows in years following the shock. Beginning with an in-depth analysis of toxic 

emissions, I find that plants affected by the shock significantly reduce their pollution after Iverson.  

The mechanisms driving this reduction in toxic emissions is threefold: (1) Affected plants reduce 

the scale of their pollutive production post shock. The reduction in pollutive production can either 

reduce the entire outputs or enforce cleaner and more expensive production. (2) Affected plants 
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also increase investments in process-related abatement technologies. (3) Parent firms with high 

exposure to the shock strategically relocate their pollution from the affected plants to their plants 

located outside, but close to, the Ninth Circuit. Aggregating pollution across subsidiaries, I find 

that toxic emissions also decrease in the aggregate for parent firms with high exposure to the shock.  

Taken together, my findings address a consequential economic aspect of corporate law. 

Holding executives personally accountable for corporate legal violations will make corporations 

more legally compliant which is a socially beneficial outcome. However, the improved compliance 

comes at a cost that is paid by, and therefore hurts, shareholders. The findings presented in this 

paper shed light on the optimal level of corporate executives’ personal liability. Investors and 

creditors can exploit these findings in their valuations. Furthermore, my findings can be used by 

policy makers to improve environmental governance. 
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A.1. The Responsible Corporate Officer Doctrine (RCOD) 

Before the inception of the Responsible Corporate Officer Doctrine (RCOD), corporate 

executives could only be held personally liable under criminal law for criminal acts that the officer 

directed, authorized, ratified, or personally undertook. This standard of liability was broadened 

after the RCOD emerged from two U.S. Supreme Court decisions, United States v. Dotterweich 

(1943) and United States v. Park (1972). Both Dotterweich and Park involved prosecutions of 

corporate officers under the Federal Food, Drug, and Cosmetic Act (FDCA). In its decision, the 

Supreme Court ruled that under FDCA provisions, there are no requirements for the defendant to 

knowingly violate the statute.  Instead, the mere authority to prevent a violation - by virtue of the 

executive’s position - was sufficient to impose liability. Consequently, corporate officers could be 

held liable even if they neither participated in nor were aware of the violations, as long as they 

occupied a position of responsibility or oversight that could have prevented or corrected the 

infractions. 

Although the RCOD was initially developed in response to a FDCA violation, the language 

adopted by the legislator makes it applicable to other legal disputes involving public safety.  

Further clarifying the applicability of the RCOD in the public safety context, the Supreme Court 

defended its decision in United States v. Park by stating: 

“[the decision is] no more stringent than the public has a right to expect of those who 

voluntarily assume positions of authority in business enterprises whose services and products 

affect the health and well-being of the public that supports them.” 
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A.2. The Application of RCOD to Environmental Law 

The applicability of the RCOD to environmental statutes has historically been ambiguous. 

On the one hand, the RCOD applies in cases where a corporate executives has authority over and 

responsibility for an enterprise that has violated laws protecting public safety. Similar to FDCA, 

environmental statutes such as the Clean Water Act (CWA) and Clean Air Act (CAA) are also 

considered public health and safety statutes, implying that that RCOD can be applied in 

environmental jurisprudence. Congress even explicitly incorporated the term “responsible 

corporate officer” into the definitions of persons subject to liability under both CWA and CAA. 

On the other hand, unlike FDCA, most environmental statutes (e.g., CWA) require the 

government to prove the defendant’s criminal knowledge. This is at odds with the RCOD in which 

the mere authority is sufficient to hold corporate executives liable. It is noteworthy that this was 

not an issue in the Supreme Court’s ruling in Dotterweich and Park because FDCA is a strict 

liability statute, meaning that a defendant could be held liable regardless of what their intent or 

mental state was when committing the crime. 

Given the coexistence of knowledge requirement and the mention of “responsible corporate 

officer” in environmental statutes, courts may apply the RCOD to imply a knowledge requirement 

merely from a corporate executive’s position or responsibility. However, there are serious 

controversies around the application of RCOD in environmental statutes, and historical evidence 

show that courts avoided applying the RCOD to environmental cases. Critics contend that courts 

should not permit the conviction of corporate officers unless the government satisfies its burden 

of proving that the officer possessed the culpable state of mind required under the specific 

environmental statutes at issue. 
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In this section, I describe a stylized model that formulates the main economic intuition of 

the empirical analysis. The setting includes three players: principal (i.e., firm/shareholders), agent 

(i.e., executive), and regulator. The regulator imposes the personal liability regime 𝜃 ∈ [0,1] with 

higher 𝜃 indicating stronger personal liability burden. In response, the executive chooses the 

pollution management effort 𝑒(𝑝, 𝜃) ∈ [0,1] where 𝑝 is the probability of inspection by the 

regulator. Intuitively, the executive is expected to exert more effort if the personal liability regime 

is strong (𝜃 is high). Similarly, the executive will exert more effort if the probability of inspection 

by the regulator, and hence environmental litigation, is higher (𝑝 is high). The inspection 

probability is stochastic with 𝑝 = 𝑝 + 𝜖 and 𝜖~(0, 𝜎𝜀
2). This randomness reflects real-world 

unpredictability of environmental inspections.   

If violation is found upon inspection, the court imposes liability penalty of 𝐿(1 − 𝜙(𝑒)) 

on the executive where 𝜙(𝑒) ∈ [0,1] captures the degree of pollution avoidance resulting from 

effort. Pollution avoidance is increasing in effort (𝜙′(𝑒) > 0) and there is diminishing return to 

effort (𝜙′′(𝑒) < 0). The probability of a being held liable is 𝑝𝜃(1 − 𝜙(𝑒)).  

I what follows, I will formally examine how strengthening the personal liability regime 

(i.e., increasing 𝜃) affects the executive’s pollution management effort as well as firm outcomes. 

B.1. Executive Optimization Problem 

The executive maximizes his payoff 𝑈:22 

 
22 The linear functional form used to formulate utility is equivalent to assuming risk-neutrality for the executive which 

has been adopted to enhance model tractability. This assumption does not affect qualitative comparative statics which 
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𝑈(𝑒) = 𝜔 + 𝛽𝑒 −
1

2
𝑘𝑒2 − 𝑝𝜃𝐿(1 − 𝜙(𝑒))

2
 

In the utility function above, 𝜔 + 𝛽𝑒 measures the compensation offered by the principal 

to the executive: 𝜔 is a fixed wage and 𝛽𝑒 rewards the executive for his compliance-enhancing 

efforts (𝛽 > 0). The second component (−
1

2
𝑘𝑒2, 𝑘 > 0) captures the convex cost of effort to the 

executive. The third component captures the expected liability penalty.  

The executive chooses 𝑒 such that 𝑈(𝑒) is maximized. The first order condition yields: 

𝜕𝑈

𝜕𝑒
=

𝜕 [𝜔 + 𝛽𝑒 −
1
2

𝑘𝑒2 − 𝑝𝜃𝐿(1 − 𝜙(𝑒))
2

]

𝜕𝑒
 

= 𝛽 − 𝑘𝑒 + 2𝑝𝜃𝐿(1 − 𝜙(𝑒))𝜙′(𝑒) = 𝐹(𝑒, 𝜃, 𝑝) = 0 

To see how the optimal effort 𝑒 changes with the strength of personal liability regime 𝜃, I 

must calculate the derivative 
𝑑𝑒

𝑑𝜃
. To this end, starting from 𝐹(𝑒, 𝜃, 𝑝) = 0, I take derivatives of 

both sides with respect to 𝜃: 

𝜕𝐹

𝜕𝑒
.
𝑑𝑒

𝑑𝜃
+

𝜕𝐹

𝜕𝜃
= 0 

Therefore, 

𝑑𝑒

𝑑𝜃
= −

𝜕𝐹
𝜕𝜃
𝜕𝐹
𝜕𝑒

= −
2𝑝𝐿(1 − 𝜙(𝑒))𝜙′(𝑒)

−𝑘 + 2𝑝𝜃𝐿(1 − 𝜙(𝑒))𝜙′′(𝑒) − 2𝑝𝜃𝐿(𝜙′(𝑒))
2 

The numerator of the  ratio above is positive (all multiplied components are positive) and 

the denominator is negative (it is the sum of four negative components). Therefore, 
𝑑𝑒

𝑑𝜃
> 0.23 

 
are even stronger under risk aversion.  To emphasize, risk neutrality does not mean the executive ignores liability risk. 

Rather, it means they respond only to the expected mean payoffs and are indifferent to the variance. Thus, higher 

expected penalties induce more compliance effort. Risk aversion would further strengthen these incentives.  
23 It is noteworthy that since 𝑒 = 𝑒(𝑝, 𝜃), and both 𝑝 and 𝜃 are exogenous and independent, we have 

𝑑𝑒

𝑑𝜃
=

𝜕𝑒

𝜕𝜃
> 0.  



51 

 

Proposition I: Stronger personal liability for pollution induces higher pollution 

management effort by executives.  

Similarly, 

𝑑𝑒

𝑑𝑝
= −

𝜕𝐹
𝜕𝑝
𝜕𝐹
𝜕𝑒

= −
2𝜃𝐿(1 − 𝜙(𝑒))𝜙′(𝑒)

−𝑘 + 2𝑝𝜃𝐿(1 − 𝜙(𝑒))𝜙′′(𝑒) − 2𝑝𝜃𝐿(𝜙′(𝑒))
2 > 0. 24 

Proposition II: Higher probability of environmental inspection induces higher pollution 

management effort by executives.  

