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Literature from economics and regulatory theory provide insights into expected 

relationships between economic performance, pollution performance, and disclosures of 

pollution performance. A research study is undertaken to determine if economic 

incentives exist for noncompliance with regulatory standards, and if accounting related 

disclosure of regulatory enforcement actions is a determinant of environmental 

performance. 

Data was gathered from Environmental Protection Agency (EPA) database files on 

enforcement actions, and from Form 10-Ks on economic performance and pollution 

performance disclosure. A regression model tests whether economic variables and 

disclosure variables are determinants of enforcement actions taken against oil refineries 

under three major environmental statutes. 

Results indicate that economic incentives may exist for noncompliance with 

environmental regulations, and that disclosure of EPA enforcement activity has a 

moderating effect on pollution performance. These results suggest a public policy role for 

accounting disclosure of regulatory enforcement. 
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CHAPTER ONE 

INTRODUCTION 

The accounting profession is currently debating the extent, nature, and form of 

environmentally related disclosures. The debate largely surrounds disclosure of 

remediation cost exposure on Superfimd sites. However, estimates of compliance costs 

under other statutes (e.g., Resource Conservation and Recovery Act, RCRA) are also 

substantial. 

Survey results compiled by the Investor Research Responsibility Center (IRRC) 

(1992) determined that institutional investors rank environmental enforcement penalty 

information as the most important of a firm's environmental disclosures. Responding to 

just such investor information needs is the central focus of recommendations by the 

AICPA's Special Committee on Financial Reporting (AICPA 1994). This study was 

undertaken to assess and improve the relevance and usefulness of current financial 

reporting standards and formats for professional investors and creditors. Among its key 

recommendations was that financial reporting must incorporate "...non-financial measures 

indicating how key business processes are performing" (AICPA 1994, 5). Examination of 

the relationship between economic performance, disclosure of environmental performance 

and environmental compliance can help inform this debate. 



Decisions by the SEC that disclosure relating to environmental liabilities is a 

required part of financial disclosure (Staff Accounting Bulletin No. 92,1993) give the 

issue added prominence. EPA enforcement actions designed to compel firms to comply 

with operating regulatory standards may suggest an environmentally related contingent 

liability for which financial disclosure may be required. 

Background 

The EPA is charged with a variety of research, monitoring, standard setting, and 

enforcement activities related to abatement and control of environmental pollution. The 

EPA has national authority to enforce regulations, but is also charged with coordination 

with and support of state and local environmental efforts. 

Developing regulations and enforcement systems aimed at fulfilling the Agency's 

charter has been controversial and contentious. Unambiguous criteria appropriate for 

making tradeoff decisions between safety, health and environmental degradation, on the 

one hand, and economic impact, acceptable levels of risk and technological acheivability, 

on the other hand, are rare. Some of the most contentious debates surround selection of 

criteria for measuring, regulating and defining acceptable levels of pollutant emissions. 

Edmunds (1980) asserts that tremendous uncertainty permeates the environmental 

issue. The capacity of the environment to absorb pollutants singly and in combinations is 

not known. The range and severity of detrimental human response on exposure to greater 

concentrations of pollutants is not known. The effect of the loss or material alteration of 



whole ecosystems is not known. Nevertheless, within this climate of uncertainty the EPA 

must make its way toward progress - however progress may be defined. 

Implementing various statutes requires the EPA to write regulations specifying 

acceptable levels of emissions for a large number of substances categorized as pollutants. 

In the determination of 'acceptable' the EPA has used technology-based, risk-based, and 

cost-benefit approaches. Because the different approaches have different results in terms 

of what firms must do to attain acceptable operating levels, each of the approaches has a 

constituency. The result is that regulations are frequently the product of our political 

process of negotiated solutions amidst conflicting interests. 

Studies by the General Accounting Office (GAO) include findings that limited 

budgets and concerns that large penalties might threaten local businesses deterred 

regulatory officials from pursuing enforcement actions that would recover all of the 

economic benefits gained from violation of regulatory pollution limits (GAO 1991a). 

Therefore, incentives may exist for noncompliance. 

While oversight agencies characterize enforcement of pollution regulations as 

insufficient in some cases, the business community frequently cites an increasingly 

complex and intrusive regulatory burden. The estimated cost of remediation of polluted 

sites is a staggering sum. In addition to remediation, costs of compliance in the form of 

capital expenditures and ongoing operating costs can be substantial. Rhodes (1993) 

asserts there is an adverse impact from pollution regulation on economic competitiveness, 

particularly for smaller firms. Conversely, Jaffe, et al. (1995) conclude there is relatively 



little empirical evidence to support a significant adverse impact on competitiveness as a 

result of environmental regulation because a growing amount of technological innovation 

in the areas of product/process reengineering incorporates pollution control. Even though 

both increases in productivity and greater pollution control might result from the same 

actions, not all firms may be willing or able to undertake these investments in a given 

time frame. Therefore, pollution control and economic performance may still be linked. 

Questions of Interest 

Limited empirical evidence in the accounting literature addresses the issues 

associated with environmental regulation and enforcement. The question arises whether 

economic incentives exist for noncompliance with regulatory standards. Whether 

disclosure of pollution performance information affects compliance behavior is another 

question of interest. 

This dissertation examines these questions by exploring the relationship between 

pollution performance, economic performance and accounting related compliance 

disclosures in the oil refining industry. A regression model is developed to test whether 

changes in economic performance and/or disclosure of enforcement actions are associated 

with pollution performance. 

A diverse literature is drawn upon as background into the research questions. 

Accounting literature, economics literature and regulatory theory literature are cited as 

relevant sources for understanding the research issues, although the expected outcomes of 

these diverse areas are not always consistent. 



Enforcement actions taken against a firm in an effort to compel compliance with 

environmental statutes may be an indication of management's execution of its 

stewardship responsibility. These actions may be one nonfinancial measure of corporate 

citizenship. In the presence of potential economic incentives for noncompliance, 

financial statement disclosure of pollution related enforcement actions may be an 

important instrument for public policy as well as a source of investor and creditor 

information on environmental performance. 



CHAPTER TWO 

REVIEW OF RELEVANT LITERATURE 

The fields of economics, regulatory theory and accounting offer relevant insights 

to the research question. Economics and regulatory theory literature each speak to the 

effect of regulatory agencies, sometimes in divergent ways. Relevant literature from these 

areas provides a framework for the expected results of the empirical investigation 

undertaken. A broader review of the accounting literature provides an overview of 

contemporary accounting research related to environmental questions. 

The economics literature cited addresses the theoretical structure of market 

systems in the face of externalities. In the absence of market incentives, welfare 

economics suggests regulatory interventions are a means of introducing incentives to alter 

economic behavior in the public interest. The regulatory theory literature predicts 

outcomes from regulatory intervention that are different from the original intent. Whereas 

the economic literature suggests optimal forms of intervention to accomplish outcomes 

that are deemed in the public interest, the regulatory literature predicts outcomes that can 

significantly diverge from this original intent. 

One of the relationships of interest to this study is the relationship between 

pollution performance and economic performance. The results form the basis for 



inferring whether firms appear to have adequate economic incentives to comply with 

environmental regulations. 

Economic Literature 

The economics of regulation is generally understood as government action 

designed to create incentives for particular parties to alter their behavior. Economic 

policy attempts to ensure that people find it in their best interests to act in ways 

considered best for the system as a whole. Establishment of the EPA and its regulatory 

framework are designed to make it in the interest of firms to alter their pollution behavior 

by imposing costs for excessive polluting. 

Coase (1960,1988) emphasizes: 1) the role that the law plays in 

defining/rearranging rights and 2) the crucial role that transaction costs play in 

determining how rights will be used. In particular, Coase (1960) argues that the free-

market economic model that assumes zero transaction costs fails to explain why market 

solutions do not mitigate observed harmful effects of productive activity. It is the 

existence of positive (and substantial) transaction costs in the absence of an organized 

regulatory structure (a market) that allows harmful effects to persist. He further asserts that, 

although the interrelationships between the economic system and the legal system are quite 

complex, one role of the law is to establish the respective rights of parties in the absence of 

negotiated solutions. 

Coase (1988) explains that markets regulate exchange activities. For example, our 

modern capital markets regulate the times at which transactions among parties can be 



made, what can be traded, the responsibilities of each of the parties, the terms of 

settlement, a system for dispute resolution, etc. Markets are institutional arrangements that 

establish the rules of play. The existence of markets facilitates economic activity by 

minimis ing the costs of doing business. Where functioning markets exist, individuals do 

not have to repeatedly start from scratch in terms of finding trading partners, informing 

them of a desire to trade, and a whole list of other contracting requirements. The full range 

of such contracting requirements are termed transaction costs - the costs of engaging in 

economic exchange activity. 

In the absence of market mechanisms to organize transactions, other forms of 

organizing or regulatory mechanisms must be introduced. Coase (1960) discusses the role 

that the law plays in establishing the rights of parties when actions of business firms have 

harmful effects on others not party to an exchange with the firms. In the absence of an 

organized market that incorporates environmental costs, the law (i.e., EPA regulations) 

provides the structure for incorporating environmentally related transaction costs into the 

incentive structure of firms. 

Work in the arena of welfare economics is devoted to pursuit of economically 

optimal levels and varieties of governmental intervention in the economic system. Inspired 

by the work of Pigou (1932), governmental intervention in economic activity is considered 

an appropriate response to mitigate the effects of economic enterprise on parties who are 

not directly subject to specific economic transactions. Baumol and Oates (1988), 

Buchanan and Tullock (1975), and Byrns (1994) apply standard economic optimization 



analysis to environmental policy formulation. Arguments are variously made for effluent 

taxes, direct controls, and establishment of markets for pollution rights. 

This study assumes that there has been a decision to move US society from one set 

of institutional arrangements to another; from a situation where no explicit incentives 

existed for individual enterprises to expend costs to control pollution output to a situation 

where explicit incentives exist to control pollution output. This change represents a 

rearrangement of rights within our economy. Transaction costs are explicitly imposed on 

polluting firms where none previously existed. The mechanism selected to enact this 

rearrangement of rights is the EPA. The EPA has been charged with establishing the 

regulatory structure for pollution performance; it has been authorized to write the rules of 

the game with regard to industrial pollution activity. Further, it is asserted that the laws the 

EPA is charged with implementing have been enforced with consideration of costs/benefits 

to both society and industry. This implies that both regulated entities and public-interest 

voices have had input into the EPA's execution of its duties. 

Regulatory Literature 

Research from the regulatory literature is introduced to provide perspectives on 

pressures that lead to the creation, operation, and effects of regulatory agencies. Some of 

his research predicts effects of regulatory action that are contrary to the original legislative 

intent. The literature suggests that in practice there can be a lack of independence between 

regulatory agencies and regulated entities which attenuates implementation of the initial 
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thrust of the original statutes. In contrast to the economic literature reviewed, theories 

from the regulatory literature suggest that predictions of a relationship between economic 

variables and pollution performance may be naive. 

State Intervention 

The American judicial and legislative system in which the EPA operates has a 

predisposition toward the protection of individual rights. The Constitution provides strong 

defense of individual liberties and property rights against intrusion by the government. 

The judicial system is available for individual challenges to actions by the legislative 

branch. This creates a climate in which intrusions on existing rights must be clearly 

delineated and delimited if they are to succeed. 

A result of the American predisposition toward protection of individual rights is the 

necessary complexity of any system which attempts to circumscribe those rights1. The 

complexity of regulatory agencies and their regulations - a major complaint by regulated 

bodies - is a necessary result of the demand for careful and limited intrusions on 

individualism. The EPA must, therefore, be very explicit in the regulations it proposes. 

Further, in the current system the EPA grants state and local agencies authority to 

1 Brickman and Jasonoff (1980) contrast the rationale for state intervention in 
environmental affairs between the US and the French legal and legislative systems. The 
US federal system is summarized as historically limiting the powers of the central 
government to intervene. The French system, by contrast, tends to view governmental 
intrusions into individual affairs as a legitimate exercise of state power. The government is 
seen as akin to the manifestation of the collective good. Because the legitimacy of 
governmental intrusion is more easily established, the French system requires less in the 
way of specific criteria defining when the regulatory power of the state can be invoked. 
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establish guidelines for environmental compliance. The EPA retains oversight 

responsibility to ensure that these state and local regulations conform to minimum national 

standards. This system is, on the one hand, an extension to local levels autonomy from 

national mandates, and, on the other hand, a source of even greater complexity in the final 

matrix of regulations with which individual firms must comply. 

Regulatory Agency Structures 

Regulatory agencies can be characterized according to whether regulation by 

incentive or by directive means predominate. Each of these means of regulatory 

interference in private activity carries a list of advantages and disadvantages. Factors that 

suggest the preferability of one means over another include the preferences of the regulated 

party at the inception of regulation, changes anticipated or desired in regulated parties, 

costs of regulatory administration, and regulatory enforcement conditions (Mitnick 1980a, 

348). 

The organization and charter of the EPA falls into the directives (or command and 

control) approach to regulatory intervention. This approach establishes behavioral 

standards and enforces compliance through punitive measures for noncompliance, e.g., a 

firm is limited to discharging a stated amount of a certain pollutant, and exceeding this 

discharge limit may result in actions against the firm designed to enforce compliance. 

This approach is in contrast to other forms of policy instruments such as incentive 

structures and market-like structures. Incentive structures provide incentives for adoption 

of some behavior, e.g., tax credits for installation of pollution prevention equipment or 
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systems; or disincentives for behavior, e.g., effluent charges (a tax) on excessive discharges 

of pollutants. Market approaches attempt to mimic market solutions to allocation problems 

by creating 'markets' for scarce resources, e.g., establishing pollution rights that are 

tradable among firms. 

Several theoretical explanations have been offered for the propensity of the US 

legislature to adopt command and control schemes over incentive schemes, and to create 

bureaucratic agencies to implement the legislative policies (Fiorina 1982). Many of these 

explanations incorporate views of the economic, political and/or social gains of the 

regulator (the legislative body individually or collectively). Regardless of the specific 

explanatory framework for the selection of command and control regulatory 

implementation, this framework has been a common form of policy instrument in US 

legislative history dating as far back as the 1887 establishment of the Interstate Commerce 

Commission. 

Divergence of Actual Outcomes from Legislative Intent 

Some theorists argue that the constraints and compromises inherent in the political 

process of creating regulatory agencies can undermine the effectiveness of regulation 

(Wilson 1980). The argument suggests that when government regulation fails to compel 

businesses to serve socially desirable objectives it may be the result of having to operate 

within the political system rather than incompetence of the regulators or the regulatory 

organization. The final provisions of regulation may reflect what has been effective in the 

political controversy, rather than what is workable in regulatory implementation. The 
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resulting regulatory agency may have to make its way as best possible among politically 

powerful interests - both legislative interests and regulated interests. 

Extending the argument recognizes that regulated parties are often politically active 

and well organized. They may have recourse to influence with members of the legislative 

body or have links to the regulating agency. These conditions may create influences on 

regulatory implementation that diverge from the initial regulatory intent. 

Early congressional regulatory acts recognized the problematic nature of investing 

an independent agency with authority to plan, promote and police certain activities - the 

problem of delegation. The problem was initially addressed by efforts to write clear 

standards from which regulatory agencies drew authoritative direction. Early regulatory 

agencies (e.g., the ICC) administered specific rules to individually identified industries (or 

even firms). Lowi (1969,132) asserts that as the scope of commerce has expanded 

regulatory objectives have become broader, rules less specific. Thus, regulatory agencies 

have increasingly become arenas for bargaining with respect to implementations of broad, 

and often vague, standards. Lowi differentiates two notions of bargaining: debate on the 

principle or rule that is to be used as the regulatoiy standard, and 'logrolling', or a 

negotiation over the application or enforcement in a particular case. As Congress 

empowers agencies to regulate increasingly broad ranges of behaviors without providing 

sufficiently well defined standards, the agencies become effectively engaged in the latter 

type of bargaining to the exclusion of the former (Lowi 1969, 147). 
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Delegation is a practical necessity where, for example, legislators lack expertise in 

technical matters. However, delegation may also be a device whereby detailed policy 

formulation is transferred to an arena more amenable to the influence of regulated interests 

(Mitnick 1980a, 331). Delegation was initially viewed by legislators as problematic, but 

has evolved into an expedient form by which legislators may avoid conflict with 

potentially powerful constituencies. The process is termed 'interest-group liberalism'; the 

assumption being that public policy can be effectively defined in terms of the organized 

interests in society (Lowi 1969, 71). The absence of explicit standards set forth in statutes 

that empower regulatory agencies virtually invites special interest lobbying in the 

regulatory structure, creating a system of legitimized privilege (Lowi 1969,146). 

Regulator Incentives 

A number of regulatory theories recognize that administrators, as regulators, enjoy 

considerable discretion in the regulatory process. Congress delegates to top-level 

administrators authority to develop regulations. Line-level administrators exercise 

judgment in application and enforcement of regulations to individual cases. Russell and 

Shelton (1980) suggest that regulatory agencies distribute and redistribute wealth in their 

execution of duties. Within some "zone of reasonableness" regulators can redistribute 

wealth at their discretion. Three patterns of regulatory behavior are available to 

regulators: 1) for the regulated firms (a special interest group); 2) for consumers of the 

regulated firms' products (a special interest group); 3) for the public interest. 
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Considering the costs involved for each of the affected parties to exert pressure on 

the regulators, and considering the incentive structure that exists for regulators, Russell and 

Shelton (1980) suggest that the interests will predominate. They conclude that the 

situation in which regulators act is the determining factor, and that agencies will not 

behave differently even if shown that their behavior is not consistent with social objectives. 

This and other models predict "capture" of the regulatory agency by the regulated industry; 

or at least outcomes of regulatory action that are consistently favorable to the industry. 

Mitnick (1980b) examines incentive structures of line-level inspectors in the 

context of implementation and consequences of environmental policy. These inspectors 

are, in many cases, the front-line agents of regulatory enforcement and implementation. 

They are responsible for routine, ongoing inspections of organizations to determine 

compliance with environmental standards. To the extent that discretion is permitted in the 

regulatory framework, they are the agents through whom that discretion is initially 

exercised. 

Analysis of inspector rewards in a state agency responsible for enforcement of 

environmental regulations pursuant to the Surface Mining Control and Reclamation Act of 

1977 found important external incentive relationships (Mitnick 1980b). The study 

revealed that there are two major future sources of rewards: future job opportunities in 1) 

the mining industry which inspectors are responsible for regulating, and 2) the federal 

Office of Surface Mining. State inspectors largely see their state inspection jobs as 

stepping stones to one of these two future job paths. 
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More recent anecdotal evidence suggests this close relationship between regulators 

and regulatees may not be limited to line-level staff, as Georgia-Pacific Corporation 

announces a former administrator of the EPA joined the firm as vice president of 

environmental efforts (Georgia-Pacific Corporation 1994). This exchange of personnel is 

somewhat akin to the public accounting profession's turnover situation whereby audit 

professionals leave public accounting to join client firms. This transfer of expertise to 

firms can contribute to improving an organization's understanding and compliance with 

regulatory requirements. At the same time, the possibility exists that the interests of the 

regulator and regulatee (auditor/auditee) become more closely aligned than those of the 

regulator and the public (auditor/public interest). 

Interest Groups 

Other theorists suggest that the degree of organization of the powers in interest will 

affect the ultimate outcomes of any regulatory actions. Edelman (1964, 36) argues that the 

heterogeneity of the public makes it unlikely that the po;ulace can be mobilized and 

organized effectively to monitor implementation of regulatory laws, even when those laws 

have been designed to protect the pbulic interest. Individuals who feel strongly about an 

issue are geographically dispersed, have no common meeting point, and have tremendous 

organizational hurdles to overcome to effectively present and defend their interests. 

Regulated interests, on the other hand, have the financial and personnel wherewithal to 

organize effective lobbying for their position. Trade associations and the like are, in many 

cases, already formed to provide organizational support for common interests. Edelman 



17 

reasons that the creation of regulatory commissions can provide symbolic reassurance that 

the interests of the unorganized masses will be protected when the commissions' charters 

include assurances that threats to the public interest will be thwarted. The ultimate result 

of the actions of these commissions may be to provide symbolic benefits to the public 

interest while providing tangible benefits to the regulated interests (Edelman 1964,26). 

The setting in which the EPA operates may include factors that would bias against 

outcomes such as those predicted by Edelman. Environmental regulations apply to a cross 

section of industries. Although many industries are effectively organized to lobby within 

the legislative arena, it will not always be easy for heterogeneous industries, often with 

conflicting interests, to organize an united effort. So even if the EPA yields to the 

influence of politically powerful interests, those interests are not one-sided in their desires. 

Furthermore, environmental groups have been active and have formed effective lobbying 

organizations. Therefore, the diffusion of the "public interest" is mitigated, to a degree, in 

the area of environmental concerns by the successful organization of environmentalists. 

The effect of the political process as suggested by Wilson (1980) may be an outcome that 

reasonably represents both sides of a potentially contentious issue. 

Summary of Regulatory Literature 

The regulatory literature suggests several things. The formulation of regulations 

with which firms must comply is necessarily complex because government intervention in 

economic affairs in the US does not possess prima facia legitimacy, but rather must be 

carefully justified. Command and control regulatory agencies like the EPA are a common 
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form of legislative action in the US. Finally, the potential exists for a substantial 

divergence between intentions in regulatory creation and actual outcomes under regulation. 

The potential exists from the organizational level or the individual regulator level for the 

regulatory agency to effectively serve the interests of the regulated industry to a greater 

degree than it serves the public interest. This is referred to as regulatory capture in the 

regulatory literature. When considered from the individual regulator level it is similar to 

the notion of moral hazard in the financial agency literature. 

The operating environment of the EPA enforcement system is one in which the 

complexity of the regulatory structure suggests delegation of discretion in the choice of 

appropriate enforcement actions to line-level inspectors. Regions, states, and local 

municipalities are differentially impacted by EPA requirements. Inspectors are faced with 

possible incentive rewards within the industry they regulate. In summary, the potential of 

financial gains from noncompliance, along with the existence of possible moral hazard on 

the part of line-level inspectors may create an opportunity for regulated firms to postpone 

or avoid compliance with environmental regulations. The existence of these institutional 

characteristics suggest consideration of predictions beyond, or in conjunction with, those 

offered by economics on the effect of regulatory intervention on pollution performance. 

Accounting Literature 

The accounting literature examines environmental issues from several directions. 

Research in the managerial area often involves identification and allocation of 

environmentally related costs. Research discussing financial reporting issues frequently 
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notes the increasing scrutiny of environmental disclosure by the SEC, and discussion 

surrounds measurement and reporting of liabilities. Another body of literature debates 

expanding the accounting paradigm to incorporate social responsibility reporting. 

Empirical research attempts to establish relationships between various environmental 

variables and accounting related variables. Because this dissertation will employ an 

empirical methodology, the empirical research will be discussed at greater length. 

In the mid 1970's the Council on Economic Priorities (CEP) conducted a series of 

in-depth studies on pollution performance. These studies focused on four highly polluting 

industries: oil refining, pulp and paper, steel, and electric utilities. A substantial amount of 

empirical work in environmentally related accounting has relied on these CEP studies. A 

more detailed review of the CEP studies on the oil refining industry is included in the later 

part of this chapter. 

Much empirical accounting research in the environmental area to-date has 

examined various relationships between three sets of variables. These sets of variables are: 

1) disclosures of environmental performance in the annual report or Form 10-K, or by 

parties external to the firm; 2) measures of the economic performance of a firm; and 3) 

measures of the pollution performance of a firm. 

One group of studies examines the relationship between environmental disclosure 

and economic performance (Shane and Spicer 1983; Freedman and Jaggi 1988; 

Blacconiere and Patten 1994). Another group of studies examines the relationship 

between pollution disclosure (environmental disclosure) and pollution performance 
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(Ingram and Frazier 1980; Rockness 1985; Freedman and Wasley 1990). A third group 

investigates the association between pollution performance and economic performance 

(Spicer 1978; Chen and Metcalf 1980; Freedman and Jaggi 1992; Jaggi and Freedman 

1992). 

Table 1 summarizes the accounting literature reviewed. A discussion of the 

literature follows. 

Environmental disclosures and economic performance 

Studies examining the relationship between the disclosure of pollution performance 

information (by the firm or by outside parties) and a measure of economic performance 

(stock price or financial ratios) have yielded mixed results. In general, market studies 

indicate that pollution performance disclosures are informative in pricing decisions of 

investors. Studies examining the relationship between pollution performance disclosures 

and economic performance measured by financial ratios have not found strong 

associations. 

Shane and Spicer (1983) found market reactions to the release of pollution 

performance information in four major industry studies published by the Council on 

Economic Priorities (CEP). They found that firms in the oil refining, pulp and paper, steel, 



2 
<2 

.3 

C 

CO 
00 On 

<L) O 
*5, 
GO 

CD § 

€ 

£ -a 
2 & 
O "O 
O 5 
.3 S 
*o 
R: C+H 

<D 8 O 
+* E3 & 

-H 2 CO <u a> 
* <e 
-+-> r! 

•P s 
t> § -e 
^ CL« O 

a & 
,2 2 

x> 
a 

a 
£ o 
S ^ 
O TM o o CO c/> <t> a a 

_5 *3 
« § 

e ai w 

I 2 ^ ' 

00 
O 

O 
ta 
*s 
DO <» § 
5 t? 
55 <D 

00 
00 
ON 
f—H 
"5b 
8P 

° — 13 

2 « 
'o § 

.5 43 

§ § 
s 
*a 
v J-< fa 

Cm 
0 
CD . 52 C 
<53 <D JV 
*0) Gj u jd 
© ~s 
c .2 
° 3 

* J 
«s •§ <D ° l-c CO 
g a> 
•C -"2 
£*§ 
& 0 
§ e 

5 1 
1 O 
s o .a 

c T) 
S o c 
h .s; hh 
Cd -4-J 
O g r=s ¥J g g 
"S3 t 
.SP<§ Ji 
oo .S PQ 
r̂ 

ON 
ON c Q +-* 
tS 
fa 

21 

§ 
Q 
CD 

*s 
o o o 
ccS s 

<4H 
o 
(U 
CD 

£ 
00 a> 
§ 
CO 

O 
CO 

00 
. 3 O 
. & § • 

& g 
0) <L> 

<+-< 

O o 
<u 

<D .TS 

1? T3 > C 
<u 
I t> 

CZJ 

^F 
ON 
ON 

O 

0 

1 

X J 

S 
M 

<+* 
O 
CO 
& r 
O 
*8 o 
^ K. CO 
•s -k t; 
®-> € R w s g-
U S , W 

c ifT3 
<D 3 

| § § 
0> *6 CD Q r* 

X > a . S 
2 

_o 
O 

CO 

CO = 
« C2 ° H *X3 4> 
M ^ 
T3 c o 
$2 
P ^ 

OS 

H O 

CO 

S 
5 - I 

«s "3 o 
3 | 
O C cd <D 

CD 0> c5 X> 

oo 
ON 

CO 
CO 
<D 

O 

iS 

o 
ON 
OS 

'DO 
CD 

T 3 

§ 
U 
6 

T 3 
0> 
<D 
WI 

U , 

(D 
O 
§ 

" O 
<U 
to 
<L> 

H 

CO a 
o 

O 

I § 
A G 
o g 
• 1-H f-< 

I I <D 0 W 
&< Oh 

^ C3 
° O 
G -^3 

1 ^ 

- i ^ co T3 
s § 



<D 
J 
a o 
O 

a 

<U *=3 2 S § ° 
2 C S o fc ° 
eg <L> 
T2 xj 
CD g 
O* § 
£ GO 

.2 U 
5 J2 
13 a) 
OH gp 
C eg <D x3 
<p o 
£ S2 

* 2 
x> 13 
S 2 .2 g 'M cd 
iS <u 

5 1 
O <E> g o 
<L> 3 o 

ctf 
8 43 
5 OH 

<N 
On 
ON 

DO 
.8P 

£ 
T3 
<L> 
<D 

50 >> 

22 

a o 

o 
a, 
T3 
U 
o 
§ 

€ 
& 8 
o s 

o c 
o ,P § ̂  
W a. 



23 

and electric utility industries with poorer pollution performance had larger negative price 

reactions. 

Freedman and Jaggi (1988) examined the correlation between the extensiveness of 

pollution performance disclosures in the annual reports and 10-Ks and a set of six 

standard financial ratios. The sample of firms included firms in the four industry studies 

published by the CEP. Results were weak, showing a positive correlation for some of the 

ratios in the oil industry. The authors concluded that, for their sample as a whole, there 

was no regular association between the extensiveness of pollution disclosures and 

economic performance. 

Blacconiere and Patten (1994) examined the market reaction to Union Carbide's 

chemical leak in Bhopal, India on chemical industry firms. Their findings included a 

significant negative intra-industry price reaction. They also found that firms with greater 

environmental disclosures in their annual reports prior to the accident suffered a less 

severe negative price reaction. They concluded that environmental disclosure by a firm is 

informative and positive with regard to investors' pricing decisions. 

Barth and McNichols (1994) concluded that the market value of equity included 

an estimation of unrecognized environmental liability arising from exposure to one or 

more Superfund cleanup sites. A series of seven variables designed to proxy for differing 

aspects of the regulatory and judicial processes involved in Superfund site cleanups all 

added explanatory power to a model of firms' market value of equity. 
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Environmental disclosure and pollution performance 

Studies examining the relationship between pollution performance disclosure by 

firms and external evaluations of actual pollution performance have not found a strong 

association. Ingram and Frazier (1980) used content analysis to evaluate the quantity of 

environmental disclosure in the annual reports of firms. Actual pollution performance 

was measured using indices developed by the CEP studies for a sample of the 50 largest 

firms in four highly polluting industries. Their results suggest that the content analysis 

scores of firms' disclosures do not relate strongly to the CEP indices of actual 

environmental performance. They conclude that a lack of external monitoring of firms' 

social disclosures may allow poor performers to bias their selection of disclosure items in 

order to improve the appearance of social performance. 