B.2. Implications for Firm Output 

Consider the firm chooses output 𝑞 to maximize cash flows 𝜋, taking compliance effort 𝑒 

as determined by the executive: 

𝜋 = 𝑅(𝑞) − 𝑉(𝑞, 𝑒) − 𝐹 

𝑅(𝑞) indicates revenues, 𝑉(𝑞, 𝑒) indicates variable costs determined by output level and 

effort, and 𝐹 indicates fixed costs of production. Revenue is increasing and concave in output 

(𝑅′ > 0, 𝑅′′ < 0). Cost is increasing in output and effort (𝑉𝑞 > 0, 𝑉𝑒 > 0).  The first order 

condition yields: 

𝑅′(𝑞) −
𝜕𝑉(𝑞, 𝑒)

𝜕𝑞
= 0 

Taking total derivatives with respect to 𝜃: 

𝑑 [𝑅′(𝑞) −
𝜕𝑉(𝑞, 𝑒)

𝜕𝑞
]

𝑑𝜃
=   𝑅′′(𝑞)

𝑑𝑞

𝑑𝜃
−

𝜕2𝑉(𝑞, 𝑒)

𝜕𝑞2
.
𝑑𝑞

𝑑𝜃
−

𝜕2𝑉(𝑞, 𝑒)

𝜕𝑒𝜕𝑞
.
𝑑𝑒

𝑑𝜃
= 0 

Solving for 
𝑑𝑞

𝑑𝜃
: 

 
24 It is noteworthy that since 𝑒 = 𝑒(𝑝, 𝜃), and both 𝑝 and 𝜃 are exogenous and independent, we have 

𝑑𝑒

𝑑𝑝
=

𝜕𝑒

𝜕𝑝
> 0.  
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𝑑𝑞

𝑑𝜃
=

𝜕2𝑉(𝑞, 𝑒)
𝜕𝑒𝜕𝑞

𝑅′′(𝑞) − 
𝜕2𝑉(𝑞, 𝑒)

𝜕𝑞2

.
𝑑𝑒

𝑑𝜃
 

Assuming higher compliance effort 𝑒 increases the marginal cost of production, the 

numerator of the ratio above is positive. Both components of the denominator are expectedly 

negative (downward sloping marginal revenue and upward sloping marginal cost), making the 

denominator negative. Finally, from the first proposition, 
𝑑𝑒

𝑑𝜃
> 0. Therefore, 

𝑑𝑞

𝑑𝜃
< 0. 

Notably, the model does not provide any clear prediction on how stronger personal liability 

regimes affect costs. Formally, 

𝑑𝑉(𝑞, 𝑒)

𝑑𝜃
=

𝜕𝑉

𝜕𝑞
.
𝑑𝑞

𝑑𝜃
+

𝜕𝑉

𝜕𝑒
.
𝑑𝑒

𝑑𝜃
 

The first term above is negative (
𝜕𝑉

𝜕𝑞
> 0,

𝑑𝑞

𝑑𝜃
< 0) while the second term is positive (

𝜕𝑉

𝜕𝑒
>

0,
𝑑𝑒

𝑑𝜃
> 0). Hence, the sign of 

𝑑𝑉

𝑑𝜃
 remains unclear, depending on which of the two terms dominate. 

: Firm output is decreasing in personal liability. Costs can be either 

increasing, decreasing, or constant in personal liability. 

B.3. Implications for Firm Cash Flows 

I then turn to calculating 
𝑑𝜋

𝑑𝜃
 to examine how cash flows 𝜋 vary with personal liability 

regime 𝜃: 

𝑑𝜋

𝑑𝜃
= 𝑅′(𝑞).

𝑑𝑞

𝑑𝜃
−

𝜕𝑉(𝑞, 𝑒)

𝜕𝑞
.
𝑑𝑞

𝑑𝜃
−  

𝜕𝑉(𝑞, 𝑒)

𝜕𝑒
.
𝑑𝑒

𝑑𝜃
 

 = [𝑅′(𝑞) −
𝜕𝑉(𝑞, 𝑒)

𝜕𝑞
] .

𝑑𝑞

𝑑𝜃
−  

𝜕𝑉(𝑞, 𝑒)

𝜕𝑒
.
𝑑𝑒

𝑑𝜃
 

The term in the brackets measures the marginal return to output minus the marginal cost. 

For firms that operate on or below their efficient scale, this term is non-negative. This is a realistic 
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assumption for real-world firms. The second component in the expression above is the product of 

a strictly negative term (−
𝜕𝑉(𝑞,𝑒)

𝜕𝑒
< 0) and a strictly positive term (

𝑑𝑒

𝑑𝜃
> 0, see Proposition I). 

Therefore, 
𝑑𝜋

𝑑𝜃
< 0. 

: Cash flow level is decreasing in personal liability. 

B.4. Implications for Cash Flow Volatility 

In the current model, compliance effort 𝑒 depends on stochastic enforcement probability 

𝑝 = 𝑝 + 𝜖 with 𝜖~(0, 𝜎𝜀
2). Subsequently, 𝑒 determines output 𝑞 and costs 𝑉, introducing 

randomness into cash flows. Formally: 

𝜋 = 𝑅(𝑞(𝑒(𝑝, 𝜃))) − 𝑉(𝑞(𝑒(𝑝, 𝜃)), 𝑒(𝑝, 𝜃)) − 𝐹 

The variance of 𝜋, calculated through the delta method, is obtained as follows: 

𝑉𝑎𝑟(𝜋) ≈ (
𝜕𝜋

𝜕𝑝
)

2

. 𝜎𝜀
2 = (

𝜕𝜋

𝜕𝑒
.
𝜕𝑒

𝜕𝑝
)

2

. 𝜎𝜀
2 

To examine the effect of stronger personal liability regimes on cash flow volatility, I take 

total derivative with respect to 𝜃: 

𝑑𝑉𝑎𝑟(𝜋)

𝑑𝜃
= 2 (

𝜕𝜋

𝜕𝑒
.
𝜕𝑒

𝜕𝑝
) .

𝑑

𝑑𝜃
(

𝜕𝜋

𝜕𝑒
.
𝜕𝑒

𝜕𝑝
) . 𝜎𝜀

2  

=  2 (
𝜕𝜋

𝜕𝑒
.
𝜕𝑒

𝜕𝑝
) . [

𝑑

𝑑𝜃
(

𝜕𝜋

𝜕𝑒
) .

𝜕𝑒

𝜕𝑝
+

𝜕𝜋

𝜕𝑒
.

𝑑

𝑑𝜃
(

𝜕𝑒

𝜕𝑝
)] . 𝜎𝜀

2  

Under reasonable assumptions, the above derivative has a positive sign, indicating that cash 

flow risk is increasing in 𝜃. To illustrate, note that 
𝜕𝜋

𝜕𝑒
< 0, i.e., profit is decreasing in effort.25 

 
25 Following from the 𝜋 formula in Section B.2., 

𝜕𝜋

𝜕𝑒
= [𝑅′(𝑞) −

𝜕𝑉(𝑞, 𝑒)

𝜕𝑞
] .

𝜕𝑞

𝜕𝑒
−  

𝜕𝑉(𝑞, 𝑒)

𝜕𝑒
 . 

The term inside the bracket is positive (see section B.3.). Similar to the argument in Section B.2., 
𝜕𝑞

𝜕𝑒
 is negative. 

Formally: 
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Moreover, from Proposition II, 
𝜕𝑒

𝜕𝑝
> 0, i.e., effort is increasing in inspection probability. Therefore, 

the multiplier outside the bracket is negative. Turning to the higher order derivatives inside the 

bracket, 
𝑑

𝑑𝜃
(

𝜕𝜋

𝜕𝑒
) is expectedly negative. In other words, the diminishing return to effort is amplified 

in stronger personal liability regimes. Furthermore, 
𝑑

𝑑𝜃
(

𝜕𝑒

𝜕𝑝
) is expectedly positive. In other words, 

the responsiveness of effort to inspection probability is strengthened in stronger liability regimes. 

Taken together: 

𝑑𝑉𝑎𝑟(𝜋)

𝑑𝜃
≈ (−). (+). [(−). (+) + (−). (+)] > 0 

Proposition V: Cash flow volatility is increasing in the strength of personal liability. 

B.5. Implications for Executive Compensation 

Executive compensation is modeled as: 

𝐶(𝑒) = 𝜔 + 𝛽𝑒 

Taking derivatives with respect to 𝜃: 

𝑑𝐶

𝑑𝜃
= 𝛽.

𝑑𝑒

𝑑𝜃
 

Using Proposition I, 
𝑑𝐶

𝑑𝜃
>0. 

Proposition VI: Executive compensation is increasing in personal liability. The increase 

occurs only through the variable component of compensation designed to compensate the 

executive for compliance efforts. 

 

𝜕𝑞

𝜕𝑒
=

𝜕2𝑉(𝑞, 𝑒)
𝜕𝑒𝜕𝑞

𝑅′′(𝑞) − 
𝜕2𝑉(𝑞, 𝑒)

𝜕𝑞2

< 0 

Finally, 
𝜕𝑉(𝑞,𝑒)

𝜕𝑒
< 0 (see section B.2.). Therefore, 

𝜕𝜋

𝜕𝑒
< 0. 
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B.6. Implications for Firm Value 

Firm value is the discounted value of future cash flows. Formally: 

𝑉𝑎𝑙𝑢𝑒 ∝
𝜋

𝑉𝑎𝑟(𝜋)
 

Therefore, 

𝑑𝑉𝑎𝑙𝑢𝑒

𝑑𝜃
∝

𝑉𝑎𝑟(𝜋).
𝑑𝜋
𝑑𝜃

− 𝜋.
𝑑𝑉𝑎𝑟(𝜋)

𝑑𝜃
 

𝑉𝑎𝑟(𝜋)2
 

Using Proposition IV (
𝑑𝜋

𝑑𝜃
<0) and Proposition V (

𝑑𝑉𝑎𝑟(𝜋)

𝑑𝜃
> 0), the derivative above is 

negative. 