Rockness (1985) had independent judges rank the disclosures in annual reports 

related to pollution performance. These rankings were correlated with the CEP indices of 

actual pollution performance with no significant correlations found. 

In an extension of the Freedman and Jaggi (1988) study, Freedman and Wasley 

(1990) concluded there is no association between the pollution performance disclosures 

of firms in their annual reports and 10-Ks and the environmental performance measure 

developed by the CEP studies. These authors note the lack of scrutiny of pollution 

reporting practices by regulatory agencies like the SEC as a potential explanation for the 

absence of an observed association. 
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Economic performance and pollution performance 

The focus of this dissertation is the relationship between pollution performance 

and economic performance. Existing literature in this area also has produced mixed 

results with some studies finding associations and other studies finding no associations. 

Freedman and Jaggi (1992) examined the relationship between economic 

performance and pollution performance for the 13 firms included in a CEP study on the 

pulp and paper industry. Pollution performance was measured as the percentage change 

in actual discharge of three water pollutants; and economic performance was measured 

as five common financial ratios (return on equity, return on assets, cash flows to assets, 

cash flows to equity and debt to equity). Actual water pollution discharges were 

calculated using EPA monthly monitoring reports filed by each plant operated by a firm. 

The actual discharge amounts were computed for three separate one-year periods (1978, 

1983,1986). A firm's pollution performance was determined by calculating the 

percentage change in pollution emissions over two time periods - 1978 to 1983 and 1978 

to 1986. 

Freedman and Jaggi (1992) attempt to address competing hypotheses with regard 

to the effect of environmental requirements on the productivity and profitability of firms. 

One hypothesis holds that the diversion of capital into pollution abatement investments is 

equivalent to curtailment of investment in productive inputs. This will have a negative 

effect on productivity and, hence, profitability. The other hypothesis holds that 

investment in pollution abatement and control is concomitant with plant modernization, 
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with resulting increases in productivity and profitability. The authors found little 

significant correlation between pollution and economic variables, and concluded their 

results do not support the hypothesis that pollution abatement is negatively correlated 

with economic performance. 

In an effort to extend their prior work, Jaggi and Freedman (1992) examined the 

correlation between pollution performance and market measures of economic 

performance for the 13 firms included in the CEP study on the pulp and paper industry. 

A pollution index was created which ranked the 13 firms in relative order of pollution 

performance. The authors found a significant negative correlation between the measure 

of pollution performance and a firms' price/earnings ratio. No significant correlation was 

found between the pollution performance index and market beta (measure of systematic 

risk). The authors concluded that the financial markets reward short-run profit 

maximization policies, and that these short-run objectives encourage management to 

postpone or avoid pollution abatement investments when possible. The authors further 

suggest that in the presence of contrary market incentives environmental regulations 

become all the more important as a motivation for management. They suggest weakness 

in enforcement of existing environmental standards dilutes management incentives to 

comply with environmental regulations. 

Johnson, Magnan and Stinson (1994) examine regulatory agency enforcement 

actions and fines assessed in connection with regulatory violations (along with other 

environmentally related variables) as a determinant of the market value of firm equity. 
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They find a negative association between penalty assessments and firm value. The 

number of noncompliance penalties was of greater significance than the dollar amount of 

noncompliance penalties. The authors note that penalty assessments are a fraction of the 

total costs associated with noncompliance. Total costs of compliance include, in addition 

to any penalty assessments, capital expenditures to attain compliance, litigation costs to 

defend the firm, and continuing operating costs to maintain compliance. The research 

suggests that expanding penalty disclosure in financial statements would address the 

stated needs of institutional investors with regard to environmental exposure. 

Council on Economic Priorities Studies of Oil Refiners 

A number of empirical studies have relied on research by the CEP, and several of 

them have concentrated on the study of the pulp and paper industry. The CEP also did an 

in-depth study of the oil refining business, and that study will be reviewed as a basis of 

contribution to this dissertation. 

In 1975 the CEP published two studies on the oil refining industry. One study 

rated the eight largest domestic oil refining companies with regard to their air and water 

pollution performance utilizing data collected from pollution control agencies, 

companies, and publications (CEP, 1975a). Actual emissions (or best estimates) of four 

air pollutants and five water pollutants were used to compile capacity-adjusted pollution 

indices by pollutant. Additionally, an overall air pollution index and an overall water 

pollution index was computed. These overall indices were used to rank the eight firms 

relative to one another with regard to both air and water pollution performance. 
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The CEP concludes that a refinery's pollution control performance is the result of 

technical factors (e.g., refinery complexity and capacity, composition of crude oil inputs), 

company pollution control policy, regional pollution control programs, and interactions 

among these variables. The most influential determinant of a company's pollution 

control policy in a given geographic area is the regulatory climate within that area. 

Findings conclude that within a relatively weak regulatory environment all firms relax 

their pollution control efforts, while in stringent regulatory enforcement areas all firms 

are forced to perform within a narrow range of compliance. A moderate regulatory 

environment is described as one in which regulatory bodies evidence a willingness to 

vigorously pursue enforcement of noncompliance remedies, but are not clearly in a 

greater position of power than the regulated firms. The CEP concluded that "in all but 

the most strictly regulated areas, company cooperation is still the most important factor in 

explaining the differences in pollution control performance" (CEP 1975a, 20). 

The conclusions of this study form the basis of the model used to determine the 

relationship between economic factors, accounting disclosure of environmental 

performance and pollution performance within the U.S. refining industry. The next 

chapter describes the definitions of these variables, the data sources to be utilized, and the 

methodology for data analysis. 

Another major CEP study evaluated the sources of pollution production within the 

refining production process (CEP, 1975b). The study attempted to provide information 

on the true costs of environmentally acceptable refining, both in dollar and in energy 
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terms. The study addressed what effect the costs of controlling pollution to attain 

national pollution regulatory standards would have on the industry cost and profit 

structure. The eight largest firms were again the focus of the study, which noted that the 

pollution control practices of these firms may be expected to set the standard for the rest 

of the industry. The study's findings included the determination that refiners can control 

pollution for a modest cost impact on the price of finished product (less than a half cent a 

gallon of finished product in constant 1974 dollars). A number of examples illustrating 

pollution control, energy conservation, and productive efficiency all resulting from the 

same actions were given as currently attainable; e.g. sulfur recovery from crude oil inputs 

prior to refining. 

Prior empirical research suggests a number of things. Conforming to national 

pollution standards is within the capacity of the oil refining industry. The extent to which 

this is accomplished depends on the commitment of management. Managements' 

commitment is influenced by regulatory enforcement. Institutional investors have an 

expressed preference for disclosure of environmental enforcement information. 

Disclosure of environmental performance influences investor pricing decisions. These 

findings guide the present exploratory research in examining the relationships between 

pollution performance, economic variables and accounting-related environmental 

disclosures. 
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Summary 

The economics literature explains that the existence of substantial transaction 

costs will prevent market solutions to all problems - thus the existence of externalities. 

Welfare economics addresses various policy instruments available to government to 

address and manage externalaties. Among these is the definition of rights in a manner 

that specifies which party in society will bear the transaction costs that are left 

unallocated by existing market arrangements. 

The regulatory literature raises compelling questions with regard to the ultimate 

results of regulatory efforts in general, and regulatory agencies in particular. This 

literature introduces theories that predict regulators (or regulatory agencies) may be 

predisposed to serve the regulated interest rather than (or at least as well as) the public 

interest objectives. Questions arise whether regulation as implemented corresponds to 

regulation as originally conceived. 

The accounting literature provides mixed results with regard to relationships 

between economic and environmental variables. Although environmental accounting is a 

timely and important topic, it is not yet clear what message accounting can add to the 

discussion, measurement and/or disclosure of environmental performance. This study 

examines the effects of economic performance and accounting-related disclosure of 

environmental performance on regulatory compliance. Results form the basis of 

inference on existing economic incentives for regulatory compliance, the effect of firm 
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pollution control policy on pollution performance, and on accounting disclosure as an 

instrument of public policy. 



CHAPTER THREE 

RESEARCH QUESTION AND DESIGN 

Prior accounting research has explored relationships between a set of three 

constructs: economic performance, pollution performance, and disclosures of pollution 

performance. A study of the largest oil refineries by the Council on Economic Priorities 

(CEP, 1975a) suggested a set of determinants of pollution performance within the 

industry. This set of variables includes technical factors, regulatory factors, and 

management related factors. This study again looks at the set of variables explored by 

accounting research (economic performance, pollution performance, and disclosures of 

pollution performance), further informed by the empirical work done by the CEP in the oil 

refining industry. 

The determinants of pollution performance in the domestic oil refining industry are 

examined in a model of factors including: technical factors related to the configuration of 

the refinery, economic performance related to refineiy operations, and the disclosure of 

environmental regulatory violations by the firm. Expected relationships include insights 

gained from 1) the CEP study and 2) the economic and regulatory theory literature 

surveyed. 

This research is distinguished from prior accounting research in several ways. 

First, accounting-related disclosure of pollution performance is considered a determinant 

32 
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of pollution performance. Prior research has examined disclosure of pollution 

performance (accounting-related or other) as a determinant of economic performance, but 

has ignored the role that disclosure may play in moderating pollution behavior. Prior 

research has suggested that investors incorporate disclosure of pollution performance in 

their equity pricing decisions. This study assumes that management is cognizant of the 

behavior-changing effect of information disclosure. This knowledge is expected to 

moderate pollution control efforts consistent with managements' evaluation of the effect 

on the firm of required pollution performance disclosures. Therefore, the requirement to 

disclose pollution performance information will have an effect on managements' pollution 

control efforts and, as a result, on actual pollution performance. Findings of significant 

explanatory power have implications for accounting as a public policy instrument in 

motivating compliance with regulatory pollution control standards. 

A second distinction of the current research is incorporation of the implications of 

a diverse literature in the prior expectations of the results of the study. Prior accounting 

research has assumed a rational basis for a relationship between economic performance 

and pollution performance. There has been an assumption that economic incentives are 

brought to bear on a firm's pollution control performance as a result of the regulatory 

structure, and that these incentives moderate actual pollution performance. The 

regulatory theory literature suggests reasons why this may be an unfounded assumption. 

The active participation of regulatees in the regulatory process and the incentives of 

regulators are two possible sources of dilution of the economic incentives for compliance. 
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Incorporating a broader literature, therefore, may expand the insights gained from this 

empirical investigation. 

A third distinction of the current research from prior research is the justification for 

use of the pollution performance measurement adopted. Prior research has largely relied 

on measures of actual discharge levels as a measure of pollution performance. An 

exception to this is the work by Johnson, Magnan and Stinson (1994) which adopted a 

measure of pollution performance similar to that used in this study. Articulation of the 

practical and theoretical preferability of this measure over measures of actual levels of 

discharge are a contribution of the current study. 

From a practical standpoint, it is difficult to combine volumetric measures of 

pollution from different mediums (air, water and hazardous waste) into a single 

meaningful measure. Additionally, regulatory standards for pollution control extend to 

actions other than physical discharge limits. There are process standards that require firms 

production processes to conform to operational standards, and administrative standards 

that impose record-keeping and documentation requirements. Pollution control measures 

defined in terms of physical discharges, therefore, limit the scope of the measure of 

regulatory compliance with pollution performance standards. 

From a theoretical standpoint, physical discharge measures of pollution 

performance are also restrictive. Without a reference point that defines adequate / 

inadequate, good / bad, or some other evaluative criterion, the inference commonly drawn 

is that deviations from zero discharge define increasingly poor pollution performance. The 

goal of environmental regulations, however, is not zero discharges of pollutants uniformly 
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across mediums and substances. Environmental regulations are developed relative to 

many considerations. Some of these considerations are: local environmental impact, 

national environmental impact, current technologically attainable levels of environmental 

impact, long-range desired levels of environmental impact, current state of scientific 

knowledge of impact on human and environmental health, and the implications of 

proposed regulatory standards on economic viability of affected industries. This study 

develops a measure of pollution performance that is relative to regulatory standards. 

Regulatory standards, therefore, are assumed a better and more relevant evaluative 

criterion for measuring pollution performance than levels of physical pollutant discharges. 

The substantive research question is: After controlling for technical factors related 

to refinery configuration, are economic changes related to refinery operations and 

disclosure of environmental performance determinants of pollution performance in the 

domestic oil refining industry? The question is addressed by testing the following model: 

Pollution performance = Technical control variables 

+ Economic performance 
+ Accounting disclosure of pollution performance 

Table 2 shows the model of constructs along with the surrogates that are used to 

represent each. Table 3 shows the source of data for each of the variable measures used in 

the model. Each variable is discussed in a subsection divided between discussion and 

explanation of the variable and measurement of the variable. The chapter concludes with a 

section on the methodology employed, including the hypotheses that are tested. 
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Variable Definition 

Pollution Performance - Discussion 

An important difference between prior research and this dissertation is the 

proposed measure of pollution performance. During the early 1970's the CEP conducted 

and published results of studies on four domestic industries identified as major polluters -

steel, pulp and paper, oil refineries, and electric utilities. Typically the largest firms in an 

industry were evaluated and ranked with regard to their pollution performance. Sample 

sizes were small and actual pollution emissions were collected from regulatory records and 

personal contacts. Prior research has relied heavily on measures of pollution performance 

compiled by the CEP which are based on levels of actual emissions of pollutants (Shane 

and Spicer 1983; Freedman and Jaggi 1988,1992; Ingram and Frazier 1980; Rockness 

1985; Freedman and Wasley 1990; Jaggi and Freedman 1992). 

The actual levels of pollutant emissions is perhaps not the most relevant measure 

of pollution performance. The regulatory goal is not zero emissions or discharges of 

pollutants, but rather attainment of "safe" levels of emissions and discharges. The 

definition of "safe" is something of a moving target as regulations are developed and 

amended with the passage of time, shifts in the environmental policy debate, the 

availability of new control technology, and the incorporation of new information on 
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TABLE 2 
Table of Constructs and Surrogates 

Construct Surrogate Description 

Pollution Performance # of enforcement actions taken against firm 

Technical Control Variables 
# of refineries operated by firm 
Crude oil refining capacity of firm 
Catalytic cracking capacity of firm as % of CAPACITY 
Thermal cracking capacity of firm as % of CAPACITY 

Economic Performance 
% change in refined products sales volume from prior year 
Absolute value of % change in sales volume 
Utilization rate of crude refining capacity 

Accounting Disclosure of Pollution Performance 
# of refinery-related enforcement actions disclosed in 10-K 

environmental conditions. Pollutant discharge limitations for firms are set on a case-by-

case basis, with the goal of reduction of pollutants to nationally established acceptable 

levels over time. EPA enforcement actions are aimed at compelling compliance, and, 

therefore, are expected to change the behavior of polluting firms 

Enforcement actions by regulatory agencies taken against firms found to be in 

significant violation of operating limitations may be a better measure of pollution 

performance than measures of actual pollution emission levels. Enforcement actions are 

taken as a result of violations of regulatory conditions, and are a measure of pollution 
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Table 3 
Data Sources for Variables 

Variable 

# of enforcement actions taken against firm 

# of refineries operated by firm 
Crude oil refining capacity of firm 
Catalytic cracking capacity of firm as 

% of CAPACITY 
Thermal cracking capacity of firm as 

% of CAPACITY 
% change in refined products sales 
volume from prior year 

Absolute value of % change in sales volume 

Utilization rate of crude refining capacity 

# of refinery-related enforcement actions 
disclosed in 10-K 

Source of Data 

EPA databases via Freedom of 
Information Act inquiries 

Annual Report /10 K 
Energy Information Administration 
Calculated from Energy Information 
Administration data 

Calculated from Energy Information 
Administration data 
Calculated from information 
disclosed in Annual Report or 10 K 

Calculated from information 
disclosed in Annual Report or 10 K 
Calculated from information 
disclosed in Annual Report or 10 K 
Form 10-K 

performance relative to expected standards. The standards with which a firm must comply 

and the relevance of the standards to operations of the firm are, to some extent, tailored to 

naturally existing conditions. Firms operating near waterways, lakes or coastal regions are 

more seriously affected by water pollution standards than firms with little waterway 

contact. The natural conditions of those waterways also impacts the degree to which 

water pollution standards impact a firms operations. An enforcement agent in the Water 

Division of the EPA region 10 explained that a given level of pollutant discharge in a 

Pacific Northwest stream may warrant immediate corrective action because of the effect of 



39 

that level of pollution on the natural ecology of that watershed system. The same level of 

pollutant discharge in a midwest river with high natural levels of silt or other organic 

matter may have little effect on the natural ecology, and not warrant corrective action. 

Likewise, air pollution standards will differentially impact firms operating in an EPA-

designated ozone non-attainment area. Firms operating outside of these areas will face 

different air emission requirements. Emission standards are, therefore, not absolutely 

equal across the sample of firms. Overall, regulatory standards are viewed as evenly 

distributed, however, because of the mix of different natural environmental conditions 

that exist across the areas in which refineries operate. 

Regulatory standards may be more relevant to firms as pollution control targets 

than absolute levels of pollution discharges, and may be more closely tied to management 

policy and decision making regarding pollution control. These conditions further support 

the use of enforcement actions as a better measure of pollution performance than actual 

emissions. A measure of pollution performance based on regulatory enforcement actions 

is used in this study rather than the previous measures based on actual emissions and 

discharge levels. Equating pollution performance to violations of regulatory pollution 

standards is innovative in the accounting literature. It represents a measure of pollution 

performance that is relative to recognized standards of performance. As such, the 

measure is more representative of corporate pollution control behavior within the existing 

regulatory framework. 

Inspections performed by federal, state or local environmental regulators and 

reports required of firms under operating permits allow regulatory agencies to determine 
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whether an operation is in compliance with relevant environmental regulations. 

Operations that are not in compliance face enforcement actions that include administrative, 

civil, or criminal remedies. 

Enforcement procedures advance along a course of increasing severity (Council on 

Environmental Quality, 1990). Informal enforcement actions may be taken where the 

violation is minor, of short duration, and/or by a firm with an otherwise compliant history. 

Until the early 1990's civil judicial actions were the primary formal enforcement vehicle 

for environmental agencies seeking remedy for significant noncompliance. Since that time, 

administrative and criminal judicial actions have become additional avenues of formal 

enforcement. Administrative actions are generally quicker, less expensive, and less 

resource-intensive than judicial actions. Since 1992 most formal enforcement begins with 

administrative actions. When compliance is not secured through administrative actions, 

enforcement may proceed to hearings before administrative law judges or referral to the 

US Department of Justice or state level judicial agencies for litigation in the court system. 

Certain aspects of enforcement are similar across the three statutes of interest, 

while other aspects of enforcement remain unique to the program involved1. Issuance of 

administrative orders or notices of violation as the initial step in formal enforcement 

procedures is the same across these programs; what triggers these actions is not. 

Enforcement under the Clean Air Act (CAA) and the Resource Conservation and 

1 Understanding enforcement procedures under the three major statutes was undertaken by interviewing 
Section Enforcement Chiefs and Senior Enforcement Agents in two of the ten EPA regional offices. 
Approximately 20 hours of interviews were conducted with enforcement personnel as well as personnel 
responsible for maintenance of the database systems within each of the major programs. 
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Recovery Act (RCRA) is inspection driven. That is to say, violations of regulatory 

standards by a firm come to light as the result of a physical inspection of the operations by 

a state, local or national environmental enforcement agent. These inspections may be 

prompted by information received by the regulatory agency from independent sources, or 

they may be prompted by the statutory requirements for periodic inspections of facilities. 

Firms that the regulatory agency feels may be out of compliance may be inspected with a 

greater frequency than the statute requires. On the basis of inspection results and any 

subsequent information requested (e.g., additional monitoring or testing results), the 

regulatory agency can begin enforcement actions to induce compliance. 

The the Clean Water Act (CWA) establishes a system of self-reporting by firms 

required to hold permits. Firms are required to measure daily, and report monthly (or at 

other periodic intervals, depending on the volume of discharge), discharge levels of several 

pollutants. Actual levels that exceed permit limits are subject to enforcement actions, and 

many enforcement actions under CWA regulations result from the Daily Monitoring 

Reports (DMRs) submitted by permit-holding firms. Inspections of facilities are also 

undertaken on a statutorily determined frequency, with significant violations resulting in 

enforcement actions. 

Each program has a policy guideline on timeliness of enforcement responses once 

it has been determined that a violation has occurred. These policies provide guidance to 

the regional offices on an acceptable amount of time that should elapse from detection of a 
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violation to commencement and notification of the firm of enforcement action2. In cases 

where the link between date of violation detection and date of enforcement action is not 

established, it is possible to use these policies in estimating the date of violation detection 

for purposes of identifying the fiscal year of the firm in which the violation occurred. 

Pollution Performance - Measurement 

The current research project uses the initial step of the formal enforcement process 

as the mark of enforcement action. This initial step is an administrative order or 

notification of violation issued to a firm. Informal enforcement actions are not included in 

the study because they are minor and they occur continuously during the test period. Civil 

and criminal enforcement actions are also excluded from the study because they invariably 

represent a subsequent step in the enforcement process required when compliance is not 

secured via administrative action channels. 

2 Each of the major programs of interest in this study operates with a national policy of timely response 
to known violations. These policies state that formal enforcement actions shall commence within a set 
number of days from the date of violation determination. These policies are subject to change, and 
inquiries were made to determine the enforcement response policies in effect during the 1992-1994 time 
frame. 

CAA enforcement operates under a national guideline that defines "day zero" as 30 days after 
detection of violations, with notice of violation to the firm targeted by day 45. Actions initiated by State 
or local environmental agencies are reviewed by EPA at day 90 to address initiation of enforcement action 
if not already in process. Violations under CAA are generally discovered by inspection, stack tests or 
continuous emission monitoring systems reports. 

C WA has a national policy that requires regional offices to explain why enforcement action 
hasn't been taken cm violations past 90 days of detection. Most violations are detected from information 
provided by firms on the Daily Monitoring Report (DMR) and filed monthly with EPA. This gives the 
regional offices an effective 90 day window from the time a violation has been determined in which to 
initiate enforcement procedures without creating an exception condition that requires explanation to the 
national office. 

RCRA's enforcement response policy allows 45 days from the date of an inspection for violation 
determination. Enforcement action is to be initiated within 90 days of violation determination. These 
dates may also become elongated in the event additional information is required. The policy expects 
enforcement action within 90 days of violation determination, or within 135 days of inspection. 
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Compliance histories with three large environmental programs are compiled for 

each firm in the study. The three programs are: Clean Air Act (CAA), Clean Water Act 

(CWA), and Resource Conservation and Recovery Act (RCRA). These three statutes all 

include operations and discharge limitation requirements for firms that are considered 

major producers or handlers of certain pollutants. Each of the Acts contemplates 

enforcement action by the EPA for significant noncompliance3. 

Enforcement actions are recorded in databases maintained by each program office. 

Enforcement actions taken under CAA, CWA, and RCRA are maintained in the AIRS 

Facility Subsystem (AFS), Permit Compliance System (PCS), and Resource Conservation 

and Recovery Information System (RCRIS) respectively. The regional-level databases are 

merged into comprehensive program databases at the national level that contains 

information from all ten EPA regions. The databases include enforcement histories of 

firms holding regulatory permits; and they include enforcement actions taken by the EPA 

as well as actions taken by delegated state agencies. The national program databases are 

the source of data on enforcement actions used to compile the measure of pollution 

performance in this research. The data was obtained through Freedom of Information Act 

requests. 

The initial formal action taken upon detection of a significant violation is 

notification of the firm by the agency of intent to pursue enforcement. This is 

3 Enforcement under each of these major programs distinguishes significant noncompliance or 
significant violations as conditions for formal enforcement actions. Violations not considered by 
enforcement personnel as significant may be subject to informal enforcement actions such as phone rails 
or warning letters. 
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accomplished with delivery of a Notice of Violation (NOV) or issuance of an 

Administrative Order (AO) to the firm. The operational definition of pollution 

performance in this study is the number of NOV's or AO's recorded in EPA database 

systems issued to a firm under the three major environmental programs during the years 

1992-1994. Appendix A contains examples of output received from each of the EPA-

maintained databases. 

Refinery Complexity - Discussion 

Since the late 1940's oil refineries in the US have steadily decreased in number and 

grown in capacity and complexity. In 1947 there were 399 refineries with an average 

crude oil throughput capacity of 14,000 barrels per calendar day (b/d). By 1970 there 

were 281 refineries with an average capacity of43,000 b/d (American Petroleum Institute, 

1995). In 1994 there were only 162 refineries, but with a higher average capacity of 

88,400 b/d (Energy Information Administration, 1994). Crude input capacity is only one 

aspect of a refinery's complexity. There are also several major process systems that 

refineries can incorporate. These processes allow the refinery to utilize a broader range of 

crude oil input grades, and to produce a broader range of petroleum output products. The 

presence and number of these major processes are an additional measure of the complexity 

of the refinery operation. 

The CEP research concluded that the complexity of refinery operations controlled 

by a firm is a fector that influences the pollution generating potential and, thereby, the 

pollution abatement problems faced by management. Refineries vary both in overall 
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capacity and technical design. They range in crude oil refining capacity from 1,000 b/d 

operated by Petrolite Corp. to 433,000 b/d operated by Amoco (Energy Information 

Administration, 1994). In general, larger refineries have more complex operations. 

In addition to crude capacity, the presence and capacity of additional processing 

units defines the complexity of a refinery. The ability to 'crack' large hydrocarbon chains 

into smaller molecules for use in production of a broadened range of final products is 

accomplished by incorporating additional complex process units into the design flow of a 

refinery. Two primary processes that distinguish simple refineries from complex 

operations are the presence of catalytic cracking units (cat cracking or hydrocracking 

units) and thermal cracking units (coking or visbreaking units). These cracking units allow 

the use of a broader range of crude oil input types which, in turn, allows the operation to 

produce a broader range of outputs. The presence of these additional process units also 

creates additional sources of environmental emissions and discharges, thereby increasing 

the scope of the pollution control problem faced by management. Refineries with only 

crude refining capacity are considered simple operations; refineries with cat or hydro-

cracking units are considered complex operations; and refineries with thermal cracking 

capacity are considered fully integrated operations (Leffler, 1985). 

Alternative measures of refinery complexity exist. One such measure is the Nelson 

Complexity Rating by which each refinery is rated. This rating is an industry measure of a 

refinery's ability to produce higher valued-added products. The measure incorporates 

factors such as the types of crude oil inputs a refinery can process, and internal process 

unit configurations (Leffler, 1985). Although some of the sample firms disclose the 
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Nelson Complexity Rating for the refineries they operate, a comprehensive list of Nelson 

Complexity Ratings for all US refineries is not publicly available. In the absence of a 

single measure of the complexity of a refinery operation, the set of variables as described 

above is used as a measure of refinery complexity. 

Refinery Complexity - Measurement 

This study uses refining crude capacity and the types of major refining processes 

that a refinery includes as measures of the complexity of the operation. In addition, for 

firms that operate more than one refinery, the number of refineries operated is also a 

measure of pollution control complexity. These measures also suggest the complexity of 

the pollution control problem faced by management, and they are used to operationalize 

refinery complexity. 

The Energy Information Administration publishes a Petroleum Supply Annual 

volume that lists refineries, name of operating company, location of refinery (city and 

state), crude refining capacity, catalytic and hydrocracking capacity, and thermal cracking 

capacity for all refineries in the US. The operational definition of refinery complexity 

includes a set of three variables derived from this source. This variable set includes, for 

each firm in the study, the total: a) crude refining capacity in barrels per day; b) catalytic 

and hydrocracking capacity as a percentage of crude refining capacity; and c) thermal 

cracking capacity (both coking and visbreaking) as a percentage of crude refining capacity. 

Referencing catalytic and thermal cracking processes as a percentage of crude refining 

capacity as measures of refinery complexity is consistent with industry literature (Rhodes, 
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1994). The number of refineries operated is a fourth variable measuring complexity of 

refining operations. This set of variables is a control set in explaining pollution 

performance. 

Refinery expansion projects are not unusual within the industry, as is the idling of 

existing capacity. In addition, whole refineries are occasionally bought or sold as any 

other business unit might be. Therefore, the refining capacity controlled by a firm may not 

be constant. Changes in capacity resulting from expansion or idling are incorporated in the 

study based on capacity figures published in consecutive annual volumes of the Petroleum 

Supply Annual published by the Energy Information Administration. Where the annual 

report or Form 10-K of a firm discloses the approximate date (quarter or month) of the 

change, a weighted average is used to determine crude refining capacity and cracking 

capacities for that fiscal year. When a refinery is bought or sold, the annual report and 

Form 10-K are the source of information on the date of the transaction. Refining capacity 

controlled by the firm for that fiscal year is adjusted to reflect the transaction. 

Economic Performance - Discussion 

Economic performance of the firm is a hypothesized determinant of pollution 

performance. A firm's economic performance is influenced by many factors, both 

controllable and uncontrollable by management. Among the factors inflnenring this 

performance are market-related forces, regulatory-induced environmental incentives, anH 

the attitude of management toward pollution control. Of these factors, market-related 

forces are not expected to be systematically correlated with pollution performance. 
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The effect of regulatory-induced environmental incentives and managements' 

attitude toward pollution control is expected to be systematically related to pollution 

performance. Prior research concluded that management cooperation is an important 

determinant of pollution performance (CEP, 1975a). Pollution performance should not be 

associated with economic performance if firms seriously adopt and implement 

environmental policies designed to comply with regulations. An observed relationship 

between economic performance and pollution performance supports the hypothesis that 

economic incentives exist for compliance / noncompliance with environmental regulations. 

Regulatory-induced environmental incentives and managements' attitude toward 

pollution performance are surely related to one another, although not equivalent. The 

proposed measures of economic performance are not refined enough to discriminate 

between the effects of each of these factors on pollution performance. Therefore, 

although an observed relationship indicates economic incentives exist, it isn't possible to 

address whether the source of those incentives is regulatory effectiveness, managements' 

attitude toward pollution control, or both. 