: Firm value is decreasing in personal liability. 

B.7. Implications for Pollution 

Suppose pollution 𝑃 is a function of output 𝑞 and effort 𝑒 such that 
𝜕𝑃

𝜕𝑞
> 0 and  

𝜕𝑃

𝜕𝑒
< 0. 

Specifically, pollution is increasing in output and decreasing in compliance effort. Taking total 

derivative with respect to 𝜃: 

𝑑𝑃

𝑑𝜃
=

𝜕𝑃

𝜕𝑞
.
𝑑𝑞

𝑑𝜃
+

𝜕𝑃

𝜕𝑒
.
𝑑𝑒

𝑑𝜃
 

Combining previous findings in Proposition I and Proposition III, 
𝑑𝑃

𝑑𝜃
 is the sum of two 

negative terms. Therefore, 
𝑑𝑃

𝑑𝜃
< 0. 

: Pollution level is decreasing in personal liability. 
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This table presents descriptive statistics for the main variables used in this paper. Variables are defined in Appendix Table 1. 

 

Panel A: Pooled summary statistics 

 
Mean 

Standard 

deviation 

25th 

percentile 
Median 

75th 

percentile 

Plant variables           

 - On-site emissions into water, air, and ground (1000 pounds) 8.08 34.41 0.00 0.25 11.49 

 - On-site emissions into water and air (1000 pounds) 6.26 25.93 0.00 0.21 9.38 

 - On-site emissions into water (1000 pounds) 0.07 0.53 0.00 0.00 0.00 

 - On-site emissions into air (1000 pounds) 5.47 22.70 0.00 0.13 7.90 

 - On-site emissions into ground (1000 pounds) 0.21 1.71 0.00 0.00 0.00 

 - Production ratio  1.07 0.56 1.00 1.12 1.43 

 - Dummy (process abatement) 0.03 0.17 0.00 0.00 0.00 
      

Parent firm exposure to Iverson      

 - Share of the parent’s emissions in Ninth Circuit (%, plant-chemical level) 8.33 19.17 0.05 5.45 26.48 

 - Share of the parent’s emissions in Ninth Circuit (%, parent firm level) 11.23 28.26 0.00 0.32 49.80 

 - Share of the parent’s plants in Ninth Circuit (%, plant-chemical level) 11.32 17.76 5.56 14.29 26.67 

 - Share of the parent’s plants in Ninth Circuit (%, parent firm level) 14.25 28.31 0.00 14.29 50.00 
      

Stock returns around December 11, 1998      

 - CAR(-1,0)  -0.44 3.34 -0.33 1.39 2.95 

 - CAR(-1,+1) -0.22 4.55 0.00 2.11 4.44 

 - CAR(-1,+5) -1.61 6.95 -1.72 2.30 6.90 

 - CAR(-1,+10) -2.42 10.02 -2.24 3.36 9.01 
      

Earning forecast revision around December 11, 1998      

 - After 1 period (parent-analyst level) -0.0029 0.0098 0.0000 0.0000 0.0000 

 - After 2 periods (parent-analyst level) -0.0063 0.0161 0.0000 0.0000 0.0017 

 - After 3 periods (parent-analyst level) -0.0080 0.0204 0.0000 0.0000 0.0040 

 - After 4 periods (parent-analyst level) -0.0094 0.0236 -0.0013 0.0000 0.0053 

 - After 1 period (parent level) -0.0028 0.0091 -0.0002 0.0000 0.0015 

 - After 2 periods (parent level) -0.0058 0.0157 -0.0020 0.0000 0.0035 

 - After 3 periods (parent level) -0.0073 0.0198 -0.0025 0.0000 0.0064 

 - After 4 periods (parent level) -0.0084 0.0235 -0.0027 0.0007 0.0077 
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Panel A continued 

Parent firm outputs      

 - ROA 0.041 0.099 0.052 0.091 0.136 

 - Profit margin 0.019 0.142 0.039 0.070 0.110 

 - Sales/Assets 0.159 0.500 0.182 0.476 0.741 

 - Total cost/Sales -0.137 0.114 -0.132 -0.083 -0.039 

 - COGS/Sales -0.414 0.272 -0.352 -0.237 -0.151 

 - SG&A/Sales -1.844 0.686 -1.769 -1.358 -0.995 

 - Volatility of ROA 0.064 0.077 0.039 0.074 0.141 

 - Volatility of profit margin 0.087 0.185 0.035 0.077 0.166 

 - Total compensation (CEO, $1,000’s) 3,748.52 3,941.07 2,280.47 4,678.46 8,971.66 

 - Salary compensation (CEO, $1,000’s) 646.35 269.17 611.38 835.29 1,002.23 

 - Non-salary compensation (CEO, $1,000’s) 3,090.70 3,785.96 1,664.84 3,865.82 8,044.47 

 - Total compensation (directors, $1,000’s) 2,942.37 3,518.23 1,631.78 3,471.43 7,150.65 

 - Salary compensation (directors, $1,000’s) 535.62 272.57 495.00 700.00 946.06 

 - Non-salary compensation (directors, $1,000’s) 2,397.89 3,356.30 1,116.35 2,761.09 6,359.69 
      

Aggregate variables at industry-year level      

 - 1992 share of emissions in the Ninth Circuit (%) 8.41 12.22 4.11 9.75 20.56 

 - Industry pollutiveness  8.36 8.54 6.00 9.00 17.00 

 - Shipment value ($M) 26,817.67 33,117.32 14,635.00 36,180.80 64,417.80 

 - Shipment value / 1992 employment ($1000 per employee) 234.74 197.65 180.29 275.50 457.61 

 - Value added  ($M) 13,256.13 16,540.78 7,418.00 18,671.60 30,561.50 

 - Value added / 1992 employment ($1000 per employee) 112.92 91.26 92.26 128.36 196.53 

 - Hours worked (millions) 169.54 204.19 102.10 221.10 373.80 

 - Hours worked / 1992 employment (1000’s per employee) 1.39 0.43 1.44 1.69 1.89 

 - Emissions into water and air (1000 pounds) 10,352.40 22,231.59 1,575.30 7,593.55 32,078.76 

 - Emissions into water and air / 1992 employment (pounds per employee) 140.45 391.98 18.42 77.63 298.47 

 - Emissions into water and air / current employment (pounds per employee) 152.52 425.11 18.52 76.08 333.46 

 - Emissions into water and air / hours worked (pounds per 1000 hours) 103.52 291.24 12.98 48.70 220.73 

 - Emissions into water and air / shipment value (pounds per $1000) 0.40 0.82 0.10 0.36 1.18 
      

Aggregate variables at industry-state-year level      

- Industry pollutiveness 2.34 4.65 0.00 3.00 8.00 

 - Δ Establishment count 5.93 37.33 0.75 7.06 29.98 

 - Δ Establishment count / 1992 employment (per 1000 employees) 2.16 15.93 0.17 4.67 15.38 
      

Aggregate variables at industry-state-chemical-year level      

 - On-site emissions into water, air, and ground (1000 pounds) 11.75 56.18 0.00 0.09 11.47 

 - On-site emissions into water and air (1000 pounds) 7.94 36.58 0.00 0.05 8.24 

 - On-site emissions into ground (1000 pounds) 0.65 5.04 0.00 0.00 0.00 
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Panel B: Treated vs. control plants (1997) 

 Unconditional Conditional on covariates 
   

 
Treated Control 

P-value of 

difference 
Treated Control 

P-value of 

difference 

 - log of on-site emissions into water, air, and ground 2.422 2.550 0.014 0.007 -0.001 0.760 

 - log of on-site emissions into water and air 2.362 2.481 0.021 0.021 -0.002 0.329 

 - log of on-site emissions into water 0.303 0.339 0.057 0.012 -0.001 0.179 

 - log of on-site emissions into air  2.274 2.363 0.076 0.015 -0.002 0.470 

 - log of on-site emissions into ground 0.196 0.218 0.181 -0.028 0.003 0.002 

 - Production ratio  1.223 1.168 0.000 0.004 0.000 0.611 

 - Process abatement 0.052 0.036 0.001 -0.001 0.000 0.840 
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This table uses the OLS regressions to examine the macroeconomic effects of Iverson using SIC3 industries. Panel A and Panel B use industry-year level data in 

the manufacturing sector. Panel C uses data at industry-state-chemical-year level using industries available in the Toxic Release Inventory from EPA. Panel D uses 

industry-state-year level data using private industries in the County Business Pattern. Industry pollutiveness is measured in 1992 and defined in Appendix Table 1. 

Share of emissions in Ninth Circuit is also measured in 1992 using on-site emissions. Ninth Circuit is a dummy variable taking the value of one for states located 

in the Ninth Circuit. The sample period runs from 1994 through 2003. Post is a dummy variable taking the value of one on and after 1999. Fixed effects and controls 

are reported in each panel. Standard errors are clustered at the SIC2-year level in Panel A and Panel B, and by circuit in Panel C and Panel D. ***, **, and * indicate 

statistical significance at the 1%, 5%, and 10% levels, respectively. 

  

Panel A: Aggregate output  

 Dependent variable is 
   

 ln of … … scaled by 1992 employment 

 Shipment value Value added Hours worked Shipment value Value added Hours worked 

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

1992 share of emissions in Ninth Circuit  -0.3796*** -0.2795** -0.3700*** -114.9853*** -21.5666 -0.3226*** 

      × ln(1+ Industry pollutiveness) × Post (-3.74) (-2.59) (-4.33) (-4.09) (-1.56) (-3.09) 
       

Dual and single combinations of        

     interaction components Yes Yes Yes Yes Yes Yes 
       

Fixed effects       

SIC3 industry  Yes Yes Yes Yes Yes Yes 

Year Yes Yes Yes Yes Yes Yes 
       

Sample level Industry-Year Industry-Year Industry-Year Industry-Year Industry-Year Industry-Year 

Industries included Manufacturing Manufacturing Manufacturing Manufacturing Manufacturing Manufacturing 
       

Observations 1,365 1,365 1,365 1,365 1,365 1,365 

R-squared 0.988 0.985 0.989 0.951 0.898 0.882 
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Panel B: Aggregate pollution 

 Dependent variable is 
  

  Emissions into water and air scaled by 

 ln (1+emissions 

into water and air) 
1992 employment 

Current 

employment 
Hours worked Shipment value 

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

1992 share of emissions in Ninth Circuit  -1.1828*** -536.4768** -382.3416** -257.1793** -0.4946 

      × ln(1+ Industry pollutiveness) × Post (-3.04) (-2.49) (-2.03) (-2.11) (-1.36) 
      

Dual and single combinations of       

     interaction components Yes Yes Yes Yes Yes 
      

Fixed effects      

SIC3 industry  Yes Yes Yes Yes Yes 

Year Yes Yes Yes Yes Yes 
      

Sample level Industry-Year Industry-Year Industry-Year Industry-Year Industry-Year 

Industries included Manufacturing Manufacturing Manufacturing Manufacturing Manufacturing 
      

Observations 1,365 1,365 1,365 1,365 1,365 

R-squared 0.961 0.949 0.962 0.965 0.952 

 

Panel C: Emissions at industry-state-chemical-year level 

 Dependent variable is 
   

 ln(1+emissions into …) 

 Water, air, and ground Water and air Ground  

 (1) (2) (3) 

Ninth Circuit × Post -0.0217** -0.0199*** -0.0089 

 (-2.48) (-3.38) (-1.30) 
    

Lagged emissions Yes Yes Yes 
    

Fixed effects    

SIC3 industry × State Yes Yes Yes 

SIC3 industry × Chemical Yes Yes Yes 

SIC3 industry × Year Yes Yes Yes 

Chemical × Year Yes Yes Yes 
    

Sample level Industry-State-Chemical-Year Industry-State-Chemical-Year Industry-State-Chemical-Year 

Industries included In Toxic Release Inventory In Toxic Release Inventory In Toxic Release Inventory 
    

Observations 876,883 876,883 876,883 

R-squared 0.774 0.780 0.677 
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Panel D: Net business creation 

 Dependent variable is 
   

 Δ Establishment count Δ (Establishment count/1992 employment) 

 (1) (2) 

Ninth Circuit  -1.6016*** -0.5000*** 

      × ln(1+ Industry pollutiveness) × Post (-5.38) (-4.40) 
   

Fixed effects   

SIC3 industry × Year  Yes Yes 

State × Year Yes Yes 

State × SIC3 industry Yes Yes 
   

Sample level Industry-State-Year Industry-State-Year 

Industries included In County Business Pattern  In County Business Pattern  
   

Observations 133,100 133,100 

R-squared 0.621 0.464 
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This table uses the OLS regression described in Equation (1) to study the effect of Iverson on cumulative abnormal returns of parent firms exposed to the shock. 

Panel A and Panel B report the results for cumulative abnormal returns around December 11, 1998 (the Ninth Circuit decision date), and November 5, 1997 (the 

District Court decision date), respectively. Columns 1-4 in each panel use as the exposure to Iverson the share of parent firms’ water and air on-site emissions that 

are located in the Ninth Circuit. Columns 5-8 in each panel use as the exposure to Iverson the share of parent firms’ plants that are located in the Ninth Circuit. All 

regressions include a constant not reported for brevity. Variables are further defined in Appendix Table 1. Robust standard errors are reported in parentheses. ***, 

**, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: Market response to the Ninth Circuit Court’s decision on December 11, 1998 

 Dependent variable is 
   

 CAR 

(-1,0) 

CAR 

(-1,+1) 

CAR 

(-1,+5) 

CAR 

(-1,+10) 

CAR 

(-1,0) 

CAR 

(-1,+1) 

CAR 

(-1,+5) 

CAR 

(-1,+10) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions     -1.5514*** -2.3016*** -3.1437*** -6.0761***         

     in Ninth Circuit (-3.02) (-3.27) (-3.54) (-3.83)     
          

Share of the parent’s plants            -1.7712*** -2.1948*** -2.8879*** -6.0151*** 

     in Ninth Circuit         (-3.53) (-3.13) (-3.05) (-3.83) 
         

Observations 786 786 786 786 786 786 786 786 

R-squared 0.015 0.018 0.015 0.026 0.020 0.017 0.012 0.026 

Panel B: Market response to the District Court of Washington’s decision on November 5, 1997 

 Dependent variable is 
   

 CAR 

(-1,0) 

CAR 

(-1,+1) 

CAR 

(-1,+5) 

CAR 

(-1,+10) 

CAR 

(-1,0) 

CAR 

(-1,+1) 

CAR 

(-1,+5) 

CAR 

(-1,+10) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions     -0.3820 -0.6721 -1.1684 -1.1059         

     in Ninth Circuit (-1.16) (-1.50) (-1.43) (-1.11)     
          

Share of the parent’s plants            -0.1986 -0.7903 -1.6660* -1.1988 

     in Ninth Circuit         (-0.51) (-1.62) (-1.84) (-1.11) 
         

Observations 823 823 823 823 823 823 823 823 

R-squared 0.001 0.003 0.003 0.002 0.000 0.004 0.006 0.002 
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This table uses the OLS regression described in Equation (1) to study the effect of Iverson on analysts’ revision of their earnings forecasts for parent firms exposed 

to the shock. Panel A report the results for forecast revisions at the firm-analyst level around December 11, 1998 (the Ninth Circuit decision date). Panel B report 

the results for forecast revisions at the firm level around December 11, 1998. Panel C report the results for forecast revisions at the firm-analyst level around 

November 5, 1997 (the District Court decision date). Panel D report the results for forecast revisions at the firm level around November 5, 1997. Columns 1-4 in 

each panel use as the exposure to Iverson the share of parent firms’ water and air on-site emissions that are located in the Ninth Circuit. Columns 5-8 in each panel 

use as the exposure to Iverson the share of parent firms’ plants that are located in the Ninth Circuit. All regressions include a constant not reported for brevity. 

Variables are further defined in Appendix Table 1. Robust standard errors are reported in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, 

and 10% levels, respectively. 

 

Panel A: Analysts’ forecast revision around the Ninth Circuit Court’s decision on December 11, 1998 

Dependent variable is: Earning forecast revision at parent-analyst level 

 After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions in       -0.0016*** -0.0037*** -0.0074*** -0.0088***         

     Ninth Circuit (-3.19) (-4.26) (-5.90) (-5.88)         
          

Share of the parent’s plants in               -0.0015*** -0.0026*** -0.0048*** -0.0069*** 

     Ninth Circuit         (-3.11) (-3.18) (-4.00) (-4.69) 
         

Observations 5,786 5,710 5,611 5,531 5,786 5,710 5,611 5,531 

R-squared 0.002 0.004 0.010 0.007 0.002 0.002 0.004 0.007 

Panel B: Analysts’ forecast revision around the Ninth Circuit Court’s decision on December 11, 1998 

Dependent variable is: Earning forecast revision at parent level 

 After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions in       -0.0018 -0.0062** -0.0097*** -0.0125***         

     Ninth Circuit (-1.14) (-2.27) (-2.67) (-2.79)         
          

Share of the parent’s plants in               -0.0017 -0.0038 -0.0075** -0.0119*** 

     Ninth Circuit         (-1.13) (-1.58) (-2.10) (-2.67) 
         

Observations 682 682 679 677 682 682 679 677 

R-squared 0.003 0.012 0.019 0.020 0.003 0.005 0.011 0.020 

  



68 

 

 

 

Panel C: Analysts’ forecast revision around the District Court of Washington’s decision on November 5, 1997 

Dependent variable is: Earning forecast revision at parent-analyst level 

 After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions in       -0.0006 -0.0001 -0.0016* -0.0028***         

     Ninth Circuit (-1.26) (-0.23) (-1.72) (-2.76)         
          

Share of the parent’s plants in               -0.0005 -0.0008 -0.0025*** -0.0038*** 

     Ninth Circuit         (-1.08) (-1.37) (-2.92) (-3.82) 
         

Observations 5,318 5,318 5,243 5,119 5,318 5,318 5,243 5,119 

R-squared 0.000 0.000 0.001 0.005 0.000 0.000 0.003 0.005 

Panel D: Analysts’ forecast revision around the District Court of Washington’s decision on November 5, 1997 

Dependent variable is: Earning forecast revision at parent level 

 After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

After 1 

period  

(30 days) 

After 2 

periods  

(60 days) 

After 3 

periods  

(90 days) 

After 4 

periods  

(120 days) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Share of the parent’s emissions in       -0.0010 -0.0001 -0.0002 0.0002         

     Ninth Circuit (-0.70) (-0.04) (-0.10) (0.08)         
          

Share of the parent’s plants in               -0.0009 -0.0003 -0.0011 -0.0010 

     Ninth Circuit         (-0.61) (-0.17) (-0.49) (-0.37) 
         