The implementation of environmental policy implicitly bears on management's 

definition of an appropriate response to changes in economic conditions. Changing 

conditions resulting in either increasing or decreasing plant activity may invoke decisions 

that have an environmental performance impact. Georgia-Pacific gives an example that 

illustrates that environmental factors are considered by management responding to 

unexpected events. A particularly rainy season gave rise to a back-up in the wastewater 

treatment system of one of the firm's mills. "The choices were clear - keep running and 
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violate the permit or shut down all or part of the mill" (Georgia-Pacific 1994,11). 

Georgia-Pacific chose the high road and curtailed production until the treatment system 

could be balanced, even in the face of lost revenues and corrective action costs. 

When an opportunity for additional income exists or when financial pressures exist 

from declining economic activity, management incentives may be such that environmental 

compliance is not foremost on the decision agenda. Direct observation of managements' 

cooperation, and the related policy implementation, is not possible. Therefore, it is 

necessary to construct an observable measure reasonably construed as a surrogate for 

management's implementation of a pollution control policy. Economic changes to which 

management must respond will serve as a measure that is expected to invoke (explicitly or 

implicitly) management's implementation of the corporate pollution control policy. 

Refinery sales revenue is an (perhaps obvious) economic performance variable. 

However, the petroleum refining industry feces volatility in both its product sales prices 

and its materials input prices. Supply and demand for both of these products are sensitive 

to changing prices. The 'crack spread' is the difference between the selling prices of 

refined products and the cost of crude oil inputs. This spread can fluctuate substantially 

over relatively short periods of time, and determines the profit fete of refiners. Those 

firms that do not produce all of their own crude input from oil and gas drilling operations 

are especially vulnerable to changes in this spread. 

Refinery revenue is affected by both the volatility of selling prices and the volume 

of product sold. The volume of product sold is reasonably related to use of the refinery 

system which is, in turn, reasonably related to the generation of pollutants. Refinery 
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revenue is not as closely related to the generation of pollutants as sales volume, and, as 

such, has a weaker link to pollution performance. 

In addition, many firms in the sample aggregate refinery sales revenues with 

miscellaneous merchandise sales. These firms supply refined products to company-owned 

convenience stores and consolidate revenues of both goods in segment revenue figures. 

The percentage change in refinery revenues from the prior year would, for these firms, 

include an unknown component resulting from changes in revenue from these non-refinery 

goods. For these reasons, refinery revenue is not utilized as a measure of economic 

performance in this study. 

The hypothesized relationship between pollution performance and economic 

performance gives rise to a second research issue. There is a hypothesized relationship 

between changing economic conditions and compliance enforcement actions. Economic 

variables are included in a regression model that tests whether a significant relationship 

exists. In addition, the argument has been made that economic changes in either a positive 

or negative direction will affect pollution performance when there is not a strong 

commitment to pollution control. This hypothesis is tested by including the absolute value 

of economic performance variables in the regression model. The first hypothesis tests for 

a linear relationship between pollution performance and economic performance; the 

second hypothesis tests for a nonlinear relationship. 

Economic Performance - Measurement 

Two nonfinancial measures proxy for economic performance that can adversely 
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affect pollution performance: product sales volume, and refinery utilization. These 

measures are operationalized as follows: 1) percent change from prior year in refined 

product sales volume (measured in average 1,000 barrels per day); 2) refinery capacity 

utilization rate (stated in average 1,000 barrels per day input of crude oil, or 'crude runs'). 

Crude runs as a percentage of the crude input capacity of a refinery represents the 

calculated plant utilization rate. Scaling product sales volume to percentage change from 

prior year facilitates comparison among refineries of different sizes. 

The data for the economic performance measures are obtained from annual reports 

and/or the Form 10-K (or Form 20-F for foreign-owned firms) filed with the Securities 

and Exchange Commission (SEC). Other operating data disclosed in these sources 

provides sales volume and crude runs information (although some firms disclose utilization 

rates for their refineries instead of crude runs). 

Two hypotheses are developed to test the relationship between pollution 

performance and economic performance. The first hypothesis tests for significance of any 

linear relationship, and the sign of the regression coefficient for the economic variables 

suggests the direction of the relationship. A significant and positive coefficient suggests 

that as the opportunity for increased plant activity arises (as percent change in sales 

volume or plant utilization rates increase) management does not take adequate measures 

to insure that regulatory compliance is maintained (enforcement actions increase). A 

significant and negative coefficient suggests that as the firm experiences downturns in 

activity (as percent change in sales volume or plant utilization rates decrease) management 
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does not maintain the operational costs necessary to assure regulatory compliance 

(enforcement actions increase). 

The second hypothesis is tested for significance without regard to the direction of 

change of the economic variable. A significant coefficient suggests that management fails 

to insure regulatory compliance when responding to economic changes in either a positive 

or negative direction - significant changes in sales volume in either a positive or negative 

direction (the absolute value of the change) is significantly associated with increased 

enforcement actions. Percentage change in sales volume can either increase or decrease; 

plant utilization rate, on the other hand, is a state-of-operations measure rather than a 

measure of change. Therefore, the absolute value of percentage change in sales volume is 

the only economic variable used to test for a nonlinear relationship between economic 

performance and pollution performance. 

Disclosure of Pollution Performance - Discussion 

Disclosure of pollution performance information has been suggested to be useful 

for investors pricing securities (Blacconiere and Patten, 1994; Johnson, Magnan and 

Stinson, 1994). Further, institutional investors express a desire for environmental 

regulatory compliance information (IRRC, 1992). The current research project 

incorporates disclosure of environmental regulatory compliance information in explaining 

pollution performance. It is assumed that management is cognizant of investors' adaptive 

behavior with regard to disclosure of pollution performance information. The current 

research, therefore, assumes that the required disclosure of negative environmental 
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regulatory compliance information will have a moderating effect on managements' 

pollution control activities. It is assumed that the required disclosure of possible 

enforcement actions will cause management to consider the cost of negative disclosure 

against the perceived benefit of noncompliance. 

Under current financial disclosure requirements firms are responsible for disclosure 

of environmental liabilities under FASB 5 provisions for financial statements, and under 

Item 103 of Regulation S-K for SEC filings. Much of the FASB 5 disclosure involves 

liability arising as the result of being named a potentially responsible party (PRP) under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), or 

Superfund laws. Under this legislation owners or former owners of contaminated sites can 

be liable for site cleanup costs. These environmental liabilities are sometimes referred to 

as paying for past sins, and remediation costs can be material 

There are variations in the extent and content of environmentally related 

disclosures found in corporate Form 10-K's within the petroleum refining industry. Some 

firms, for example, continue to disclose an enforcement action until its final resolution. 

This may result in the same disclosure item appearing in the 10-K for several consecutive 

years in cases where protracted legal proceedings ensue. Other firms disclose all 

enforcement actions that occurred during the fiscal year of the filing. Still other firms 

disclose only those current year enforcement actions that are unresolved at the time of the 

filing. Finally, firms are permitted to aggregate enforcement actions into a generic 

disclosure which obscures the details of each individual action. 
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Enforcement actions that remain unresolved for a long period of time, and, 

therefore, result in repeated disclosure, frequently signal a contested situation between the 

firm and the enforcement agency. These actions have invariably advanced beyond the 

administrative venue of enforcement into the court system for resolution. The probable 

outcome of such actions may change from disclosure period to disclosure period as the 

firm conveys the currently anticipated result in summarized form in each year's 10-K 

disclosure. 

Disclosure of Pollution Performance - Measurement 

The current focus of research is disclosure of noncompliance by current operations 

arising from violations of regulations promulgated under CAA, CWA, or RCRA. The 

SEC requires disclosure in the annual Form 10-K (or Form 20-F) of legal proceedings 

pertaining to environmental litigation under Item 103 of Regulation S-K. The AO's and 

the NOV's that precede the required disclosures in the enforcement chain of these three 

statutes constitute legal proceedings against the firm, and are subject to disclosure in the 

annual SEC filings if anticipated penalties may reasonably be expected to exceed $100,000 

(SEC, 1986). The number of new disclosures for the year, (e.g., related to enforcement 

actions initiated since the last 10-K reporting period) are summed as the measure of 

pollution disclosures. 

For those actions that are elongated in resolution and result in repeated disclosure, 

additional information may be conveyed by subsequent disclosures. In an attempt to 

capture the effect of this additional information, repeated disclosures are weighted as 
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follows: Disclosures that are identical to previous disclosures are not counted; disclosures 

that indicate the terms of the enforcement proceedings have become more favorable to the 

firm (e.g., the amount of expected monetary penalties or the extent of corrective action 

has been reduced) are weighted as -.5; disclosures that indicate the terms of the 

enforcement proceedings have become less favorable to the firm (e.g., the amount of 

expected monetary penalties or the extent of corrective action has been increased) are 

weighted as an additional .5. 

The operational definition of disclosure of pollution performance in this study is 

the summation of disclosed proceedings against a firm related to refinery operations and 

arising from violations of CAA, CWA or RCRA regulations, utilizing the weighting 

scheme described above. Disclosures which simply repeat prior year disclosures of the 

same enforcement action with no change are excluded. Environmental noncompliance 

disclosures are made in Item 3 ("Legal Proceedings") of the annual Form 10-K for 

domestic firms or Form 20-F for foreign firms required to make SEC filings. Appendix B 

contains an example of a firm's disclosures over the sample period to demonstrate 

construction of this research variable. 

Methodology 

The following substantive research question has been posed: After controlling for 

technical factors related to refinery configuration, are economic variables related to 

refinery operations and disclosure of environmental performance determinants of pollution 

performance in the domestic oil refining industry? This question is addressed by testing a 

regression model that expects pollution performance to be significantly determined by 
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refinery complexity, economic-related variables, and accounting-related disclosure of 

pollution performance. 

Since many firms in the refining industry operate more than one refinery, the 

research question is posed to two samples of firms. Data are available to address the 

research question alternately from the level of the firm as a whole, and, for a subset of 

those firms, from the level of the individual refinery. The first sample includes data on a 

firm wide aggregated basis. The second sample includes data on a refinery level for a 

subset of the refineries included in the firm-wide analysis. The discussion below describes 

the models to test each of these, with discussion of firm-wide analysis preceding that of 

refinery-level analysis. 

Firm-Wide Model and Hypotheses 

Table 4 presents the formal model used to test firm-wide relationships. Tested 

hypotheses are developed and summarized in Table 5. 

The construct 'pollution performance' is the dependent variable in the model 

represented by the variable ENFACTIO, NOREFS, CAPACITY, CAT and THERMAL 

are control variables representing the technical complexity of the pollution control 

problem with which management must deal. CHSALES, ABSCHSAL, and UTILRATE 

are the variables representing economic performance. Finally, WTDISC represents 

disclosure of pollution performance for refinery operations relative to compliance with one 

or more of the three major environmental statutes of interest. 
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TABLE 4 
Description of Variables in Firm-Wide Model 

Variable Description 

ENFACTIO # of enforcement actions taken against firm 

NOREFS # of refineries operated by firm 
CAPACITY Crude oil refining capacity of firm 
CAT Catalytic cracking capacity of firm as % of CAPACITY 
THERMAL Thermal cracking capacity of firm as % of CAPACITY 
CHSALES % change in refined products sales volume from prior year 
ABSCHSAL Absolute value of CHSALES 
UTILRATE Utilization rate of crude refining capacity 
WTDISC Weighted # of refinery-related enforcement actions 

disclosed in 10-K 

Refinery complexity is a control variable set recognized as a significant 

determinant of pollution performance, but a determinant of no interest to the current 

research issues. Therefore, no formal hypotheses test the explanatory significance of this 

set of variables. The following discussion develops the hypotheses that are tested using the 

model presented. 

Economic performance is influenced by regulatory-induced environmental 

incentives and management attitude toward pollution control. As such, economic 

performance is a hypothesized determinant of pollution performance. Three variables are 

operationalized measures of economic performance: CHSALES, ABSCHSAL, and 
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UTILRATE. Furthermore, economic changes in either a positive or negative direction are 

expected determinants of pollution control. 

Two hypotheses test the significance of the linear relationship of CHSALES and 

UTILRATE as determinants of pollution performance. One hypothesis tests the 

significance of the nonlinear relationship of ABSCHSAL as a determinant of pollution 

performance. Stated in the null form, hypotheses relating economic performance to 

pollution performance are: 

HI: There is no relationship between the number of formal enforcement actions taken 
against a firm for its refinery operations violating three major environmental statutes and 
the firm-wide percentage change from prior year refinery product sales volume. 

H2: There is no relationship between the number of formal enforcement actions taken 
against a firm for its refinery operations violating three major environmental statutes and 
the firm-wide refining capacity utilization rate. 

H3: There is no relationship between the number of formal enforcement actions taken 
against a firm for its refinery operations violating three major environmental statutes and 
the absolute value of the firm-wide percentage change from prior year refinery product 
sales volume. 

Blacconiere and Patten, 1994; Johnson, Magnan and Stinson, 1994 have found 

that disclosure of pollution performance information has been informative for investors 

pricing securities. It is assumed that management is cognizant of investors adaptive 

behavior with regard to disclosure of pollution performance information. It is, therefore, 

expected that the required disclosure of negative environmental regulatory compliance 

information will have a moderating effect on managements' pollution control activities. It 

is expected that required disclosure causes management to consider the negative effect of 
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possible disclosure against any perceived benefit of noncompliance. The expected 

relationship is a negative one. Stated in the null form the hypothesis is: 

H4: There is no relationship between the number of formal enforcement actions taken 
against a firm for its refinery operations violating three major environmental statutes and 
the number of legal proceedings disclosed in the Form 10-K relating to regulatory 
noncompliance of refinery operations under the three major environmental statutes. 

Refinery-Level Model and Hypotheses 

A second level of analysis of the research question is possible with the availability 

of data for individual refinery operations for a subset of firms included in the overall 

TABLE 5 
Summary of Firm Level Hypotheses 

There is no relationship between HI: % change from prior year refinery 
the number of formal enforcement product sales volume 
actions taken against a firm for its 
refinery operations violating three H2: Refining capacity utilization rate 
major environmental statutes and: 

H3: Absolute value of % change from 
prior year refinery product sales volume 

H4: # of legal proceeding disclosed in Form 
10-K relating to regulatory noncompliance 
of refinery operations under three major 
environmental statutes 

sample. Data are not available at the refinery level for all of the economic performance 

variables. Therefore, the model, hypotheses and analysis are somewhat different from the 

firm-wide analysis. 
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Of the economic variables operationalized for firm-wide analysis, only crude runs 

(or, in some cases, the utilization rate) is disclosed for a subset of individual refinery 

operations. The variable UTILRATE is constructed as described above from this data. 

The variables CHUTIL and CHUTIL2 are also constructed from this data. The 

compilation of these variables allows a degree of comparability of results between the firm 

and refinery levels of analysis. CHUTIL represents a rate-of-change in the level of 

operations, similar to the CHSALES variable used in the firm-wide analysis. This will 

allow consideration of the rate of change in operating activity at the refinery level, again 

providing a degree of comparability between the two levels of analysis. CHUTIL2 is the 

absolute value of CHUTIL, and permits exploration of a nonlinear relationship between 

pollution performance and economic performance. 