Observations 652 652 652 652 652 652 652 652 

R-squared 0.001 0.000 0.000 0.000 0.001 0.000 0.001 0.000 
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This table uses the OLS regression described in Equation (2) to study the effect of Iverson on the cash flows of parent firms exposed to the shock at the firm-year 

level. Panel A reports the results for profitability as the dependent variable. Profitability is measured by ROA (Columns 1 and 3) or profit margin (columns 2 and 

4). Panel B reports the results for sales and costs. Columns 1 and 2 in each panel use as the exposure to Iverson the share of parent firms’ water and air on-site 

emissions that are located in the Ninth Circuit. Columns 3 and 4 in each panel use as the exposure to Iverson the share of parent firms’ plants that are located in the 

Ninth Circuit. All regressions control for the parent firm’s log of total assets, log of age, and log of total count of plants. Regressions also control for the direct (not 

interacted) effect of exposure to Iverson not reported for brevity. Post is a dummy variable taking the value of one on and after 1999. Variables are further defined 

in Appendix Table 1. Standard errors are cluster by SIC2 industry-year. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: Profitability 

Dependent variable is: 

 ROA 

(Net income/Assets) 

Profit margin 

(Net income/Sales) 

ROA 

(Net income/Assets) 

Profit margin 

(Net income/Sales) 

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

Share of the parent’s emissions in Ninth Circuit -0.0197* -0.0310**     

     × Post (-1.93) (-2.36)   
     

Share of the parent’s plants in Ninth Circuit   -0.0283*** -0.0534*** 

     × Post     (-2.59) (-3.60) 
     

Controls     

Parent’s assets, age, and count of plants Yes Yes Yes Yes 

Components of the interaction Yes Yes Yes Yes 
     

Fixed effects     

Parent firm Yes Yes Yes Yes 

Parent’s SIC2 industry × Year Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes 
     

Observations 8,171 8,170 8,171 8,170 

R-squared 0.596 0.632 0.596 0.633 
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Panel B: Components of profitability 

Dependent variable is: 

 ln(Sales 

/Assets) 

ln(Total cost 

/Sales) 

ln(COGS 

/Sales) 

ln(SG&A 

/Sales) 

ln(Sales 

/Assets) 

ln(Total cost 

/Sales) 

ln(COGS 

/Sales) 

ln(SG&A 

/Sales) 

Share of the parent’s emissions in       -0.1063*** 0.0200** 0.0286** 0.0256         

     Ninth Circuit × Post (-3.28) (2.46) (2.22) (1.21)     
         

Share of the parent’s plants in           -0.0909** 0.0248*** 0.0216* 0.0123 

     Ninth Circuit × Post         (-2.32) (2.76) (1.77) (0.52) 
         

Controls         

Parent’s assets, age, and count of  Yes Yes Yes Yes Yes Yes Yes Yes 

     plants          

Components of the interaction Yes Yes Yes Yes Yes Yes Yes Yes 
         

Fixed effects         

Parent firm Yes Yes Yes Yes Yes Yes Yes Yes 

Parent’s SIC2 industry × Year Yes Yes Yes Yes Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes Yes Yes Yes Yes 
         

Observations 8,170 8,168 8,168 7,997 8,170 8,168 8,168 7,997 

R-squared 0.869 0.788 0.933 0.957 0.868 0.788 0.933 0.957 
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This table uses the OLS regression described in Equation (3) to study the effect of Iverson on the cash flow volatility of parent firms exposed to the shock. Cash 

flow volatilities are measured using ROA (Columns 1 and 3) and profit margin (Columns 2 and 4). A minimum of three annual observations is required to calculate 

volatility. Columns 1 and 2 use as the exposure to Iverson the share of parent firms’ water and air on-site emissions that are located in the Ninth Circuit. Columns 

3 and 4 in each panel use as the exposure to Iverson the share of parent firms’ plants that are located in the Ninth Circuit. All regressions control for the parent 

firm’s log of total assets, log of age, and log of total count of plants. Variables are further defined in Appendix Table 1. Standard errors are cluster by SIC2 industry. 

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 Dependent variable is: 

ln(volatility of …) 

 ROA Profit margin ROA Profit margin 

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

Share of the parent’s emissions in Ninth Circuit 0.2850* 0.3516*     

     (1.82) (1.74)   
      

Share of the parent’s plants in Ninth Circuit    0.4558** 0.6113*** 

     (2.65) (3.39) 
     

Controls     

Lagged dependent variable Yes Yes Yes Yes 

Parent’s assets, age, and count of plants Yes Yes Yes Yes 
     

Fixed effects     

Parent’s SIC2 industry Yes Yes Yes Yes 

Parent headquarters circuit  Yes Yes Yes Yes 
     

Observations 658 658 658 658 

R-squared 0.295 0.333 0.300 0.340 
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This table uses the OLS regression described in Equation (4) to study the effect of Iverson on executive and director compensation at the firm-individual-year level. 

Panel A reports the results for CEO compensation and Panel B report the results for all director compensations. The sample period ranges from 1994 to 2003, 

inclusive. Columns 1-3 in each panel use as the exposure to Iverson the share of parent firms’ water and air on-site emissions that are located in the Ninth Circuit. 

Columns 4-6 in each panel use as the exposure to Iverson the share of parent firms’ plants that are located in the Ninth Circuit. Post is a dummy variable taking the 

value of one on and after 1999. All regressions control for parent firm’s log of total assets, log of age, and log of total count of patents. Regressions also control for 

the direct (not interacted) effect of exposure to Iverson not reported for brevity. Variables are further defined in Appendix Table 1. Standard errors are clustered at 

the SIC2 industry-year level. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: CEO compensation 

 Dependent variable is 
  

 ln(Total 

compensation) 

ln(Non-salary 

compensation) 

ln(Salary 

compensation) 

ln(Total 

compensation) 

ln(Non-salary 

compensation) 

ln(Salary 

compensation) 

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

Share of the parent’s emissions  0.2809** 0.4982** -0.0690       

     in Ninth Circuit × Post (2.20) (2.41) (-1.52)    
       

Share of the parent’s plants     0.3087* 0.5495** 0.0032 

     in Ninth Circuit × Post       (1.87) (2.14) (0.05) 
       

Controls       

Components of the interaction Yes Yes Yes Yes Yes Yes 

Parent firm’s assets, age, and count of plants Yes Yes Yes Yes Yes Yes 

       

Fixed effects       

Parent firm Yes Yes Yes Yes Yes Yes 

Individual Yes Yes Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes Yes Yes 

Size group × Year Yes Yes Yes Yes Yes Yes 

CEO age × Year Yes Yes Yes Yes Yes Yes 
       

Observations 4,195 4,195 4,215 4,195 4,195 4,215 

R-squared 0.873 0.843 0.933 0.873 0.843 0.933 
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Panel B: Director compensation 

 Dependent variable is 
  

 ln(Total 

compensation) 

ln(Non-salary 

compensation) 

ln(Salary 

compensation) 

ln(Total 

compensation) 

ln(Non-salary 

compensation) 

ln(Salary 

compensation) 

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

Share of the parent’s emissions  0.0522 0.2109 -0.1050**       

     in Ninth Circuit × Post (0.55) (1.20) (-2.18)    
       

Share of the parent’s plants     0.0543 0.1294 -0.1009* 

     in Ninth Circuit × Post       (0.51) (0.74) (-1.95) 
       

Controls       

Components of the interaction Yes Yes Yes Yes Yes Yes 

Parent firm’s assets, age, and count of plants Yes Yes Yes Yes Yes Yes 

       

Fixed effects       

Parent firm Yes Yes Yes Yes Yes Yes 

Individual Yes Yes Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes Yes Yes 

Size group × Year Yes Yes Yes Yes Yes Yes 

Director age × Year Yes Yes Yes Yes Yes Yes 
       

Observations 8,090 8,090 8,116 8,090 8,090 8,116 

R-squared 0.870 0.834 0.888 0.870 0.834 0.888 
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This table uses the OLS regression described in Equation (5) to study the effect of Iverson on toxic emissions at the 

plant-chemical-year level. Panel A reports the results on emissions released into water and air. Panel B reports the 

results for emissions released into various pollution media, as noted. The sample period ranges from 1994 to 2003, 

inclusive. Ninth Circuit is a dummy variable taking the value of one for plants located in the Ninth Circuit. Post is a 

dummy variable taking the value of one on and after 1999. All regressions include the lag of the dependent variable 

as control. Variables are further defined in Appendix Table 1. Standard errors are clustered at the plants’ circuit level. 

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: On-site emissions released into water and air 

Dependent variable is: ln(1+On-site emissions released into water and air) 
    

 (1) (2) (3) 

Ninth Circuit × Post -0.0618* -0.0841*** -0.0586** 

 (-2.03) (-4.68) (-2.57) 
    

Controls    

Lagged emissions No Yes Yes 
    

Fixed effects    

Plant  Yes Yes Yes 

Chemical × Year Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes  

Parent firm × Year   Yes 
    

Observations 590,613 561,917 564,292 

R-squared 0.331 0.797 0.802 

Panel B: On-site emissions broken down by pollution medium 

Dependent variable is: ln(1+On-site emissions released into …) 
  

 Water, Air, and 

Ground 

(total on-site) 

Water Air Ground 

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

Ninth Circuit × Post -0.0898*** -0.0280*** -0.0846*** -0.0046 

 (-5.29) (-3.24) (-5.29) (-0.73) 
     

Controls     

Lagged emissions Yes Yes Yes Yes 
     

Fixed effects     

plant Yes Yes Yes Yes 

Chemical × Year Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes 
     

Observations 561,917 561,917 561,917 561,917 

R-squared 0.792 0.756 0.802 0.693 
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This table uses the OLS regression described in Equation (5) to study the effect of Iverson on toxic emissions at the firm-chemical-year level. The dependent 

variable is log of one plus on-site emissions released into various pollution media, as noted. Columns 1-3 use as the exposure to Iverson the share of parent firms’ 

water and air on-site emissions that are located in the Ninth Circuit. Columns 4-6 use as the exposure to Iverson the share of parent firms’ plants that are located in 

the Ninth Circuit. Post is a dummy variable taking the value of one on and after 1999. All regressions control for the parent firm’s log of total assets, log of age, 

and log of total count of plants. Regressions also control for the direct (not interacted) effect of exposure to Iverson not reported for brevity. All regressions include 

the lag of the dependent variable as control. The sample period ranges from 1994 to 2003, inclusive. Variables are further defined in Appendix Table 1. Standard 

errors are clustered at the parent firm’s circuit level. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: unscaled pollution 

 Dependent variable is 
  

 ln(1+On-site emissions released into …) 

 Water, Air, and 

Ground 

(total on-site) 

Water and air Ground 
Water, Air, and 

Ground 
Water and air Ground 

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

Share of the parent’s emissions     -0.1586** -0.1959*** -0.0106       

     in Ninth Circuit × Post (-3.11) (-4.13) (-0.42)    
 

       

Share of the parent’s plants         -0.1868** -0.1847*** -0.0703** 

     in Ninth Circuit × Post       (-3.04) (-3.53) (-2.96) 
       

Controls       

Lagged emissions Yes Yes Yes Yes Yes Yes 

Parent firm’s assets, age, and count of plants Yes Yes Yes Yes Yes Yes 

Components of the interaction Yes Yes Yes Yes Yes Yes 
       

Fixed effects       

Parent firm  Yes Yes Yes Yes Yes Yes 

Chemical × Year Yes Yes Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes Yes Yes 
       

Observations 200,082 200,082 200,082 200,082 200,082 200,082 

R-squared 0.814 0.819 0.730 0.814 0.819 0.730 
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Panel B: scaled pollution 

 Dependent variable is 
  

 Ln(1+On-site emissions released into water and air scaled by …) 

 Number of 

plants 
Sales Assets 

Number of 

plants 
Sales Assets 

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

Share of the parent’s emissions     -0.1255*** -0.0320* -0.0292*    

     in Ninth Circuit × Post (-3.30) (-2.07) (-1.83)    
       

Share of the parent’s plants        -0.1229* -0.0497** -0.0514** 

     in Ninth Circuit × Post    (-2.15) (-2.78) (-2.55) 
       

Controls       

Lagged emissions Yes Yes Yes Yes Yes Yes 

Parent firm’s assets, age, and count of plants Yes Yes Yes Yes Yes Yes 

Components of the interaction Yes Yes Yes Yes Yes Yes 
       

Fixed effects       

Parent firm  Yes Yes Yes Yes Yes Yes 

Chemical × Year Yes Yes Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes Yes Yes 
       

Observations 200,082 199,938 199,987 200,082 199,938 199,987 

R-squared 0.820 0.850 0.843 0.820 0.850 0.843 
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This table uses the OLS regression described in Equation (5) to study the effect of Iverson on production ratio and process-related abatements at the plant-chemical-

year level. The sample period ranges from 1994 to 2003, inclusive. Ninth Circuit is a dummy variable taking the value of one for plants located in the Ninth Circuit. 

Post is a dummy variable taking the value of one on and after 1999. Dependent variable is either production ratio (Columns 1 and 2) or a dummy variable indicating 

process-related abatements (Column 3 and 4). All chemicals are examined in Columns 1 and 3. Columns 2 and 4 restrict to chemicals that are primarily released 

into water or air identified as follows: For each plant-chemical-year, I calculate the average share of the chemical that was released into water and air in the focal 

plant-chemical pair in the preceding three years. Values above median indicate plant-chemical-years that are released into water or air with a high probability in 

the current year. All regressions include the lag of the dependent variable as well as the lag of on-site emissions into water and air as control. Variables are further 

defined in Appendix Table 1. Standard errors are clustered at the plants’ circuit level. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 

respectively. 

 

 Dependent variable is 
   

 Production ratio Dummy (process-related abatement) 

 

All chemicals 

Chemicals primarily 

released into water and 

air 

All chemicals 

Chemicals primarily 

released into water and 

air 

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

Ninth Circuit × Post -0.0226** -0.0301** -0.0007 0.0073** 

 (-2.28) (-3.10) (-0.21) (2.31) 
     

Controls     

Lagged emissions (water and air) Yes Yes Yes Yes 

Lagged dependent variable Yes Yes Yes Yes 
     

Fixed effects     

Plant  Yes Yes Yes Yes 

Chemical × Year Yes Yes Yes Yes 

SIC2 industry × Year Yes Yes Yes Yes 

Parent headquarters circuit × Year Yes Yes Yes Yes 
     

Observations 218,170 163,521 218,170 163,521 

R-squared 0.280 0.283 0.420 0.426 
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This table uses the OLS regression described in Equation (6) to study strategic pollution shifting from plants in the Ninth Circuit to plants owned by the same 

parents in adjacent states. Dependent variable is the log of one plus on-site emissions released into water or air. Column 1 use as the exposure to Iverson the share 

of parent firms’ water and air on-site emissions that are located in the Ninth Circuit. Column 2 uses as the exposure to Iverson the share of parent firms’ plants that 

are located in the Ninth Circuit. The sample period ranges from 1994 to 2003, inclusive. Ninth Circuit is a dummy variable taking the value of one for plants located 

in the Ninth Circuit. Adjacent states is a dummy variable taking the value of one for plants located in New Mexico, Utah, Wyoming, South Dakota, and North 

Dakota. Other states is a dummy variable taking the variable of one for plants located in states outside the Ninth Circuit and excluding adjacent states. Post is a 

dummy variable taking the value of one on and after 1999. All regressions include the lag of the dependent variable as control. Regressions also control for dual 

and single combinations of the components of the triple interactions, not tabulated for brevity. Variables are further defined in Appendix Table 1. Standard errors 

are clustered at the plants’ circuit level. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
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 Dependent variable is 
  

 ln(1+On-site emissions released into water and air) 

 (1) (2) 

Ninth Circuit × Share of the parent’s emissions in Ninth Circuit × Post -0.0972***   

           (-6.19)  
   

Adjacent states × Share of the parent’s emissions in Ninth Circuit × Post 0.3273***  

           (5.54)  
   

Other states × Share of the parent’s emissions in Ninth Circuit × Post -0.0633  

           (-1.23)  
   

Ninth Circuit × Share of the parent’s plants in Ninth Circuit × Post  -0.1366*** 

            (-4.97) 
   

Adjacent states × Share of the parent’s plants in Ninth Circuit × Post  0.3766*** 

            (3.53) 
   

Other states × Share of the parent’s plants in Ninth Circuit × Post  -0.1152* 

   (-2.19) 
   

Controls   

Dual and single combinations of interaction components Yes Yes 

Lagged emissions  Yes Yes 
   

Fixed effects   

Plant  Yes Yes 

Chemical × Year Yes Yes 

SIC2 industry × Year Yes Yes 

Parent headquarters circuit × Year Yes Yes 
   

Observations 558,814 558,814 

R-squared 0.798 0.798 
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This table uses the OLS regression to study the effect of the 2022 amendment to Delaware General Corporation Law on risk adjusted cumulative abnormal returns. 

Returns are adjusted for risk using Fama-French five-factor model. Columns 1 and 2 report the results for cumulative abnormal returns around April 28, 2022 

(introduction to Senate). Columns 3 and 4 report the results for cumulative abnormal returns around May 12, 2022 (passage by Senate). Columns 5 and 6 report 

the results for cumulative abnormal returns around June 14, 2022 (passage by the House). The main explanatory variable is a dummy that indicates whether the 

firm is incorporated in Delaware. All regressions include a constant not reported for brevity. Variables are further defined in Appendix Table 1. Robust standard 

errors are reported in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 Dependent variable is cumulative abnormal returns around … 
  

 Introduction of the bill to Senate  

on April 28, 2022 

Passage by the Senate  

on May 12, 2022 

Passage by the House  

on June 14, 2022 

 CAR(-1,+1) CAR(-1,+5) CAR(-1,+1) CAR(-1,+5) CAR(-1,+1) CAR(-1,+5) 

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

Incorporated in Delaware 0.3756** 0.7042** 0.8264*** 1.3988*** 0.1504 -0.2878 

 (2.09) (2.24) (3.58) (4.10) (0.85) (-0.84) 
       

Observations 2,703 2,703 2,682 2,682 2,659 2,659 

R-squared 0.001 0.001 0.003 0.005 0.000 0.000 
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This map shows the states in the treatment and control groups. The treatment group is the set of states located in the 

Ninth Circuit. The control group is the set of states located outside the Ninth Circuit. 
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This map shows, in bins, the count of distinct plants reported in TRI owned by publicly traded US firms in each U.S. 

state. The map corresponds to the baseline sample period in this study, 1994 to 2003. 
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Panel A: Exposure Measured Using the Share of Parent’s Emissions in Ninth Circuit 

 
Panel B: Exposure Measured Using  the Share of Parent’s Plants in Ninth Circuit 

 

 

This figure shows the coefficient dynamics for cumulative abnormal returns around the Iverson decision. The sample 

is at the firm-event day level. The dependent variable is the cumulative abnormal return on each event day since day 