Table 6 presents the formal model used to test relationships of interest in the 

analysis of refinery-level sample data. Tested hypotheses are developed and summarized 

in Table 7. 

The construct 'pollution performance' is the dependent variable in the model 

represented by the variable ENFACTIO. CAPACITY, CAT and THERMAL are control 

variables representing the technical complexity of the pollution control problem with 

which management must deal. UTILRATE, CHUTIL, and CHUTIL2 are the variables 

representing economic performance. Finally, DISCLOSU represents disclosure of 

enforcement actions against the firm for refinery operations related to violations of one or 

more of the three major environmental statutes of interest. 
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TABLE 6 
Description of Variables in Refinery-Level Model 

Variable Description 

ENFACTIO # of enforcement actions taken against firm 

CAPACITY Crude oil refining capacity of firm 
CAT Catalytic cracking capacity of firm as % of CAPACITY 
THERMAL Thermal cracking capacity of firm as % of CAPACITY 
UTILRATE Utilization rate of crude refining capacity 
CHUTIL Change in utilization rate from prior year 
CHUTIL2 Absolute value of CHUTIL 
DISCLOSU Weighted # of refinery-related enforcement actions 

disclosed in 10-K 

Refinery complexity is a control variable set recognized as a significant 

determinant of pollution performance, but a determinant of no interest to the current 

research issues. Therefore, no formal hypotheses test the explanatory significance of this 

set of variables. The following discussion develops the hypotheses that are tested using the 

model presented. 

The rationale for testing economic performance variables at the refinery level is the 

same as that at the firm-wide level. The interpretation of the results of these variables 

pertain to economic incentives for regulatory compliance that exist at the refinery level 

rather than the firm level. 

Three variables are operationalized measures of economic performance and the 

implicit conditioning effect of managements' attitude toward pollution control. 

Furthermore, economic changes in either a positive or negative direction are expected 

determinants of pollution control. 
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Two hypotheses test the significance of the linear relationship of UTILRATE and 

CHUTIL as determinants of pollution performance(H5, H6). One hypothesis tests the 

significance of the nonlinear relationship of CHUTIL2 as a determinant of pollution 

performance (H7). Stated in the null form, hypotheses relating economic performance to 

pollution performance are: 

H5: There is no relationship between the number of formal enforcement actions taken 
against a refinery violating three major environmental statutes and the refining capacity 
utilization rate. 

H6: There is no relationship between the number of formal enforcement actions taken 
against a refinery violating three major environmental statutes and the change from prior 
year in refining capacity utilization rate. 

H7: There is no relationship between the number of formal enforcement actions taken 
against a refinery violating three major environmental statutes and the absolute value of 
the change from prior year in refining capacity utilization rate. 

The rationale for testing the relationship between DISCLOSU and ENFACTIO 

remains the same for the refinery analysis as it is for the firm level analysis. Interpretation 

of the results relate to the moderating effect that disclosure of environmental enforcement 

actions has on refinery-level compliance incentives. The expected relationship is a 

negative one, and will be tested with a one-tailed test. Stated in the null form the 

hypothesis is: 

H8: There is no relationship between the number of formal enforcement actions taken 
against a refinery violating three major environmental statutes and the number of legal 
proceedings disclosed in the Form 10-K relating to regulatory noncompliance of that 
refinery's operations under the three major environmental statutes. 
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Sample Selection 

The parent population from which the sample is drawn is all oil refineries regulated 

by the EPA under the three specified federal environmental laws4. These refineries are 

identified in The Petroleum Supply Annual, a publication of the Energy 

Information Administration (EIA), which is part of the Department of Energy. For the 

years 1991-1995, Table 38 lists the capacities (crude refining, thermal and catalytic 

cracking), location, and operating name of all domestic operable petroleum refineries 

(EIA, 1991-1995). 

For those refineries whose operating name differs from their parent company, the 

parent company was determined from sources such as the Directory of Corporate 

Affiliations, Compact Disclosure or examination of Annual Reports. Refineries owned 

and operated by privately held companies are deleted from the sample because economic 

variables and pollution performance disclosure variables are not publicly available. 

Privately held firms frequently operate refineries of smaller size. Therefore, the sample is 

heavily represented by the industry's larger refiners. Additionally, firms operating 

4 Puerto Rico and the U.S. Virgin Islands are also included in the sample. Firms operating in these U.S. 
Territories are subject to Federal laws, and the EPA does enforce the three major environmental programs 
of interest in these regions. Sun Co. owns, operates and reports results from its refinery located in 
Yabucoa, Puerto Rico; and Amerada Hess Corp. owns, operates and reports results from its refinery 
located in St. Croix, Virgin Islands. 
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TABLE 7 
Summary of Refinery Level Hypotheses 

There is no relationship between H5: Refining capacity utilization rate 
the number of formal enforcement 
actions taken against a refinery for H6: Change from prior year in refining 
violating three major environmental capacity utilization rate 
statutes and: 

H7: Absolute value of change from 
prior year refining capacity utilization rate 

H8: # of legal proceeding disclosed in Form 
10-K relating to regulatory noncompliance 
of that refinery's operations under three 
major environmental statutes 

refineries both domestically and abroad that do not separately disclose domestic results are 

eliminated due to the inability to measure the economic performance of the domestic 

plants. Annual reports and the Form 10-K (or Form 20-F for foreign firms) were 

requested from parent companies. 

The resulting sample consists of 36 companies. Panel A of Table 8 presents a 

summary of the percent of the industry represented by the firm-level sample on several 

measures. Panel B of Table 8 presents a summary of the refinery-level sample. Table 18 

in Appendix C lists the names of parent companies and the refineries they operated during 

the sample period. 

Once the sample of refineries had been determined, it was necessary to identify 

those refineries within the record systems of the EPA. The sample refineries were 

identified in the EPA database records by searching the EPA's Facility Index System 
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(FINDS). FINDS is an on-line central inventory of facilities that are regulated/monitored 

by program offices within the EPA. Having identified each refinery within the system, a 

list of related permit/ID numbers is available for each of the three major environmental 

programs of interest. Enforcement action data for each refinery, under each of the major 

programs was then requested under the Freedom of Information Act. 

The sample data track the industry and confirm the trend toward a fewer number 

of larger capacity refineries. Over the sample period, the number of refineries (in the 

sample as well as the industry) declined while the average refining capacity increased. The 

total domestic refining capacity remained relatively stable, with a small expansion of 

capacity in 1994. 

The sample data include all publicly held firms that disclose refinery operations 

results. This represents 64% - 67% of the industry in the firm-level sample, and 25% -

27% of the industry in the refinery-level sample. The sample has a significantly higher 

average refining capacity than the industry as a whole in both the firm-level and refinery-

level analysis. This reflects the absence from the sample of privately held firms that 

typically operate smaller refineries. 

Data were collected on the sample firms and refineries for the years 1991-1994, 

with the last three years representing the test years5. This time period represents the 

earliest period for which the current administrative procedures were in effect as an 

5 All but three firms have December 31 fiscal year ends. For the three firms that have other year ends 
(two are September 30, and one is July 31), data are collected for the fiscal years 1993 - 1995. This 
represents the earliest time frame available for these firms in which the administrative venue for 
enforcement actions was available. 
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enforcement method. It also represents a time of implementation of a substantial 

environmental amendment (the CAA Amendment of 1990) signaling continued support on 

the part of Congress in pursuing environmental goals. 



67 

TABLE 8 
Sample Representation of Industry 

Panel A: Firm-Level Sample 
n=36 firms 

# of Refineries Total Crude Average Refining 
Refining Capacity Capacity 

(000,000 barrels/day) (000 barrels/day) 

'92 '93 '94 '92 '93 '94 '92 '93 '94 

Sample 

Industry 

% of Industry 
in Sample 

110 109 108 12.9 13.0 13.9 117.2 119.2 128.7 

173 167 162 15.3 15.2 15.6 88.4 91.1 96.5 

.64 .65 .67 .84 .86 .89 

Panel B: Refinery-Level Sample 
n= 17 firms 

# of Refineries Total Crude Average Refining 
Refining Capacity Capacity 

(000,000 barrels/day) (000 barrels/day) 

'92 '93 '94 '92 '93 '94 '92 '93 '94 

Sample 

% of Industry 

44 43 43 5.04 5.01 5.06 114.5 116.5 117.7 

% of Firm-Level 
Sample .40 .39 .40 .39 .39 .36 .98 .98 .91 

.25 .26 .27 .33 .33 .32 



CHAPTER FOUR 

DATA ANALYSIS RESULTS 

The sample data consists of a cross section of a relatively large number of firms or 

refineries observed over a few points in time. This describes a panel data set, and testing 

for relationships in such a data set raises certain statistical analysis issues (Greene 1990, 

92). The sample data was analyzed using the LIMDEP software package which 

includes a panel data program routine. 

The analysis of panel data requires consideration of whether the constant term in 

the regression equation varies between firms or is stable across all sample firms and/or 

across time periods (Kennedy 1993,222). A fixed effects model assumes the constant 

term varies across cross sectional observations and/or time periods, whereas a random 

effects model does not make this assumption. The fixed effects model generates an OLS 

estimate of the regression coefficients by including a dummy variable for each firm 

(and/or time period) (Greene 1995,310). The random effects model generates a GLS 

estimate of the regression coefficients (Greene 1995,288). 

With regard to the inferences to be drawn from the data, in studies where a small 

proportion of the population is represented in the sample (not particularly applicable in 

the current study), use of results from the random effects model to infer characteristics of 

the population are not warranted. In addition, regression coefficients and their related 
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standard errors can be quite different between these models. Specification tests designed 

to address which of these models to employ include the Hausman test (Kennedy 1993, 

223; Greene 1995,306). 

With this introduction to the statistical analytic issues as preparation, the chapter 

proceeds with a discussion of data analysis results divided into two sections: discussion 

of firm-level sample results, and discussion of refinery-level sample results. The chapter 

concludes with a summary of the data analysis results. 

Firm Level Results 

The research questions addressed with the firm level sample are the significance 

of the economic performance variables and the accounting disclosure variable as 

determinants of enforcement actions taken against the firm. Statistically significant 

regression coefficients support the hypotheses that these variables are associated with the 

number of enforcement actions in a systematic manner. 

Four specific hypotheses were posed with regard to this data. HI tests for a 

relationship between the number of formal enforcement actions and the percentage 

change from prior year in refinery product sales volume. H2 tests for a relationship 

between enforcement actions and utilization rate; H3 tests for a relationship between 

enforcement actions and the absolute value of percentage change in refinery product sales 

volume; and H4 tests for a relationship between enforcement actions and Form 10-K 

disclosure of refinery-related enforcement actions. All relationships refer to formal 



70 

enforcement actions and disclosures under the three major environmental statutes of 

interest in the study. 

An insignificant Hausman test statistic was obtained from the panel data routine 

for the sample. This result weighs in favor of a random effects model, suggesting that the 

GLS estimator is an appropriate alternative to the OLS estimator (Greene 1995, 306). 

Descriptive statistics of the data set are presented in Table 9. Panel A presents 

general statistics; Panel B and C present correlation and variance-covariance matrices 

respectively. Table 10 presents the regression results. A summary of the hypotheses and 

the statistical inferences regarding each is presented in Table 11. 

The data displayed autocorrelated error terms. As a consequence, correction for 

autocorrelation was incorporated in the model specification. Correcting for 

autocorrelation results in losing one of the three years of observations, and sample size 

TABLE 9 
Descriptive Statistics 

Panel A 
Variable Mean Std. Dev. Minimum Maximum Cases 

ENFACTIO 2.8056 2.7325 0.0000 16.0000 108 
NOREFS 3.0312 1.7973 1.0000 9.0000 108 
CAPACITY 388412 358013 21000 1485500 108 
CAT 0.4769 0.4836 0.0000 3.2468 108 
THERMAL 0.0961 0.1077 0.0000 0.3952 108 
CHSALES 0.0258 0.1057 -0.2136 0.8442 108 
UTILRATE 0.8913 0.1200 0.5343 1.3728 108 
WTDISC 0.9306 1.3438 -0.5000 9.0000 108 



71 

T3 d> 3 X a 
*•§ "S 
§ S y,« 
o\ .2 
rrj rt 
•J S 
g«§ 

CQ 
15 

U 

>< H 
HH 
U < 
5! 
u 

CO *3H a o 

o p 
o 
£ 

§ 

O o 

o o o 

w m as 
CN P 5J 

o o o 

cp 
fi o wo as 
00 
© 

[Q m Tf o r- vn <n O ̂  Tj-
O ̂  co _h 
^ P © © 

9 9 
w _ _ w 
00 O Tf Tf o t-h J-J m Tf 

© <n 22 r- ;n 
Q ̂  Tf H h 
^ © o © © 

o o o 

m 
<N l> 

1 

9 9 9 
www os co in ft! £; on co © © vo vo cn *n i> uo © © p © 

» i i 

9 9 9 
CN r» H W w 

O ki ^ ^ ^ 
§ £} jq 00 00 
© §o E ff S -1 

. w •—1 OS 00 VO 

5£ <N © OS OS Tj-
° © © © © © 

© © © 

© 9 9 9 9 rA w W pq oq 
gj VO ^ CN Os © gj vo -

^ o ^ ^ S? <N r- 52 ^ £: 
© © s ° ° 

00 r- r-CN CN © © 

U O 

X 
1 
a> o 

> 0 
U 
1 
a> 

> 

O 
"a> 

H < 
U 

H 
I—I U < 
P-> 
< 

u 

CO b 
a 
o 
z 

o 
I—H 
H 
o 
§ 

VO © 
oo 

3; os 
^ vo 
© © 
O © 

(N — Tf 
^ 5 2 
© © © © © © 

vo *—< vo 
^ *—* © 

-r © © <N 
© © © © © © © © 

CN OO <N 

OS CO CO CN CO © 
CN O © © 

© 
Tf CN vo © ^ rj-T—< oo 

VO CN © 
Tf © Os 

CN *-< JT 
© © p 
© © P 

o Os CN »—• 
© l> CO CN 

2 ON N ̂  ON ^ ° S X oo ^ O CO iP OS ^ _4 _* vo 
r-". o s >—N. f+\ 

CO 2r <-r> (N O • VO • 
co io cp 

_ . VO © © © CO © © © © 

P i—-t OO OO r~H 
§ S § £ 2 2 g S 
t ' O j o q q q i 
^-CNtJ-©©©©P 

U U 
W a a o u 



72 

drops from 108 to 72. Year 1 of each of the 36 sample firms is lost as the results are run 

using the difference between Year 2 and Year 1 as the first observation, and the 

difference between Year 3 and Year 2 as the second observation. 