-5 up to 10 days after Iverson. Returns are adjusted for risk using Fama-French five-factor model. The figure is 

constructed by regressing CARs on 16 separate sets of interaction variables between the parent firm’s exposure to 

Iverson and 16 indicators for event days -5 through +10. The regression also includes 16 dummies for each event day:  

CAR[−5, j]f =  ∑ αj × exposuref × 𝕀(event day = j)

+10

j=−5

+ ∑ βj × 𝕀(event day = j)

+10

j=−5

 

In the above equation, f and j refer to firm and event day, respectively. This graph plots the α coefficients along with 

95% confidence intervals. Exposure to Iverson is measured using the share of the parent firm’s water and air on-site 

emissions in the Ninth Circuit (Panel A) and the share of plants located in the Ninth Circuit (Panel B). The thick line 

indicates the evolution of CARs during the [-1,+1] window.  
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Panel A 

Equally weighted portfolios, exposure measured using  

share of on-site emissions in the Ninth Circuit 

 

Panel B 

Equally weighted portfolios, exposure measured using  

share of plants in the Ninth Circuit 

 
Panel C 

Value weighted portfolios, exposure measured using  

share of on-site emissions in the Ninth Circuit 

 

Panel D 

Value weighted portfolios, exposure measured using  

share of plants in the Ninth Circuit 

 
 

 

This figure shows the monthly cumulative abnormal returns of portfolios sorted on exposure to Iverson. Exposure to 

Iverson is measured using the share of the parent firm’s water and air on-site emissions in the Ninth Circuit (Panel A 

and Panel C) and the share of plants located in the Ninth Circuit (Panel B and Panel D), both in 1998. For every 

portfolio, monthly returns are first adjusted for risk using Fama-French five-factor model with factor loadings 

estimated over 60 monthly returns during 1993 through 1997. The risk adjusted monthly returns are then accumulated 

to calculate the monthly cumulative abnormal returns.  
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Panel A 

Firm-analyst level, exposure measured using  

share ofon-site emissions in the Ninth Circuit 

 

Panel B 

Firm-analyst level, exposure measured using  

share of plants in the Ninth Circuit 

 
Panel C 

Firm level, exposure measured using  

share of on-site emissions in the Ninth Circuit 

 

Panel D 

Firm level, exposure measured using  

share of plants in the Ninth Circuit 

 
 

 

This figure shows the coefficient dynamics for analysts’ earnings forecast revisions around the Iverson decision. Panel 

A presents the graph at the parent firm-analyst level, measuring exposure to Iverson by the share of on-site emissions 

located in the Ninth Circuit. Panel B presents the graph at the parent firm-analyst level, measuring exposure to Iverson 

by the share of plants located in the Ninth Circuit. Panel C presents the graph at the parent firm level, measuring 

exposure to Iverson by the share of on-site emissions located in the Ninth Circuit. Finally, Panel D presents the graph 

at the parent firm level, measuring exposure to Iverson by the share of plants located in the Ninth Circuit. The 

dependent variable is the earnings forecast revisions in each of the event periods surrounding Iverson relative to the 

event period t-4. Each event period is equivalent to 30 calendar days measured relative to the Iverson decision date. 

The figure is constructed by regressing forecast revisions on 8 separate sets of interaction variables between the parent 

firm’s exposure to Iverson and 8 indicators for event periods -3 through +4. The regression also includes 8 dummies 

for each event period. Specifically: 

Forecast Revision[−4, j]f or f,analyst =  ∑ αj × exposuref × 𝕀(event period = j)

+4

j=−3

+ ∑ βj × 𝕀(event period = j)

+4

j=−3

 

In the above equation, j, f, and analyst indicate event period, firm, and analyst, respectively. This graph plots the α 

coefficients along with 95% confidence intervals. 
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This figure shows the coefficient dynamics for water and air emissions around the Iverson decision. The sample is at 

the plant-chemical-year level. The figure is constructed by regressing the log of one plus on-site emissions into water 

or air on nine separate sets of interaction variables: Interactions between a dummy variable indicating whether the 

plant is located in the Ninth Circuit and nine indicators for years 1994 through 1996 and 1998 through 2003. This 

graph plots the coefficients on these nine interactions along with 95% confidence intervals. The regression includes 

fixed effects for plant, chemical-year, and SIC2 industry-year. 
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This map shows the classification of states used in the analysis of parent firms’ pollution shifting after Iverson. The 

states in dark gray are the “treated” states located in the Ninth Circuit. The states in light gray are considered “adjacent” 

to the Ninth Circuit due to sharing common border with it. The remainder of the states are considered as “other” states. 
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Variables used in the analysis of shareholder value 

Name Definition 

 - CAR Cumulative abnormal returns during various windows around the event date. 

Event date is either December 11, 1998, or November 5, 1997. Before 

accumulating, daily returns are adjusted for risk using Fama-French five factor 

model. To estimation of the risk model is based on 100 trading days ending 10 

days before the event. Event windows start from one day before the event and 

continue until 0, 1, 5, and 10 trading days after the event. The corresponding 

CAR variables are CAR(-1,0), CAR(-1,+1), CAR(-1,+5), and CAR(-1,+10), 

respectively. 

 - Earnings forecast revision  The difference between earning forecasts N periods after the event date and the 

earning forecast one period before the event date. Each period is equivalent to 

30 calendar days. Event date is either December 11, 1998, or November 5, 1997. 

EPS forecasts are first scaled by stock price and converted to earning yields. At 

the parent firm level, the consensus forecast is measured as the mean of the 

forecasts across all analysts. The forecast revision is calculated using the 

consensus forecasts.  

Parent firm’s exposure to Iverson 

Name Definition 

 - Share of the parent’s 

emissions in Ninth Circuit 

Ratio of the on-site emissions released in the Ninth Circuit to total on-site 

emissions. Only emissions into water and air are used. Emissions are aggregated 

across all chemicals at the parent firm-year level.  

 - Share of the parent’s plants in 

Ninth Circuit 

Ratio of the count of plants located in the Ninth Circuit to total count of plants 

owned by the parent firm.  

Variables used in the analysis of toxic emissions 

Name Definition 

 - On-site emissions  The on-site emissions into various pollution media (i.e., water, air, and ground) 

as denoted in the variable name. On-site emissions are denoted in pounds and 

summed up with one before taking logarithms. This variable is either measured 

at the plant-chemical-year level or aggregated at the parent firm-chemical-year 

level. Water on-site emissions are emissions indicated as released into water by 

TRI. Air on-site emissions are emissions indicated by TRI as released into 

fugitive and stack air. Ground on-site emissions are total on-site emissions 

minus water and air on-site emissions.  

 - Production ratio  The ratio of the level of the plant’s production in current year to the production 

level in the prior year. This variable is directly adopted from EPA’s Pollution 

Prevention dataset and reported separately for each plant-chemical-year pair.  

 - dummy (process-related 

abatements)  

A dummy variable indicating if the plant has invested in any process-related 

abatement activities in the current year. This variable is directly adopted from 

EPA’s Pollution Prevention dataset and reported separately for each plant-

chemical-year pair.  
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Parent firm’s outputs 

Name Definition 

 - ROA  NI/AT from Compustat 

 - Profit margin NI/SALE from Compustat 

 - Sales to assets SALE/AT from Compustat 

 - Total Cost/Sales (COGS+SG&A)/SALE from Compustat 

 - COGS/Sales COGS/SALE from Compustat 

 - SG&A/Sales XSGA/SALE from Compustat 

 - Total compensation TDC1 from Execucomp 

 - Salary compensation SALARY from Execucomp   

 - Non-salary compensation  TDC1 – SALARY from Execucomp  

 - Volatility of ROA Volatility of annual ROA, calculated for 1994-1998 and 1999-2003, and 

requiring at least three non-missing observations in each period. 

 - Volatility of profit margin Volatility of annual profit margin, calculated for 1994-1998 and 1999-2003, and 

requiring at least three non-missing observations in each period. 

Industry variables 

Name Definition 

 - Industry pollutiveness The count of chemicals in which a SIC3 industry is considered highly pollutive. 

Industry pollutiveness is measured using 1992 data. To evaluate whether an 

industry is highly pollutive in a specific chemical, I calculate its per-plant 

emissions in that chemical. The industry is considered highly pollutive in that 

specific chemical if it is among the top quintile of polluters. 

 - Shipment value VSHIP from NBER-CES Manufacturing Industry Database 

 - Value added VADD from NBER-CES Manufacturing Industry Database 

 - Hours worked PRODH from NBER-CES Manufacturing Industry Database 

 - Δ Establishment count  The annual change in the count of establishments in a SIC3 industry-state pair 

from County Business Pattern.  
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This table presents the industries of plants included in the TRI data and owned by publicly traded firm for the sample 

period of this study, 1994 through 2003. For each industry, the table also reports the average annual share of plants 

belonging to that industry.  