TABLE 10 
Random Effects Model Using GLS Estimates 

Coefficient Standard Error t-statistic 

NOREFS 1.0562 0.49400 2.138 ' 
CAPACITY -0.000001 0.000003 -0.387 
CAT -0.01177 0.85140 -0.014 
THERMAL 0.60193 4.4690 0.135 
CHSALES 7.1575 3.6405 1.966 1 

ABSCHSAL 7.1252 4.6071 1.547 
UTILRATE 0.60621 3.1530 0.192 
WTDISC -0.10420 0.15929 -0.654 
Constant -1.1859 2.8208 -0.420 

** 

** 

R-squared 0.308543 
** - significant at .05 level 

The set of control variables is a significant determinant of the number of 

enforcement actions taken against a firm. No hypotheses were posed with regard to 

individual variables within this set. Further analysis of the individual variables within the 

set are hindered by a material degree of multicollinearity between CAPACITY and 

NOREFS. Therefore, no further analysis will be pursued other than to state that the effect 

of the control variable set has been partialled out of the variance of the dependent 
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variable. This partialling allows consideration of the effect of the remaining independent 

variables while holding constant the effect of the control set. 

On the basis of the regression results presented in Table 5, the null hypothesis of 

no relationship between the number of enforcement actions and the percentage change in 

refinery sales volume is rejected in favor of the alternative. The estimated coefficient of 

the CHSALES variable is positive and significant at the .05 level. The results suggest 

that a 100% increase in refinery sales volume will result in an increase of seven 

enforcement actions taken against the firm under the three major environmental acts; an 

increase of 10% in refinery sales volume will result in a .7 increase in number of 

enforcement actions. 

Economic performance is found to be significantly related to pollution 

performance in the domestic petroleum refining industry during the sample period. The 

data analysis results are consistent with the proposal that, after controlling for technical 

factors of refinery configuration, as opportunities for increasing sales arise management 

does not take adequate measures to insure environmental compliance concurrently with 

increased operating activity. The evidence doesn't allow rejecting the null form of no 

relationship for any other hypothesis posed regarding this data set. 

Refinery-Level Results 

As with the firm-level sample, panel data analysis demands considering whether a 

fixed effects model with an intercept term unique to each refinery or a random effects 

model with a single intercept for the entire sample is warranted. On the basis of a 
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TABLE 11 
Summary of Hypothesis Inferences 

Relationship between # of enforcement 
actions and: 

HI: % change from prior year refinery Significant at .05 level 
product sales volume 

H2: Refining capacity utilization rate Not significant at conventional levels 

H3: Absolute value of % change from prior Not significant at conventional levels 
year refinery product sales volume 

H4: # of legal proceedings disclosed in 10-K Not significant at conventional levels 

statistically significant Hausman test statistic, a fixed effects model is adopted (Greene 

1995, 307). The estimates gotten from this model are the OLS estimates of the regression 

coefficients, obtained by including a dummy variable for each refinery in the model 

(Kennedy 1993,222). 

The error terms of the sample data did not display equal variances. In order to 

prevent a biased estimation of the regression coefficients, correction for 

heteroskedasticity is incorporated in the estimation routine (Kennedy 1993, 115). 

Four hypotheses are posed with regard to this data. The first three hypotheses 

address the relationship between pollution performance and economic performance. H5 

tests for a relationship between enforcement actions taken against a refinery and the 

utilization rate of the refinery. H6 tests for a relationship between enforcement actions 

and the percent change from prior year in the utilization rate of the refinery. H7 tests for 
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a nonlinear relationship between the absolute value of the percent change in utilization 

rate and enforcement actions. The last hypothesis examines the relationship between 

pollution performance and disclosure of pollution performance. H8 tests the relationship 

between enforcement actions and Form 10-K disclosures of enforcement actions. 

Table 12 presents the descriptive statistics relevant to this sample. Panel A 

presents general statistics; Panel B and C present correlation and variance-covariance 

matrices respectively. Table 13 presents the regression results. A summary of the 

hypotheses and the statistical inferences regarding each is presented in Table 14. 

The control set is a significant determinant of the number of enforcement actions 

taken against a refinery. The thermal cracking capacity as a percentage of crude refining 

capacity is a significant determinant of the measure of pollution performance. The sign 

TABLE 12 
Descriptive Statistics 

Panel A 

Variable Mean Std. Dev. Minimum Maximum Cases 

ENFACTIO 0.7576 1.1265 0.0000 5.0000 132 
CAPACITY 114464 78676 7200 340000 132 
CAT 0.4666 0.4623 0.0000 3.2468 132 
THERMAL 0.1124 0.1811 0.0000 1.0714 132 
UTILRATE 0.9193 0.1330 0.5368 1.2714 132 
CHUTIL 0.0104 0.1262 -0.3554 0.4968 132 
CHUTIL2 0.0865 0.0921 0.0000 0.4968 132 
DISCLOSU 0.3258 0.6596 0.0000 4.0000 132 
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TABLE 13 
Fixed Effects Model - OLS Estimates 

Variable Coefficient Standard Error t-ratio 

CAPACITY 0.000001 0.00001 0.121 
CAT 0.01001 1.1304 0.009 
THERMAL 14.343 3.8254 3.749 *** 
UTILRATE 0.44302 1.6361 0.271 
CHUTIL 0.49649 0.62632 0.793 
CHUTIL2 0.73005 0.79089 0.923 
DISCLOSU -0.26351 0.08857 -2.975 *** 

*** significant at .01 level 
adj. R squared = 55152 

of the coefficient is positive, indicating that as thermal cracking capacity increases 

enforcement actions increase. Because the presence of thermal cracking process units 

designates a fully integrated refinery, this result is consistent with the premise that the 

more complex refineries have a more complex pollution control job. Having controlled 

for the complexity of the refinery, the analysis proceeds with the effect of economic 

performance and disclosure variables on pollution performance. 

None of the economic performance variables have predictive power with regard to 

the measure of pollution performance. Therefore, the null hypotheses of no relationship 

between economic performance and pollution performance related to H5-H7 cannot be 

rejected. The lack of significance of UTILRATE in the refinery sample is consistent with 

the firm sample results, as is the absence of a nonlinear relationship between economic 

performance and pollution performance. 
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Disclosure of enforcement actions in the Form 10-K is a significant (.01 level) 

determinant of the number of enforcement actions taken against a refinery. The sign of 

the coefficient is negative, indicating that as the number of disclosed noncompliance 

actions increases, the number of enforcement actions decreases. Therefore, the null of no 

relationship posed in H8 is rejected in favor of the alternative. 

TABLE 14 
Summary of Hypothesis Inferences 

Relationship between # of enforcement 
actions and: 

H5: Refining capacity utilization rate Not significant at conventional levels 

H6: Change from prior year in refining Not significant at conventional levels 
capacity utilization rate 

H7: Absolute value of change from prior Not significant at conventional levels 
year in refining capacity utilization rate 

H8: # of legal proceedings disclosed in 10-K Significant at .01 level 

There is a question of reciprocal causation between the number of enforcement 

actions and disclosure of enforcement actions. Surely no disclosure would occur had not 

an enforcement action been previously initiated. From a data analysis standpoint, an 

appropriate approach is to devise an instrumental value to use in place of the number of 

disclosed enforcement actions as a predictor variable. Ideally this instrument is highly 

correlated with disclosure of enforcement actions and hardly correlated with the number 

of enforcement actions. No such instrument was found. 
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Examination of the link between these two variables suggests the possibility that 

the theoretical reciprocal causality may, in practice, be rather dilute. Although it is clear 

that there must have been an enforcement action initiated before a disclosure of such 

action will arise, not all enforcement actions result in disclosure. Regulation S-K requires 

disclosure of environmental proceedings for which expected monetary fines will equal or 

exceed $100,000, eliminating from disclosure requirements many actions. Additionally, 

only pending proceedings need be disclosed. Enforcement actions initiated and resolved 

during the same reporting period will not result in required disclosures. Finally, there may 

be a time lag of several reporting periods between initiation of an action and disclosure in 

cases where enforcement efforts escalate over time from below the threshold for required 

disclosure to above that threshold. Therefore, although enforcement actions are a 

necessary condition for disclosure, they are not a sufficient condition. The practical 

situation may, therefore, mitigate the theoretical causal link to a large extent. 

Summary of Results 

In both the firm-level and refinery-level samples, the control set of variables was a 

significant determinant of the number of enforcement actions initiated. At the firm level, 

the percent change in sales volume from the prior period is a significant determinant of 

enforcement actions. This is consistent with the hypothesis that regulatory-induced 

environmental incentives are not sufficient to compel compliance, management does not 

perceive that the costs of noncompliance outweigh the benefits, or both. The variable 

measures used in the study do not permit differentiating among these interpretations. 
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Aggregated firm-wide disclosures of enforcement proceedings are not a determinant of 

firm-wide enforcement actions. 

Refinery-specific disclosure of pending enforcement proceedings is a determinant 

of refinery-specific enforcement actions. This result is consistent with the hypothesis that 

management is cognizant of the effects of public disclosure of environmental 

information; and that this disclosure has a moderating effect on pollution control 

behavior. Consistent with the firm level analysis, plant utilization rate is not a significant 

determinant of enforcement actions. 



CHAPTER FIVE 

CONCLUSIONS, LIMITATIONS, AND DIRECTIONS FOR FUTURE RESEARCH 

Evidence suggests that relationships exist between the three constructs: economic 

performance, pollution performance, and disclosures of pollution performance. The 

relationships vary with regard to the organizational level at which the investigation is 

made. 

At an aggregated firm-wide level, economic incentives seem to exist for non-

compliance with environmental regulations. A significant, positive relationship is found 

between economic performance, as measured by percentage change in sales volume, and 

the number of enforcement actions initiated by regulatory agencies. 

This finding is consistent with the position that management in the petroleum 

refining industry views pollution control as discretionary to some degree; and under 

conditions of economic change the perceived benefits of non-compliance outweigh the 

perceived costs. Rather than a command-and-control operating style, the EPA and its 

designated state and local regulatory agencies may more aptly be characterized as 

operating within a command-and-cajole enforcement system. In predicting that the 

climate in which regulatory agencies operate affects the gap between the initial thrust of 

the enabling legislation and the actual outcomes of the regulation, the political science 

literature may provide insights to further understanding the empirical results of this study. 

81 
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At a disaggregated refinery level, accounting disclosures of pending enforcement 

actions moderate pollution performance. The relationship is significant and negative, 

indicating that as disclosures increase enforcement actions decrease. This result is 

consistent with a large body of empirical evidence that suggests accounting disclosures 

affect behavior. 

These results may indicate that environmental disclosure serve relevant 

information needs for investors and creditors. Such reporting is responsive to the call by 

the profession for increased relevance and usefulness. 

The significant association between disclosure of pollution performance 

information and pollution performance behavior suggests that accounting disclosures may 

serve as an instrument of public policy. Where regulatory enforcement alone leaves room 

for discretionary compliance with environmental laws, disclosure of pollution 

performance may provide additional incentives in favor of compliance. 

There are surely limitations to this study that suggest these results should be 

viewed as an exploratory investigation with further research examining the robustness of 

the results and expanding the findings. The results are obtained for a single industry. It 

isn't known whether similar results are generalizable to other industries. 

Comparable measures on all economic performance variables are not available on 

both firm levels and individual refinery levels. Although the results are consistent for 

comparable measures that do exist, it isn't clear that economic performance might not be 
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a significant determinant of pollution performance on the level of individual refineries as 

well as on the aggregated firm level. 

The link between the time periods in which there is a determination of regulatory 

violation and initiation of an enforcement action are approximated for enforcement 

actions taken under the Clean Air Act programs. While it is believed that the use of the 

EPA's Air Division timeliness for enforcement policy provides a reasonable means by 

which to place regulatory violations in a particular fiscal year, the use of the policy 

introduces an unknown amount of measurement error into the data. 

Finally, the completeness and reliability of the EPA data are dependent on the 

rigorousness of data system maintenance in each of the ten EPA regions, and in each of 

the delegated state and local enforcement agencies that feed these systems. Unlike annual 

reports and Form 10-K's, these systems are not subject to known standards of review. 

The foregoing limitations notwithstanding, the results address interesting issues 

with regard to environmental performance and its relationship with economic and 

accounting related measures of performance. Additional research might extend the time 

period of inquiry. Further, testing for similar relationships in other industries with 

substantial environmental impact would prove useful. 

An additional avenue for future research would incorporate enforcement action 

outcomes. The dependent variable in this study measures only the frequency of 

enforcement actions while ignoring the severity of those actions. Future research could 

extend the measure to include the monetary severity, the duration o f time till final 
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resolution and/or other measures of outcome severity. This will require additional 

research into the database linkages within the EPA data systems. 

The results provide empirical evidence to a frequently emotional debate. The 

results cast accounting-related disclosure in the role as a tool of public policy by 

demonstrating that disclosure of pollution performance has a moderating effect on 

pollution performance. 



APPENDIX A 

EXAMPLES OF EPA PROGRAMS DATA 
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Table 15 is an example of the enforcement history drawn from the RICRIS 

database and used to compile the number of RCRA-related enforcement actions taken 

during the sample period. The Facility ID number, which is unique for RCRA permitting 

purposes, was identified initially from the EPA's on-line FINDS system. A list of facility 

ID numbers was submitted along with a Freedom of Information Act request for all 

enforcement actions taken against the identified facilities. 

RICRIS is unique among the three program databases in tracking and relating 

subsequent steps in the enforcement process to the original determination of violation. As 

per the RCRA Division's timeliness of response policy, a determination of violation was 

expected within 45 days of the initial date of inspection. In this case, two violations (S-

0022 and S-0023) were determined on the date of inspection (2/24/92), suggesting that no 

additional information or testing was required. Enforcement action was expected within 

90 days of the initial date of inspection. The timeframe was not met in this case, where 

the initial enforcement action was an informal written response on 8/21/92. A formal 

enforcement action did not occur until 4/15/93. This enforcement action was initiated by a 

State of Texas agency with delegated power from the EPA. The EPA maintains oversight 

responsibility, and will intercede in enforcement if delegated State actions are considered 

inadequate or inappropriate. 

This example illustrates that a single enforcement action can encompass multiple 

statutory violations. Because it is not always clear across all of the program databases 

how many violations are associated with each enforcement action, no effort is made to 

determine the number of violations. The example above is counted as a single 
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enforcement action. Enforcement actions may be resolved following the initial notification 

of a firm by EPA, or they may proceed through a series of enforcement steps, as the above 

example demonstrates. 
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Table 16 is an example of the enforcement history drawn from the PCS database 

and used to compile the number of CWA-related enforcement actions taken during the 

sample period. The permit number, which is unique for CWA permitting purposes, was 

identified initially from the EPA's on-line FINDS system. The FINDS system identified 

the name and location of this facility as Diamond Shamrock's refinery, located in Three 

Rivers, TX. A list of permit numbers was submitted along with a Freedom of 

Information Act request for all enforcement actions taken against the identified permit 

holders. 

The example data shown indicates that this facility had a single noted violation of 

permitting limit measurements (e.g. pH level of discharge waters) during each of the first 

six months of 1992. A single informal enforcement action was taken against all of these in 

July 1992. The enforcement action was a warning letter, which is an informal action taken 

against violations judged non-significant by the enforcing agent. Numerous violations 

reported on the Daily Monitoring Reports (DMR) result in formal enforcement actions. 

Informal enforcement actions are not counted in compiling the measure of pollution 

performance in this study. 

Two formal enforcement actions were initiated against this refinery during the 

study period. Both of these actions were instituted as a result of on-site inspections by 

enforcement agents. The enforcement action, in both cases, was through the 

administrative process with the issuance of an Administrative Order. This level of 

enforcement action is variously called 308 Administrative Order (referring to statute 

section) Administrative Order, Compliance Order, Administrative Compliance Order, 
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Notice of Noncompliance, Notice of Violation, Penalty Administrative Order, or NPDES 

Penalty Administrative Order reflecting nomenclature differences across region and 

regional/local enforcing groups. 

On October 4, 1994 an inspection of this facility noted a violation that the 

enforcing agent judged to be significant enough to warrant formal enforcement action. As 

a result, on February 23, 1995 a formal enforcement action was filed. By November 13, 

1995 this violation had been resolved and the refinery was back in compliance. This 

action was counted as an enforcement action for the fiscal year 12/31/94 in compiling the 

pollution performance measure of this refinery and firm. 

Enforcement actions are counted in the pollution performance measure of this 

study in the fiscal year in which the violation is noted. A very small number of 

enforcement actions recorded in the PCS database fail to refer either to a monitoring 

period or a single event date. For these enforcement actions an estimate must be made to 

place the violation in a fiscal period of the firm. Reliance is placed on the timeliness 

response policy in these cases, and enforcement actions are counted in the pollution 

performance measure in the fiscal year encompassing 180 days prior to the enforcement 

date. 

Exceedances of permit limits reported on the DMR's may initially be considered 

insignificant for purposes of formal enforcement actions. If these exceedances persist over 

time, the enforcing agency may initiate a single formal enforcement action which 

encompasses a number of past exceedances. In some cases this action may encompass 

exceedances from the DMR's of more than one fiscal year. When such an enforcement 
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action is taken, the pollution performance measure in this study considers that a single 

enforcement action has been taken in each of the fiscal years identified by a monitoring 

period covered by the action. 
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Table 17 is an example of the enforcement history drawn from the AIRS database 

and used to compile the number of CAA-related enforcement actions taken during the 

sample period. The AIRS #, which is unique for CAA permitting purposes, was identified 

initially from the EPA's on-line FINDS system The FINDS system identified the name 

and location of this facility as Exxon's refinery, located in Billings, MT. A list of AIRS 

#'s was submitted along with a Freedom of Information Act request for all enforcement 

actions taken against the identified point sources. 

The example identifies two formal enforcement actions initiated against Exxon's 

Billings refinery. Both actions were initiated by the state, one in 1993 and one in 1994. 

Unlike the RCRIS and PCS systems, the AIRS system does not have a thread 

running through its entries that connects related actions. It is not possible, for example, to 

know from the database entries whether the November 18, 1993 NOV issued by the State 

environmental agency was the result of the plant inspection done in 1991,1992, or 1993. 

Although the dates between milestones such as inspection, day zero, and issuance of NOV 

are suggestive, the link is not verifiable by information maintained in the database. The 

only means to verify the relationship between a particular enforcement action and 

inspection set is to pull the NOV paperwork from the case file at the regional office 

(Region VIII in Denver, for the Billings refinery) and examine it for details on the basis for 

the action. Such an examination is beyond the scope of this research. 

For purposes of determining the fiscal period in which to classify a given 

enforcement action, reliance is placed on the EPA Air Division's national timeliness 

response policy. Based on this policy, enforcement actions are counted in the fiscal year 
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of the quarter preceding the date of the enforcement action. This effectively counts any 

enforcement actions initiated in the first fiscal quarter of a firm as resulting from violations 

occurring in the previous fiscal year. 

Consistent with the enforcement under the other major programs of interest, a 

single enforcement action may cover multiple violations. On October 7,1994 a state 

agency initiated a formal enforcement action that addresses multiple violations of CAA 

program provisions. 
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USX Corporation, through its subsidiary Marathon Oil Corporation, owned and 

operated five refineries during the sample period. The refineries were located in Illinois, 

Louisiana, Michigan, Texas, and Indiana. 

Marathon provides an example of the manner in which the accounting-related 

disclosures of environmental enforcement actions are coded in the research study. 

Disclosure of refinery-related environmental proceedings arising under the three major 

statutes of interest from "Item 3. Legal Proceedings" of the Form 10-K follows. 

1992 Disclosures: 

In October of 1992 EPA issued a Notice of Violation (NOV) against 
Marathon for an alleged violation of the New Source Performance 
Standard (NSPS) (a program regulated under the CAA) for petroleum 
refineries at its Indianapolis refinery. The NSPS requires that the refinery's 
fuel gas be treated and monitored prior to combustion in refinery process 
heaters or boilers. The refinery had already been in substantial compliance 
with the NSPS requirement prior to the EPA action. Marathon has agreed 
to execute a Consent Order to resolve the NOV. The final Consent Order, 
which has not yet been issued, is expected to include a $140,000 penalty 
and a minor fuel system modification to achieve full compliance. 

1993 Disclosures: 

The Marathon Group is involved with a potential (RCRA-related) 
corrective action at its Robinson, IL refinery where the remediation costs 
have been estimated at between $4 million and $18 million over the next 20 
to 30 years. 

In January 1994, the U.S. Environmental Protection Agency (EPA) 
(Region 5, Chicago) served Marathon with a Complaint and Compliance 
Order for Resource Conservation and Recovery Act violations at the 
Robinson refinery seeking a penalty of $298,990. The Complaint alleges 
that the refinery violated RCRA for failure to properly characterize the 
waste water from a truck rinse pad and to maintain records of such 
characterization and failure to file a Class I permit modification and to 
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implement the Contingency Plan. Marathon has filed its Answer denying 
liability. 

1994 Disclosures: 

The Marathon Group is involved with a potential (RCRA-related) 
corrective action at its Robinson, II. refinery where the remediation costs 
have been estimated at between $4 million and $18 million over 20 to 30 
years. Anticipated expenditures for 1995 are $3.8 million. 

In January 1994, the U.S. Environmental Protection Agency (EPA) 
(Region 5, Chicago) served Marathon with a Complaint and Compliance 
Order for RCRA violations at the Robinson refinery seeking a penalty of 
$298,990. The Complaint alleges that the refinery violated RCRA for 
Mure to properly characterize the waste water from a truck rinse pad and 
to maintain records of such characterization and failure to file a Class I 
permit modification and to implement the Contingency Plan. Marathon has 
filed its Answer denying liability. 

The 1992 Form 10-K has one new disclosure of a refinery-related enforcement 

action under the three major environmental statutes. The 1993 Form 10-K has two new 

disclosures of refinery-related enforcement actions. The 1994 10-K has no new 

disclosures. 

Both of the 1993 disclosures are repeated in 1994. The disclosure of the RCRA-

related corrective action at the Robinson refinery has changed. In 1993 this action had an 

estimated $4 million to $18 million remediation cost associated with it. In 1994 $3.8 

million was anticipated for the following year with no new estimate to completion. This 

disclosure was considered a worsening of news for readers of the 10-K and was counted 

as .5 disclosures for 1994. The January 1994 EPA Complaint disclosure was repeated in 
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the 1994 10-K unchanged from 1993. This repeated notice was not counted as disclosure 

in compiling Marathon's disclosure measure for 1994. 
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TABLE 18 

Firm-Level Sample Firms and Refineries 

Parent Company Fiscal Year Refinery Name 

Amerada Hess Corp 

Amoco Corp 

ARCO 

Ashland Oil 

British Petroleum 
Company 

Castle Energy Corp 
Chevron Corp 

Clark Refining & 
Marketing 

Coastal Corp 

Crown Central Petroleum 

Diamond Shamrock 

Exxon Corporation 

12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
9/30 
9/30 
9/30 

12/31 
12/31 
12/31 
12/31 
12/31 
9/30 

12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 

12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 
12/31 

Port Reading, NJ 
Purvis, MS 
St. Croix, Virgin Islands 
Mandan, ND 
Salt Lake City, UT 
Savannah, GA thru April 93 
Texas City, TX 
Whiting, IN 
Yorktown, VA 
Cherry Point, WA (Blaine) 
Los Angeles, Ca 
Canton, OH 
Catlettsburg, KY 
St. Paul Park, MN 

Belle Chasse, LA 
Ferndale, WA sold to Tosco 12 
Lima, OH 
Marcus Hook, PA sld to Tosco 12/95 
Toledo, OH 
Indian Refining Co Lawrenceville, IL 
El Paso, TX 
El Segundo, CA 
Ewa Beach, HI 
Pascagoula, MS 
Perth Amboy, NJ 
Philadelphia, PA sold to Sun Co Aug 4 
Port Arthur, TX sold to Clark Feb 95 
Richmond, CA 
Salt Lake City, UT 

Blue Island, IL 
Hartford, IL 
Augusta, KS(Derby) * mothballed 12-92 
Corpus Christi, TX 
El Dorado, KS '"mothballed 12-92 
Mobile, AL 
Westville, NJ 
Wichita, KS '"mothballed 12-92 
La Gloria Oil & Gas Co, Tyler, TX 
Pasadena, TX 
McKee - Amarillo, TX 
Three Rivers - San Antonio, TX 
Baton Rouge, LA 
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12/31 Baytown, TX 
12/31 Bayway, NJ (sold to Tosco 4-93) 
12/31 Benicia, CA 
12/31 Billings, MT 

FINA - American 
Petrofina 12/31 Big Spring, TX 

12/31 Port Arthur, TX 
Giant Industries 12/31 Ciniza Refinery - Gallup, NM 
Holly Corp 7/31 Montana Refining - Black Eagle, MT (Grt Falls) 

7/31 Navajo Refining - Artesia, NM 
Kerr-McGee Corporation 12/31 Corpus Christi, TX - Southwestern Refining 

12/31 Cotton Valley, LA 
12/31 Wynnewood, OK 

Louisiana Land & 
Exploration 12/31 Mobile, AL 
Lyondell Petrochemical 12/31 Houston, TX 
MAPCOInc 12/31 Memphis, TN 

12/31 North Pole, AK 
Marathon Oil Co. (USX) 12/31 Detroit, MI 

12/31 Garyville, LA 
12/31 Robinson, IL 
12/31 Rock Island Refining - Indianapolis, IN idled 10 

12/31 Texas City, TX 
Mobil 12/31 Beaumont, TX 

12/31 Chalmette, LA 
12/31 Joliet, IL 
12/31 Paulsboro, NJ 
12/31 Torrance, CA 

Murphy Oil Corp 12/31 Meraux, LA 
12/31 Superior, WI 

PDV - Citgo 12/31 Corpus Christi, TX 
12/31 Lake Charles, LA 
12/31 Paulsboro, NJ 

Pennzoil Company 12/31 Atlas Processing Company - Shreveport, LA 
12/31 Oil City, PA (Rouseviile) 
12/31 Roosevelt, UT - idled at 9-30-94 

Phillips Petroleum 12/31 Borger, TX 
12/31 Sweeny, TX 
12/31 Woods Cross, UT 

Salomon Inc - Phibro 
Energy 12/31 Houston, TX 

12/31 Rrotz Springs, LA 
12/31 St Rose Refining - LA, sold Jan '94 
12/31 Texas City, TX 

Shell Oil Co 12/31 Anacortes, WA 
12/31 Deer Park, TX - sold 50% 4/1 
12/31 Martinez, CA 
12/31 Norco, LA 
12/31 Odessa, TX 
12/31 Wood River, IL (Roxana, IL) 
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Sun Company (Sunoco) 12/31 Marcus Hook, PA 
12/31 Philadelphia, PA - Point Breeze 
12/31 Toledo, OH 
12/31 Tulsa, OK 
12/31 Yabucoa, Puerto Rico 

Tesoro Petroleum 12/31 Kenai, AK 
Texaco 12/31 Anacortes, WA 

12/31 Bakersfield, CA 
12/31 Convent, LA - Star Enterprise 
12/31 Delaware City, DE - Star Enterprise 
12/31 El Dorado, KS 
12/31 Los Angeles, CA 
12/31 Port Arthur, TX - Star Enterprise 

Tosco Corporation 12/31 Martinez, CA 
Total Petroleum LTD. 12/31 Alma, MI 

12/31 Ardmore, OK 
12/31 Arkansas City, KS 
12/31 Colorado Refining Company - Commerce City, CO 

Ultramar Incorporated 12/31 Wilmington, CA 
Unocal Corp 12/31 Carson, CA from Shell in Dec 1991 

12/31 San Francisco, CA 
12/31 Santa Maria, CA 
12/31 UNO-VEN 50% equity - Lemont, IL 
12/31 Wilm & Carson operate as 1 plant 
12/31 Wilmington, CA 

Valero Energy Corp 12/31 Valero Refining Co - Corpus Christi, TX 
Wainoco Oil 12/31 Frontier Oil - Cheyenne, WY 
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Table 19 
Refinery-Level Sample Firms and Refineries 

Parent Company Fiscal Year Refinery 

Chevron Corp 12/31 El Segundo, CA 
12/31 Pascagoula, MS 
12/31 Philadelphia, PA sold to Sun Co Aug 94 
12/31 Port Arthur, TX sold to Clark Feb 95 
12/31 Richmond, CA 

Clark Refining 12/31 Blue Island 
12/31 Hartford 

Coastal Corp 12/31 Corpus Christi, TX 
12/31 Mobile, AL 
12/31 Westville, NJ 

Crown Central Petroleum 12/31 La Gloria Oil & Gas Co, Tyler, TX 
12/31 Pasadena, TX 

Giant Industries 12/31 Ciniza Refinery - Gallup, NM 
Holly Corp 7/31 Montana Refining - Black Eagle, MT (Grt Falls) 

7/31 Navajo Refining - Artesia, NM 
Kerr-McGee Corporation 12/31 Corpus Christi, TX - Southwestern Refining 

12/31 Cotton Valley, LA 
12/31 Wynnewood, OK 

Louisiana Land & 
Exploration 12/31 Mobile, AL 

Lyondell Petrochemical Co 12/31 Houston, TX 
MAPCOInc 12/31 Memphis, TN 

12/31 North Pole, AK 
Shell Oil Co 12/31 Anacortes, WA 

12/31 Deer Park, TX - sold 50% 4/1/93 
12/31 Martinez, CA 
12/31 Norco, LA 
12/31 Odessa, TX 
12/31 Wood River, IL (Roxana, IL) 

Sun Company (Sunoco) 12/31 Marcus Hook, PA 
12/31 Philadelphia, PA - Point Breeze 
12/31 Toledo, OH 
12/31 Tulsa, OK 
12/31 Yabucoa, Puerto Rico 

Tesoro Petroleum 12/31 Kenai, AK 
Texaco 12/31 Anacortes, WA 

12/31 Bakersfield, CA 
12/31 Convent, LA - Star Enterprise 
12/31 Delaware City, DE - Star Enterprise 
12/31 El Dorado, KS 
12/31 Los Angeles, CA 
12/31 Port Arthur, TX - Star Enterprise 

Ultramar Incorporated 12/31 Wilmington, CA 
Valero Energy Corporation 12/31 Valero Refining Co - Corpus Christi, TX 
Wainoco Oil 12/31 Frontier Oil - Cheyenne, WY 
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