 

SIC2 industry Industry name 
Average share of plants 

(%) 

28 Chemicals and Allied Products 17.1590 

34 
Fabricated Metal Products, Except Machinery and Transportation 

Equipment 
11.0268 

37 Transportation Equipment 9.5271 

36 
Electronic and Other Electrical Equipment and Components,    

Except Computer Equipment 
8.0236 

33 Primary Metal Industries 7.9648 

35 Industrial and Commercial Machinery and Computer Equipment 7.9252 

20 Food and Kindred Products 7.7530 

30 Rubber and Miscellaneous Plastics Products 6.4250 

26 Paper and Allied Products 4.0458 

32 Stone, Clay, Glass, and Concrete Products 3.3510 

24 Lumber and Wood Products, Except Furniture 3.0334 

38 
Measuring, Analyzing, and Controlling Instruments; 

Photographic, Medical, and Optical Goods; Watches and Clocks 
2.4265 

51 Wholesale Trade - Nondurable Goods 2.2416 

29 Petroleum Refining and Related Industries 2.1172 

25 Furniture and Fixtures 1.9108 

27 Printing, Publishing, and Allied Industries 1.2210 

22 Textile Mill Products 1.1931 

39 Miscellaneous Manufacturing Industries 1.1374 

49 Electric, Gas, and Sanitary Services 0.4696 

10 Metal Mining 0.2345 

21 Tobacco Products 0.1994 

73 Business Services 0.1661 

31 Leather and Leather Products 0.1400 

23 Apparel and Other Textile Products 0.0977 

12 Coal Mining 0.0644 

87 Engineering, Accounting, Research, and Management Services 0.0634 

50 Wholesale Trade - Durable Goods 0.0319 

44 Water Transportation 0.0159 

45 Transportation by Air 0.0131 

14 Mining and Quarrying of Nonmetallic Minerals, Except Fuels 0.0067 

75 Automotive Repair, Services, and Parking 0.0035 

76 Miscellaneous Repair Services 0.0034 

16 Heavy Construction, Except Building 0.0032 

2 Agriculture Production - Livestock and Animal Specialties 0.0032 

42 Motor Freight Transportation and Warehousing 0.0019 
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This table replicates the results in Panel A of Table 3 for CARs in longer windows. Variables are further defined in Appendix Table 1. Robust standard errors are 

reported in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: Market response to the Ninth Circuit Court’s decision on December 11, 1998 

 Dependent variable is 
   

 CAR 

(-1,+30) 

CAR 

(-1,+60) 

CAR 

(-1,+90) 

CAR 

(-1,+30) 

CAR 

(-1,+60) 

CAR 

(-1,+90) 

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

Share of the parent’s emissions     -7.0687*** -14.8601*** -17.7696**    

     in Ninth Circuit (-2.59) (-3.21) (-2.35)    
       

Share of the parent’s plants          -9.3131*** -18.2798*** -23.3762*** 

     in Ninth Circuit    (-3.38) (-3.74) (-2.95) 
       

Observations 786 786 786 786 786 786 

R-squared 0.012 0.019 0.013 0.021 0.029 0.023 
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This table replicates the analysis of Panel A’s second Column in Table 8. conditional on chemicals’ level of human 

harm. Variable definitions and regression specifications are identical to those in Table 8. Column 1 restricts the sample 

of plant-chemical-years to chemicals listed on the Integrated Risk Information System (IRIS) as harmful to humans. 

Column 2 restricts to the remainder of the chemicals not included in the IRIS. ***, **, and * indicate statistical 

significance at the 1%, 5%, and 10% levels, respectively. 

 

 Dependent variable is 
  

 ln(1+On-site emissions released into water and air) 

 Harmful chemicals Non-classified chemicals 

 (1) (2) 

Ninth Circuit × Post -0.0866*** -0.0834*** 

 (-5.07) (-3.49) 
   

Controls   

Lagged emissions Yes Yes 
   

Fixed effects   

Plant  Yes Yes 

Chemical × Year Yes Yes 

SIC2 industry × Year Yes Yes 

Parent headquarters circuit × Year Yes Yes 
   

Observations 311,454 249,709 

R-squared 0.793 0.794 
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This table replicates the key firm-level results using 1998 exposures to the Ninth Circuit, instead of time varying exposures. Panel A and Panel B correspond to 

Table 5. Panel C and Panel D correspond to Table 9. Panel E corresponds to Table 11. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 

respectively. 

 

Panel A: The effect on profitability 

Dependent variable is: 

 ROA 

(Net income/Assets) 

Profit margin 

(Net income/Sales) 

ROA 

(Net income/Assets) 

Profit margin 

(Net income/Sales) 

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

Share of the parent’s emissions in  -0.0204* -0.0248*     

     Ninth Circuit in 1998 × Post (-1.92) (-1.82)   
      

Share of the parent’s plants in     -0.0322*** -0.0517*** 

     Ninth Circuit in 1998 × Post    (-3.02) (-3.59) 
      

Observations 7,167 7,166 7,167 7,166 

R-squared 0.573 0.603 0.573 0.603 

Panel B: The effect on components of profitability 

Dependent variable is: 

 ln(Sales 

/Assets) 

ln(Total cost 

/Sales) 

ln(COGS 

/Sales) 

ln(SG&A 

/Sales) 

ln(Sales 

/Assets) 

ln(Total cost 

/Sales) 

ln(COGS 

/Sales) 

ln(SG&A 

/Sales) 

Share of the parent’s emissions in       -0.1165*** 0.0087 0.0186 0.0128         

     Ninth Circuit in 1998 × Post (-3.98) (0.95) (1.53) (0.64)     
          

Share of the parent’s plants in            -0.0759** 0.0180* 0.0144 0.0132 

     Ninth Circuit in 1998 × Post      (-1.99) (1.84) (1.23) (0.59) 
          

Observations 7,166 7,166 7,166 7,002 7,166 7,166 7,166 7,002 

R-squared 0.860 0.779 0.931 0.955 0.859 0.779 0.931 0.955 
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Panel C: The effect on parent firms’ unscaled pollution 

Dependent variable is 

 ln(1+On-site emissions released into …) 

 Water, Air, and 

Ground 

(total on-site) 

Water and air Ground 
Water, Air, and 

Ground 
Water and air Ground 

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

Share of the parent’s emissions     -0.1804** -0.1874*** -0.0482    

     in Ninth Circuit in 1998 × Post (-2.52) (-3.30) (-1.27)    
       

Share of the parent’s plants        -0.1249** -0.1158** -0.0954** 

     in Ninth Circuit in 1998 × Post    (-2.53) (-2.79) (-2.83) 
       

Observations 186,583 186,584 186,585 186,586 186,587 186,588 

R-squared 0.816 0.822 0.733 0.816 0.822 0.733 

Panel D: The effect on parent firms’ scaled pollution 

Dependent variable is 

 Ln(1+On-site emissions released into water and air scaled by …) 

 Number of 

plants 
Sales Assets 

Number of 

plants 
Sales Assets 

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

Share of the parent’s emissions     -0.1255** -0.0333 -0.0229    

     in Ninth Circuit in 1998 × Post (-2.53) (-1.72) (-1.04)    
       

Share of the parent’s plants        -0.0607 -0.0346** -0.0301* 

     in Ninth Circuit in 199 × Post    (-1.28) (-2.57) (-2.08) 
       

Observations 186,583 186,445 186,510 186,583 186,445 186,510 

R-squared 0.825 0.855 0.849 0.825 0.855 0.849 
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Panel E: Pollution shifting within parent firms 

 Dependent variable is 
  

 ln(1+On-site emissions released into water and air) 

 (1) (2) 

Ninth Circuit × Share of the parent’s emissions in Ninth Circuit in 1998 × Post -0.1517***  

           (-7.89)  
   

Adjacent states × Share of the parent’s emissions in Ninth Circuit in 1998 × Post 0.1879*  

           (2.08)  
   

Other states × Share of the parent’s emissions in Ninth Circuit in 1998 × Post -0.0541  

           (-0.98)  
   

Ninth Circuit × Share of the parent’s plants in Ninth Circuit in 1998 × Post  -0.0538 

            (-1.76) 
   

Adjacent states × Share of the parent’s plants in Ninth Circuit in 1998 × Post  0.3345*** 

            (4.42) 
   

Other states × Share of the parent’s plants in Ninth Circuit in 1998 × Post  -0.0699 

  (-1.34) 
   

Observations 534,448 534,448 

R-squared 0.800 0.800 
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This table replicates the main plant-level results, limiting to plants that are located within a 100 km distance around the Ninth Circuit border. The specification in 

Columns 1 through 3 of Panel A correspond to that of Panel B of Table 8. Columns 4 and 5 of Panel A correspond to Columns 1 and 3 of Table 10, respectively. 

The specification in Panel B corresponds to that of Table 11. Standard errors are clustered by circuit-SIC2 industry pairs. ***, **, and * indicate statistical 

significance at the 1%, 5%, and 10% levels, respectively. 

 

Panel A: Emissions, production, and abatement 

Dependent variable is 

 ln(1+on-site emissions released into …) 

Production ratio 
Process-related 

abatement 
 Water, Air, and 

Ground 

(total on-site) 

Water and air Ground  

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

Ninth Circuit × Post -2.1498*** -2.2129*** 0.3600 -0.4299*** 0.0856** 

 (-4.52) (-4.42) (1.04) (-5.29) (2.55) 
      

Observations 3,235 3,235 3,235 1,105 1,105 

R-squared 0.822 0.839 0.811 0.672 0.774 

Panel B: Pollution shifting 

 Dependent variable is 
  

 ln(1+On-site emissions released into water and air) 

 (1) (2) 

Ninth Circuit × Share of the parent’s emissions in Ninth Circuit × Post 3.1796  

           (1.45)  
   

Adjacent plants × Share of the parent’s emissions in Ninth Circuit × Post 9.9481**  

           (2.90)  
   

Ninth Circuit × Share of the parent’s plants in Ninth Circuit × Post  -7.7232** 

            (-2.50) 
   

Adjacent plants × Share of the parent’s plants in Ninth Circuit × Post  9.1404** 

            (2.85) 
   

Observations 3,199 3,199 

R-squared 0.839 0.840 
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This figure presents the treated and control plants located within a 100 km distance from the Ninth Circuit border 

which is highlighted in bold. The dark gray and light gray circles indicate the treated and control plants, respectively. 


